WO 2008/078847PCT/KR2006/005852 1 [DESCRIPTION] [Invention Title]
w(EBSAFROMAGNETIC WAVE SHIELDING THERMOPLAST IechRESNo6/005852

5COMPOSITION AND PLASTIC ARTICLE [Technical Field] The present

invention relates to an electrically 10 conductive thermoplastic resin

composition and a plastic article. .More specifically, the present invention

relates to an electromagnetic wave shielding thermoplastic resin

composition with improved electromagnetic wave shielding performance

and a plastic article produced from the resin 15composition. [Background

?'ﬁﬂ]aCRIPTIOiﬁﬁ‘ermOplaStic resins are plastics which are softened and

“20plasticized by heating and are hardened by cooling. Themoplastic

[resing, are divided into: common plastics such as polyethylene,
polypropylene, acryljic, styrene, and vinyl resins; and engineering plastics

such as polycarbonate, polyphenylene ether, polyamide, polyester, and
polyimide WO 2008/078847PCT/K112006/005852

ELECTROMAGNETIC WAVE  SHIELDING  THERMOPLASTIC RESIN

5 COMPOSITION AND PLASTIC ARTICLE
[Technical Field]

The present invention relates o an electrically

10 conductive thermoplastic resin composition and a plastic
article. More specifically, the present invention relates to

an  electrcmagnetic  wave | shielding thermoplastic resin
composition wi?h improved electrcmagnetic wave shieliding
performance and a plastic article prodgced from the resin

15 composition.
[Background Art]

Thermoplastic resins are plastics which are softened and

20 plasticized by  Theating and are hardened by cooling.
Thermeplastic resins are divided into: common plastics such as
polyethylene, polypropylene, acrylic, styrene, angd vinyl
resins; and engineering plastics such as polycarbonate,

polyphenylene ether, polyamide, polyester, and polyimide
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2 resins. Thermoplasticresinsarewidelyutilizedin applications, including

wovaiiousshpusehold supplies, office automation equipment, ang&lagiigiaRdsssz

electrical appliances, 5 owing to theiy superior processability and
formability. There has been a continuous attempt to use a thermoplastic
resin as a high value-added material by imparting specific properties as
well as superior processability and formability to the theimoplastic resin
according to the kind and properties of 10 . the products in which the
thermoplastic resin is used. In particular, there have been various
attempts to impart electromagnetic wave shielding performance to a

T ¥eriioplastic resin and utilize the electromagnetic wave shielding
theLmgplastic resin for use in automobiles, electric.1 aratuses,, .
electroﬁ;ﬁé3 5@8@%%ﬁ5§”,celectﬁceésl lc%%les, 3&1:6.3 jIﬂﬁglséezjfsgtromua%glr?ﬁejt%:Ed J"n

a;‘g; Ve shielding th%r%‘ip%%tflc? resin is sommonly. prepared oAy orzice
ectromagnetic wave shielding thermoplastic resin composition obtained

am?&l o%%&%%tg‘a{@%%@ﬁt&? r%%@i W@De@ﬂ: Qggitiya%’ds%fea& gi@gﬁa”irﬁspli ances,

20powder, a metal-coated inorganic powder, or a metallic fiber. To ensure

o desired leyel theglectromagnetic wave shielding herfeLmance ok the  theore

electromagnetic wave shielding thermoplastic resin, the additive, due to its

ndNgh-sRecific gemitynMist berisedhin a songiderabhylarge@meunle resin as
However, such a large amount of the additive used to improve

= eleciromagneticwaveishielding perfermange-caiuses asgdetefiorafioprioerties
inherent characteristics (e.g., impact resistance) of the thermoplastic
agesiy Thusamakingpit impossibte e prattidally wsesthe efectremagnetic to the
wave shielding thermoplastic resin. [Summary] In ‘
tlafirstaspestithereismovidedawrding to the kind and properties of
electromagneticwaveshieldingthermoplasticresin composition comprising:
the products in which the thermoplastic resin is used. In
particular, there  have been various attémpts to impart
electromagnetic wave sghielding performance to a thermoplastic
resin and utilize the electromagnetic wave  shielding
thermoplastic resin for use in  automobiles, electric
apparatuses, electronic assemblies, electrical cables, etc.
The electromagnetic wave shielding thermoplastic resin
is commonly prepared from an electromagnetic wave shielding
thermoplastic resin compositicon  obtained by mixing a
thermoplastic resin with an additive, such as a metallic
powder, a metal-coated inorganic powder, or a metallic fiber.
To ensure a desired level of the electromagnetic wave
shielding performance of the electromagnetic wave shielding

thermoplastic resin, the additive, due to its high specific

gravity, must Dbe used in a considerably large amount.



100 parts by weight of a thermoplastic resin selected from a
polycarbonate resin, a polyester resin, and a mixture thereof; 1 to 30 parts
by weight of stainless steel fiber; and 0.01 to 10 parts by weight of carbon
nanotubes. In a second aspect, there is provided a plastic article
produced from the electromagnetic wave shielding thermoplastic resin
composition according to the present invention. In a third aspect,
Hothkers is provides dplagtic articlecomprising: 2cdathermepREtic feskirrove
matrix made of one selected from a polycarbonate resin, a polyester resin,
el g amiate thereof2dRd  ShaifléBS steePSercafidéafbon “avses &
nanotubes, each being dispersed in the thermoplastic resin matrix, |
deyifefeifthen3a 0 ~TaT5Mth aSpEctethiere i provided | pfastic TS
article comprising: . _athermoplastic resin matrix made of one sele
TedSER Polycarfonate Fesin & %??2@%@’ resin, ahd :énﬁ]ixt%%le“%erglégfl%%
imi@iess steelber apd.carbon nanglubes.each helag dispersedinthe wave
‘thermoplastic resin matrix, wherein the plastic article has an
sh elegtropagneticwave; shielding:performance of 60 to 90 dB, and a
notched IZOD impact strength (1/8") of 5 to 30 kgf.cm/cm measured in
accordance with ASTM D256, wherein the amount of the stainless steel
fiber is 1 to 30 parts by weight based on 100 parts by weight of the
[ stheemgplastic resin. [Technical Solution) In accordance with one
aspect of the present invention, there is provided an electromagnetic wave
shielding thermoplastic resin composition comprising: 100 parts by weight
of a theintoplastic resin selec from a bolycarbonate resin, a pol¥e%1gr an
resint&nd &mixtife-tiereof? $16 %0 parts B waight of staifiless stee .
eléiberanrdp0lito 10 partssby weight dfiéadon nahetfes-aste  resin
cotbermeplastic.regin maynigelude an aromatic polycarbonate resin, which is
prepared by reacting phosgene, halogen foi.scate, or diester carbonate
with & icheiot zompouisd Esresénted By EERRRIAE befowreS1n selected

from a polycarbonate resin, a polyester resin, and a mixture

4 e

thersof;
1 to 30 parts by weight of stainless steel fibexr; and

0.01 to 10 parts by weight of carbom nanotubes.

