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[ DESCRIPTION] [Invention Title] ELECTROCONDUCTI VE
THERMOPLASTI C RESI N COVPOSI TI ON AND PLASTI C ARTI CLE

woRIsohssseal Fiel d] The present invention rel aPEE/KRIOEV0SSST

el ectrically conductive thernoplastic resin
conposition and a plastic article. Mre specifically,
the present invention relates to an electrically
conductive thernoplastic resin conmposition which
enabl es realization of an electrically conductive

[bEsIRIITasfi c resin with inproved el ectrica
conductivity and a plastic article. [Background Art]

[ fhesadpinagtittef esi ns are plastics which are softened
and pl asticized by heating and are hardened by
cool i ng. Thernoplastic resins are divided into: common
pl asti cs such as pol yet hyl ene, pol ypropyl ene, acrylic,

styr enercBRROXDOYT TVESITRERMAPIASTO NSRISTRY COMSEIIGSION  AND
such as pol ycarbonat e, pol yphenyl ene ether, polyam de,

Pﬁﬁ%@ﬁ?&@ﬁﬂcgﬁd pol yi m deresins . Thernopl astic resins
are wdely utilized in applications, including various

househol d supplies, office

[Technical Field]

The present invention relates to an electrically
conductive thermoplastic resin composition and a plastic
article. More specifically, the present invention relates to
an electrically conductive thermoplastic resin composition
which enables realization of an electrically conductive
thermoplastic resin with improved electrical conductivity and

a plastic article.
[Background Art]

Thermoplastic resins are plastics which are softened and
plasticized by heating and are hardened by cooling.
Thermoplastic resins are divided into: common plastics such as
polyethylene, polypropylene, acrylic, styrene, and vinyl
resins; and engineering plastics such as polycarbonate,

polyphenylene ether, polyamide, polyester, and polyimide
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aut omati on equi pnent, and electric and el ectrica
appliances, owing to their superior processabili. by

woaengd/o7gsseabi | ity. There has been a conti nuousParKR2pi6/005857
to use a thernoplastic restn as a high val ue-added
material by inparting specific properties as well as
superior processability and formability to the
t hernopl astic resin according to the kind and
properties of products in which the thernoplastic

rds@sisn IS used. In particular, there have been various

attenpts to inpart electrical conductivity to a
t her mpphaspilest&si N, rapdnsiti | bze t hevieledgt ri aalillyized in
conductive thernoplastic resin for the applications of

agpitieaebbhes, Blacling appaialdisesusehetdr siipplies, office
assenblies, and electrical cables with el ectronagnetic

adaye s Bhekdl: Agnoer f ofimnChecchhe elRctdlictalhi¥al appliances,
conductive ‘thernoplastic resin is comonly prepared

. | i i ] i G - i
ov};lgl AN BLEST %{tl%%]ieéldr 33%%%_%516%15. E‘ﬁf&%" A5t HiN88kN  There

osition o y mxing a thernoplastic resin

ha\ésmé&%gﬁl f%?%%%%ﬁu\ﬁﬁ% gﬁ‘%én\/pec \Atzju%easa ach%%nggﬂagl:ﬁ?kreﬁn as

er, a C ‘powder, a netal coated

i.norganic powder or a netallic fiber, T
> RS P TR TS Saradt Yo areEatals: PhEry b PRaPerties
el ectrically conductive thernoplastic r%sin

A oAbt iAFealdPTI T nHEPCHES B @do QFH@JP%E%/Y to the

| ar ge anount.

thermoplastic resin according to the kind and properties of
products in which the thermoplastic resin is used. In
particular, there have been various attempts‘ to 1mpart
electrical conductivity to a thermoplastic resin, and utilize
the electrically conductive thermoplastic resin for the
applications of automobiles, electric apparatuses, electronic
assemblies, and electrical cables with electromagnetic wave
shielding performance.

The electrically conductive thermoplastic resin is
commonly prepared from an electrically conductive
thermoplastic resin composition obtained by mixing a
thermoplastic resin with a conductive additive, such as a
carbon black, a carbon fiber, a metallic powder, a metal-
coated inorganic powder or a metallic fiber. To ensure a
desired 1level of the electrical conductivity of the

electrically conductive thermoplastic resin, the conductive
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Meanwhil e, there is an attenpt to inpart superior

el ectrical conductivity to a thernoplastic resin by
wOonremngsssé car bon nanot ubes as a conducti ve addCTiKR2006/005857

However, when an electricasly conductive thernoplastic

resin is prepared by mxing a thernoplastic resin wth

carbon nanotubes and injecting the conposite resin

m xture in an injection nolding eguipnment, the carbon

nanot ubes may undergo aggregates or unexpectedly
aderirentegduetiend axssiteani ageshs sdsraidgurleirgg duoumy. t he

injection. As a result, the carbon nanotubes contai ned

in theaalkecte] cathareconducunveat herpmplast iiapaesi nsaperior

not well dispersed, thus making it difficult to ensure

e18vkhiehentoghgst {8} @@nﬂuﬁhéﬁ%%?légtﬂdﬂiesin by means of
thernopl astic resin.” [ Technical Solution] In

cat%g;%%fﬂgﬂs&e%é soraec@ﬁeﬁeu%zf fr@sent invention,
erers p a

rovided an electric y conductive

e R 5 TR B R0y i

part > A of At ernoﬁ1 c resin;
parts i ght of b t ubes; , . .
A SeLpaEeah B SEORD AoORE Y, BebhouOn carvon
el ectricall conducti ve thernopl astic . . .
nPESURES ] t LORCCEHE ¢ P mUpPRSERCor T ey pare 0 an

~selected from ,
injection molding equipment, the carbon nanotubes may undergo

aggregates or unexpectedly oriented due to shearing stress
occurring‘ during the injection. As a result, the carbon
nanotubes | contained in the electrically conductive
thermoplastic resin are not well dispersed, thus making it
difficult to ensure sufficient electrical conductivity of the

thermoplastic resin.

