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(57) The present invention relates to a conductive
resin composition, a method of preparing the same, and
a molded article including the same. The present inven-
tion has an effect of providing a conductive resin com-
position having excellent moisture stability and heat re-
sistance in addition to excellent appearance, rigidity, and
conductivity; being capable of minimizing the influence

of moisture and heat when exposed to external environ-
ments due to these properties; and thus being suitable
for exterior parts replacing metal parts used in automo-
biles, a method of preparing the conductive resin com-
position, and a molded article including the conductive
resin composition.
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Description

[Technical Field]

[Cross-Reference to Related Application]

[0001] This application claims priority to Korean Patent Application No. 10-2022-0106747, filed on August 25, 2022,
in the Korean Intellectual Property Office, the disclosure of which is incorporated herein by reference.
[0002] The present invention relates to a conductive resin composition, a method of preparing the same, and a molded
article including the same. More particularly, the present invention relates to a conductive resin composition having
excellent moisture stability and heat resistance in addition to excellent appearance, rigidity, and conductivity; being
capable of minimizing the influence of moisture and heat when exposed to external environments due to these properties;
and thus being suitable for exterior parts replacing metal parts used in automobiles, a method of preparing the conductive
resin composition, and a molded article including the conductive resin composition.

[Background Art]

[0003] In recent years, attempts have been made to manufacture automotive exterior parts using resins to improve
fuel efficiency of automobiles. In particular, a blend resin of polyphenylene ether and a polyamide is widely used as a
material for automotive exterior parts.
[0004] The blend resin is a resin prepared for the purpose of combining excellent heat resistance and impact resistance
of polyphenylene ether and excellent solvent resistance of a polyamide. However, the blend resin does not have sufficient
heat resistance due to poor compatibility.
[0005] In general, automotive exterior parts require painting, and electrostatic painting is mainly used in consideration
of environmental aspects, reduction of total volatile organic compounds (TVOCs), and appearance. To improve the
efficiency of electrostatic painting, attempts have been made to impart conductivity by adding a conductive material such
as carbon fiber or carbon black to the blend resin. However, when the conductive material is added, problems such as
deterioration in appearance and reduction in impact resistance occur.
[0006] US Patent No. 6352654 discloses a conductive resin composition prepared by mixing a polyphenylene ether-
polyamide blend resin and conductive carbon black to improve adhesion and ductility of a paint to the blend resin.
[0007] However, such a blend resin may have a limit in improving heat resistance. In addition, when a molded product
is manufactured using the blend resin, pinholes may be generated on the surface of the molded product, and thus
appearance may be deteriorated. In addition, mechanical properties or dimensional stability may be deteriorated by
moisture.
[0008] Therefore, there is increasing demand for development of a conductive resin composition having excellent
appearance, mechanical properties, and conductivity, being capable of minimizing the influence of moisture and heat
when exposed to external environments, and thus being applicable to automotive exterior parts.

[Disclosure]

[Technical Problem]

[0009] Therefore, the present invention has been made in view of the above problems, and it is one object of the
present invention to provide a conductive resin composition having excellent moisture stability and heat resistance in
addition to excellent appearance, rigidity, and conductivity; being capable of minimizing the influence of moisture and
heat when exposed to external environments due to these properties; and thus being suitable for exterior parts replacing
metal parts used in automobiles and a method of preparing the conductive resin composition.
[0010] It is another object of the present invention to provide a molded article manufactured using the conductive resin
composition for exterior parts replacing metal parts used in automobiles.
[0011] The above and other objects can be accomplished by the present invention described below.

[Technical Solution]

[0012] In accordance with one aspect of the present invention, provided is a conductive resin composition including:

100 parts by weight of a base resin (A) including a first polyester and a polyarylene ether;
8 to 20 parts by weight of two or more first additives (B) selected from a first polar polyolefin resin, a block copoly-
merization impact modifier, and multifunctional reactive agents; and
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4 to 14 parts by weight of three or more second additives (C) selected from a second polar polyolefin resin, a second
polyester, carbon nanotubes, and carbon nanoplates,
wherein the conductive resin composition provides a sea-island structure that provides a continuous phase (sea),
a dispersed phase (island), and an additional dispersed phase (sub island),
wherein the continuous phase (sea) consists of the first polyester of the base resin (A), the first polar polyolefin resin
and the multifunctional reactive agents of the first additives (B), and the second polar polyolefin resin of the second
additives (C),
the dispersed phase (island) consists of the polyarylene ether of the base resin (A), and
the additional dispersed phase (sub island) consists of the block copolymerization impact modifier of the first additives
(B) and the carbon nanotubes and the carbon nanoplates of the second additives (C).

[0013] In accordance with another aspect of the present invention, provided is a conductive resin composition including:
100 parts by weight of a base resin including a polyester and a polyarylene ether; 1 to 20 parts by weight of a block
copolymerization impact modifier; 1 to 20 parts by weight of multifunctional reactive agents; and 0.1 to 10 parts by weight
of one or more selected from carbon nanotubes and carbon nanoplates, wherein the conductive resin composition has
a surface resistance of 10^8 Ohm/sq or less.
[0014] In accordance with still another aspect of the present invention, provided is a method of preparing a conductive
resin composition, the method including:

kneading and extruding 100 parts by weight of a base resin (A) including a first polyester and a polyarylene ether;
8 to 20 parts by weight of two or more first additives (B) selected from a first polar polyolefin resin, a block copoly-
merization impact modifier, and multifunctional reactive agents; and
4 to 14 parts by weight of three or more second additives (C) selected from a second polar polyolefin resin, a second
polyester, carbon nanotubes, and carbon nanoplates using an extruder equipped with 9 or more kneading blocks
to provide a sea-island structure that provides a continuous phase (sea), a dispersed phase (island), and an additional
dispersed phase (sub island) within the continuous phase,
wherein the continuous phase (sea) consists of the first polyester of the base resin (A), the first polar polyolefin resin
and the multifunctional reactive agents of the first additives (B), and the second polar polyolefin resin of the second
additives (C),
the dispersed phase (island) consists of the polyarylene ether of the base resin (A), and
the additional dispersed phase (sub island) consists of the block copolymerization impact modifier of the first additives
(B) and the carbon nanotubes and the carbon nanoplates of the second additives (C).

[0015] In accordance with yet another aspect of the present invention, provided is a molded article including the
conductive resin composition.

[Advantageous Effects]

[0016] The present invention has an effect of providing a conductive resin composition having excellent moisture
stability and heat resistance in addition to excellent appearance, rigidity, and conductivity; being capable of minimizing
the influence of moisture and heat when exposed to external environments due to these properties; and thus being
suitable for exterior parts replacing metal parts used in automobiles and a method of preparing the conductive resin
composition.
[0017] In addition, a molded article manufactured using the composition has excellent dimensional stability when
exposed to moisture, and thus dimensional change of the molded article when exposed to external environments can
be minimized.
[0018] Therefore, the composite resin composition for automotive interior materials and the molded article according
to the present invention can be applied to exterior parts replacing metal parts used in automobiles, such as exterior
panels, doors, fuel inlets, and charging ports.

[Description of Drawings]

[0019]

FIG. 1 schematically illustrates an extruder equipped with 9 or more kneading blocks for preparing the conductive
resin composition of the present invention.
FIG. 2 shows a sea-island structure provided in Example 1 described later, and the sea-island structure consists of
a continuous phase (sea), a dispersed phase (island), and an additional dispersed phase (sub island) formed in the
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dispersed phase (island).