-

In a second aspect, +there is provided a plastic
article produced from the electromagnetic wave shielding
thermoplastic resin composition according to the present
inventicn.

Tn & third aspect, there is provided a plastic
article comprising:

a thermoplastic resin matrix made of one selacted from a
polycarbonate resin, a polyester resin, and a mixture thereoct;
and

srainless steel fiber and carbon nanotubes, esach baing
dispersed in the thermoplastic resin matrix, wherein the
amount of the stainless steel fiber is 1 to 30 parts by weight
based on 100 parts by weight of the thermoplastic resin.



OR (1) WO 2008/078847PCT/K112006/005852 4 wherein A

represents a single bond, 01-05 alkylene, CI-05 alkylidene, 05-05
cycloalkylidene, -S- or -S02-; X is a halogen; and nis 0, 1 or 2. The
polycarbonate resin may have a weight average molecular weight of

15,000 to 50,000 g/mol. In the electromagnetic wave shielding
thermoplastic resin composition, the stainless steel fiber may include

ferritic and abisteniti€talnless seetfibershere is Theewinless stegllastic

afibecmayhanera thickness of 4 to 10 -25 pm and a length of 3 to 15 mm.
In the electromagnetic wave shielding thermoplastic resin composition, the

carborPnaiGtobes Mgy be shrfdwvallet cartbormAanotiibes or ssultavalledf rom a

peastonrbanaitbesesin, a Hhe oamonnaratubes By havg:a thickness. rqoz;
29§ 1 to 50 nm 15and a length of 1 to 25 gm. In accordance with
another aspect of the present invention, there is provided a plastic article

producEFfonthe efédfomagrietic WAk shittding tHefmoptastR re§Ach Peing
dTeprposiibn. 20t actorance with: yet arcther aspect:of the present
inventigre there iﬁ‘tHéOVﬁEdeéis% plastic article comprising:a thermoplasticc i« wave

s £esin matrix made of one selected from.a po%;ar%gnate r%sm apolyestet  1rnp

resin, ang ﬁNXtUI’et ereof and stalnless steel fiber and carbon .
L RRGtub S dRPEREd it (WO 2008/078847PCTIRRIETEIGI8SE, measured  in

accordance with ASTM D256, wherein the amount of the stalinless
steel fiber is 1 to 30 parts by weight based on 100 parts by

weight of the thermoplastic resin.

[Tzchnical Solution]

In accordance with one aspsct of the present invention,
there is provided an elect omagnmtlc wave shielding
thermoplastic resin composition comprising: 100 parts by
welght of =& tha;moplastic resin selected from a polycarbonate
resin, az polyester resin, and a mixture thersof; 1 to 30 parts
by weight of stainless steel fiber; and 0.01 o 10 pafts by
waight of carbon nasnotubes.

Tﬁe‘ thermoplastic resin may include an  aromasic
‘polycarbonate resin, which is prepared by reacting phosgene,
halogen formate, or diester carbonate with a diphenol compound

gpresented by Formula 1 bealow:

H
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5 the thermoplastic resin matrix. Details of other aspects and
woeXpRwianyembodiments of the present invention are encompasgackiddiBosss?

following detailed description. [Best Mode] Now, the present invention

will be described in more detail with reference to the following Examples,

such that 10 those skilled in the art easily practice the present invention.

These examples are provided only for illustrating the present invention

and should not be construed as limiting the scope and spirit of the present

invention. According to one embodiment of the present invention, 15 there

is provided an el ctroma netic wave shieldi the oplastic resin

compos(}f%n comprlsmﬁ %68 g%lrtsaby werg Ei At em@b %Péstlc;i%r{ s%r?p“” C=Cs
eft #j from ap carbonate rf% olgester%esm and |xture
reof 113 30 psar $ by Weight gtalr?less steel fiber;"and 0 £16 10"
h E?&? elq}/ Zg\gglqpt of cgrb pan tubes. .As dgscrlbed a_b_ove, the

ctromagnetic wave shiélding thermoplastic resin composition

comprisgs the stajnless sieelfiberand.catbon nangtubes as welkgs theverage

thermoplastic resin selected from a polycarbona e resin, a polyester resin,
na0ga, WO 2008/078847PC THHR20066085852 Bmixture thereof. The
stainless steel fiber interacts with the carbon nanotubes, creating a
synergig.effeete Asea sesUlitRVERa: relatively smalthaaosint 9f thesermoplastic
constituent components can impart considerably improved
relgcironnagpetid waye, 5 sbieldingteerfirmancete:the elettromagnstic include
wave shielding thermoplastic resin. In addition, a relative reduction in
feonient of dhelsecompuneits deergasesdeterderatibibefthe inherent
characteristics (e.g., impact resistance) of the electromagnetic wave
shieldifigp¢heliraoplessie resinc10Helsimafteredchronstithéntdompeneniod to
the
25 um and a length of 3 to 15 mm.

a

In the electromagnetic wave shielding thermoplastic
resin composition, the carbon nanotubes may be single-walled
Qarbon nanotubes or multi-walled carbon nanotubes.

The carbon nanotubes may have a thickness of 1 to 50 mm
and a length of 1 to 25 mn.

In accordance with ancther aspect of the present
invention, thers is provided a plastic article produced from
the electromagnetic wave  shielding thermoplastic resin
composition.