[Technical Solution]

In accordance with one aspect of the present invention,
there is provided an electrically conductive thermoplastic
resin composition comprising: 80 to 99 parts by weight of a
thermoplastic resin; 0.1 to 10 parts by weight of carbon
nanotubes; and 0.1 to 10 parts by weight of an organo
nanoclay.

In the electrically conductive thermoplastic resin
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pol yacetal, acrylic, polycarbonate, styrene,
pol yester, vinyl, polyphenyl ene ether, polyolefin,

woaesresdd t ri | e- but adi enestyrene copol ynmer, poP@aiKR2ei6e)5857

pol yani de, pol yam de inide4 polyarylsulfone, polyether
i m de, polyethersul fone, polyphenylene sulfide,
fluorine, polyimde, polyetherketone, polybenzoxazole,
pol yoxadi azol e, pol ybenzot hi azol e, pol ybenzi nm dazol e,
pol ypyri di ne, polytriazole, polypyrrolidine,

cd%@d%ﬁt@@ﬁ?0“3&&“th@ﬁh@§ﬂﬁ§ﬁﬂ@e rpolyumnes, be selected from
pol yphosphazene, liquid crystal polyner resins, and a

pdyy%@eiﬁﬁr Qér§ﬂi@l“ﬁ%ﬂ§@%&@@ﬁatghesﬁi&ﬁﬂﬁ@pk@&@b@téesIﬁlnyl
may i ncl ude a polycarbonate resin, and the

pé%ﬂ?%%QQ“%H@teeiﬁﬁgr f%?f@ff%ronaéé Reliveankopat 8diene-

i ch is prépared by reacting p osgene hal ogen

f
styo[ﬁlgegg%% &%}B“E%Li%uﬁ%tﬁ% %Hgdr%hi epr st ggrglde'
1
BT SO, 0 e
Poryedbsa S0 T IR L Bt B e,

ght of 10,000 to 200,000 g/piol. In the
Pcé,llyé@ﬁlrzioéélzpifeconduct PQ%Y?WJIﬁj%lﬁst ic rediqlybEpgothiazole,

polybenzimidazole, polypyridine, polytriazole,
polypyrrolidine, polydibenzofuran, polysulfone, polyurea,
polyphosphazene, liquid crystal polymer‘ resins, and a
copolymer or mixture thereof.

The thermoplastic resin may include a polycarbonate
resin, and the polycarbonate resin may be an aromatic
polycarbonate resin, which 1is prepared by reacting phosgene,
halogen formate or diester carbonate with a diphenol compound

represented by Formula 1 below:

X n Xn
HO OH

N\ 7 "\~

wherein A represents a single bond, C;—-Cs alkylene, Ci-Cs
alkylidene, Cs-C¢ cycloalkylidene, ~-S- or —502-; X 1is a
halogen; and n is 0, 1 or 2.

The thermoplastic resin may include a polycarbonate
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car bon nanot ubes may be single-walled carbon nanot ubes

or nulti-walled carbon nanotubes. The carbon nanot ubes
wouneng/ohgsse a di aneter of 1 to 50 nm and a | engP@T&R2006005857

to 10 nm. The carbon nanof ubes nmay have an aspect

ratio of 100 to 1,000. In the electrically conductive

t hernopl astic resin, the organo nanoclay nay be an

organi c-nodi fied |l ayered silicate having the distance

bet ween adj acent layers of 9 to 14 A . The | ayered
resiihi ¢atvéngay beisgltectved abjromatentireri kWeaghteof 10,000 to

hectorite, bentonte, saponite, nagadiite, synthetic
20,080 @ngor. M xture thereof. The organo nanoclay may

be a layered silicate which is organic-nodified with

an orgarhe phesphat£l BOf AAPUILURES@hbraupsistid ek, h the
a Cl2-C36 al kyl group or an aromatic group. In

caB66ar danes wMkh anet her aspecd-.of 1the @é@é&nlt nanotubes or

invention, there I's provided a plastic article

mu?%ggﬁ%ggeéréH?%J%En%hSEEEégglly conductive

astic resin conposition. In accordance wth

yet ot her, aspect of the present .inyvention, there i
! oviied B Br Aetreo BT I K e & ni ok Cherogl a6t 1E ™
resin; and carban naniéubes and an organonanocl ay

angi 8peraetl it thdlt kér rdpthstic resin.

The carbon nanotubes may have an aspect ratio of 100 to
1,000.

" In the electrically conductive thermoplastic resin, the
organo nanoélay may be an organic-modified layered silicate
having the distance between adjacent layers of 9 to 14 A.

The layered silicate may be selected from
montmorillonite, hectorite, bentonite, saponite, magadiite,
synthetic mica, and a mixture thereof.

The organo nanoclay may be a layered silicate which is
organic-modified with an organic phosphate or ammonium salt
substituted with a Ci12-Cz¢ alkyl group or an aromatic group.

In accordance with another aspect of the present
invention, there is provided a plastic article produced from
the electrically conductive thermoplastic resin composition.

In accordance with yet another aspect of the present
invention, there is provided a plastic article comprising: a

thermoplastic resin; and carbon nanotubes and an organo
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Details of other aspects and exenpl ary enbodi nents of

the present invention are enconpassed in the follow ng
woOdensarsssa description. [Best Mde] Now, the pPESER2006/005857

invention will be describee in nore detail wth

reference to the foll ow ng Exanpl es, such that those

skilled in the art easily practice the present

i nvention. These exanples are provided only for

illustrating the present invention and should not be

naGRRIbRUEDsBSrsddriiln net hResaopEasnit spisint of the

present invention. According to one enbodinent of the

presejd sinkendd afshdrhesods Provd dededpl £ ecembedinants of

conductive thernoplastic resin conmposition conprising:

£ 130 %ﬁf%%nﬁarﬁﬁngtfﬁﬁghiréﬁ ehddamephbasthc £Bsi Nfo0ldwing
to 10 parts by weight of carbon nanotubes; and 0.1 to

Q .part ' of an organo nanoclay. A s
de ale%d 3 Qég%@%gﬂﬁh

escribé e electrically conductive
t hernopl astic resin conposition conprises organo
nanocgay, in addition to carbon nanot ubes.
Accordingly, during injection of the resin
[Bﬁﬁﬁa QF'on, t he organo nanocl ay prevents the carbon
nanot ubes from bei ng unexpectedly oriented and
enabl est he car bon nanot ubes to be uniformy dispersed

in the
Now, the present invention will be described in more

detail with reference to the following Examples, such that
those skilled in the art easily practice the present
invention. These examples are provided only for iilustrating
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,
there is provided an electrically conductive thermoplastic
resin composition comprising: 80 to 99 parts by weight of a
thermoplastic resin; 0.1 to 10 parts by weight of carbon
nanotubes; and 0.1 to 10 parts by weight of an organo
nanoclay.

