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(54) Titlee THERMOPLASTIC RESIN COMPOSITION AND MOLDED PRODUCT USING THE SAME

[Fig. - 1]
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(57) Abstract: Disclosed is athermoplastic resin composition that includes (A) a polycarbonate resin; (B) a graft copolymer includ-
ing an aromatic vinyl compound and avinyl cyanide compound grafted on a conjugated diene-based rubbery polymer; and (C) aco -
polymer of an aromatic vinyl compound and avinyl cyanide compound, wherein the copolymer (C) of an aromatic vinyl compound
and avinyl cyanide compound includes arepeating unit derived from the vinyl cyanide compound in an amount of about 18 wt% to
about 22 wt%, based on the total amount of the copolymer (C). A molded product prepared using the thermoplastic resin compos -
tion isalso provided.
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Description

Title of Invention: THERMOPLASTIC RESIN COMPOSITION
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AND MOLDED PRODUCT USING THE SAME

Technical Field
A thermoplastic resin composition and amolded product using the same are
disclosed.

Background Art

Recently, reducing the weight of automobiles and other vehicles has drawn attention
due to the rapid increase of ail prices, the spread of environmentally-friendly electric
vehicles, and the like. Accordingly, there isan increased demand for light weight
materials which can be used for plating.

A commonly used plating material for automobiles and other vehicles includes an
acrylonitrile-butadiene-styrene (ABS) resin and/or a polycarbonate/acry-
lonitrile-butadiene-styrene (PC/ABS) resin. For example, a polycarbonate/acry-
lonitrile-butadiene-styrene (PC/ABS) resin can be used in applications requiring
impact resistance.

However, the plating properties of acrylonitrile-butadiene-styrene (ABS) resins and/
or the polycarbonate/acrylonitrile-butadiene-styrene  (PC/ABS) resins can vary
depending on composition and content. Thus, there is aneed for amateria having a
precise composition and content of each component.

Disclosur e of I nvention

Technical Problem

One embodiment provides athermoplastic resin composition that can have excellent
etching and plating adhesion (close contacting) properties.

Another embodiment provides amolded product using the thermoplastic resin com-
position.
Solution to Problem

According to one embodiment, provided is athermoplastic resin composition that
includes (A) apolycarbonate resin; (B) agraft copolymer including an aromatic vinyl
compound and avinyl cyanide compound grafted on a conjugated diene-based rubbery
polymer; and (C) acopolymer of an aromatic vinyl compound and avinyl cyanide
compound. The copolymer (C) of an aromatic vinyl compound and avinyl cyanide
compound includes arepeating unit derived from the vinyl cyanide compound in an
amount of about 18 wt% to about 22 wt%, based on the total amount (weight) of the
copolymer (C).

The polycarbonate resin (A) may have aweight average molecular weight (Mw) of
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about 10,000 g/mol to about 50,000 g/mol.

The conjugated diene-based rubbery polymer may include abutadiene rubbery
polymer, an isoprene rubbery polymer, achloroisoprene rubbery polymer, or a com-
bination thereof.

The aromatic vinyl compound may include styrene, Cl to CIO alkyl substituted
styrene, halogen substituted styrene, vinyl toluene, vinyl naphthalene, or a combination
thereof.

The vinyl cyanide compound may include acrylonitrile, methylacrylonitrile, ethy-
lacrylonitrile, or acombination thereof.

The graft copolymer (B) may include acore including the conjugated diene-based
rubbery polymer and a shell including arepeating unit derived from the aromatic vinyl
compound and arepeating unit derived from the vinyl cyanide compound. The core
may have an average particle diameter of about 1,000A to about 4,000A.

The graft copolymer (B) may include about 30 wt% to about 60 wt% of the core and
about 40 wt% to about 70 wt% of the shell, based on the total amount (weight) of the
graft copolymer.

The shell may include about 50 wt% to about 80 wt% of the repeating unit derived
from the aromatic vinyl compound and about 20 wt% to about 50 wt% of the repeating
unit derived from the vinyl cyanide compound, based on the total amount of the shell.

The copolymer (C) of an aromatic vinyl compound and avinyl cyanide compound
may have aweight average molecular weight (Mw) of about 50,000 g/mol to about
150,000 g/mol.

The thermoplastic resin composition may include about 30 wt% to about 50 wt% of
the polycarbonate resin (A); about 10 wt% to about 30 wt% of the graft copolymer (B)
including an aromatic vinyl compound and avinyl cyanide compound grafted on a
conjugated diene-based rubbery polymer; and about 20 wt% to about 60 wt% of the
copolymer (C) of an aromatic vinyl compound and avinyl cyanide compound, based
on the total amount (weight) of the thermoplastic resin composition.

The thermoplastic resin composition may further include one or more additives, such
asadye, apigment, aflame retardant, afiller, stabilizer, alubricant, an antibacterial
agent, arelease agent, or acombination thereof.

According to another embodiment, amolded product prepared using the ther-
moplastic resin composition is provided.

The molded product may have aplating adhesion of greater than or equal to about
650 g/cm.

Advantageous Effects of Invention
The thermoplastic resin composition may provide excellent etching properties and
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plating adhesion.
Brief Description of Drawings

FIG. 1isaSEM photograph of the specimen according to Example 2 after applying
an etchant thereto.