In accordance with yet another aspect o©f the present
invention, there is provided a plastic article comprising: a
thermeplastic resin matrix made of one selected from a
polycarbonate resgin, a polyester resin, and a mixture thereocf;

and stainless steel fiber and carbon nanotubes dispersed in
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electromagnetic wave shielding thermoplastic resin composition will be

wooRss/abadn detail. The electromagnetic wave shielding thesmoplasiitisss:

resin composition comprises a therrgoplastic resin selected from a

15polycarbonate resin, a polyester resin, and a mixture thereof.

Examples of the theimoplastic resin include an aromatic polycarbonate

resin, which is prepared by reacting phosgene, halogen formate, or diester

carbonate with a diphenol compound represented by Formula 1 below: 20

OH (1) WO 2008/078847PCT/KR2006/005852 7 alkylidene, C5-06
_cycloalkylidene, -S-, or -302-; X is a halogen; and nis O, 1 or 2.
CERahiBIERTr e Bigherot tBnfifidntof FoLniula | include

4,4'-dihydroxydiphenyl,2,2-bis-(4-hydroxyphenyl)-propane, _
52, 4- bRV OB phERY B2 Ry IbataRE ) EARTpRasY embodiments of

droxyphenyl)-cyclohexane,2,2-bis-(3-chrolo-4- . . ;
Ry RRENYL) -DISPATe Bz 2 be (FBHRFGRSA in the Sollowing

detailed description.
{Best Mode]

Now, tThe present invention will be described in nore
detail with reference to the following Examples, such that
those skilled in the art easily practice the present
invention. These exaﬁples are provided only for illustrating
the present invention and shoﬁld not be construed as limiting
the scope and sp;rit of the present invention.

According to one embodiment of the present invention,

L]

there is provided an  electromagnetic wave  shielding
thermoplastic resin composition comprising: 100 parts by
weight of a thermoplastic resin selected from a polycarbonate
resin, a polyester resin, and a mixture thereof; 1 to 30 parts
by weight of stainless steel fiberx; and .0l to 10 parts by
weight of carbon nanoctubes.

As described above, the electromagnetic wave shielding
thermoplastic resin composition comprises the stainless steel

fiber and carbon nanotubes as well as the thermoplastic resin

selected from a polycarbonate resin, a poclyester resin, and a
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hydroxyphenyl)-propane.Preferredare2,2-bis-(4-

wohyegasyphenyl)-propane,2,2-bis-(3,5-dichrolo-4- PCT/KR2006/005852

10hydroxypheny1l)-propane,andl,1-pis-(4-hydroxyphenyl)-
cyclohexane.More preferred is 2,2-bis-(4-hydroxyphenyl1)7 propane, also
called "bisphenol-A (EPA)". The polycarbonate resin has a weight
average molecular weight of 15,000 to 50,000 g/mol. 15There is no
limitation as to the type of the polycarbonate resin.More specifically, the
polycarbonate resin may be a linear or branched polycarbonate resin, or a
polyester-carbonatecopolymerresin.Thebranched polycarbonate resin

Mg BE prepaRt by SRy 6 T5HY 2 Wiolf 6F20 At or Morefunciokd> he

I.e., polyfunctional) compound, e.g., a tri- or more fynctignal pg%?ol
cgcﬁ%bp%uﬁaflﬁgggf %h tﬁ:ep ’teoatgf‘frh%leaof e %Fp%%%ole?o}cn@lﬁél]nd. e resuit,

egg%eastegéaa@geageé@%%%'ﬁnegrgeawtmgy he prepared b i%qsigwié&%@nems

olycarbonate’in esence of an ester precursor, suc ICar OXS/|IC

WO 29%%&%%88%@&%2%8?@05%%%% The palyesterscarbonate e

copolymer resin may be used singly, oriin combination with a

sﬁ%@ﬁ@ﬂpgpaﬁérfcrmancé To the electromagnetic wave shielding
thermoplastic resin. In addition, & relative reducticn in
content o¢f these components decreases deterioration of the
inherent‘ characteristics (e.g., impact resistance) of the
slectromagnetic wave Shielding thermoplastic resin.

Hereinafter, each constituent componant of the
electromagnetic wave shielding thermoplastic fesin compoéition
will be described in detail.

The electromagnetic wave shielding thermoplastic resin
composition comprises a thermoplastic resin selected from a
polycarbonate resin, a polyester resin, and a mixture thereof.

Examples of the thermoplastic resin include an aromatic
polycarbonate resin, whiéh is prepared by reacting phosgene,
halogen formate, or diester carbenate with a diphenol compound

represented by Formula 1 below:

{(Xn

(1)

wherein A represents a single bond, C;-Cs alkylene, C;-Cs
P
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As the polyester resin,there may be used a homopolycarbohate or

wEaRglyagrhonate resin, or a combination Sthereof without anyﬂﬁ&%{;m%ssz
limitation. Alternatively, the polyester resin may be used as the )

thermoplastic resin. The polyester resin may contain an ester linkage

in a polymer chain and be melted by heating. The polyester resin 10 is

obtained by polycondensation of dicarboxylic acid and a dihydroxy

compound. . There is no limitation as to the preparation method of the

polyester resin. Accordingly, there may be used a polyester resin

repared by employing any method well-known to those skilled in the art.

a&aééﬁ%?any%&lyﬁ&i@%ﬁw%a homfopoly@ster oropolyésters 2

resin, may be used without any particular limitation. The
nRfeFmaghetiCwade Shieldfify thecmoplast ¢ resin composition

comprises stainless steel fiber. The stainless steel fiber interacts with the

carboriafetuBEs, tredtity & 20 §jergic BREHTAs Sedfhe® 1 inciude

elgctromagnetic wave shielding thegmgplastic resin can be provided with
QUi R e N R Sl b S

| fiber j llgy fi ing i b taland usinga_, . __,,.
2 e s b e AR Sy BB IE AT KRo00B00STES S~ (4
h%%@o‘?!ﬁ%%kﬂﬂi)— g;@@ﬁ‘!k%?”a'-swi”'ess steel fibers reproduced. 1 4~
(0}

y drawing a"bund continuous filament

hydroxyphenyl)-propane, and Z2,2-bis— (3, 5-dichrclo-4-
hydroxyphenyl) -propane. Preferred are Z2,2-bis={(4~
nydroxypnenyl) -propane,
hydroxyphenyl) ~propane, and 1, l-bis—(4d-hydroxyphenyl) -
cyclohexane; More preferred 1s 2,2-bis-{(4-hydroxyphenyl)-
propane, also called “bisphenoi~A {(BPA)Y ",

The polycarbonate resin has a welght average molecular
welght of 15,000 to 50,000 g/mol.