As described  above, the electrically conductive
thermoplastic resin composition comprises organo nanoclay, in
addition to carbon nanotubes. Accordingly, during injection
of the resin composition, the organo nanoclay prevents the

carbon nanotubes from being unexpectedly oriented and enables
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t hernmopl astic resin. Thus, in a case where even a

smal | amount of the carbon nanotubes is used as an
woaadiorgsse, the carbon nanotubes can inpart coReT/ER2eIsI005857

el ectrical conductivity to7the thernoplastic resin

after injecting. In addition, the relatively reduced

content of carbon nanotubes inhibits deterioration of

t he basi c nmechani cal properties of the thernoplastic

resin caused by the inclusion of excessive carbon

tHRaNnAaubhes . nkeceiad t etq asch wantrintlyentlicpapse@nt irof the
the el ectrically conductive thernoplastic resin

?&hbt@@ wdslinbe deses) bed ian dekai lwherBheeven a small
elec rically conductive thernoplastic resin

anftRPROSI | O Cerﬂ%éﬁ'eﬁaﬁ@tﬁ}g’esgglﬁ’aﬁgédb)és\’\@irghéd@jftlare, the
thernoplastic resin. Any thernoplastic resin nmay be

cé%%g% g%éEuBQ¥ pa&éﬁCU|fﬁ d44m tatd N $9.L9Ry a%lé&trlcal

'e " to extrusion or I nj ect1on nol ding.

”aeg{ge' g9tie. GO, &%B%gw@e%%p!a@éémny@atp@g In

erefn rcular Timtat
LGP 21 05 LB AR LT B3 POLUCES. . ranorubes
lnhlbligtiktegag¥ation of the basic mechanical properties of
the thermoplastic resin caused by the inclusion of excessive
carbon nanotubes.

.Hereinafter, each constituent component of the
electrically”conductive thermoplastic resin composition will
be described in detail.

The electrically conductive thermoplastic resin
composition comprises 80 to 99 parts by weight of a
thermoplastic resin.

Any thermoplastic resin may be used without any
particular limitation so long as it is applicable to extrusion
or injection molding. All  thermoplastic common and
engineering plastics may be used herein without any particular
limitation.

Examples of the thermoplastic resin includes polyacetal,
acrylic, polycarbonate, styrene, polyester, vinyl,
polyphenylene  ether, polyolefin, acrylonitrile-butadiene-

styrene copolymer, polyarylate, polyamide, polyamide imide,
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pol yphenyl ene et her, polyolefin,
acrylonitrile-butadi enestyrene copol yner, polyaryl ate,

wOpaisp7essd de, pol yam de i m de, pol yaryl sul f one, PODIKR20(s05857

i m de, polyethersul fone, p®lyphenylene sulfide,

fluorine, polyimde, polyetherketone, polybenzoxazol e,

pol yoxadi azol e, pol ybenzot hi azol e, pol ybenzi m dazol e,

pol ypyri di ne, polytriazole, polypyrrolidine,

pol ydi benzof uran, pol ysul fone, pol yurea,
odiglayphesphazene, apdliégued crystatepol ymaolyeshassulfone,

addition, the thernoplastic resin nay be used as a
popbkyiFREner stilXtideg tfeoedhe, Condiydeitag ployyetherketone,

properties of the electrically conductive

pdiReereBkasbis, resi n perpesidiaier, the typayoknpoodigtole,
applied, preferred exanples of the thermoplastic resin

pd%?ﬂeﬁqgmLQHEOEEe not |inbbedplpiaped yolefin resipsriazole,
cted fron1po|yethy|ene polypropylene

péig%?r%gﬁ &iﬂgl agﬁhﬁg?b&ﬁf%%&@gﬁ' angof§§ﬂifﬂﬁ% ”EtEMiyurea,

acry ate resi ns, styrene resi ns,

; a%hg?%?’e? %@ga?atﬂéfyi%hﬁ;ﬁs LR, govine. 1o
%10;#}5 0 e R DAL s AN B HEALDORALE L eBLBS1 ymex

of yester- an

| yam de reS|ns suitable as the thernnplastlc resin
ORMWHXtHéegFU%ﬁe%%Telnafter

Considering physical properties of the electrically
conductive thermoplastic resin compésition or the type of
product applied, preferred examples of the thermoplastic resin
include, but are not limited to: polyolefin resins selected
from polyethylene, polypropylene, ethylene-vinyl acetate
copolymer and ethylene-methyl methacrylate copolymer resins;
styrene resins; and engineering plastics selected from
polyamide, polyester (e.g., polyethylene terephthalate and
polybutylene terephthalate), and polycarbonate resins.

A full detail of polycarbonate, polyester and polyamide
resins suitable as the thermoplastic resin will be given
hereinafter.

First, the polyamide resin may be used as the
thermoplastic resin.