[Best Mode]

[0020] Hereinafter, a conductive resin composition, a method of preparing the same, and a molded article including
the same according the present invention will be described in detail.
[0021] The present inventors confirmed that, when a conductive resin composition was prepared by mixing a base
resin including a first polyester and a polyarylene ether, two or more first additives selected from a first polar polyolefin
resin, a block copolymerization impact modifier, and multifunctional reactive agents, and three or more second additives
selected from a second polar polyolefin resin, a second polyester, carbon nanotubes having a specific BET, and plate-
shaped carbon nanoplates in a predetermined composition ratio, and a molded article including the conductive resin
composition was manufactured, the molded article provided a sea-island structure providing a continuous phase (sea),
a dispersed phase (island), and an additional dispersed phase (sub island) within the continuous phase, and the molded
article had excellent appearance, rigidity, and conductivity while being unaffected by moisture and heat when exposed
to external environments. Based on these results, the present inventors conducted further studies to complete the present
invention.
[0022] The conductive resin composition of the present invention includes 100 parts by weight of a base resin (A)
including a first polyester and a polyarylene ether; 8 to 20 parts by weight of two or more first additives (B) selected from
a first polar polyolefin resin, a block copolymerization impact modifier, and multifunctional reactive agents; and 4 to 14
parts by weight of three or more second additives (C) selected from a second polar polyolefin resin, a second polyester,
carbon nanotubes, and carbon nanoplates. In this case, the conductive resin composition has excellent moisture stability
and heat resistance in addition to excellent appearance, rigidity, and conductivity, is capable of minimizing the influence
of moisture and heat when exposed to external environments, and thus is applicable to exterior parts replacing metal
parts used in automobiles.
[0023] As another example, the conductive resin composition of the present invention includes 100 parts by weight
of a base resin (A) including a first polyester and a polyarylene ether; 8 to 20 parts by weight of two or more first additives
(B) selected from a first polar polyolefin resin, a block copolymerization impact modifier, and multifunctional reactive
agents; and 4 to 14 parts by weight of three or more second additives (C) selected from a second polar polyolefin resin,
a second polyester, carbon nanotubes, and carbon nanoplates.
[0024] The conductive resin composition provides a sea-island structure that provides a continuous phase (sea), a
dispersed phase (island), and an additional dispersed phase (sub island).
[0025] In this case, the continuous phase (sea) consists of the first polyester of the base resin (A), the first polar
polyolefin resin and the multifunctional reactive agents of the first additives (B), and the second polar polyolefin resin of
the second additives (C).
[0026] The dispersed phase (island) consists of the polyarylene ether of the base resin (A).
[0027] The additional dispersed phase (sub island) consists of the block copolymerization impact modifier of the first
additives (B) and the carbon nanotubes and the carbon nanoplates of the second additives (C). In this case, the conductive
resin composition has excellent moisture stability and heat resistance in addition to excellent appearance, rigidity, and
conductivity, is capable of minimizing the influence of moisture and heat when exposed to external environments, and
thus is applicable to exterior parts replacing metal parts used in automobiles.
[0028] As another example, the conductive resin composition of the present invention includes 100 parts by weight
of a base resin including a polyester and a polyarylene ether; 1 to 20 parts by weight of a block copolymerization impact
modifier; 1 to 20 parts by weight of multifunctional reactive agents; and 0.1 to 10 parts by weight of one or more selected
from carbon nanotubes and carbon nanoplates, and has a surface resistance of 10^8 Ohm/sq or less. In this case,
physical property balance, heat resistance, conductivity, moisture stability, and appearance may be excellent.
[0029] As another example, the method of preparing the conductive resin composition of the present invention includes
a step of kneading and extruding 100 parts by weight of a base resin (A) including a first polyester and a polyarylene
ether; 8 to 20 parts by weight of two or more first additives (B) selected from a first polar polyolefin resin, a block
copolymerization impact modifier, and multifunctional reactive agents; 4 to 14 parts by weight of three or more second
additives (C) selected from a second polar polyolefin resin, a second polyester, carbon nanotubes, and carbon nanoplates
using an extruder equipped with 9 or more kneading blocks to provide a sea-island structure that provides a continuous
phase (sea), a dispersed phase (island), and an additional dispersed phase (sub island) within the continuous phase
(see and island).
[0030] In this case, the continuous phase (sea) consists of the first polyester of the base resin (A), the first polar
polyolefin resin and the multifunctional reactive agents of the first additives (B), and the second polar polyolefin resin of
the second additives (C), the dispersed phase (island) consists of the polyarylene ether of the base resin (A), and the
additional dispersed phase (sub island) consists of the block copolymerization impact modifier of the first additives (B)
and the carbon nanotubes and the carbon nanoplates of the second additives (C). In this case, the conductive resin
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composition has excellent moisture stability and heat resistance in addition to excellent appearance, rigidity, and con-
ductivity, is capable of minimizing the influence of moisture and heat when exposed to external environments, and thus
is applicable to exterior parts replacing metal parts used in automobiles.
[0031] Hereinafter, each component of the conductive resin composition of the present invention will be described in
detail.

(A) Base resin

[0032] The base resin (A) of the present invention may be composed of a first polyester capable of providing a
continuous phase (sea) of a sea-island structure and a polyarylene ether capable of providing a dispersed phase (island)
of the sea-island structure.

First polyester

[0033] The first polyester of the present invention preferably includes one or more selected from a polyalkylene tereph-
thalate, a poly(ester)urethane, and a polyether ester, more preferably a polyalkylene terephthalate. In this case, appear-
ance and electromagnetic wave shielding performance may be excellent.
[0034] As a specific example, the polyalkylene terephthalate may include one or more selected from the group con-
sisting of polyethylene terephthalate, polypropylene terephthalate, and polybutylene terephthalate, preferably polybuty-
lene terephthalate. In this case, appearance and electromagnetic wave shielding performance may be excellent.
[0035] For example, the polybutylene terephthalate may be obtained through polymerization by esterification of butane-
1,4-diol and terephthalic acid or transesterification of butane-1,4-diol and dimethyl terephthalate.
[0036] The polyester resin is preferably a copolymer or homopolymer containing 70 to 100 % by weight of an alkylene
terephthalate as a repeat unit.
[0037] In the present disclosure, the weight ratio of a repeat unit in a resin or copolymer may be a value calculated
by converting the repeat unit into a monomer, or the weight ratio of a monomer added during polymerization of the resin
or the copolymer.
[0038] For example, the alkylene terephthalate copolymer may be obtained by transesterification of 70 to 100 % by
weight, preferably 70 to 99 % by weight of butylene terephthalate and 0 to 30 % by weight, preferably 1 to 30 % by
weight of ethylene terephthalate or propylene terephthalate.
[0039] Based on the content of the base resin, the first polyester is preferably included in an amount of 51 to 74 % by
weight, more preferably 55 to 72 % by weight, still more preferably 60 to 70 % by weight. Within this range, conductivity,
appearance, and moisture stability may be excellent.
[0040] The first polyester has a melt index (MI) (250 °C, 2.16 kg) of preferably 5 to 50 g/10 min, more preferably 10
to 40 g/10 min, still more preferably 15 to 35 g/10 min, still more preferably 20 to 30 g/10 min. Within this range,
conductivity, heat resistance, and electromagnetic wave shielding performance may be excellent.
[0041] For example, the first polyester may be a polyester modified by chemical modification, preferably a modified
polyalkylene terephthalate, more preferably a modified polybutylene terephthalate. In this case, impact strength may be
further improved.
[0042] For example, the chemical modification may be performed by copolymerizing a major monomer, such as an
alkylene terephthalate, and one or more selected from the group consisting of polytetramethylene glycol (PTMG), poly-
propylene glycol (PPG), polyethylene glycol (PEG), a low molecular weight aliphatic polyester, and a low molecular
weight aliphatic polyamide as comonomers.
[0043] Unless specified otherwise, methods commonly used in the art to which the present invention pertains may be
used as a method of preparing a first polyester without particular limitation. For example, interfacial polymerization, melt
condensation polymerization, solution condensation polymerization, or transesterification may be used.