There is no limitation as tc the type of the
polycarbonate resin. More specifically, the polycarbonate
resin may be a linear cr branched peolycarbonate resin, or a
polyester-carbonate copolymer resin. The branched
polycarbonate resin may be prepared by using 0.05 to 2 mol® of
a tri- or more functicnal (i.e., polyfunctional} compound,
e,g., a tri- or more functional phenol compound, based on the
total mole of the diphencl compound. The polyaster-carbonate
copolymer resin may be prepared by polymerizing polycarbonate

in the presence of an ester precursor, such as dicarboxylic

2,2-bis-(3,5-dichrolo-4-

et
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fibers from stainless steel through dies. Although stainless steel fiber
wENBiRgdren (Fe) as a main component, it has 5 ferromagnefigityab oosioosssa
ambient temperature as well as supgrior' corrosion resistance and heat
resistance unobtainable from conventional steel, thereby imparting
improved electromagnetic wave shielding performance to the
electromagnetic wave shielding thermoplastic resin.
10Thestainlesssteelfibercontainedinthe electromagnetic wave shielding
thermoplastic resin composition. is preferably a ferritic or austenitic
stainless steel fiber, when taking into consideration electromagnetic wave
aghielding Pt foRRANES bFficBlectoRTagnetiE Watkhieldiig™ Tay be used
15thermoplastic resin., _ The stainless steel fibers have a thickness of 4
Sﬁo“?%%m ﬁd%le‘f%?ﬁ%?@%% WLA%CBPﬁﬁ&?FE%HﬁS%IeSS steel
fibers aye unift%rmly disRerseg in the electromag%etic wave shiel%ing
thermopFastic reesin, %Oerggy?e%“gurinxgefd&hiforml 3? i elegf%/magneetic
Wavecgfieldir}%%%rgormance of éhe gle%r%ng%%ne;ic wave shieldin

T R OPIAStic rasi. Thestamiesssteari erconstitutingthe e?é:ct%ma%ztﬁ%’fl%atmn

shieldi r lastic, resi ition_i ed in an amount of 1
B e ey S e e

2008/0£884£Rx1/K410006/0Q5852: 10,10 25 PaEs:hy W@?htb@a%‘?s%en as the

the 100 parts by weight of a thermoplastic resin selected from a
thelygarhenate desiss a-polyester resin, and a mixture thereof. The content
of stainless steel fiber less than | part by weight may Make it
The polyester resin may contain an ester linkage in a

used a

polymer chain and be g@lted by hsating. The polyester resin
is obtained by polycondensation of dicarboxylic acid and a
dihydroxy compound. . There i1s no limitation as to the
preparation method of the polyester resin. Accordingly, thera
may be used a polyvester resin prepared by employing any mgthod
well-known to those skilled in the art. In addition, any
polyester resin, such as a homopolyester or copolyester resin,
may be used without any particular limitation.

The electromagnetic wave shielding thermoplastic resin
composition comprises stainless steel fiber. The stainless
steel fiber interacts with the carbon nanotubes, creating a
synergic effect. As a result, the electromagnetic wave
shielding thermoplastic resin can be provided with Iimproved
electromagnetic wave shielding performance.

The stainless steel fiber is an allcy fiber using iron

(Fe} as a base metal and using a considerable amount of chrome



20

Sdifficult to ensure sufficient electromagnetic wave shielding perfoimance

Wd%gﬁmggmagnetic wave shielding thermoplastic resin prepaﬁgr)‘f&@oﬁlgﬁmsgsz

resin composition. Meanwhile, the cgntent of stainless steel fi

exceeding 30 parts by weight may cause a deterioration in inherent

10-characteristics(e.g.,impactresistance)ofthe electromagnetic wave

shielding thermoplastic resin. The electromagnetic wave shielding

thermoplastic resin composition further comprises the carbon nanotubes.

The carbon nanotubes interact with the stainless steel fiber, 15 creating a

synergic effect. As a result, the electromagnetic wave shielding

Eg’é}méﬁasﬂé%%ﬂﬁ cafbe pfovidad WhimPteved lectromaghefic e steel

shielding performance. The carbon nanotubes exhibit a superior,
Eethanita? SHERgHFSEhigH iATAIMYBENG S MBduRi And Y farge Aspet L ament

ZSE orita SN GEB0 DR Thbee PATAeHELER; the iy O cArint 52

nangtu with the thermoplastic resin jmparts sunqerior, electromaggetic .
stee 1%?r coqtalns 1LEOn e af F 21n ﬁﬁypone . it has
wave shielding performance tothe thermoplastic resin.

4 R200 1 tub : .
fé&%ﬁﬁé@%ﬁﬁ&ﬁfdégha@?{é%e%%?ﬁ?&yiﬁ?“\%esg% %%tig%%glg"é?nairr%?angg SrLex

cGhemicalyapardepasition (RECVR) thermal chemical V%%Q{b‘%%%%%?%e from

electrolysis, or flame synthesis.However, there is no 5 limitation as to

c8ybgsismethad abthe eajboarnangiubes t%cofﬂ&%ﬁé@”é%ctmmagnetic

nanotubes synthesized by employing any method may be used for the
welgstromagaeicywaveshigldingthesmoplastic resin eompestigAmithal  wave

any patrticular limitation. 10Carbon nanotubes are divided into
skihglehwaletirearhop nanotubes; tauble-walled carbon nanotubes and