The polyamide resin may be a common polyamide resin

well-known in the art. More specifically, the polyamide resin
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First, the polyam de resin may be used as the
t hernopl astic resin. The polyam de resin nay be a
WO cansroossspol yam de resin wel |l -known in the art PCMKR2006/005857
specifically, the polyanide resi nmay be a Nylon resin
sel ected from pol ycaprol actam (nylon 6), poly
(11- am noundecanoi ¢ acid) (nylon 11), poly
l auryl l actam (nyl on 12), pol yhexanet hyl ene adi pani de
(nylon 6,6), polyhexaethylene azelanm de (nylon 6 , 9 )
nay R yhexdehhylkena sebacasd derdmydarycdptO)lacaad (nylon 6),
pol yhexaet hyl ene dodecanedi am de (nylon 6,12) . In

pdyyﬂfﬂﬂnamihagna@ba@@a@eaéﬁ§in(ﬁyyo@elyﬁﬁdpaﬁyalauryllactam
copol ynmer thereof, e.g., nylon 6/6,10, nylon 6/6,6, or

(fmlan 646,12, AbigldabictelYenthe polyatide resinonvy ¢,6),

e used as a m xture thereof. The pol yam de resin nmay

e B Lbte MSSRLIY Oofigd 8,15 Bl ghton

ecul ar wer ght of

séguaaﬁgb%ggkagPﬁe%iTO ??%Qghgé§§§§| %ﬁ}%%QQOQQQQSSngﬁighide

-Kho n the art and

merci gl | bt aj ned. _Th i -

BRI 08 Lo PR TR YGRS oo o
: ' Kol on ' _

o ot hoSEabt i onratets B Pkl B B b myon

Folyester resin may be used as the ,
6/6,12 Alternatively, the polyamide resin may be used as a

mixture thereof.

The polyamide resin may have a relative viscosity of 2.4
to 3.5 and é weight average molecular weight of 20,000 to
100,000 g/mol. The polyamide resin can be prepared in
accordance with any method well-known to those skilled in the
art and commercially obtained. The commercially obtainable
polyamide resin includes, but is not limited to, KN-120®
(available from Kolon Industries, Inc.) and 1021® (available
from Rhodia Inc.)

Second, 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
is obtained by polycondensation of dicarboxylic acid and a
dihydroxy compound. There 1is no limitation as to the

preparation method of the polyester resin. Accordingly, there
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thernopl astic resin. The polyester resin nmay contain
an ester linkage in a polyner chain, and be nelted by
woOhemtorssgo The pol yester resin is obtained by PCT/KR2006/005857
pol ycondensati on of dicarhboxylic acid and a di hydroxy
conpound. There is no limtation as to the preparation
nmet hod of the polyester resin. Accordingly, theremay
be used a pol yester resin prepared by enpl oyi ng any
met hod wel | -known to those skilled in the art. In
madddiet ueed anyoppdstest eesiespnepsurrh kgs eapioydpgl yegtezthod
or copol yester resin, nmay be used w thout any
wePakkhewhard i thdas | erilldd rdn tdhe peottycar hanatdlitesing any
may be used as the thernoplastic resin. Exanples of

pdiRespekysasbonahiey @Sl B ABYopOLyeste: AbraemBléster resin,
pol ycarbonate resin, which is prepared by reacting

maRNBS98BE. HALIQIRN £Qf PR cQTadiestiehtg¢anbonate with a
i phenol conpound reépresented by Fornula 1 bel ow

wherein A :: e 0, . O | kyl

ST BRI B S e e

; X is_a_hal ogen; d is 0, 1 2 . Ex I f
thFﬁ@oﬁiﬁﬁgh%ln%%ﬁboﬁﬂd gflgornula 2rincludearrp =0

hydr oqui , inol, 4 4 ' -di hyd di ph 2

rydhaguiagne, 1ESSLelnoly, oy PUILOAPN R a2

(4- hydr oxyphenyl )-2- , , , ,
aromatic polycarbonate resin, which is prepared by reacting

phosgene, halogen formate, or diester carbonate with a

. diphenol compound represented by Formula 1 belbw:

(Xn Xn
HO OH

N\ / TN\ 7

(1)

wherein A represents a single bond, C;-Cs alkylene, Ci1-Cs
alkylidene, Cs-Cs cycloalkylidene, =-S- or -30;-; X 1is a
halogen; and n is 0, 1 or 2.

Examples of the diphenol compound of Formula 1 include
hydroquinone, resorcinol, 4,4’-dihydroxydiphenyl, 2,2-bis-(4-
hydroxyphenyl) -propane, 2,4-bis- (4-hydroxyphenyl)-2-
methylbutane, 2,2-bis-(3-chrolo-4-hydroxyphenyl)-propane, 2,2-
bis- (3, 5-dichrolo-4-hydroxyphenyl) -propane and 1,1-bis-(4-
hydroxyphenyl)-cyclohexane. Of these, preferred are 2,2-bis-

(4-hydroxyphenyl)-propane, 2,2-bis-(3,5~dichrolo-4-



met hyl but ane, 2 ,2-bis- (3-chrolo-4 -hydroxyphenyl)
- propane, 2,2- bis- (3, 5-dichrol o-4-hydroxyphenyl)
wo2msopesie and |, | -bi s-(4- hydroxyphenyl) -cycPODERaNS/005857
O these, preferred are 2,12-bi s- (4 -hydroxyphenyl)
-propane, 2 ,2-bis- (3, 5-dichrol o-4-hydroxyphenyl
)-propane , and 1 , 1-bis- (4-hydroxyphenyl) -
cycl ohexane. More preferred is 2 ,2-bis-
(4- hydr oxyphenyl) - propane, also called as
hydricsqybeRoy: A-gBRA)e, The podycar bbnhatlel sedi-hyvhaexgohenyl) -
wei ght average nol ecul ar wei ght of 10,000 to 200, 000
cyifImblexapeef er abky, Abe Mrddd 86, 0PO2-¢bimi (4-Tiyelroxiyshemyl) -
limtation as to the type of the polycarbonate resin.

pfd@fan%xaﬁ'@% cde=pelsy canbprahel +&sigparey, be a |inear
branched pol ycarbonate resin, or a

p0|yQ§k§ﬁﬁﬂﬁkgﬁﬁkﬁa58p95¥ﬂﬁrh&@sbnweIaﬁthQBQBQg molecular
pol ycarbonat'e resin nay be prepared by using 0.05 to 2

5 é%hé’ of ra {d igooor tgOrS d Waet | gagby (i peeferably, 15,000 to

yfunctional) cofpoun e.g., a tr|-
ti phenol conpound based on the total nol e of
8qﬁgﬁﬁﬁgﬁ§%ol compound. The pol yest er-carbonate

copo resin _nay r pared Ql J zi
polﬁgiﬁﬁgnaﬁg |ﬁK%héEHFg: ence off anﬁés¥g${pre %or0f  the
such as |carbox i ¢ acid. The ester-c rbo

OB PRBRE PoEPpL iy e GEBEPLE oY 1 L eGRBL B P B maY

with a pol ycar bonat e.
be a linear “or branched polycarbonate resin, or a polyester-—

10 carbonate copolymer resin. The branched polycarbonate resin
may be preparéd by using 0.05 to 2 mol% of a tri- or more
functional (i.e., polyfunctional) compound, e.g., a tri- or
more functional phenol compound, based on the total mole of
the diphenol compound. The polyester-carbonate copolymer resin

15 may be prepared by polymerizing polycarbonate in the presence
of an ester precursor, such as dicarboxylic acid. The
polyester—-carbonate copolymer resin may be used singly, or in
combination with a polycarbonate.