Polyarylene ether

[0044] The polyarylene ether of the present invention is preferably polyphenylene ether (PPE), and as a specific
example, may include one or more selected from the group consisting of poly(2,6-dimethyl-1,4-phenylene)ether, poly(2,6-
diethyl-1,4-phenylene)ether, poly(2,6-dipropyl-1,4-phenylene)ether, poly(2-methyl6-ethyl-1,4-phenylene)ether, poly(2-
methyl-6-propyl-1,4-phenylene)ether, poly(2-ethyl-6-propyl-1,4-phenylene)ether, poly(2,6-diphenyl-1,4-phe-
nylene)ether, poly(2,3,6-trimethyl-1,4-phenylene)ether, poly(2,3,6-triethyl-1,4-phenylene)ether, and copolymers thereof,
preferably poly(2,6-dimethyl-1,4-phenylene) or a copolymer thereof.
[0045] Based on the content of the base resin, the polyarylene ether may be included in an amount of preferably 26
to 49 % by weight, more preferably 28 to 45 % by weight, still more preferably 30 to 40 % by weight. In this case, heat
resistance and mechanical strength may be excellent.
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[0046] The polyarylene ether copolymer means a polymer prepared by co-polymerizing a major monomer and a
comonomer, and as specific example, may be selected from a copolymer of poly(2,6-dimethyl-1,4-phenylene)ether and
poly(2,3,6-trimethyl-1,4-phenylene)ether; a copolymer of poly(2,6-dimethyl-1,4-phenylene)ether and poly(2,3,6-triethyl-
1,4-phenylene)ether; and combinations thereof. As a preferred example, the polyarylene ether copolymer may be a
copolymer of poly(2,6-dimethyl-1,4-phenylene)ether and poly(2,3,6-trimethyl-1,4-phenylene) ether.
[0047] The polyarylene ether may have an intrinsic viscosity of preferably 0.2 to 0.8 dl/g, more preferably 0.3 to 0.6
dl/g, still more preferably 0.3 to 0.4 dl/g as measured at 25 °C in chloroform as a solvent. Within this range, heat resistance,
processability, and appearance may be excellent while maintaining mechanical properties at a high level.
[0048] The polyarylene ether is preferably in a powder or flake form. In particular, when the polyarylene ether is in a
flake form, mechanical properties, such as impact strength and flexural strength, processability, and appearance may
be excellent.
[0049] In this description, the depth and length of the flake may be measured by microscopic analysis.

(B) First additives

[0050] The first additives of the present invention may include the first polar polyolefin resin and multifunctional reactive
agents capable of providing a portion of the continuous phase (sea) of the sea-island structure in combination with the
base resin and the block copolymerization impact modifier capable of providing the additional dispersed phase (sub
island) within the dispersed phase (island) of the sea-island structure.
[0051] For example, based on 100 parts by weight of the base resin, the first additives may be included in an amount
of 8 to 20 parts by weight, more preferably 8 to 18 parts by weight, still more preferably 9 to 18 parts by weight, still more
preferably 10 to 17.5 parts by weight. Within this range, in addition to mechanical properties and conductivity, appearance
and moisture stability may be excellent.

First polar polyolefin resin

[0052] The first polar polyolefin resin of the present invention may preferably be a copolymer obtained by grafting an
ethylenically unsaturated compound containing a hydroxy group, an ethylenically unsaturated compound containing an
amino group, an ethylenically unsaturated compound containing an epoxy group, an aromatic vinyl compound, an
unsaturated carboxylic acid or a derivative thereof, a vinyl ester compound, or vinyl chloride onto a polyolefin resin.
Specifically, the first polar polyolefin resin may be a copolymer obtained by grafting an unsaturated carboxylic acid or
an anhydride monomer or derivative thereof onto a polyolefin resin. In this case, mechanical properties, such as impact
strength, and conductivity may be excellent.
[0053] Examples of the unsaturated carboxylic acid may include acrylic acid, methacrylic acid, maleic acid, fumaric
acid, tetrahydrophthalic acid, itaconic acid, citraconic acid, crotonic acid, isocrotonic acid, norbornene dicarboxylic acid,
and bicyclo[2.2.1]hept-2-ene-5,6-dicarboxylic acid. In addition, examples of the anhydride monomer or derivative thereof
may include malenylchloride, malenylimide, maleic anhydride, itaconic anhydride, citraconic anhydride, tetrahydroph-
thalic anhydride, bicyclo[2.2.1]hept-2-ene-5,6-dicarboxylic acid anhydride, dimethyl malate, monomethyl maleate, diethyl
malate, diethyl fumarate, dimethyl itaconate, diethyl citraconate, dimethyltetrahydrophthalate, dimethyl bicyclo[2.2.1]
hept-2-ene-5,6-dicarboxylate, hydroxyethyl (meth)acrylate, hydroxypropyl (meth)acrylate, glycidyl (meth)acrylate, ami-
noethyl methacrylate, and aminopropyl methacrylate. Specifically, the modified polyolefin resin may be a copolymer
obtained by grafting acrylic acid or maleic anhydride onto a polyolefin resin.
[0054] For example, based on 100 % by weight in total of total components constituting the polar polyolefin resin, the
unsaturated carboxylic acid may be included in an amount of 0.1 to 5 % by weight, specifically 0.5 to 5 % by weight,
preferably 0.8 to 3 % by weight. In this case, mechanical properties, such as impact strength, and conductivity may be
excellent.
[0055] Based on 100 parts by weight of the base resin, the first polar polyolefin resin may be included in an amount
of preferably 1 to 3 parts by weight, more preferably 1.2 to 2.8 parts by weight, still more preferably 1.5 to 2.5 parts by
weight. Within this range, in addition to mechanical properties and conductivity, appearance and moisture stability may
be excellent.
[0056] The first polar polyolefin resin may be prepared using methods commonly used in the art to which the present
invention pertains, without particular limitation, As a specific example, the first polar polyolefin resin may be obtained by
performing graft polymerization by heating a monomer such as the unsaturated carboxylic acid in the presence or
absence of a radical initiator. In particular, to increase the efficiency of the graft polymerization reaction, it is preferable
to perform the graft polymerization in the presence of a radical initiator.
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Block copolymerization impact modifier

[0057] The block copolymerization impact modifier of the present invention is preferably styrene-based rubber. As a
specific example, the block copolymerization impact modifier may include one or more selected from styrene-butadiene-
styrene (SBS) copolymers, styrene-ethylene-butylene-styrene (SEBS) copolymers, styrene-butadiene (SB) copolymers,
styrene-isoprene (SI) copolymers, styrene-isoprene-styrene (SIS) copolymers, alpha-methylstyrene-butadiene copoly-
mers, styrene-ethylene-propylene copolymers, styrene-ethylene-propylene-styrene copolymers, styrene-(ethylene-
butylene/styrene copolymer)-styrene copolymers, and modified polymers thereof. As a preferred example, the block
copolymerization impact modifier may include one or more selected from the group consisting of styrene-butadiene-
styrene (SBS) copolymers, styrene-ethylene-butylene-styrene (SEBS) copolymers, and maleic anhydride-modified sty-
rene-ethylene-butylene-styrene copolymers, as a more preferred example, a styrene-butadiene-styrene (SBS) copoly-
mer. In this case, mechanical properties, such as impact strength, and conductivity may be excellent.
[0058] Based on 100 parts by weight of the base resin, the block copolymerization impact modifier may be included
in an amount of preferably 3 to 11 parts by weight, more preferably 4 to 10.5 parts by weight, still more preferably 5 to
10 parts by weight. Within this range, in addition to mechanical properties and conductivity, appearance and moisture
stability may be excellent.
[0059] In the block copolymerization impact modifier, the content of an aromatic vinyl compound-derived structural
unit may be preferably 20 to 40 % by weight, more preferably 20 to 30 % by weight. Within this range, mechanical
properties may be excellent.
[0060] In the block copolymerization impact modifier, the content of rubber may be preferably 60 to 80 % by weight,
more preferably 70 to 80 % by weight. Within this range, mechanical properties may be excellent.
[0061] The block copolymerization impact modifier may have an average particle diameter of preferably 0.5 mm or
less, more preferably 0.3 mm or less and may be dispersed in the sea-island structure to constitute the additional
dispersed phase (sub island) within the dispersed phase (island). Within this range, heat resistance and impact strength
may be excellent.
[0062] Here, unless otherwise specified, the additional dispersed phase may refer to an additional dispersed phase
(sub island in island, corresponding to "Sub Island" shown in FIG. 2) provided inside the dispersed phase.
[0063] In the present disclosure, the average particle diameter may be measured by dynamic light scattering, and
specifically, may be measured as an intensity value using a Nicomp 380 particle size analyzer (manufacturer: PSS) in
a Gaussian mode. As a specific measurement example, a sample may be prepared by diluting 0.1 g of latex (solids
content: 35 to 50 wt%) 1,000 to 5,000-fold with distilled water, and average particle diameter may be measured using
flow cells in an auto-dilution manner and in a mode of dynamic light scattering/intensity 300 kHz/intensity-weight Gaussian
analysis. At this time, temperature may be set to 23 °C, measurement wavelength may be set to 632.8 nm, and channel
width may be set to 10 msec.
[0064] As a method of preparing the block copolymerization impact modifier, methods commonly used in the art to
which the present invention pertains may be used without particular limitation. As a specific example, emulsion polym-
erization, suspension polymerization, solution polymerization, or bulk polymerization may be used. As a preferred ex-
ample, emulsion polymerization or bulk polymerization may be used.