FIG. 2 isa SEM photograph of the specimen according to Comparative Example 1
after applying an etchant thereto.

Best Mode for Carrying out the Invention

Asused herein, when a specific definition isnot otherwise provided, the term "sub-
dtituted” refers to one substituted with at least one substituent including halogen (-F, -
Cl, -Br or -I), ahydroxy group, anitro group, acyano group, an amino group, an azido
group, an amidino group, ahydrazine group, ahydrazone group, acarbonyl group, a
carbamyl group, athiol group, an ester group, acarboxyl group or asalt thereof, a
sulfonic acid group or asat thereof, aphosphoric acid group or a salt thereof, Cl to
C20 alkyl, C2 to C20 akenyl, C2 to C20 alkynyl, Cl to C20 alkoxy, C6 to C30 aryl,
C6to C30 aryloxy, C3to C30 cycloalkyl, C3to C30 cycloalkenyl, C3to C30 cy-
cloalkynyl, or acombination thereof, instead of at least one hydrogen of afunctional
group.

A thermoplastic resin composition according to one embodiment includes (A) a poly-
carbonate resin; (B) agraft copolymer including an aromatic vinyl compound and a
vinyl cyanide compound grafted on a conjugated diene-based rubbery polymer; and
(C) acopolymer of an aromatic vinyl compound and avinyl cyanide compound. The
copolymer (C) of an aromatic vinyl compound and avinyl cyanide compound may
include arepeating unit derived from the vinyl cyanide compound in an amount of
about 18 wt% to about 22 wt%, based on the total amount (weight) of the copolymer
(©.

The thermoplastic resin composition may provide excellent etching properties and
excellent plating adhesion by including the polycarbonate resin (A); the graft
copolymer (B); and the copolymer (C) including arepeating unit derived from the
vinyl cyanide compound in an amount of about 18 wt% to about 22 wt% . Accordingly,
the thermoplastic resin composition may be useful in applications including plating, for
example, abuilding material, an exterior material for an automobile or other vehicle,
and the like.

Hereinafter, each component of the thermoplastic resin composition is described in
detail.

(A) Polycarbonate (PC) resin

A polycarbonate resin may provide properties such asimpact resistance, heat re-

sistance, flexural properties, tensile properties, and the like to athermoplastic resin
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composition.

The polycarbonate resin may be prepared by reacting one or more diphenols with a
compound of phosgene, halogen formate, carbonate ester, or acombination thereof.

Examples of the diphenols may include without limitation hydroguinone, resorcinol,
4.4-dihydroxydiphenyl, 2,2-bis(4-hydroxyphenyl)propane (referred to as "bisphenol-
A"), 2,4-bis(4-hydroxyphenyl)-2-methylbutane,  bis(4-hydroxyphenyl)methane,
1.1-bis(4-hydroxyphenyl)cyclohexane,  2,2-bis(3-chloro-4-hydroxyphenyl)propane,
2.2-bis(3,5-dimethyl-4-hydroxyphenyl)propane,
2,2-bis(3,5-dichloro-4-hydroxyphenyl) propane,
2,2-his(3,5-dibromo-4-hydroxyphenyl)propane,  bis(4-hydroxyphenyl) sulfoxide,
bis(4-hydroxyphenyl)ketone, bis(4-hydroxyphenyl)ether, and the like, and com-
binations thereof. 1n one embodiment, 2,2-bis(4-hydroxyphenyl)-propane,
2,2-bis(3,5-dichloro-4-hydroxyphenyl)-propane, and/or
,1-bis(4-hydroxyphenyl)-cyclohexane  of the diphenols may be used, and in another
embodiment, 2,2-bis(4-hydroxyphenyl)propane may be used.

The polycarbonate resin may be a mixture of two or more polycarbonate resins
obtained using two or more diphenols that are different from each other. The poly-
carbonate resin may also include alinear polycarbonate resin, abranched poly-
carbonate resin, apolyester carbonate copolymer, or acombination thereof.

The linear polycarbonate resin may include a bisphenol-A based polycarbonate resin.

The branched polycarbonate resin may include one produced by reacting a multi-
functional aromatic compound such as trimellitic anhydride, trimellitic acid, and the
like with one or more diphenols and a carbonate. A repeating unit derived from the
multi-functional aromatic compound may be included in an amount of about 0.05 to
about 2 mol% based on the total weight of repeating units of the polycarbonate resin.

The polyester carbonate copolymer resin may include one produced by reacting a di-
functional carboxylic acid with one or more diphenols and acarbonate. The carbonate
may include adiaryl carbonate such as diphenyl carbonate and ethylene carbonate.

The polycarbonate resin may have aweight average molecular weight (Mw) of about
10,000 g/mol to about 50,000 g/mol. When the polycarbonate resin has aweight
average molecular weight within the above range, excellent impact resistance and heat
resistance may berealized. In one embodiment, the polycarbonate resin may have a
weight average molecular weight (Mw) of about 15,000 g/mol to about 30,000 g/mol.