As the polycarbonate resin, there may be wused a

20 homopolycarbonate or copolycarbonate resin, or a combination

thereof without any particular limitation.

As mentioned above, suitable examples of the
thermoplastic resin include, but are not limited to,

polycarbonate, polyester, and polyamide resins. The
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As the polycarbonate resin, there may be used a

honopol ycar bonat e or copol ycarbonate resin, or a
wocanshirssao i on t hereof without any particul ar | PaT/KR20005857

As mentioned above, suitahbke exanples of the

t hernopl astic resin include, but are not limted to,

pol ycar bonate, polyester, and pol yam de resins.

Theconposi tion and preparation nmethod of each

thernmopl astic resin are already well-known to those

cutddsliedohnahdeppddardianwhekBodt b8 @ @ctthegabbyastic resin
conductive thernoplastic resin conposition nmay further

a P88y CAE DO RROtbesosdhek CErkon hanet ubes
exhi bit a superior nmechanical strength, a high initia

Youngs, iRdubus, 1 gnd & darge aspector@idto Rasededhoplastic
their inherent structural characteristics. In

ré§¥#téo OFEQ§0§S%??Cfﬂ?@ﬁgyb&%g?ﬂ%% HEOhanotubes. The

ectrical con Ity and t mal conductivity, as

c%ﬁéﬁ%gé%b?e%?%ﬁ%ﬁ% ggl upMi gh iér?ecq{a%ﬁlcgieg%f;r%ngth, a

rircan Scienti st,

©(1997),, 324-337, ,and ssel haus, . S, et al_ ...

niET eifbid G ROTPS! BnBeSHNE CaPHonE NRBET bBSEoaoBaj Lo Pased
San Di ego, Academ c Press, 902-905. Also, the carban,

ohahkbeimednRavent 6ERSFFe &t r BRBEACHITEoGE 10 Ifiﬁaaltlon’
as large as that of steel and a wei ght of one sixth, as

thanlarbes PRAPLERRY dotve PSR 1PE Bi ectosed iGvDARGFeW ty and

R, et al., Macronol . Mater. Eng., 287,
thermal conductivity, as compared to copper and gold, which is

‘disclosed in Yakobson, B. I., et al., Americaﬂ Scientist, 85,
(1997), 324-337; and Dresselhaus, M. S., et al., Sdience of
"Fullerenes and Carbon Nanotubes, (1996), San Diego, Academic
Press, 902-905. Also, the carbon nanotubes have a tensile
strength of about 100 times as large as that of steel and a
weight of one sixth as small as that thereof, which is
disclosed in Andrew R., et al., Macromol. Mater. Eng., 287,
(2002), 395-403; and Kashiwagi T., et al., Macromol. Rapid
Commun. , 4, (2002), 761-765. Based on the inherent
characteristics of the carbon nanotubes, even a small amount
of the carbon nanotubes contained in the thermoplastic resin
composition can impart superior electrical conductivity to the

thermoplastic resin.
Carbon nanotubes have a structure in which carbon atoms

are arranged in a predetermined configuration to form an empty
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(2002), 395-403; and Kashiwagi T., et al ., Macronol.
Rapi d Commun., 4 , (2002), 761-765. Based on the
WO RMArERI0 characteri stics of the carbon nanot ROBKR2606605857

a small anmount of the carhbdn nanot ubes contained in
the thernoplastic resin conposition can inpart
superior electrical conductivity to the thernoplastic
resin. Carbon nanotubes have a structure in which
carbon atons are arranged in a predeterni ned

twgenfiguration to forman enptytube . Carbon nanot ubes
are divided into single-walled carbon nanot ubes,

doublermrinl edreaiben BRarotukescandniyl sinyakhedl tad besrbon
nanot ubes, based o n the wall nunber constitution

nddigneet, ARYused-hpn 1RaNoL4PeSH MAMnBLabes i ldredmiu18ithgl led
el ectrically conductive thernoplastic resin

c&ﬁ&%PSb%§8EuMé§PO%&nﬂﬁy Q@Ftkﬁg|a&aiirﬁﬁ&ﬂﬂé¥1 cEREBOPuL ion

nanot u ave a circunference o f a n atonmic scale

tﬁ%%%g%.diaqﬁﬁ g #éﬁbd%evﬁrgégﬂ?%%SQE%ésl&gggﬁﬁﬁé?ed in the

several ten nanone or e

singl.e-wal | ed_carbon_nanot.ubes have.a di ter 4
e%eéyzfﬁﬁﬁﬁ¥1 pr et &gy, Oﬁgeﬁmqgﬁ%°§%§ Cd? dﬁlnaggﬁaggétlon

o f the present inventiagn have a dianeter of 1t o5
Wit 6P§f8?5§ﬁ§€lﬁFt §1535 8 and a length o f 0.01

t o1 0 jCifli, preferably, 1t o1 0 /ffli. Based,o n
t he Cargon nanotgbes have)g circumference of an atomic scale

and a diameter of several nanometers (nm) to several tens of
nanometers (nm). For example, single-walled carbon nanotubes
have a diameteriof 0.4 to 100 nm, preferably, 0.7 to 5 nm.