Multifunctional reactive agents

[0065] The multifunctional reactive agents of the present invention may preferably include two or more functional
groups selected from the group consisting of a carboxyl group, an amine group, a hydroxyl group, a maleic acid group,
and an epoxy group. As a specific example, the multifunctional reactive agents may include 2 to 5 functional groups
selected therefrom. In this case, conductivity and moisture stability may be excellent.
[0066] In the present disclosure, as the maleic acid group, a substituent recognized as a maleic acid group in the art
to which the present invention pertains may be used without particular limitation. As a specific example, the maleic acid
group means a functional group derived from maleic acid or maleic anhydride.
[0067] As a specific example, the multifunctional reactive agents may be polymers functionalized by reacting a polyphe-
nylene ether and a reactive monomer, such as an unsaturated carboxylic acid or anhydride thereof.
[0068] For example, the reactive monomer may include one or more selected from the group consisting of citric acid,
maleic acid, itaconic acid, fumaric acid, acrylic acid, and anhydrides thereof.
[0069] In the present invention, two or more types of multifunctional reactive agents may be used, and the term "two
or more types" means two or more multifunctional reactive agents having different types or structures.
[0070] As a specific example, the multifunctional reactive agents preferably consist of a combination of a high-molec-
ular-weight multifunctional reactive agent having a number average molecular weight of 150,000 g/mol or more and a
low-molecular-weight multifunctional reactive agent having a number average molecular weight of 10,000 g/mol or less.
[0071] Based on 100 parts by weight of the base resin, the multifunctional reactive agents may be included in an
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amount of preferably 2 to 12 parts by weight, more preferably 2.5 to 12 parts by weight, still more preferably 3 to 12
parts by weight. Within this range, appearance, conductivity, and moisture stability may be greatly improved without
deterioration in the intrinsic mechanical properties of a resin.
[0072] The multifunctional reactive agents of the present invention may preferably include one or more selected from
a polyphenylene oxide resin functionalized with a carboxylic acid, maleic acid, or maleic anhydride and a bisphenol A-
type epoxy resin having an epoxy functional group at end thereof. In this case, conductivity and moisture stability may
be excellent.
[0073] Based on 100 parts by weight in total of the base resin, the polyphenylene oxide resin functionalized with a
carboxylic acid, maleic acid, or maleic anhydride may be included in an amount of preferably 1 to 10 parts by weight,
more preferably 2 to 8 parts by weight, still more preferably 3 to 7 parts by weight. Within this range, appearance and
moisture stability may be greatly improved without deterioration in the intrinsic mechanical properties of a resin.
[0074] Based on 100 parts by weight in total of the base resin, the bisphenol A-type epoxy resin may be included in
an amount of preferably 0.5 to 8 parts by weight, more preferably 1 to 7 parts by weight, still more preferably 1 to 5 parts
by weight. Within this range, appearance, conductivity, and moisture stability may be greatly improved without deterio-
ration in the intrinsic mechanical properties of a resin.
[0075] The bisphenol A-type epoxy resin may preferably have an average epoxy equivalent of 2,000 to 6,000 and/or
a number average molecular weight of 3,000 to 10,000 g/mol and/or a glass transition temperature of 50 to 120 °C,
and/or may preferably be a solid at room temperature (22 to 25 °C). Within this range, appearance and moisture stability
may be greatly improved without deterioration in the intrinsic mechanical properties of a resin.
[0076] In the present disclosure, number average molecular weight (Mn) may be measured by gel permeation chro-
matography (GPC, Waters Breeze).
[0077] In the present disclosure, glass transition temperature (Tg) may be measured using a Pyris 6 DSC (Perkin
Elmer Co.).
[0078] In the present disclosure, the average epoxy equivalent is average molecular weight per one epoxy group.
[0079] Based on 100 parts by weight in total of the base resin, the polyphenylene oxide resin functionalized with a
carboxylic acid, maleic acid, or maleic anhydride may be included in an amount of preferably 0.5 to 8 parts by weight,
more preferably 1 to 7 parts by weight, still more preferably 2 to 7 parts by weight. Within this range, by reinforcing a
continuous phase (sea) within a sea-island structure, heat resistance and moisture stability may be greatly improved.
[0080] In the present disclosure, within the scope of the present invention, the multifunctional reactive agents may be
prepared by a method commonly practiced in the art to which the present invention pertains, or commercially available
products may be used as the multifunctional reactive agents, without particular limitation.

(C) Second additives

[0081] The second additives of the present invention may include the second polar polyolefin resin and second polyester
capable of reinforcing the continuous phase (sea) of the above-described sea-island structure and carbon nanotubes
and carbon nanoplates capable of providing the additional dispersed phase (sub island).
[0082] Based on 100 parts by weight of the base resin, the second additives may be included in an amount of preferably
4 to 14 parts by weight, more preferably 4 to 12 parts by weight, still more preferably 4 to 10 parts by weight, still more
preferably 5 to 9 parts by weight. Within this range, in addition to mechanical properties and conductivity, appearance
and moisture stability may be excellent.
[0083] The second additives may be prepared as a masterbatch and then added. In this case, the additional dispersed
phase may be provided within the continuous phase while reinforcing the continuous phase.
[0084] For example, the second additives may be prepared using a method including a step of performing kneading
and extrusion using an extruder equipped with 9 or more kneading blocks, preferably 10 or more kneading blocks, more
preferably 12 or more kneading blocks, as a preferred example, 9 to 18 kneading blocks, as a more preferred example,
10 to 18 kneading blocks, as a still more preferred example, 12 to 16 kneading blocks. In this case, it may be effective
to arrange the kneading blocks in the order of forward kneading blocks, neutral kneading blocks, and backward kneading
blocks with respect to a resin flow direction. Depending on combination manners, a continuous or separate block com-
bination may be used. In this case, the dispersibility of the components and the compatibility of the composition may be
further improved, thereby providing a high-quality masterbatch.

Second polar polyolefin resin

[0085] The second polar polyolefin resin of the present invention may be selected and used from the types described
above for the first polar polyolefin resin of the component (B) .
[0086] Based on 100 % by weight of a basic resin consisting of the second polar polyolefin resin and a second polyester
to be described later, the second polar polyolefin resin may be included in an amount of preferably 70 to 100 % by
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weight, more preferably 75 to 100 % by weight, still more preferably 80 to 100 % by weight. Within this range, by
reinforcing the continuous phase (sea) of the sea-island structure, the conductivity, mechanical properties, and moisture
stability of the base resin may be greatly improved.

Second polyester

[0087] The second polyester of the present invention may be selected and used from the types described above for
the first polyester of the component (A).
[0088] Based on 100 % by weight of the basic resin consisting of the above-described second polar polyolefin resin
and the second polyester, the second polyester may be included in an amount of preferably 0 to 30 % by weight, more
preferably 0 to 25 % by weight, still more preferably 1 to 20 % by weight. Within this range, by reinforcing the continuous
phase (sea) of the sea-island structure, the conductivity, mechanical properties, and moisture stability of the base resin
may be improved.