The thermoplastic resin composition may include the polycarbonate resin (A) in an
amount of about 30 wt% to about 50 wt%, for example about 40 wt% to about 50
wt% , based on the total amount (weight) of the thermoplastic resin composition. In
some embodiments, the thermoplastic resin composition may include the poly-
carbonate resin in an amount of about 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
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43, 44, 45, 46, 47, 48, 48, or 50 wt% . Further, according to some embodiments of the
present invention, the amount of polycarbonate resin can be in arange from about any
of the foregoing amounts to about any other of the foregoing amounts.

When the polycarbonate resin (A) isincluded within in an amount within the above
ranges, excellent impact resistance and heat resistance may be realized.

(B) Graft copolymer including an aromatic vinyl compound and avinyl cyanide

compound grafted on a conjugated diene-based rubbery polymer

The graft copolymer is prepared by graft-polymerizing an aromatic vinyl compound
and avinyl cyanide compound into a conjugated diene-based rubbery polymer. The
graft copolymer may reinforce impact resistance and also may play arole of increasing
plating adhesion, since it can be effetively etched during the plating process.

Examples of the conjugated diene-based rubbery polymer may include without
limitation butadiene rubbery polymers, isoprene rubbery polymers, chloroisoprene
rubbery polymers, and the like, and combinations thereof. The conjugated diene-based
rubbery polymer can have ahigh graft ratio and can provide excellent impact strength
to afinal graft copolymer.

Examples of the aromatic vinyl compound may include without limitation styrene,
CI to CIO akyl substituted styrenes, halogen substituted styrenes, vinyl toluene, vinyl
naphthalene, and the like, and combinations thereof. Examples of the alkyl substituted
styrene may include without limitation o-ethyl styrene, m-ethyl styrene, p-ethyl
styrene, amethyl styrene, and the like, and combinations thereof.

Examples of the vinyl cyanide compound may include without limitation acry-
lonitrile, methylacrylonitrile, ethylacrylonitrile, and the like, and combinations thereof.
An exemplary graft copolymer (B) may include an ABS resin prepared by grafting
styrene and acrylonitrile into abutadiene rubbery polymer. The ABS resin may be used

singularly or as amixture of two or more resins.

The graft copolymer (B) may have a core-shell structure including the conjugated
diene-based rubbery polymer as acore and the aromatic vinyl compound and the vinyl
cyanide compound graft-polymerized into the core and forming a shell.

The core including the conjugated diene-based rubbery polymer may have a structure
including asingle layer, abilayer, or acombination thereof depending on adesired
property.

According to one embodiment, the core may a single-layered rubber core including
the conjugated diene-based rubbery polymer.

According to another embodiment, the core may be abilayer rubber core having an
inner layer including the conjugated diene-based rubbery polymer and arepeating unit
derived from the aromatic vinyl compound and an outer layer including the conjugated
diene-based rubbery polymer. The bilayer rubber core may further effectively improve
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impact resistance.

The core may have an average particle diameter of about 1 ,000A to about 4,000A,
for example about 1 ,000A to about 3,0004, and in another example about 1,300A to
about 2,500A. When the core has an average particle diameter within the above range,
the composition may provide excellent impact resistance and effectively increase
plating adhesion as well as an etched part is not observed with bare eyes during the
plating process.

The graft copolymer (B) may include about 30 wt% to about 60 wt% of the core and
about 40 wt% to about 70 wt% of the shell, based on the total amount (weight) of the
graft copolymer. In one embodiment, the graft copolymer (B) may include about 45
wt% to about 60 wt% of the core and about 40 wt% to about 55 wt% of the shell, based
on the total amount of the graft copolymer.

In some embodiments, the graft copolymer (B) may include the core in an amount of
about 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 48, 50,
51, 52, 53, 54, 55, 56, 57, 58, 59, or 60 wt% . Further, according to some embodiments
of the present invention, the amount of core can be in arange from about any of the
foregoing amounts to about any other of the foregoing amounts.

In some embodiments, the graft copolymer (B) may include the shell in an amount of
about 40, 41, 42, 43, 44, 45, 46, 47, 48, 48, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, or 70 wt% . Further, according to some embodiments
of the present invention, the amount of shell can be in arange from about any of the
foregoing amounts to about any other of the foregoing amounts.

When the graft copolymer (B) includes the core and the shell in an amount within the
above range, the composition may have high polymerization stability and be ef-
fectively dispersed in amatrix.

The shell may include arepeating unit derived from the aromatic vinyl compound in
an amount ranging from about 50 wt% to about 80 wt% and arepeating unit derived
from the vinyl cyanide compound in an amount ranging from about 20 wt% to about
50 wt% based on the total amount (weight) of the shell. In one embodiment, the shell
may include arepeating unit derived from the aromatic vinyl compound in an amount
ranging from about 60 wt% to about 80 wt% and arepeating unit derived from the
vinyl cyanide compound in an amount ranging from about 20 wt% to about 40 wt%
based on the total amount of the shell.

In some embodiments, the shell may include arepeating unit derived from the
aromatic vinyl compound in an amount of about 50, 51, 52, 53, 54, 55, 56, 57, 58, 59,
60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, or 80 wt%.
Further, according to some embodiments of the present invention, the amount of the
repeating unit derived from the aromatic vinyl compound can be in arange from about



WO 2013/100336 PCT/KR2012/008315

[55]

[56]

[57]

[58]

[59]

[60]

[61]

any of the foregoing amounts to about any other of the foregoing amounts.