Carbon nanotubes of the present invention have a
diameter of 1 to 50 nm, preferably, 1 to 20 nm, and a length
of 0.01 to 10 um, preferably, 1 to 10 um. Based on the
diameter and length, the carbon nanotubes may have an aspect
ratio (L/D) of 100 or more, preferably, 100 to 1,000.

The nano-scale diameter of carbon nanoctubes puts
restrictions on electron motion in the circumference
direction, thus causing a so-called “low-dimensional quantum
phenomenon”. Such a low-dimensional quantum phenomenon may be
greatly varied depending upon the rolled type of carbon
nanotubes. For this reason, carbon nanotubes can exhibit
superior electrical conductivity compared(able) to metals or

semiconductors. Accordingly, the carbon nanotubes contained
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di anmeter and | ength, the carbon nanotubes may have a n
aspect ratio (L/D) o f 100 o r nore, preferably, 100 t
WwO0QoaB/008830 The nano-scal e dianeter o f carbon PENKR2BH0SEST

puts restrictions o n eleatron notion i n the
circunference direction, thus causing a so-called
"l ow di nensi onal quantum phenonenon”. Such a

| ow di mensi onal quant um phenonenon nay b e greatly
vari ed depending upon the rolled type o f carbon

innanet ubestri&orl it hichdeasos, thartasl axniat wkesncaomposition
exhi bit superior electrical conductivity conpared

cak@Bhglrt 0148818110 bn8aAt CONBYCIORSe tAceREILANM N resin.
t he carbon nanot ubes containedin the electrically

cond%&mﬁ t Bsg@@ﬂ@t | £-d €SI Ph1GUPGSHL | g?i caRcLEPaEtarge,

el ectrical conductivity to the thernoplastic resin.

pycftll)ﬁgzggg?gnf%suebres a%%?t?&q,t h 'azs‘la'n% b}ﬁnﬁgﬁéé&s %ﬁ@@all vapor

) aser abl'atroh, pl'asma enhanced chem ca

vapor .depos;j { | (PECVYD). _, thernmal. chem a Cy
d%ﬁ?ﬁégﬁ?Pon,(égqg@?rol§%§%£ma&r f?%ﬁﬂ%%?&nthg |%§l ﬂggg%%%?lon'
“there_is nolimtation as to the synthesis nethod of.
el TeAYBoRr natot dﬁég‘.e ACEBH gy, c%?%%‘ﬁe%angigﬁﬁgs ts no
synt hesi zed by enpl oyi ng any nethod may be used for
ligiEasiert #F chP | §he ohidrdEsts Iflfh*‘em%mfasttyfﬁec CpEdPR nanotubes.

conposition wi thout any particular Iimtation. The,
Acsarbdénghnotagsbsnf orandaladser ppTRTI7e% eBY n employing  any

method may be used for the electrically conductive
fhermoplastic resin composition without any particular
limitation.

The carbon nanotubes for the thermoplastic resin
composition are used in an amount of 0.1 to 10 parts by
weight, preferably, 1 to 5 parts by weight. The content of
carbon nanotubes ensures an adequate balance of mechanical
properties and thermal conductivity of the thermoplastic
resin. An amount of carbon nanotubes less than 0.1 parts by
weight makes it difficult to ensure that the thermoplastic
resin prepared from the electrically conductive resin
composition has the desired level of electrical conductivity.
An amount of carbon nanotubes exceeding 10 parts by weight
causes deterioration in mechanical properties of the
thermoplastic resin.

The electrically conductive thermoplastic resin
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conposition are used in an amount of 0.1 to 10 parts
by weight, preferably, 1 to 5 parts by weight. The
WO eastogssso of car bon nanot ubes ensures an adequBCEKR2006/005857
bal ance of nechani cal propérties and therma
conductivity of the thernoplastic resin. An anount of
carbon nanotubes less than 0.1 parts by wei ght makes
it difficult to ensure that the thernoplastic resin
prepared fromthe electrically conductive resin
comprpositn ordnasithe desianed hevetlaf, efactaddigiion to the
conductivity. An anount of carbon nanotubes exceedi ng
thi@mpplasthy weisght aralsekedeteatbionr atdmstilresnechd@hiecatrgano
properties of the thernoplastic resin. The
na@bethlyi Cadil yaeanducbiryeni beficmi iast ileyeesdnsoposid.i on
conpri ses organo nanoclay, in addition to the
t her mpRl 8sthgo residtiand cbheacasdom nanothbesopldbeic resin
organo nanocl ay indi cates an organi c-nodified | ayered

cx%%bgﬁéifgs}P@v@ﬁgéth%an9§&§¥uﬁpnéﬁi%%%rb athén of carbon

er nop C resin conposition prevents fhe tendency

na%.tagggeggl}i Qn, otnggl;;gg{gcglgnggggsﬁtgzm %%P%ﬁégﬁééf the

orientati on and éena on nanotubes to

uni form I spersed in the thernoplastic resi during
4 Fgcti?%%ékﬁﬁéﬁ th oﬁﬁanouﬁﬁg8gﬁg¥ inJ§¥§EF%UMAt£# the

tﬁg%&?gg?ggfggg%§%%¥fc §§£§$d{4ﬁ§é€%i%%?ateﬁ%ﬂgyrogﬁgergrgano

nanoclay interacts with carbon nanotubes, thus leading to
greater | improvement in thermal conductivity  of the
thermoplastic résin. As a result, even a small amount of the
carbon nanotubes can impart considerable electrical
conductivity to the thermoplastic resin.