multi-walled, carbon nanotubes, based on the wall number constituting
thereofl' sy cashan manstubessmay be utifizedin thecelectsdmagneticin the
. wave shielding thermoplastic resin composition
electromagnetic wave shielding thermoplastic resin composition
is preferably a ferritic or auétenitic stainless steel fiber,
when taking into gpnsideration electromagnetic wave shielding
performance of the electromagnetic wave shieliding
thermoplastic resin.
The stainless steel fibers have a thickness of 4 to 25
o and a length of 3 to 15 mm. Accordingly, the stainless
steel fibers are uniformly dispersed in the electromagnetic
wave shielding Lhermoplastic resin, thereby ensuring
uniformity in electromagnetic wave shielding performance of
the electromagnetic wave shielding thermoplastic resin.
The stainless steel fiber constituting the

electromagnetic wave shielding thermoplastic resin composition

is used in an amount of 1 tec 30 parts by weilght, preferably, 3
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15without any particular limitation. Carbon nanotubes have a
wolhipkness:of 1 to SO nm, and a length of 1 to 25 gm. Accordipghsta8oes/003852
carbon nanotubes are uniformly dispgrsed in the electromagnetic wave
shielding thermoplastic resin, thereby ensuring uniformity in
20electromagneticwaveshieldingperformanceofthe electromagnetic wave
shielding thermoplastic resin. The carbon nanotubes constituting the
electromagnetic wave shielding thermoplastic resin composition are used
in an amount of 0.01 to 10 parts by weight, preferably, 0.5to 5 WO

20%%/078847PCT/KR20 61005852 12 parts by weight, based on 100

tBane by HEGHES: A Tl SR s e BEed R ey ENo Rt of 2

eS8 g%y@f}:er};eesin angd.a mixtie t eé?nOf-aTheoﬁo”é%@ﬁgofn%aégo”res.w;n a
RERODES 1885 than%l.al parts by weid it hakBs ﬁ)lmgos& e !
taensuresufficientelectromagneticwaveshielding performange of the . e

e gnet mave SHing hatoLs Bt FeL aropael Font fa-enc o

skesin composition, Maanwhile, the content ot carbop nangtubes ‘?ﬁs(&s?feﬂg'ﬂe it

10 parts by weight causes a deterioration in mechanical propertie

a1pthethermoplasficfesing,, £ = Thecleckomagnsic yvave shiglding snie1ding

thermoplastic resin composition may further comprise an additive suitable

piordberintended use, in agddition ta:the-afesgmentioned conatifdent shielding
components. Examples of additives include lubricants, release 15 agents,

t Btabilizers shorganie additivess pigraantsranshdiesad heradditive isoigekintion,
an amount of not more than 5 parts by weight, preferably, 0.1 to 2 parts by

Maveigiti based-pe 106rpass by Weight Of the thesmeplasticsesinekheeding 30
electromagnetic wave shielding thermoplastic resin 20 is prepared by
peohgentional methbds comprisireg: srixing eath-eanstitaentcomponentiherant
prepare an electromagnetic wave shielding thermoplastic resin
" chempusitiors aekmelt-éx@rgding thelresictompositipisincacextruderfA  the
plastic article is produced from the electromagnetic wave shielding
eHvsrRioplagetic wave shlelding thermoplastic resin.

The electromagnetic wave shielding thermoplastic resin
compesition further comprises the carbon nanotubes. The
carbon nanotubes interact with the stainliess steel fiber,
creating a synergic effect. As a result, the electromagnetic
wave shielding thermeplastic resin can be provided with
improved elactromagnetlic wave shielding performance.

The carbon nanotubes exhibit a superior mechanical
strength, a high initial Young’s modulus, and a large aspect
ratio. In addition, carbon nancotubes have superior electrical
conductivity and thermal stablility. Based on these
characteristics, the mixing of carbon nanctubes with the

thermoplastic resin Imparts superior electromagnetic wave

shielding performance to the thermoplastic resin.
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WO 2008/078847PCT/K112006/005852 13 resin. According to

Wo%ggwsgwbodiment of the present invention, there is prowd%@ﬁ@l}%mﬁsssz

article produced from the electromagpetic wave shielding thermoplastic
resin 5composition.More specifically, the plastic article may ' comprise a
thermoplastic resin matrix made of one selected from a polycarbonate
resin, a polyester resin, and a mixture thereof, and stainless steel fiber
and carbon nanotubes dispersed in the theLmoplastic resin matrix.
10Theplasticarticleexhibitsmoreenhanced electromagnetic wave shielding
performance owing to the synergic effect between the carbon nanotubes

and thé-8taBss SRRPRBER DOt BF whith HeeSispEfsedi thérc-dlscharge,

thermoplastic resin matrix, despite the use of these components in a 15
PAGateTy Sall GiRBnt “PiHE TRETHf the Stafifess e BEr ARt Thd Sarhor 2007

nanotubes even,in all amount reduces, the deterioration of .
dﬁ?eoc%:é%f“c%rﬁ pro g?’f?e@?e’.g., iFn%pealE:rF?eisistagr?c%rgloﬁﬁe th‘ehFi%cc))ff’JIast?}:@lpecs)‘fﬁL .tmn’
he.plastic_article exhibits superior electromagnetic 20 wave shielding .

e B o oth AT dha notiea 0D mbger. 1o ™
l%g§eg@gﬂ8'29f the el@est'gﬁmﬁlggys%gé%%@ accardance WIARIM. . es . -

256 ranges from 5 to 30 kgf.cm/cm. This indicates that the plastic article

_A%éx_sgpﬁgw,mp@ﬁ&&ﬁﬁ&stafmﬁot\{mgoo%MiPﬂ/KBgooé@%%ﬁ%g any

According to yet another embodiment of the present invention,
méhereds pravided:a plastc article eamprising:-a-thermeplastic yesid Mattix14:ng

made of one selected from a polycarbonate resin, a polyester resin, and a
tRixte1Bereot resin  composition  without any particular
limitation.

Carbon nanctubes are divided intc single-walled carbon
nanotubes, double~wallad carbon nanotubes and multi-walled
carbon nanotubes, bhased on the wall number constituting
thereof. Any c:a:r_bon nanotubes may be utilized in the
electromagnetic wave shielding thermoplastic resin composition
without any particular limitation.