Carbon nanotubes

[0089] The carbon nanotubes of the present invention may have a BET surface area of preferably 180 to 600 m2/g,
more preferably 180 to 400 m2/g, still more preferably 180 to 300 m2/g, still more preferably 200 to 300 m2/g. Within this
range, processability and conductivity may be greatly improved.
[0090] In the present disclosure, the BET surface area may be measured using a nitrogen adsorption method. As a
specific example, the BET surface area may be measured by a BET 6-point method according to a nitrogen gas ad-
sorption/distribution method using pore distribution measuring instrument (Porosimetry analyzer, Belsorp-II mini, Bell
Japan Inc.). As another example, the BET surface area may be measured by a Brunauer, Emmett, or Teller method
according to ASTM 6556.
[0091] For example, based on 100 parts by weight of the basic resin consisting of the second polar polyolefin resin
and the second polyester, the carbon nanotubes may be included in an amount of 10 to 40 parts by weight, preferably
10 to 30 parts by weight, more preferably 20 to 30 parts by weight, still more preferably 20 to 25 parts by weight. Within
this range, mechanical properties, processability, conductivity, appearance, and heat resistance may be excellent.
[0092] For example, the carbon nanotubes may include one or more selected from the group consisting of single-
walled carbon nanotubes (SWCNTs), double-walled carbon nanotubes (DWCNTs), and multi-walled carbon nanotubes
(MWCNTs).
[0093] For example, the carbon nanotubes may be bundle-type (rope-type) nanotubes or non-bundle-type (entangle-
type) nanotubes.
[0094] In the present disclosure, as the "bundle-type" and the "non-bundle-type", a "bundle-type" and a "non-bundle-
type" commonly approved or defined in the art to which the present invention pertains may be used without particular
limitation.
[0095] The carbon nanotubes may have an average diameter of preferably 5 to 30 nm, more preferably 7 to 20 nm,
still more preferably 10 to 15 nm. Within this range, conductivity and appearance may be greatly improved.
[0096] In the present disclosure, a measurement method commonly practiced in the art to which the present invention
pertains may be used to measure the average diameter of the carbon nanotubes without particular limitation. As a
specific example, the average diameter of the carbon nanotubes may be measured by electron microscopy analysis.
[0097] Preferably, the carbon nanotubes may be provided in a fibrous form. In this case, as shown in FIG. 2, the carbon
nanotubes having a size of 1.0 mm or less may be dispersed in the sea-island structure, and thus may constitute the
additional dispersed phase within the continuous phase. Here, the additional dispersed phase is an additional dispersed
phase (sub island in sea, not shown in FIG. 2) dispersed within the continuous phase and is different from the additional
dispersed phase (sub island in island, "Sub Island" shown in FIG. 2) provided by the above-described block copolym-
erization impact modifier.

Carbon nanoplates

[0098] The carbon nanoplates of the present invention are preferably plate-shaped carbon nanoplates, more preferably
plate-shaped carbon nanoplates having an average thickness of 5 to 50 nm. Within this range, due to a mutual dispersion
effect with the above-described carbon nanotubes, the conductivity, mechanical properties, heat resistance, and moisture
stability of the base resin may be greatly improved.
[0099] The carbon nanoplates may preferably include one or more selected from exfoliated graphite, graphene nan-
oplates, and exfoliated expanded graphite, more preferably exfoliated graphite. Within this range, due to a mutual
dispersion effect with the above-described carbon nanotubes, the conductivity, mechanical properties, heat resistance,
and moisture stability of the base resin may be greatly improved.
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[0100] For example, the exfoliated graphite may be graphite obtained by processing layered graphite to have a thickness
of 5 to 50 nm using a chemical and/or physical exfoliation method.
[0101] Exfoliation methods commonly practiced in the art to which the present invention pertains may be used as the
method of chemically and/or physically exfoliating layered graphite, without particular limitation. As a specific example,
graphite may be modified and expanded using Brodie’s method, Hummers’ method, or the like, and then may be exfoliated
by ultrasonic crushing, rapid heating, or the like.
[0102] For example, based on 100 parts by weight of the basic resin consisting of the second polar polyolefin resin
and the second polyester, the carbon nanoplates may be included in an amount of preferably 1 to 10 parts by weight,
more preferably 2 to 8 parts by weight, still more preferably 3 to 8 parts by weight, still more preferably 3 to 7 parts by
weight. Within this range, due to a mutual dispersion effect with the above-described carbon nanotubes, the conductivity,
mechanical properties, and moisture stability of the base resin may be greatly improved.
[0103] In addition, based on 100 parts by weight of the basic resin consisting of the second polar polyolefin resin and
the second polyester, the carbon nanoplates may further be included in an amount of preferably 0.4 to 1.4 parts by
weight, more preferably 0.4 to 1.2 parts by weight, still more preferably 0.5 to 1 part by weight. Within this range, due
to a mutual dispersion effect with the above-described carbon nanotubes, the conductivity, mechanical properties, and
moisture stability of the base resin may be further improved.
[0104] The carbon nanoplates may have an average thickness of preferably 5 to 40 nm, more preferably 10 to 40 nm.
Within this range, due to a mutual dispersion effect with the above-described carbon nanotubes, conductivity and ap-
pearance may be improved at the same time.
[0105] In the present disclosure, measurement methods commonly used in the art to which the present invention
pertains may be used to measure the average thickness of the carbon nanoplates, without particular limitation. As a
specific example, electron microscopy analysis may be used.
[0106] Preferably, the carbon nanoplates may be provided in a plate form. In this case, as shown in FIG. 2, the carbon
nanoplates having a size of 1.0 mm or less may be dispersed in the sea-island structure, and thus may constitute the
additional dispersed phase within the continuous phase in combination with the carbon nanotubes. Here, the additional
dispersed phase is an additional dispersed phase (sub island in sea) dispersed within the continuous phase and is
different from the additional dispersed phase (sub island in island) provided by the above-described block copolymeri-
zation impact modifier.

Conductive resin composition

[0107] For example, in the conductive resin composition of the present invention, the second additives may be prepared
as a masterbatch, and the sea-island structure that provides the continuous phase (sea), the dispersed phase (island),
and the additional dispersed phase (sub island) within the continuous phase may be provided.
[0108] The continuous phase may consist of the first polyester of the base resin (A), the first polar polyolefin resin and
multifunctional reactive agents of the first additives (B), and the second polar polyolefin resin of the second additives
(C), the dispersed phase may consist of the polyarylene ether of the base resin (A), and the additional dispersed phase
may consist of the block copolymerization impact modifier of the first additives (B) and the carbon nanotubes and carbon
nanoplates of the second additives (C). In this case, due to excellent appearance, rigidity, conductivity, moisture stability,
and heat resistance, the influence of moisture and heat when exposed to external environments may be minimized, and
thus the composition of the present invention may be used to manufacture exterior parts replacing metal parts used in
automobiles.
[0109] The conductive resin composition of the present invention may have a heat deflection temperature of preferably
170 °C or higher, more preferably 170 to 200 °C, as a preferred example, 170 to 195 °C, as a more preferred example,
180 to 190 °C. Within this range, physical property balance, moisture stability, conductivity, and appearance may be
excellent.
[0110] The conductive resin composition may have a moisture absorption rate of preferably 0.1 % or less, 0.094 %
or less, 0.93 % or less or 0.092 % or less, as a specific example, 0.05 to 0.094 %, as a preferred example, 0.06 to 0.092
%, as a more preferred example, 0.06 to 0.09 %. Within this range, physical property balance, heat resistance, conduc-
tivity, and appearance may be excellent.
[0111] The moisture absorption rate is measured by the method used in Examples described later. For example, the
moisture absorption rate may be calculated by Equation 1 below.
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[0112] The conductive resin composition may have a surface resistance of preferably 10^7 ohm/sq or less, as a specific
example, 10^7 to 10^8 ohm/sq. Within this range, physical property balance, heat resistance, moisture stability, and
appearance may be excellent.
[0113] The conductive resin composition preferably has a tensile strength of 55 MPa or more, as a specific example,
55 to 70 MPa, as a preferred example, 55 to 65 MPa, as measured under conditions of a specimen thickness of 3.2 mm
and a measurement speed of 5 mm/min according to ASTM D638. Within this range, physical property balance, heat
resistance, conductivity, moisture stability, and appearance may be excellent.
[0114] The conductive resin composition has a notched Izod impact strength of preferably 100 J/m or more, more
preferably 110 J/m or more, as a specific example, 110 to 180 J/m, as a preferred example, 110 to 175 J/m, as measured
under conditions of a specimen thickness of 4 mm and a measurement temperature of 25 °C according to ISO 180A.
Within this range, physical property balance, heat resistance, conductivity, moisture stability, and appearance may be
excellent.
[0115] For example, as confirmed in Examples and Comparative Examples below, the conductive resin composition
of the present invention includes 100 parts by weight of the base resin including the polyester and the polyarylene ether;
1 to 20 parts by weight of the block copolymerization impact modifier; 1 to 20 parts by weight of the multifunctional
reactive agents; and 0.1 to 10 parts by weight of one or more selected from carbon nanotubes and carbon nanoplates
and has a surface resistance of 10^8 Ohm/sq or less. In this case, physical property balance, heat resistance, conductivity,
moisture stability, and appearance may be excellent.
[0116] At this time, the polyester includes the aforementioned first polyester and second polyester.
[0117] When polyamides such as nylon 6 and nylon 66 were included, the effect of providing an alloy having stabilized
moisture properties was absent or insignificant (See Comparative Example 5 below).