The electrically conductive thermoplastic resin
composition comprises not conventional nanoclay, but organo
nanoclay, i.e., an organic-modified layered silicate. Since
nano-scale layered silicate is basically hydrophilic, it 1is
non-miscible with a hydrophobic polymer, e.g., a thermoplastic
resin, thus undergoing a reduction in dispersibility.
Accordingly, organic-modification imparts hydrophobicity to
the nano-scale layered silicate, thereby improving not only an
intercalation capability of the silicate in a polymer chain,
but dispersibility thereof in the thermoplastic resin. Hence,

the organic-modified layered silicate <can be uniformly
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thernoplastic resin. As a result, even a small anount

of the carbon nanotubes can inpart consi derable
woebmserssseal conductivity to the thernopl asti cPCE&IR2006/005857

The el ectrically conductive thernoplastic resin

conposition conprises not conventional nanoclay, but

organo nanoclay, i.e., an organic-nodified | ayered

silicate. Since nano-scale layered silicate is

basically hydrophilic, it is non-mscible with a
dikydrephpbittiepebyneitagngng ahechedempieast Leveksiod, physical

undergoing a reduction in dispersibility. Accordingly,
prepaanies modi(fl.gatl i on Jdlrpattsabydr ephabtecivytyo thef the

nano-scal e | ayered silicate, thereby inproving not

tneRh¥p@hst Nt eFLalation capability of the silicate in a
pol ymer chain, but dispersibility thereof in the

therggggﬁgtiﬁaﬁgéi hﬁpCQthQ%lgggaBEQpQPgﬁfi@g organic-

| ayered silicate c be uniform ydi spersed, thereby

obtai ni.ng the desjred .l evel .of_.physical praoperties;.
ne e A B e 1y oy Sthe "Thar ol Ko et

‘resin. Organo narioclay is typically prepared, by_ .
besiigsRi &t FP?Fnaageﬁéndﬁéc%IéoléVLréd si'§cggé5¥§&Wﬁg the
the di stance between adjacent |ayers of 9 to 14 A . At
lagygiredt iste lcehe INaperdd %V??%ﬁ%edh%%e%%faQQrggeﬂm or Less,
di ameter of 50 //mor less, preferably, 25 jmor _|ess,
prﬁﬁﬁéablgfeQ%umypr1@eﬂ$oﬂmpgg§gefﬁéably, 10 gm or less. The

layered silicate, which satisfies these requirements and is
tﬁus suitable for use in the organo nanoclay, 1is selected from
montmorillonite, hectorite, bentonite, saponite, magadiite,
synthetic mica, and a mixture thereof.

Alternatively, the organo nanoclay 1is prepared by
organically modifying a layered silicate with an organic
phosphate or ammonium salt substituted with a Cp2-C3s alkyl
group or an aromatic group. Furthermore, it is most
preferable to use organo nanoclay prepared by organically
modifying = montmorillonite with an organic phosphate or
ammonium salt substituted with a Ci,-C3¢ alkyl group or an
aromatic group. In this case, the montmorillonite undergoes a
change from  hydrophilicity to hydrophobicity, thereby
realizing a uniform dispersion in the thermoplastic resin and
optimum physical properties of the resin.

The content of the organc nanoclay used 1in the
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| ayered silicate, which satisfies these requirements
and is thus suitable for use in the organo nanocl ay,

woRresgesssect ed from nontnorill onite, hectorite, POBKRING6®HISSS7

saponite, nmagadiite, synthetic mca, and a m xture
thereof. Alternatively, the organo nanoclay is
prepared by organically nodifying a layered silicate
with an organi c phosphate or anmoniumsalt substituted
with a Cl2-C36 al kyl group or an aromatic group
elRtirieantye contiucsi wste pref evmdp =l tionusies dr ganw 10 parts
nanocl ay prepared by organically nodifying
b ORENBRE | | ONfie Wrihnan remganko phwusehat eedbasmoatfiltient
salt substituted with a C12-C36 al kyl group or an
1 QR ReE 9 QP 1 4Bt bS] CaSRudte Nt HBT ithkOntdfin, while
under goes a change from hydrophilicity to
cARAIOPhART Cidder ddiekab 10l irddind i TOrspdlisipgy shen the
In the thernoplastic resin and opti num physica
~qperties of the z esin . The content of the organo
nanocl ay used in theelectrically conductive resin
conpasition is 0.1 i .The .or -
nanogﬁgyn%%ﬁﬁﬁﬁﬁy’e%é Iége§?¥§§?£?¥Vﬁﬁéﬁ%ﬁﬁ;ﬂ%ﬂﬁﬁe%ﬁgglaStlc
el ectrical conductivity of the resin, while causing no
EQRAErIBFRST AT n L HELRERI CATPDISert dSEar < Reoresth: 9/

I f necessary, the electrically conductive
a t KePRDPY agdfpact modifier selected from a core-shell graft

copolymer, a silicone polymer, an olefin polymer, and a
mixture thereof. When such an impact modifier is contained in
the resin composition, rubbery particles are dispersed in the
thermoplastic resin, thus enabling an improvement in the
physical properties (e.g., impact resistance) thereof. The
specific composition and preparation method of each rubbery
impact modifier are already well-known to those skilled in the
art.

The electrically conductive thermoplastic resin
composition may further comprise an additive suitable for a

targeted use, in addition to the fore-mentioned constituent

components. Examples of the additive include wvinyl
copolymers, lubricants, release agents, plasticizers,
nucleating agents, stabilizers, modifiers and inorganic
additives.

The electrically conductive thermoplastic resin 1is
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resin conposition further conprises an inpact

nodifier, e.g., a rubbery inpact nodifier selected
wobRewrorgseor e- shel | graft copol ynmer, a sili conBCp&IR2O@I0NS857

an ol efin polyner, and a m8xture thereof. Wien such an

i mpact nodifier is contained in the resin conposition,

rubbery particles are dispersed in the thernoplastic

resin, thus enabling an inprovenent in the physica

properties (e.g., inpact resistance) thereof. The
prepaeklii cogonpasidritdenand peepadat i ampretsiod : of meathy  each

rubbery inpact nodifier are already well-known to
conReseuskt | legpbiehhe tar tprepli® ehrectlecallyakiondocthdweive

thernopl astic resin conposition may further conprise
th%&meg%&ty@ s&i bk §nd i 18 ohar gebedelseext Puddd) titen resin

to the fore-nentioned constituent conponents. Exanples
cdiboble; AUl Ve, | Dl HAg ] NYh GARGLY BRIyt Bl GAng foduced

r Ieafe_agents, pfast|C|zers, nucl eati ng agents,

sta i zer i-fjer ] ' Lt .. The
:ﬁEngbFi%g ?@r%%%&ﬁtgpége?ﬂé?ﬁg% asf%%%%ggﬁn¥?§%?épared

by caonventi onal methods ,conprising: m.Xxing.ea

cons@FFGéﬂ%ngonﬁﬁhen?n?EP%£2p§ o%ﬁ“%ﬂéct??caﬁﬁf present
. conductive_ thernoplastic resin_copposition: and
inventignrt r GOPRY ﬂﬁepF8¥F§e€oﬁp5§?Fggﬁ Fﬁkéﬁl%X?F?QﬁﬁqdﬁFrom

plastic article is produced _ , o
the electrically conductive thermoplastic resin composition.