In some embodiments, the shell may include arepeating unit derived from the vinyl
cyanide compound in an amount of about 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 48, or 50 wt% . Further,
according to some embodiments of the present invention, the amount of the repeating
unit derived from the vinyl cyanide compound can be in arange from about any of the
foregoing amounts to about any other of the foregoing amounts.

When the shell includes the repeating units derived from the aromatic vinyl
compound and the vinyl cyanide compound in amounts within the above ranges, the
composition may be effectively dispersed in amatrix.

On the other hand, the graft copolymer may include the aromatic vinyl compound in
an amount ranging from about 30 parts by weight to about 60 parts by weight and the
vinyl cyanide compound in an amount ranging from about 10 parts by weight to about
30 parts by weight grafted into about 100 parts by weight of the conjugated diene-
based rubbery polymer.

In some embodiments, the graft copolymer may include the aromatic vinyl
compound in an amount of about 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
44, 45, 46, 47, 48, 48, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, or 60 parts by weight.
Further, according to some embodiments of the present invention, the amount of the
aromatic vinyl compound can be in arange from about any of the foregoing amounts
to about any other of the foregoing amounts.

In some embodiments, the graft copolymer may include the vinyl cyanide compound
in an amount of about 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, or 30 parts by weight. Further, according to some embodiments of the
present invention, the amount of the vinyl cyanide compound can be in arange from
about any of the foregoing amounts to about any other of the foregoing amounts.

The graft copolymer may have ahigh graft rate and optimal properties including
impact resistance. In one embodiment, the graft copolymer may include the aromatic
vinyl compound in an amount ranging from about 30 parts by weight to about 40 parts
by weight and the vinyl cyanide compound in an amount ranging from about 10 parts
by weight to about 20 parts by weight grafted into about 100 parts by weight of the
conjugated diene-based rubbery polymer.

The thermoplastic resin composition may include about 10 wt% to about 30 wt%,
for example about 20 wt% to about 30 wt%, of the graft copolymer (B) including an
aromatic vinyl compound and avinyl cyanide compound grafted on a conjugated
diene-based rubbery polymer, based on the total amount (weight) of the thermoplastic
resin composition. In some embodiments, the thermoplastic resin composition may
include the graft copolymer (B) in an amount of about 10, 11, 12, 13, 14, 15, 16, 17,
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18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 wt%. Further, according to some
embodiments of the present invention, the amount of graft copolymer (B) canbein a
range from about any of the foregoing amounts to about any other of the foregoing
amounts.

When the thermoplastic resin composition includes the graft copolymer (B) in an
amount within the above range, the composition may be effectively etched during the
plating process and may effectively improved plating adhesion. The graft copolymer
(B) may be prepared by emulsion polymerization, suspension polymerization, solution
polymerization, massive polymerization, or acombination thereof, without limitation.

(C) Copolymer of an aromatic vinyl compound and avinyl cyanide compound

The copolymer (C) is prepared by polymerizing an aromatic vinyl compound and a
vinyl cyanide compound and may play arole of amatrix and dispersing the graft
copolymer (B).

Hereinafter, the aromatic vinyl compound and the vinyl cyanide compound are the
same as aforementioned unless specificaly illustrated.

The copolymer (C) may include a styrene-acrylonitrile (SAN) resin prepared by
copolymerizing styrene and acrylonitrile. The SAN resin may be included as a single
kind or as a mixture of two or more kinds but is not limited thereto.

The copolymer (C) may include arepeating unit derived from the vinyl cyanide
compound in an amount of about 18 wt% to about 22 wt% based on the total amount
of the copolymer (C). In some embodiments, the copolymer (C) may include a
repeating unit derived from the vinyl cyanide compound in an amount of about 18, 19,
20, 21, or 22 wt% . Further, according to some embodiments of the present invention,
the amount of the repeating unit derived from the vinyl cyanide compound can bein a
range from about any of the foregoing amounts to about any other of the foregoing
amounts.

When the copolymer (C) includes arepeating unit derived from the vinyl cyanide
compound in an amount within the above range, excellent etching properties and
plating adhesion may be effectively accomplished, and agraft copolymer (B) may be
effectively dispersed.

The copolymer (C) of an aromatic vinyl compound and avinyl cyanide compound
may have aweight average molecular weight (Mw) of about 50,000 g/mol to about
150,000 g/mol. When the (C) copolymer has aweight average molecular weight (Mw)
within the above range, excellent formability and impact resistance may be improved.
In one embodiment, the copolymer (C) of an aromatic vinyl compound and avinyl
cyanide compound may have aweight average molecular weight (Mw) of about
80,000g/mol to about 120,000 g/mol.

The thermoplastic resin composition may include the copolymer (C) of an aromatic
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vinyl compound and avinyl cyanide compound in an amount of about 20 wt% to about
60 wt%, for example about 20 wt% to about 40 wt% , based on the total amount
(weight) of the thermoplastic resin composition. In some embodiments, the ther-
moplastic resin composition may include the copolymer (C) in an amount of about 20,
21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
44, 45, 46, 47, 48, 48, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, or 60 wt%. Further,
according to some embodiments of the present invention, the amount of copolymer (C)
can be in arange from about any of the foregoing amounts to about any other of the
foregoing amounts.