Carbon nanotubes have & thickness of 1 to 50 nm, and a
length of 1 to 25 gm. Accoxdingly, the carbon nanotubes are
uniformiy dispersed in the electromagnetic wave shielding
thermoplastic resin, thereby ensuring uniformity in
electromagnetic wave shielding perfcrmance of the
electromagnetic wave shielding thermoplastic resin. |

The carbon nanotubes constituting the electromagnetic

wave shielding thermoplastic resin composition are used in an

amount of 0.01 to 10 parts by weight, preferably, " 0.5 to 5



10

20

5 and stainless steel fiber and carbon nanotubes dispersed in the

wdhesgnepastic resin matrix, wherein the plastic article has an POT/KR2006/005852

electromagnetic wave shielding perfermance of 60 to 90 dB, and a
notched IZOD impact strength (1/8") of 5 to 30 kgf.cm/cm measured in
accordance with ASTM 0256. 10Based on superior impact resistance as
well as improved electromagnetic wave shielding performance, the plastic
article is widely utilized in a variety of applications, e.g., impartment of
electromagnetic wave shielding performance to automobiles, electric

apparatuses, electronic assemblies, 15electrical cables, etc. [Mode for
%ﬁtio%}]y weﬁqgﬁtpres%ﬁ?ﬁﬂlen%n will Be bREEF Bindététodiftghthe®t 2

%%fozgg 'g%gi(gmgleeg. Hovg/gigrCE trel%se ranmpIes are not tc;pbe cogstrrtled.

as imlﬁ’ng hé Scopé of the’ ifivention. The furtfer 88tails36 ?R)aéc gL,
pg%%gzsircbe%na};[gsrﬁ%m, % Vgom%%%%@gs ﬁgal?ggﬁc O 06/(9(9151:8 52t1%f carpbon
ollowing ‘examples and comparafive examples are as Tollows: 8&)
nERlycatianalg Jesi; ., o Biep legé\ i vq;éq%%%tenbgﬁmsg aWelgl ssivle
average 5molecular weight (Mw) of 25,000 g/mol'was used as a .
tBolycarhonate resins(B)-3tainless seelibef - cneric  wave shielding
performance of the electromagnetic wave shielding
thermoplastic resin prepared from the resin composition.
Meanwhile, the content of carbon nanotubes exceeding 10 parts
by weight causes a deterioration in mechanical properties of
the thermoplastic resin.

The electromagnetic wave shielding thermopl'astic resin
composition may further comprise an additive suitable for the
intended use, in addition +to¢ the aforementicned constituent
compeonents. Examples of additives include lubricants, release
agents, stabilizers, inorganic additives, pigments and dies.
The additive is used in an amount of not more than 5 parts by
weight, preferably, 0.1 to 2 parts by weight, based on 100
parts by weighﬁ of the thermoplastic resin.

The electromagnetic wave shielding thermoplastic resin
is prepared by conventional methods comprising: mixing each
constituent component to prepare an electromagnetic wave
shielding thermoplastic resin composition; and melt-extruding

the resin composition in an extruder. A plastic article is

produced from the electromagnetic wave shielding thermoplastic



GR-75/C20(r) (available from Bekaert Fiber Technologies., 10Belgium,
icki .-11 gm, length: 6 - mm) was used as a stainless st %tl) %%% <
Wd(?gélﬁrf)ﬁéﬁgnotubes Multi-wallgd carbon nanotubes (C-%J 12 0&%/1)05832
available 15from CNT Co., LTD., thickness: 10-50 nm, length: 1-25 gm)
were used as carbon nanotubes. EXAMPLES 1 TO 2 AND
COMPARATIVE EXAMPTPS 1 TO 5 The content of each constituent
component used in the 20 following Examples and Comparative Examples
is shown in Table 1. Respective components were mixed in accordance
with the composition in Table 1 to prepare an electromagnetic wave
T&fiefting thermoplastic resin composition. The composition was extruded
in a double-screw extruder (L/D=35, 0=45 mm) and WO _
20081 GFEEFPEFIKREB06 1065852716 (FETESHRRT extritfate WA~ Present
elletized. The pellet was ing’ecte ignan i%ﬁction machine (10 oz

iﬁy ’ i ; & Sﬂﬁ%gg:from
Efétpla?@ as EI% forrmBasire t%f ?&Eéflpr%ﬁ%ﬁ? S ant

lectromagnetic Wave shielding performance. 5The sample was left under_ _.
S ot R PEo Simotaire 15108 FoitSat 23 £ TREN fee s | resin

electromagnetic waye shielding performance qf,the plewitha ... 1, ,
thﬁﬂlgknelsslo 3 mm ng%mea Il%%edg WCI%'ZILaGXétWOI‘ eanZIyze yore ey

r (E5071Ce
ce}@iﬁqg frgmiﬁ@ﬁ%gfggeglc?gi?éé[ﬂﬁ') @@H@Eioﬁége of one selected
10electromagnetic wave shielding performance). The notched 1ZOD

siapact strength (148n-afthe sample W%dﬂg@%‘%@ﬁ' inageardages Withn i xture
ASTM 0256, which is an American standard test method for determining

£88440H impagt steanath of plasticsawith amenrdulugrhavieg idpiformnotubes
weight
dispersed in the thermoplastic resin matrix.

The plastic article exhibits more enhanced
electromagnetic wave shielding performance owiné to the
synergic effect between the carboﬁ nanoctubes and the stainless
steel fiber, both of which are dispersed iﬁ the thermoplastic
resin matrix, despite the use of these components in a
relatively small content. The use of the stainless steel
fiber and the carbon nanotubes even in a small amount reduces
the deterioration of mechanical properties (e.g., impacﬁ
resistance) of the thermoplastic resin.

The plastic article exhibits superior electromagnetic
wave shielding performance, e.g., ©0 to 90 dB. In addition,
the notched 120D impact strength (1/87) of the plastic article
measured in accordance with ASTM D256 ranges from 5 Eo 30

kgf-cm/cm. This indicates that the plastic article has

superior impact resistance.
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15(evaluation for impact resistance). The measurement results of the

W@b@g&g@ﬁ@gnetic wave shielding -erfoLmance and impact reSi%@’?ﬁ%ﬁﬁ%@ﬂ(}sssz

shown in Table 1 below. 20Table 1 JEx Comp. Ex. 1212345
(A)polycarbonate resin

According to yet another embodiment of the present
invention, there is provided a plastic article comprising: a
thermcplastic resin matrix made of one selected from a
polycarbonate resin, a polyester resin, and a mixture thereof;
and stainless steel fiber and carbon nanotubes dispersed in
the thermoplastic resin matrix, wherein the plastic article
has an elesctromagnetic wave shielding performance of 60 to 90
dB, and a notched IZ0OD impact strength (1/8”) of 5 to 30
kgf-com/cn measured in accprdance with ASTM D256.