Method of preparing conductive resin composition

[0118] The method of preparing the conductive resin composition according to the present invention preferably includes
a step of kneading and extruding 100 parts by weight of a base resin (A) including a first polyester and a polyarylene
ether; 8 to 20 parts by weight of two or more first additives (B) selected from a first polar polyolefin resin, a block
copolymerization impact modifier, and multifunctional reactive agents; and 4 to 14 parts by weight of three or more
second additives (C) selected from a second polar polyolefin resin, a second polyester, carbon nanotubes, and carbon
nanoplates using an extruder equipped with 9 or more kneading blocks to provide a sea-island structure that provides
a continuous phase, a dispersed phase, and an additional dispersed phase within the continuous phase.
[0119] The sea-island structure that provides the continuous phase (sea), the dispersed phase (island), and the ad-
ditional dispersed phase (sub island) is provided.
[0120] The continuous phase (sea) consists of the first polyester of the base resin (A), the first polar polyolefin resin
and multifunctional reactive agents of the first additives (B), and the second polar polyolefin resin of the second additives
(C), the dispersed phase (island) consists of the polyarylene ether of the base resin (A), and the additional dispersed
phase (sub island) consists of the block copolymerization impact modifier of the first additives (B) and the carbon
nanotubes and carbon nanoplates of the second additives (C). In this case, in addition to appearance, rigidity, and
conductivity, moisture stability and heat resistance may be excellent, thereby minimizing the influence of moisture and
heat when exposed to external environments. Thus, there is an advantage of providing a conductive resin composition
suitable for exterior parts replacing metal parts used in automobiles.
[0121] For example, the kneading and extrusion may be performed at a barrel temperature of 230 to 310 °C, preferably
240 to 300 °C, more preferably 250 to 290 °C, still more preferably 250 to 280 °C. In this case, throughput per unit time
may be high, melt-kneading may be sufficiently performed, and thermal decomposition of resin components may be
prevented.
[0122] For example, the kneading and extrusion may be performed at a screw rotation rate of 100 to 500 rpm, preferably
150 to 400 rpm, more preferably 100 to 350 rpm, still more preferably 150 to 320 rpm, still more preferably 200 to 310
rpm. Within this range, throughput per unit time may be high, process efficiency may be excellent, and excessive cutting
of carbon nanotubes and carbon nanoplates may be prevented, thereby improving the conductivity of a final product.
[0123] The conductive resin composition obtained by the kneading and extrusion may be provided in a pellet form.
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[0124] A method of manufacturing a molded article according to the present invention preferably includes a step of
kneading and extruding 100 parts by weight of a base resin (A) including a first polyester and a polyarylene ether; 8 to
20 parts by weight of two or more first additives (B) selected from a first polar polyolefin resin, a block copolymerization
impact modifier, and multifunctional reactive agents; 4 to 14 parts by weight of three or more second additives (C)
selected from a second polar polyolefin resin, a second polyester, carbon nanotubes, and carbon nanoplates to prepare
conductive resin composition pellets and a step of injecting the prepared pellets to manufacture a molded article. In this
case, the second additives are prepared as a masterbatch and added. In this case, the kneading and extrusion are
performed using an extruder equipped with 9 or more kneading blocks. In this case, in addition to appearance, rigidity,
and conductivity, moisture stability and heat resistance may be excellent, thereby providing a molded article in which
the influence of moisture and heat when exposed to external environments is minimized.
[0125] The injection may be performed using a method and conditions commonly used in the art to which the present
invention pertains, without particular limitation.
[0126] In describing the conductive resin composition, the molded article, the method of preparing the conductive resin
composition, and the method of manufacturing the molded article, unless specified otherwise, other conditions (for
example, the configuration and specifications of an extruder and an injection machine, extrusion and injection conditions,
additives, and the like) may be appropriately selected and implemented as needed when the conditions are within the
range commonly practiced in the art, without particular limitation.
[0127] The present invention will be described with reference to the following drawings.
[0128] FIG. 1 below schematically illustrates an extruder equipped with 9 or more kneading blocks for preparing the
conductive resin composition of the present invention.
[0129] The type of extruder is not particularly limited, and an extruder commonly used in the art may be appropriately
selected and used. For example, a single-screw extruder equipped with one screw or a multi-screw extruder equipped
with a plurality of screws may be used. Considering uniform kneading of materials, ease of processing, and economic
efficiency, a twin-screw extruder equipped with two screws is preferably used.
[0130] The extruder includes a raw material feeder for feeding materials into a barrel, a screw for conveying and
kneading the fed materials, and a die for extruding the kneaded materials. In this case, the screw consists of a plurality
of screw elements for various functions.
[0131] In the extruder, one or more raw material feeders may be provided, and two or more raw material feeders may
be provided, as needed. In addition, a main inlet may be provided, and two or more auxiliary inlets may be optionally
provided.
[0132] As a specific example, all components may be fed into the main inlet batchwise. As another example, the base
resin and the first additives may be fed into the main inlet, and the second additives may be fed into the auxiliary inlets.
[0133] The kneading blocks of the present invention correspond to the screw elements. Specifically, each kneading
block consists of a plurality of discs, preferably 3 to 7 discs, 5 to 7 discs, 3 to 5 discs, or 4 to 5 discs, and has a polygonal
cross section or an elliptical cross section. The kneading blocks are arranged continuously in a direction in which materials
are conveyed. In addition, in the kneading block, the phase angle of the discs (indicating the travel angle between discs)
is preferably 45 to 90°.
[0134] In addition, the kneading block includes a forward kneading block capable of conveying, distributing, and mixing
materials, a neutral kneading block capable of distributing and mixing materials without conveying the materials, and a
backward kneading block capable of conveying materials in a direction opposite to the conveying direction.
[0135] For example, the conductive resin composition according to the present invention may be prepared using a
method including a step of performing kneading and extrusion using an extruder equipped with 9 or more, preferably
10 or more, more preferably 12 or more kneading blocks, as a preferred example, 9 to 18 kneading blocks, as a more
preferred example, 10 to 18 kneading blocks, as a still more preferred example, 12 to 16 kneading blocks. In this case,
it may be effective to arrange the kneading blocks in the order of forward kneading blocks, neutral kneading blocks, and
backward kneading blocks with respect to a resin flow direction. Depending on combination manners, a continuous or
separate block combination may be used. In this case, the dispersibility of a conductive filler and compatibility between
compositions may be further improved, and thus a high-quality conductive resin composition may be provided.
[0136] 9 or more kneading blocks may be arranged continuously, or may be arranged discontinuously between screws.
As a specific example, 3 to 6 kneading blocks may be provided continuously between the main inlet and the auxiliary
inlet 1, 3 to 8 kneading blocks may be provided continuously between the auxiliary inlet 1 and the auxiliary inlet 2, and
2 to 5 kneading blocks may be provided between the auxiliary inlet 2 and an outlet (not shown). With this configuration,
local heat generation during melt-kneading may be controlled to prevent thermal deformation of raw materials. In addition,
excessive cutting of nanoscale components may be prevented, thereby preventing deterioration in conductivity and
physical properties.
[0137] FIG. 2 below shows the sea-island structure provided by the conductive resin composition of the present
invention.
[0138] Referring to FIG. 2, the continuous phase (sea) of the sea-island structure consists of the first polyester of the
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base resin (A), the first polar polyolefin resin and multifunctional reactive agents of the first additives (B), and the second
polar polyolefin resin of the second additives (C), the dispersed phase (island) consists of the polyarylene ether of the
base resin (A), and the additional dispersed phase (sub island) of the sea-island structure consists of the block copol-
ymerization impact modifier of the first additives (B) and the carbon nanotubes and carbon nanoplates of the second
additives (C).
[0139] Specifically, the block copolymerization impact modifier may form a fine internal dispersed phase (sub island
in island) within the dispersed phase of the sea-island structure.
[0140] In addition, the carbon nanotubes and the carbon nanoplates may selectively form a fine internal dispersed
phase (sub island in sea) in the continuous phase of the sea-island structure.
[0141] When the carbon nanotubes are in a fibrous form and the carbon nanoplates are in a plate form, the aforemen-
tioned dispersing effect may be further increased.
[0142] In the present disclosure, the term "sea-island structure" means a dispersion structure composed of a continuous
phase (sea) and a dispersed phase (island) known in the art.
[0143] For example, the sea-island structure may be verified by observing the formation state of the sea-island structure,
the uniformity of the shape, and the division state, etc. using an optical microscope with a magnification of 200 times.
[0144] The sea-island structure provided by the conductive resin composition of the present invention has a basic
structure consisting of the continuous phase (sea) and the dispersed phase (island) described above, and optionally
has a structure in which the additional dispersed phase (sub island in sea) is dispersed in the continuous phase (sea)
and the additional dispersed phase (sub island in island) is dispersed in the dispersed phase (island).