When the thermoplastic resin composition includes the copolymer (C) in an amount
within the above range, the copolymer (C) may effectively act as amatrix in which the
graft copolymer (B) may be dispersed

(0) Other additive(s)

One or more other additives (D) may be included in the thermoplastic resin com-

position. The additives can be used to provide various properties, such asinjection
molding property, property balance, and the like.

Examples of the additives include without limitation dyes, pigments, flame re-
tardants, filler, stabilizers, lubricants, antibacterial agents, release agents, and the like,
and combinations thereof.

The additive (D) may beincluded in an amount appropriate for aparticular use and/
or to impart aparticular property, aslong as properties of the thermoplastic resin com-
position are not significantly deteriorated. Generally the thermoplastic resin com-
position can include the additive in an amount ranging from less than or equal to about
40 parts by weight, for example from about 0.1 parts by weight to about 30 parts by
weight, based on about 100 parts by weight of the graft copolymer (B).

Hereinbefore, exemplary amounts and types of the components described herein
included in the thermoplastic resin composition are illustrated but the skilled artisan
will appreciate that the amounts and types of the composition components may be ap-
propriately adjusted depending on the intrinsic characteristics of each component and
depending on the desired properties of afinal thermoplastic resin composition.

A thermoplastic resin composition according to one embodiment may be prepared
using any well-known method of preparing aresin composition. For example, each
component according to one embodiment can be simultaneously mixed optionaly with
one or more additives. The mixture can be melt-extruded and prepared in pellet form.

According to another embodiment, the aforementioned thermoplastic resin com-
position is molded to provide a molded product. The molded product can have
excellent etching properties, plating adhesion, mechanical properties, thermal charac-
teristic, and formability and thus, may be manufactured into various sizes and
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structures in various fields. For example, the molded product may be an exterior

material for avehicle such as an automabile.
The molded product may have plating adhesion of greater than or equal to about 650

g/cm, for example about 650 g/cm to about 1,000g/cm. When the molded product has a
plating adhesion within the above range, the molded product may have effective
plating thereon and detachment of aplated part may be effectively minimized or
prevented and suppressed during the plating process.

Mode for the Invention

Examples

The following examples illustrate this disclosure in more detail. However, itis un-
derstood that this disclosure is not limited by these examples.

A thermoplastic resin composition includes each component as follows.

(A) Polycarbonate resin

(A-l) Polycarbonate resin: aweight average molecular weight (Mw) of 27,000 g/,
available from Cheil Industries Inc.

(A-2) Polycarbonate resin: aweight average molecular weight (Mw) of 22,000 ¢/
mol, available from Cheil Industries Inc.

(B) Graft copolymer including an aromatic vinyl compound and avinyl cyanide
compound grafted on a conjugated diene-based rubbery polymer

Acrylonitrile-butadiene-styrene copolymer: core content: 58 wt%, shell content:
42 wt% , content of core components. butadiene of 100 wt%, content of shell
components. 75 wt% of styrene and 25 wt% of acrylonitrile, available from Chell In-
dustries Inc.

(C) Copolymer of an aromatic vinyl compound and avinyl cyanide compound
(C-1) An acrylonitrile-styrene copolymer: acrylonitrile content: 33 wt%, styrene
content: 67 wt%, aweight average molecular weight of 90,000 g/mol, available from

Chell Industries Inc.

(C-2) An acrylonitrile-styrene copolymer: acrylonitrile content: 23 wt%, styrene
content: 77 wt%, aweight average molecular weight of 90,000 g/mol, available from
Chell Industries Inc.

(C-3) An acrylonitrile-styrene copolymer: acrylonitrile content: 27 wt%, styrene
content: 73 wt%, aweight average molecular weight of 90,000 g/mol, available from
Chell Industries Inc.

(C-4) An acrylonitrile-styrene copolymer: acrylonitrile content: 20 wt%, styrene
content: 80 wt%, aweight average molecular weight of 90,000 g/mol available from
Chell Industries Inc.

(C-5) An acrylonitrile-styrene copolymer: acrylonitrile content: 15 wt%, styrene
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[95]

[96]

[97]

[98]
[99]
[100]

[101]

content: 85 wt%, aweight average molecular weight of 90,000 g/mol, available from
Cheil Industries Inc.

Examples 1to 6 and Comparative Examples 1to 4: Preparation of ther-
moplastic resin composition

Each thermoplastic resin composition according to Examples 1to 6 and Comparative
Examples 1to 4 is prepared using the aforementioned components in the amounts
provided in the following Table 1.

The components are mixed to have the composition in the following Table 1. Then,
the mixtures are respectively placed in atwin-screw extruder having L/D=29 and
d=45mm after setting abarrel temperature to about 250°C. The mixtures are extruded
to form resin composition pellets.