Based on superior impact resistance as well as improved
electromaénetic wave shielding performance, the plastic
article is widely utilized in a variety of applications, e.g.,
impartment of electromagnetic wave shielding performance to
automobiles, electric apparatuses, electronic assemblies,

electrical cables, etc.
[Mode for Invention]

The present inventicn will be better understood from the
following examples. However, these examples are not to be

censtrued as limiting the scope of the invention.

The further details for (A} a polyvcarbonate resin, (B}

stainless steel fiber, and (C) carbon nanotubes used in the



(wt parts) 100 100 100 100 100 100 100 WO

W@%Mg%?PCT/KRZOOG/OOSSSZ 17 (B) stainless steel ﬂbeﬁé‘ﬂlﬁ?ﬁ& 1005852
1020 10 1

th

following examples and comparative examples are as follows:

{A) Polycarbonate resin
Bisphenol-A  polycarbonate Thaving a = weight ‘average
5 molecular weight (Mw) of 25,000 g/mol was used as a

polycarbonate resin.

{B) Stainless steel fiber
GR-75/C20% (available from Bekaert Fiber Technologies.,
10 Belgium, thickness: 11 gm, length: 6 mm) was used as a

stainless steesl fiber.

(C)} Carbon nanotubes
Multi-walled carbon nanotubes (C-tube 100® available
15 from CNT Co., LTD., thickness: 10-50 nm, length: 1-25 um) were

used as carbon nanotubes.

EXAMPLES 1 TO 2 AND COMPARATIVE EXABMPIES 1 TO 5
The content of each constituent component used in the
20 fellowing Examples and Comparative Examples is shown in Table
1. Respective components were mixed in accordance with the
composition in Table 1 to prepare an electromagnetic wave
shielding thermoplastic resin composition. The composition

was extruded in a double-screw extruder {L/D=35, &=45 mm) and
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20 35 (C) carbon nanotube,s M. parts) 21 -5 15 Electromagnetic wave

woshisi@ng4performance (dB) 70 80 PCT/KR2006/005852

16

the resulting extrudate was pelletized. The pellet was
injected in an injection machine (10 cz) at BOOT: to prepare a
samp.le for measurement of physical properties and
electromagnetic wave shielding performance.

The sample was left under a 50% relative humidity
aﬁmosphere for 24 hours at 23 T. Then, the electromagnetic
wave shielding . performance of the sample with a thickness of 3
mr was measured with a network analyzer (550718® available
from Agilent Technclogies Inc.) {evaluation for
electromagnetic wave shielding performance).

The notched IZ0D impaét strength (1/87) of the sample
was measured in accordance with ASTM D256, which is an
American standard test methed for determining an IZ0D impact
strength of plastics with a pendulum having a uniform weight
(evaluation for impact resistance}.

The measurement results of the electromagnetic wave

shielding performance and impact resistance are shown in Table

1 bealow.
Table 1
EX Comp. Ex.
I 2 1 2 3 4 3
{A) polycarbonate
resin 160 | 100 100 100 100 100 100
(wt. parts)
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0 50 60 5 80 1ZOD impact strength (1/8") (tgf cm/cm) 20 15 60 25 20 20

WOP2008/078847 PCT/KR2006/605852
17
(B) stainless steel fiber
10 20 - 10 20 - 35
(wt. parts)
(C) carbon nanotubes
' 2 I - - - 5 15
{wt. parts)
Electromagnetic wave
shielding performance | 70 80 0 50 60 5 80
(dB)
1Z0D impact stength
(8 20 15 60 25 20 20 2
(kef + cm/cm)

Bs can bes seen from the data in Takle 1, the samples of
Examples 1 and 2 comprising both stainless steel £fiber and
carbon nanctubes exhibited considerably improved
electromagnetic wave shielding pérformance, as compared to
those of Comparative Examples 2 to 4 comprising either
stainless steel fiber or carbon nanctubes. In Examples 1 and
2, there was hardly any deterioration in impact resistance.

Meanwhile, 'i:’r;e samples ©of Examples 1 to 2 comprising
both stainless steel fiber and carbon nanctubes exhibited
considerably improved electromagnetic wave shielding
performance, as compared to that of Comparative Examples 1
comprising neither stainless steel fiber nor carbon nanoctubes.

The samples of Examples 1 to 2, in which stainless steel
fiber and carbon nanctubes are used within a preferable
content range, hardly underwent any deterioration in impact

resistance. On the other hand, the samples of Comparative

o,



As can be seen from the data in Table 1, the samples of Examples 1 and
woA2808RRESAg both stainless steel fiber and carbon nanotubes gxhibited, - 15852
considerably improved 5 electromaggetic wave shielding perfoflance, as
compared to those of Comparative Examples 2 to 4 comprising either
stainless steel fiber or carbon nanotubes. In Examples 1 and 2, there was
hardly any deterioration in impact resistance. Meanwhile, the samples of
Examples 1 to 2 comprising 10both stainless steel fiber and carbon
nanotubes exhibited considerably improved electromagnetic wave
Eshiel i%g gerformanc,e as compared to that of Cor%g)arative Examples 1
I5in

& netthel BtanedS SR fibiSr 1767 CATBOR Hanoibed® Freout of the

Cg%@g}ﬁ s of Examples 1 to 2.in which stainless d%L?SIr%g 3:fgili:)ter and carbon,