Molded article

[0145] An automotive molded article manufactured using the above-described conductive resin composition has ex-
cellent dimensional stability when exposed to moisture, and thus dimensional change due to exposure to external
environments may be minimized.
[0146] The molded article may be an automotive electrostatic painting exterior part.
[0147] For example, the automotive electrostatic painting exterior part may be an exterior panel, a door, a fuel inlet,
a charging port, or the like.
[0148] Hereinafter, the present invention will be described in more detail with reference to the following preferred
examples. However, these examples are provided for illustrative purposes only and should not be construed as limiting
the scope and spirit of the present invention. In addition, it will be apparent to those skilled in the art that various changes
and modifications may be made without departing from the spirit and scope of the present invention, and such changes
and modifications are also within the scope of the appended claims.

[Examples]

[0149] Components used in Examples and Comparative Examples below are as follows.

* First polyester: Polybutylene terephthalate resin (LG Chemical Co., GP2000, M.I. (250 °C, 2.16 kg): 30 g/10 min)
was used as the first polyester.
* Second polyester: Polybutylene terephthalate resin (LG Chemical Co., GP2000, M.I. (250 °C, 2.16 kg): 30 g/10
min) was used as the second polyester.
* Polyarylene ether: Polyphenylene oxide resin (PPO) (Bluestar Co., 040) was used as the polyarylene ether.
* Polyamide: A polyamide (Invista Co., 3602 PA66) was used.
* First polar polyolefin-based resin: An ethylene-octene copolymer (density: 0.87 g/cm2, LG Chemical Co., LC170)
modified with 1.2 % by weight of maleic acid was used as the first polar polyolefin-based resin.
* Second polar polyolefin-based resin: An ethylene-octene copolymer (density: 0.87 g/cm2, LG Chemical Co., LC170)
modified with 1.2 % by weight of maleic acid was used as the second polar polyolefin-based resin.
* Block copolymerization impact modifier: Styrene-based rubber (Kraton Co., SEBS 1651, styrene: 32 wt%, butadiene
rubber: 68 wt%) was used as the block copolymerization impact modifier.
* Multifunctional reactive agent 1: A reactive epoxy YD019 product (epoxy equivalent: 2,000 to 3,000, Kukdo Chemical
Co.) was used as the multifunctional reactive agent 1.
* Multifunctional reactive agent 2: A ZA product (G Farm Co.) having a polyphenylene oxide (mah-PPO) structure
modified with maleic anhydride was used as the multifunctional reactive agent 2.
* Carbon nanotubes: Carbon nanotubes in fibrous form (BET surface area: 200 to 300 m2/g, LG Chemical Co.,
CP1002M) were used.
* Carbon nanoplates: Layered exfoliation products having an average thickness of 5 to 50 nm were used as the
carbon nanoplates.
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Preparation Examples 1 to 3: Preparation of second additives

<Preparation Example 1>

[0150] Using a twin-screw extruder (SM Co., T40) equipped with 10 kneading blocks, 100 parts by weight of the second
polar polyolefin-based resin, 25 parts by weight of the carbon nanotubes, and 5 parts by weight of the plate-shaped
carbon nanoplates were melt-kneaded and then extruded to prepare second additives in pellet form.
[0151] At this time, the cylinder temperature of the twin-screw extruder was set to 250 °C, and the screw rotation rate
thereof was set to 300 rpm.
[0152] The prepared pellets were described as "PMB 1-25" in Table 1 below.

<Preparation Example 2>

[0153] Using a twin-screw extruder (SM Co., T40) equipped with 10 kneading blocks, 100 parts by weight of the basic
resin consisting of 80 % by weight of the second polar polyolefin-based resin and 20 % by weight of the second polyester,
25 parts by weight of the carbon nanotubes, and 5 parts by weight of the plate-shaped carbon nanoplates were melt-
kneaded and extruded to prepare second additives in pellet form.
[0154] At this time, the cylinder temperature of the twin-screw extruder was set to 250 °C, and the screw rotation rate
thereof was set to 300 rpm.
[0155] The prepared pellets were described as "PMB 2-25" in Table 1 below.

<Preparation Example 3>

[0156] Using a twin-screw extruder (SM Co., T40) equipped with 10 kneading blocks, 100 parts by weight of the second
polar polyolefin-based resin, 20 parts by weight of the carbon nanotubes, and 5 parts by weight of the plate-shaped
carbon nanoplates were melt-kneaded and extruded to prepare second additives in pellet form.
[0157] At this time, the cylinder temperature of the twin-screw extruder was set to 250 °C, and the screw rotation rate
thereof was set to 300 rpm.
[0158] The prepared pellets were described as "PMB 3-25" in Table 1 below.

Examples 1 to 5 and Comparative Examples 1 to 5

[0159] According to the contents shown in Tables 1 and 2, the components shown Tables 1 and 2 were melt-kneaded
and extruded at a temperature of 250 to 310 °C and a rotation rate (rpm) of 300 revolutions/min using a twin-screw
extruder (T40, SM Co.) equipped with 10 mixing blocks to prepare pellets, and the prepared pellets were injected using
an injection machine (80 tons, Engel Co.) to prepare specimens for evaluation.
[0160] Components other than the first polyester were fed into the main inlet of the twin-screw extruder, the first
polyester was fed into the auxiliary inlet 1, and the pellets prepared in Preparation Examples were fed into the auxiliary
inlet 2.

[Test Examples]

[0161] The properties of specimens prepared in Examples 1 to 5 and Comparative Examples 1 to 5 were measured
according to the following methods, and the results are shown in Tables 1 and 2 below.

* Tensile strength (MPa): Using a specimen having a thickness of 3.2 mm, tensile strength was measured at a
measurement rate of 5 mm/min according to ASTM D638.
* Impact strength (J/m) : A specimen having a thickness of 4 mm was notched, and the notched Izod impact strength
thereof was measured at a room temperature (23 °C) according to ISO 180A.
* Heat deflection temperature (°C): The heat deflection temperature of a specimen having a thickness of 4 mm was
measured under a stress of 0.45 MPa according to ISO 75-2.
* Surface resistance (Ohm/sq): The surface resistance of an injection specimen was measured using a PRS-801
(Prostat Co.).
* Surface quality (appearance): The appearance of an injection specimen was evaluated by the naked eye as follows:
&: Excellent both in moldability and appearance, O: Good both in moldability and appearance, n: Good appearance
(Pinholes were rarely observed), X: Deterioration in appearance (Pinholes were observed), and XX: Poor appearance
(Pinholes and flow marks were observed).
* Moisture absorption rate (%): A flat specimen having a size of 100 mm 3 100 mm 3 3 mm was prepared by
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performing injection using an injection machine (80 tons, Engel Co.). The specimen was immersed in distilled water
at 23 °C for 48 hours, and the increased weight thereof was measured. Then, the moisture absorption rate was
calculated by Equation 1 below. 