Table 1
[Table 1]

Examples Comparative Examples

1 2 3 4 5 6 1 2 3 4

(A) |A-1 |wt% |31 [31 |31 [31 |31 |31 |31 [31 |31 |31
A2 |wt% [15 |15 |15 |15 |15 |15 |15 |15 |15 |15
(B) wt% [25 25 |25 |25 |25 |25 |25 |25 |25 |25
© |c1 |wee |- |- - |- | |- - |- |2
C-2 |wt% |- 5 10 |15 (19 |- |- |29 |-
c3 wo% |- |- - |- |- |- |- 29 |- |
C4 |wt% [19 |29 |24 |19 |14 |10 |- |- |- |
c5 |w% (10 |- |- |- |- |- o |- |- |

Content of acry- |18.3 |20.0 |20.5 |21.0 |21.6 |22.0 (15.0 |27.0 |23.0 |33.0
lonitrile in (C)
(Wt%)

Experimental Example 1: Plating adhesion

The thermoplastic resin compositions according to Examples 1to 6 and Comparative
Examples 1to 4 are dried at about 100°C for about 2 hours and then injection-molded
into ASTM specimens by setting a cylinder temperature of about 260°C, a molding
temperature of about 60°C, and amolding cycle of about 30 seconds using a 6 0z
injection molding machine.

The specimens (152.4mm X 152.4mm X 3mm) are respectively plated. The plating
process is as follows.
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[102]

[103]

[104]

[105]

[106]
[107]

[108]

[109]
[110]
[111]
[112]
[113]

First of al, the specimens are treated using a surfactant at about 55°C for about 5
minutes to remove oil and to oxidize butadiene at about 65°C for about 15 minutes
using anhydrous chromic acid/sulfuric acid (a volume ratio=370/430) as an etching
agent.

Then, the resulting product is treated using a hydrochloric acid agueous solution at
about 25°C for about 25 seconds to remove remaining chromic acid and using a
palladium-tin (Pd/Sn) catalyst at about 30°C for about 2 minutes to adsorb anchor holes
of palladium. Next, it is activated at about 55°C for about 2 minutes to remove tin
using an agueous sulfuric acid solution and then, electroless plated at about 30°C for
about 5 minutes using nickel sulfate.

Then, the resulting product is electroplated using copper, nickel, and chromium. In
particular, it is copper-electroplated at about 25°C for about 35 minutes with about
3A/dm2using copper sulfate. The nickel-electroplating is performed using nickel
sulfate at about 55°C for about 15 minutes with about 3A/dm2. The chromium-elec-
troplating is performed using anhydrous chromic acid at about 55°C for about 3
minutes with about 15A/dm2. The plating layer may include acopper plating layer
having athickness ranging from about 25 to about 27 xm, anickel plating layer having
athickness ranging from about 10 to about 11 /m, and a chromium plating layer having
athickness ranging from about 0.4 to about 0.5 ym and thus, have athickness ranging
from about 36 to about 38 um in total.

The specimens are evaluated for plating adhesion by making an about 10 mm-wide
cut on the plated surface and peeling off about 80 mm in avertical direction using a
pull gauge in order to obtain strength, reported as a g/cm unit. The evaluation is
repeated three times, and the average thereof is calculated. The results are provided in
the following Table 2.

Experimental Example 2: Etching properties

A SEM photograph of the appearance of each specimen istaken after oxidizing
butadiene with an etchant in Experimental Example 1. Herein, afield emission gun
scanning electron microscope (FEG-SEM) JSM-6390 (JEOL Ltd.) isused.

FIG. listhe SEM photograph of Example 2, and FIG. 2 isthe SEM photograph of
Comparative Example 1. With reference to the SEM photographs, each thermoplastic
resin composition is evaluated regarding etching properties.

The results are provided in the following Table 2.

<Etching properties evaluation reference>

Good: etching property corresponding to FIG. 1

Inferior: etching property corresponding to FIG. 2

Table 2
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[114]
[115]

[116]

[117]

[118]

[Table 2]

Example Comparative Example

1 2 3 4 5 6 1 2 3 4

Plating |890 |830 (820 |760 [750 |690 [1080 (350 |550 (300
adhesion(

g/cm)

Etching |good |good |[good |good |good |good |inferio|good |good |good

properties r

Referring to Table 2, the thermoplastic resin compositions according to Examples 1
to 6 have excellent plating adhesion and etching properties.

On other hand, the thermoplastic resin composition according to Comparative
Example 1has excellent plating adhesion but inferior etching properties. The ther-
moplastic resin compositions according to Comparative Examples 2 to 4 have good
etching properties but inferior plating adhesion.

Many modifications and other embodiments of the invention will come to mind to
one skilled in the art to which this invention pertains having the benefit of the
teachings presented in the foregoing descriptions. Therefore, it isto be understood that
the invention is not to be limited to the specific embodiments disclosed and that modi-
fications and other embodiments are intended to be included within the scope of the
appended clams. Although specific terms are employed herein, they areused in a
generic and descriptive sense only and not for purposes of limitation, the scope of the
invention being defined in the claims.
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Claims

A thermoplastic resin composition, comprising

(A) apolycarbonate resin;

(B) agraft copolymer including an aromatic vinyl compound and a
vinyl cyanide compound grafted on a conjugated diene-based rubbery
polymer; and

(C) acopolymer of an aromatic vinyl compound and avinyl cyanide
compound,

wherein the copolymer (C) of an aromatic vinyl compound and avinyl
cyanide compound comprises arepeating unit derived from the vinyl
cyanide compound in an amount of about 18 wt% to about 22 wt%,
based on the total weight of the copolymer (C).