Rarotubes are tséd within a prgf%rab?ea %éﬁtent range, hardiLyml}ndejf\IllventJL
-8y deleylarationn impactyesistanea,Op the piher and. the samples of
Comparative WO 2008/078847PCT/KR2006/005852 18 Example 5, in

which these two components are used out of the content range,
underwent rapid deterioration in impact resistance, thus being unsuitable
for practical use. WO 2008/078847PCT/KR2006/005852 19 [CLAIMS]
[Claim 1]

mpact



An eiectromanetic wave shielding thermoplastic resin composition

wWENIDISRG: 100 parts by weight of a thermoplastic resin %@fﬁ&%ﬁ@ﬂbssn
a polycarbonate resin, a polyester rggin, and a mixture thereof;

to 30 parts by weight of stainless steel fiber; and 100.01 to 10 parts by
weight of carbon nanotubes. [Claim 2] The electromagnetic wave
shielding thermoplastic resin composition according to claim 1, wherein
the thermoplastic 15 resin includes an aromatic polycarbonate resin,
which is prepared by reacting phosgene, halogen formate, or diester
9% ﬁgg e with a diphenol compound represented by Formula 1 below:

wherein A represents a single bond, C1-05 alkylene, C1-05 WO
2008/078847PCT/KR2006/005852 20 halogen; and nis 0, 1 or 2. [Claim
3] The electroMagnetic wave shielding thermoplastic resin 5 composition
[@ggording to claim 1, wherein the polycarbonate resin has a weight
average molecular weight of 15,000 to 50,000 g/mol. [Claim 4]

An electromagnetic wave shielding thermoplastic resin
5 compesition comprising: |
160 parté by weight of a thermoplastic resin selected
from a polycarbonate resin, a polyester resin, and a mixture
thereof;
1 to 20 parts by weight of stainless steel fiber; and

10 0.01 to 10 parts by weight of carbom nanotubes.

[Claim 2]
The electromagnetic wave shielding thermoplastic resin
composition according to claim 1, wherein the thermoplastic
15 resin includes an aromatic polycarbonate resin, which is
prepared by reacting phosgene, halogen formate, or disster
carbcnate with a diphenol compound represented by Formula 1

below:

20 wherein A represents a single bond, C;-Cs alkylene, (;-Cs

alkylidens, Cs-Cs cycloalkylidene, -5~ or =80~; X 1s a
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10The electromagnetic wave shielding thermoplastic resin composition

wopsEaighagy o claim 1, wherein the stainleSs steel fiber is ferritg Qi rooo6/005852
austent_ic stainless steel fiber. [Clay 5] 15The electromagnetic wave

shielding thermoplastic resin composition according to claim 1, wherein
the stainless steel fiber has a thickness of 4 to 25 gm and a length of 3 to
15 MM. 20[Claim 6] The electromagnetic wave shielding
thermoplastic resin composition according to claim 1, wherein the carbon
nanotubes are single-walled carbon nanotubes or multi-walled carbon

h%ﬁréotéjg,esanz& kQIggm JJ 7 O;_l’hgelect_romagne_tlc wave shl_eldlng
thermoplastic resin composition according to claim 1, wherein the carbon

nanotubes have a thickness of 1 to 50 nm and a length of 1 to 25 [Claim
8] A plastic article produced from the electromagnetic wave shielding
[t@fémgpgqstic resin composition according to any one of claims 1 to 7.
[Claim 9]
The electromagnetic wave shielding thermoplastic resin

composition according to claim 1, wherein the polycarbonate
resin has & welight average molecular weight of 15,000 to

50,000 g/mol.

[Claim 4]

The electromagnetic wave shielding thermoplastic resin
composition according to claim 1, wherein the stainless steel
fiber is ferritic or austenitic stainless steel fiber.

[Claim 5]

The electromagnetic wave shielding thermoplastic resin
composition according to claim 1, wherein the stainless steel
fiber has a thickness of 4 to 25 gm and a length of 3 to 1b

TN .

[Claim ©]

The electromagnetic wave shielding thermoplastic resin
composition according to claim 1, wherein the carbon nanctubes
are single-walled carbon nanotubes or mnmulti-walled carbon

nanctubes.



A plastic article comprising: a thermoplastic resin matrix made of one
selected from a polycarbonate resin, a polyester resin, and a mixture
thereof; and stainless steel fiber and carbon nanotubes, each being
dispersed in the thermoplastic resin matrix, wherein the amount of the
stainless steel fiber is 1 to 30 parts by weight based on 100 parts by
weight of the thermoplastic resin. [Ciaim 10] A plastic article comprising:
a thermoplastic resin matrix made of one selected from a polycarbonate
resin, a polyester resin, and a mixture thereof; and 22 stainless steel
fiber and carbon nanotubes, each being dispersed in the thermoplastic
resin matrix, wherein the plastic article has an electromagnetic wave
shielding performance of 60 to 90 dB, and a notched 1ZOD impact
{Claﬁt&eegth (1/8") of 5 to 30 kgf.cm/cm measured in accordance with ASTM
D256, wherein the amount of the stainless steel fiber is 1 to 30 parts by

welght baset o 260 PaRs 1y weigift ofthehermsplashie FasRastic resin

composition according te c¢laim 1, wherein the carbon nanoctubes

have a thickness c¢f 1 to 50 nm and a length of 1 to 25 um.

iClaim 8]
A plastic article produced from the electromagnetic wave
shielding thermoplastic resin composition according to any one

of claims 1 to 7.

[Claim 9)

A plastic article comprising:

a thermoplastic resin matrix made of one selected from a
polycarbonate resin, a polyester resin, and a mixture thereof;
and

stainless steel fiber and carbon nanotubes, each being
dispersed in the thermoplastic resin matrix, wherein the
amount cf the stainless steel fiber is 1 to 30 parts by weight

based on 100 parts by weight of the thermoplastic resin.

[Claim 10}

A plastic article comprising:

a2 thermoplastic resin matrix made cf one selected from a
polycarbonate resin, a polyester resin, and a mixture thereof;

and
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stainless steel fiber and carbon nanctubes, each being
dispersed in the thermoplastic resin matrix,

wherein the plastic article has an electromagnetic wave
shielding performance of 60 to 90 dB, and & notched IZ0OD
impact strength (1/8”) of 5 to 30 kgf-cm/cm measured in
accordance with ASTM D256, wherein the amount of the stainless
steel fiber is 1 to 30 parts by welght based on 100 parts by

weight of the thermoplastic resin,.