[Table 1]

Classification Example 1 Example 2 Example 3 Example 4 Example 5

First polyester 60 60 70 70 70

Polyarylene ether 40 40 30 30 30

Polyamide - - - - -

First polar polyolefin-based resin - 2 - 2 -

Block copolymerization impact modifier 5 5 7 7 10

Multifunctional reactive agent 1 4 3 - 5 2

Multifunctional reactive agent 2 7 - 7 2 5

Carbon nanotubes - - - - -

Carbon nanoplates 1 - - 1 0.5

PMB 1-25 7 - 6 - -

PMB 2-25 - 7 - 5 -

PMB 3-20 - - - - 8

Tensile strength (MPa) 58 56 61 60 64

Impact strength (J/m) 110 130 130 150 175

Heat deflection temperature (°C) 183 180 185 184 182

Surface resistance (Ohm/sq) 10^8 10^7 10^7 10^8 10^7

Surface quality (appearance) & & s & s

Moisture absorption rate (%) 0.06 0.08 0.07 0.07 0.09

[Table 2]

Classification
Comparativ e 

Example 1
Comparativ e 

Example 2
Comparativ e 

Example 3
Comparativ e 

Example 4
Comparativ e 

Example 5

First polyester 80 60 80 30 -

Polyarylene ether 20 40 20 70 40

Polyamide - - - - 60

First polar polyolefin-
based resin

- - - 5 2

Block copolymerizati 5 5 11 - 5

on impact modifier
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[0162] As shown in Tables 1 and 2, compared to the conductive resin compositions (Comparative Examples 1 to 5)
out outside the range of the present invention, in the case of the conductive resin compositions (Examples 1 to 5)
according to the present invention, mechanical properties, such as tensile strength and impact strength, heat deflection
temperature, and surface resistance were greatly improved, and surface quality and moisture absorption rate were
excellent.
[0163] In addition, in the case of Comparative Example 5 including a polyamide such as nylon 66, compared to
Examples 1 to 5, moisture absorption rate was significantly reduced, making it difficult to provide alloys having stabilized
moisture characteristics required for automotive electrostatic painting exterior parts.
[0164] That is, the conductive resin composition according to one embodiment of the present invention includes the
base resin (A) including the first polyester and the polyarylene ether in specific contents (wt%); the two or more first
additives (B) selected from the first polar polyolefin resin, the block copolymerization impact modifier, and the multifunc-
tional reactive agents; and the three or more second additives (C) selected from the second polar polyolefin resin, the
second polyester, the carbon nanotubes, and the carbon nanoplates, reinforces the continuous phase (sea) of the sea-
island structure and the continuous phase in the dispersed phase (island) structure, and provides the additional dispersed
phase structure to the continuous phase and the dispersed phase, respectively. Due to these features of the composition,
an automotive electrostatic painting exterior part manufactured using the composition has excellent heat resistance,
conductive dispersion, and surface quality.

Claims

1. A conductive resin composition, comprising:

100 parts by weight of a base resin (A) comprising a first polyester and a polyarylene ether;
8 to 20 parts by weight of two or more first additives (B) selected from a first polar polyolefin resin, a block
copolymerization impact modifier, and multifunctional reactive agents; and
4 to 14 parts by weight of three or more second additives (C) selected from a second polar polyolefin resin, a

(continued)

Classification
Comparativ e 

Example 1
Comparativ e 

Example 2
Comparativ e 

Example 3
Comparativ e 

Example 4
Comparativ e 

Example 5

Multifunctiona 1 
reactive agent 1 11 - 7 7 3

Multifunctiona 1 
reactive agent 2 - - - 2 -

Carbon nanotubes - 1 1 3 -

Carbon nanoplates - 3 1 2 -

PMB 1-25 8 - - - -

PMB 2-25 - - - - 7

PMB 3-20 - - - - -

Tensile strength 
(MPa) 42 40 50 47 55

Impact strength (J/m) 100 70 90 80 150

Heat deflection 
temperature (°C) 160 165 164 155 180

Surface resistance 
(Ohm/sq) 10^12 10^11 10^13 10^8 10^8

Surface quality 
(appearance) X X Δ XX s

Moisture absorption 
rate (%) 0.09 0.08 0.08 0.05 1.20
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second polyester, carbon nanotubes, and carbon nanoplates,
wherein the conductive resin composition provides a sea-island structure that provides a continuous phase
(sea), a dispersed phase (island), and an additional dispersed phase (sub island),
wherein the continuous phase (sea) consists of the first polyester of the base resin (A), the first polar polyolefin
resin and the multifunctional reactive agents of the first additives (B), and the second polar polyolefin resin of
the second additives (C),
the dispersed phase (island) consists of the polyarylene ether of the base resin (A), and
the additional dispersed phase (sub island) consists of the block copolymerization impact modifier of the first
additives (B) and the carbon nanotubes and the carbon nanoplates of the second additives (C).

2. The conductive resin composition according to claim 1, wherein the base resin comprises 51 to 74 % by weight of
the first polyester and 26 to 49 % by weight of the polyarylene ether.

3. The conductive resin composition according to claim 1, wherein the first polyester is polybutylene terephthalate.

4.  The conductive resin composition according to claim 1, wherein the multifunctional reactive agents comprise two
or more functional groups selected from the group consisting of a carboxyl group, an amine group, a hydroxyl group,
a maleic acid group, and an epoxy group.

5. The conductive resin composition according to claim 1, wherein the multifunctional reactive agents comprise one
or more selected from a polyphenylene oxide resin functionalized with a carboxylic acid, maleic acid, or maleic
anhydride; and a bisphenol A-type epoxy resin.

6. The conductive resin composition according to claim 1, wherein, based on 100 parts by weight of the base resin
(A), the first additives (B) comprise two or more selected from 1 to 3 parts by weight of the first polar polyolefin resin,
3 to 10.4 parts by weight of the block copolymerization impact modifier, and 2 to 15 parts by weight of the multifunc-
tional reactive agents.

7. The conductive resin composition according to claim 1, wherein the second additives (C) are masterbatch obtained
by kneading and extruding 100 parts by weight of a basic resin comprising 70 to 100 % by weight of the second
polar polyolefin resin and 0 to 30 % by weight of the second polyester, 10 to 40 parts by weight of the carbon
nanotubes, and 1 to 10 parts by weight of the carbon nanoplates.

8. The conductive resin composition according to claim 1, wherein the carbon nanotubes have a BET surface area of
180 to 600 m2/g and exist in a fibrous form.

9.  The conductive resin composition according to claim 1, wherein the carbon nanoplates have an average thickness
of 5 to 50 nm and have a plate shape.

10. The conductive resin composition according to claim 1, wherein, based on 100 parts by weight of the base resin,
the carbon nanoplates are further comprised in an amount of 0.4 to 1.4 parts by weight.

11. The conductive resin composition according to claim 1, wherein the conductive resin composition has a moisture
absorption rate of 0.094 % or less.

12. The conductive resin composition according to claim 1, wherein the conductive resin composition has a heat deflection
temperature of 170 °C or higher and a surface resistance of 10^7 Ohm/sq or less.

13. A conductive resin composition, comprising:

100 parts by weight of a base resin comprising a polyester and a polyarylene ether;
1 to 20 parts by weight of a block copolymerization impact modifier;
1 to 20 parts by weight of multifunctional reactive agents; and
0.1 to 10 parts by weight of one or more selected from carbon nanotubes and carbon nanoplates,
wherein the conductive resin composition has a surface resistance of 10^8 Ohm/sq or less.

14. A method of preparing a conductive resin composition, comprising kneading and extruding 100 parts by weight of
a base resin (A) comprising a first polyester and a polyarylene ether; 8 to 20 parts by weight of two or more first
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additives (B) selected from a first polar polyolefin resin, a block copolymerization impact modifier, and multifunctional
reactive agents; and 4 to 14 parts by weight of three or more second additives (C) selected from a second polar
polyolefin resin, a second polyester, carbon nanotubes, and carbon nanoplates using an extruder equipped with 9
or more kneading blocks to provide a sea-island structure that provides a continuous phase (sea), a dispersed phase
(island), and an additional dispersed phase (sub island) within the continuous phase,
wherein the continuous phase (sea) consists of the first polyester of the base resin (A), the first polar polyolefin resin
and the multifunctional reactive agents of the first additives (B), and the second polar polyolefin resin of the second
additives (C), the dispersed phase (island) consists of the polyarylene ether of the base resin (A), and the additional
dispersed phase (sub island) consists of the block copolymerization impact modifier of the first additives (B) and
the carbon nanotubes and the carbon nanoplates of the second additives (C).

15. A molded article, comprising the conductive resin composition according to any one of claims 1 to 13.

16. The molded article according to claim 15, wherein the molded article is an automotive electrostatic painting exterior
part.
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