The thermoplastic resin composition of claim 1, wherein the poly-
carbonate resin (A) has aweight average molecular weight (Mw) of
about 10,000 g/mol to about 50,000 g/mol.

The thermoplastic resin composition of claim 1, wherein the conjugated
diene-based rubbery polymer comprises abutadiene rubbery polymer,
an isoprene rubbery polymer, achloroisoprene rubbery polymer, or a
combination thereof.

The thermoplastic resin composition of claim 1, wherein the aromatic
vinyl compound comprises styrene, Cl to CIO akyl substituted styrene,
halogen substituted styrene, vinyl toluene, vinyl naphthalene, or a com-
bination thereof.

The thermoplastic resin composition of claim 1, wherein the vinyl
cyanide compound comprises acrylonitrile, methylacrylonitrile, ethy-
lacrylonitrile, or acombination thereof.

The thermoplastic resin composition of claim 1, wherein the graft
copolymer (B) comprises acore including the conjugated diene-based
rubbery polymer and a shell including arepeating unit derived from the
aromatic vinyl compound and the repeating unit derived from the vinyl
cyanide compound.

The thermoplastic resin composition of claim 6, wherein the core has
an average particle diameter of about 1,000A to about 4,000A.

The thermoplastic resin composition of claim 6, wherein the graft
copolymer (B) comprises about 30 wt% to about 60 wt% of the core
and about 40 wt% to about 70 wt% of the shell, based on the total
weight of the graft copolymer.
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The thermoplastic resin composition of claim 6, wherein the shell
comprises about 50 wt% to about 80 wt% of the repeating unit derived
from the aromatic vinyl compound and about 20 wt% to about 50 wt%
of the repeating unit derived from the vinyl cyanide compound, based
on the total weight of the shell.

The thermoplastic resin composition of claim 1, wherein the copolymer
(C) of an aromatic vinyl compound and avinyl cyanide compound has
aweight average molecular weight (Mw) of about 50,000 g/mol to
about 150,000 g/mol.

The thermoplastic resin composition of claim 1, wherein the ther-
moplastic resin composition comprises about 30 wt% to about 50 wt%
of the polycarbonate resin (A); about 10 wt% to about 30 wt% of the
graft copolymer (B) including an aromatic vinyl compound and avinyl
cyanide compound grafted on a conjugated diene-based rubbery
polymer; and about 20 wt% to about 60 wt% of the copolymer (C) of
an aromatic vinyl compound and avinyl cyanide compound, based on
the total weight of the thermoplastic resin composition.

The thermoplastic resin composition of claim 1, wherein the ther-
moplastic resin composition further comprises adye, apigment, a
flame retardant, afiller, stabilizer, alubricant, an antibacterial agent, a
release agent, or acombination thereof.

A molded product prepared using the thermoplastic resin composition
of any one of claims 1to 12.

The molded product of claim 13, wherein the molded product has a
plating adhesion of greater than or equal to about 650 g/cm.

The molded product of claim 14, wherein the molded product has a
plating adhesion of about 650 g/cm to about 1,000 g/cm.



PCT/KR2012/008315

WO 2013/100336 -
I 171

oy
e
s
B

o9

g
o
e

P

\,.' \§

\‘“‘ AR
I

SR o T
- .
N D

\\) N AR L N:\:m\w\\t,,‘}:(‘&\“:w ‘

N . L L \\\ o
T v,\w;\q\?w N\\\‘.n)\\\\" \\w N
\\,\ \\

.
R \\N‘ N “«
RN \\\\ R M‘\ N T
R RN AR SR S AR
i“"\v “{\\}“ Ll o L \\\\ \ N . “\‘
‘%‘*‘\.l\“a'\ﬂ\s\\"\a\a& a h \ \(' K\‘\u e
L L ) ,M,,,.
\e e \ \‘ \ u\« N T )
. L . " -
M\\“ e .
N \ \\\“\\\\m\\}‘x\

A \
‘E}A\\\\\\:\v« N A W \‘\\\n A m\”
‘*\‘\w"\.w\\\;m N
. “:.-\ . ,
9“\‘}““\“‘ \‘ L . \“ L e m\ . -
\:“\:\\,‘r- L ‘:““‘\ L . " \ ‘\\ L \\\\“\Y‘;‘\"‘V\i\\:w . "
‘\\w&e\w L y\‘.{ L . \ A \\\%\\m L
% . . L - w\‘ L ‘Q\“w\\\“\ - \ ‘ \“ L \ )“\\\\ L \\‘»\\\‘“\\
\\.,\}\,‘Q‘A\SLT\\\\\\$\ L L "V ﬁ“\“ o . \t ‘\\\ \‘\\&\“Q\ \\\\ Ql\\\\\‘ ,,\ug . &\‘\‘@ L
AR AR R ) N W AR e AR A
e \ \x A\“‘“\\x\gz\\\\\\\ . f:\ \ \;,3“;\, \\\\ “Qg\\\\\ . . “\\\ . “\\* S\W&%\*&\ﬁ \\\\\\\ .
L o . L \w\ ,c\=\ L - w
A“\w . mmm\\\\\'s . ‘\\ \\n\\\\‘ .
‘\W*‘*\ .\\,\ “\r*‘a‘ mm\ .
- \ . -
R

e m\\\\m N m,
Y L

w\\\' N ‘m R
e . -
“‘\ . “‘i\\\\\w\\ .
N L A
M\ L ‘,,,‘\\S;\\\Q\\“x\\, ‘\{‘. L L ‘\\\ .
\ \ &; \ L LA
. . ‘ \\\w

m\“\

L
R
L .
:\g | ‘""'v'*\‘ L \qu
&Q\\ L L e .
§‘v§“\m‘§‘\\\1\ﬂ\\m\ L : N L . . \\i:\\ 3‘\\\ .
- \ \ R L ‘,:“ N u\\\\\
. ‘\‘ N v\\\\\§§ . L - N @; \*«“ L \\\\ﬂ_"x,v.m\}\\gm\\\\t\g\ﬁ\\ . \H\E\\ -
o . . .
}*\.\:\\\‘\\\\'«\ . . L . \\,‘ . . .\\r\\\t\\“ . L ‘\\\\,.
“*“‘ L . \\s\\\mww"n‘ L
.:v-\ \\\\\\\\‘\\\ N R \mmmw e w§ \\\“ . L »\. .
' \\'w\\\\,\“\‘\;\“ L L \\‘:n\(\;w‘\\" L . .
\\\“ . L L “““‘"\\i* - - - \: - M\\\\‘
LR \\‘\ N . . \\\. AT . \‘\%[\\\\:‘\\Q\%\:\iﬁ\g A . . \§ \;v,‘ “‘“:g\x\ §
%; N w,\,\ R R h\,\,,:“ \\,,Ao;\\v e L \“\\uww my‘
L L L . \\‘\m o 35"‘ . . m\
“\\‘\\\\Q‘“ A\\\\«\\\,\ M‘y;\&,&\ AR m\;\\\‘\\\: R R ‘\““{Y‘N\’\é\‘
. . &\@\ L \‘\\
\\\y\k\\\‘\“\\:\\ L ‘\\ \ L
T Ll \n‘ e
‘\\& ‘\\?‘\N‘{\x\\(‘, . \“ y‘\;\\\‘ L -
T A Rt iX RS X
L ) .
i o -
~,§x‘ w&mﬂu \“ ,,,\\v -
\ R R '\
W o N
«\\\

:@‘\:\\N “W

RO \ R RN L
N mm}\« . ,,\\ \
10 Oum

H §§ \\“

RECTIFIED SHEET (RULE 91) ISA/KR



INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2012/008315

A. CLASSIFICATION OF SUBJECT MATTER

CO08L 5/02(2006.01)i, CO8L 25/12(2006.01)1, C08J 5/00(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
CO8L 5/02; CO8K 3/00; CO8L 25/12; CO8F 290/02; CO8L 69/00; CO8L 53/00; CO8L 55/02; CO8L 35/06; CO8F 257/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: polycarbonate, graft coploymer, rubber, aromatic vinyl, vinyl cyanide, thermoplastic resin

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A KR 10-2011-0037207 A (LG CHEM LTD.) 13 April 2011 1-15
See paragraphs [0009H0011] , [0017H0021] , [0037] -[0052] ; claims 1, 7-10.

A KR 10-2010-0074018 A (CHEIL INDUSTRIES INC.) 01 July 2010 1-15
See paragraphs [0026]-[0035] , [0068] -[0082] , [0099HO108] ; claims 1, 10, 13,
14.

A KR 10-0668950 Bl (LG CHEM LTD.) 12 January 2007 1-15

See page 2, line 49 - page 4, line 29; claims 1, 3, 4.

A KR 10-0508145 Bl (LG CHEM LTD.) 17 August 2005 1-15
See page 3, line 20 - page 6, line 1; clains 1, 7-11, 17-20.

D Further documents are listed in the continuation of Box C. & See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E"  earlier application or patent but published on or after the international ~ "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be consideredto involvean inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document istaken alone
citedto establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
specia reason (as specified) consideredto involve an inventive step when the document is
"0"  document referringto an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obviousto aperson skilled inthe art
"P"  document published prior tothe international filing date but later "&"  document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
12 MARCH 2013 (12.03.2013) 22 MARCH 2013 (22.03.2013)
Name and mailing address of the ISA/KR Authorized officer

Korean Intellectual Property Office

o 189 Cheongsa-ro, Seo-gu, Dagjeon Metropolitan KANG, Sin Gun
“ y City, 302-70 1, Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No.  82-42-481-8392

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/K R2012/008315

Patent document Publication Patent family Publication

cited in search report date member(s) date

KR 10-2011-0037207 A 13. 04. 2011 None

KR 10-2010- 0074018 A 01. 07. 2010 CN 101759989 A 30. 06. 2010
EP 2199337 Al 23. 06. 2010
KR 10-2010-0075390 A 02. 07. 2010
TW 201026779 A 16. 07. 2010
US 2010-0160481 A1 24.06. 2010

KR 10-0668950 B1 12. 01. 2007 None

KR 10-0508145 B1 17. 08. 2005 None

Form PCT/ISA/210 (patent family annex) (July 2009)




	abstract
	description
	claims
	drawings
	wo-search-report