More specifically, the plastic article may comprise a
thermoplastic resin matrix, and carbon nanotubes and organo
nanoclay, each being dispersed in the thermoplastic. resin
matrix.

The plastic article exhibits more enhanced electrical
conductivity based on an interaction between the carbon
nanotubes and the organo nanoclay which prevents the carbon
nanotubes from being unexpectedly oriented and enables an
improvement in the degree of dispersion. In particular, the
enhanced electrical conductivity may be maintained after the
injection molding.

Thus, the use of the carbon nanotubes even in a small

amount can impart considerable electrical conductivity to the

thermoplastic resin. In addition, even a small amount of the
carbon nanotubes can inhibit deterioration of the basic

mechanical properties of the thermoplastic resin caused by the
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fromthe electrically conductive thernoplastic resin.
Accordi ng to anot her enbodi nent of the present

woRens@ngsson, there is provided a plastic arti cPET/KR2006/005857

produced fromthe electriaally conductive

t hernopl astic resin conposition. Mre specifically,

the plastic article nmay conprise a thernoplastic resin

matri x, and carbon nanotubes and organo nanocl ay, each

bei ng di spersed in the thernoplastic resin matrix. The
irpllastibe artéxdessxhi biatrtbononenentasced el ectrica

conductivity based on an interaction between the

car borddanehybes ansl gihetorganpeiaanond ayidsiivchtilized in a

prevents the carbon nanotubes from bei ng unexpectedly
v&iieRt ed rand gnabh esoRd), | r@.rgﬁ.v,ewqmpalrﬁmbhe degreel@ftrical

di spérsi on. Pn particul ar, the enhanced el ectrica
céHﬁ%%%ﬁb&¥¥t¥ongﬁtgﬁoﬂ?i§%ﬁj @it erad e k86t i @Mectronic

nol di ng. 0

hus, the use t he car bon nanotubes even in

a smal.l _a nt, C i arg siderable electrica
p§aRS! ¢ . al
25nduc Fv??§ %? e anDp?astlc resin. In addition,
even a small amount of the carbon nanotubes can
i nhibit deterioration of the basic nmechani ca

roperties of the thernoplastic resin caused by
(Nasisi AOFusM ¥R oFCx cessi ve carbon nanot ubes .

Accordingly, the plastic article is widely utilized in
a

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

construed as limiting the scope of the invention.

The further details for (A) a thermoplastic resin
(polycarbonate and polyamide resins), (B) carbon nanotubes,
and (C) organo nanoclay used in the following examples and

comparative examples are as follows:

(A) Thermoplastic resin (polycarbonate resin)
Bisphenol-A polycarbonate having a weilght average
molecular weight (Mw) of 25,000 g/mol was wused as a

polycarbonate resin selected from thermoplastic resins.

(A’) Thermoplastic resin (polyamide resin)

KN~12O® (available from Kolon Industries, Inc.) was used



variety of applications, e.g., inpartnment of
el ectrical conductivity to autonobiles, electric
woamsargsuses, el ectroni c assenblies and el ect PCT/&IR2006/005857
cabl es. [Mbde for Inventi @a] The present invention
will be better understood fromthe foll ow ng exanpl es.
However, these exanples are not to be construed as
limting the scope of the invention. The further
details for (A) a thernoplastic resin (polycarbonate
asandppoyyatdaeradsi select&) Leobdrharanpiabesc marlin(sC)
organo nanoclay used in the foll owm ng exanpl es and
conparative exanples are as follows : (A
Thernopl astic resin (polycarbonate resin) Bisphenol -

pol yq@? bepaten hawingaswei ght aver age nol ecul ar wei ght
(Mn) of 25,000 g/ nol was used as a pol ycarbonate resin

sel eqhad Iy Qm&ﬁ‘e%‘}?oﬁs%&né (c(fpd 100° available

Ther noplastic resin (polyam resi n) KN-120

. ; fr%av@;!% gzlge from Kol onIFeltgéil?st 14 ﬁ:gerlrrggl%s%% u§e§§suﬁ were

fesin’ Se rom ST ¢ résins’
us%%) a nanot &% Mul ti-walled carbon nanot ubes
?ﬁb% q ?)naﬂiaéiq F& from CNT Co., LTD., dianeter:

10-50 nm length: 1-25 nm) were used as carbon
nanot ubes

(C) Organoc nanoclay
Cloisite 3OB® (available from Southern Clay Products

10 Inc.,) was used as an organo nanoclay.

EXAMPIES 1 TO 5 AND COMPARATIVE EXAMPIES 1 TO 4
The content of each constituent component used in the
following Examples 1 to 5 and Comparative Examples 1 to 4 is
15 shown 1in Table 1. Respective components were mixed in
accordance with the composition shown in Table 1, to prepare
an electrically conductive thermoplastic resin composition.
The composition was extruded in a double-screw extruder
(L/D=36, ®=45 mm) and the resulting extrudate was pelletized.
20 The pellets were injected in an injection machine (10 oz) at
270C to prepare a sample for measurement of electrical
conductivity.
First, the electrical conductivity (surface resistance)

of each sample was measured with a surface resistance meter
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(C Ogano nanoclay Cloisite 30B (avail able from

Sout hern Clay Products Inc.,) was used as an organo
wonensmessay. EXAMPLES 1 TO 5 AND COVPARATI VE EXPO/PKER300b/005857

TO 4 The content of each censtituent conponent used in

the followng Exanples 1 to 5 and Conparative Exanpl es

1to4d4is shown in Table 1 . Respective conponents

were m xed in accordance with the conposition shown in

Table 1 , to prepare an electrically conductive

(elvhenpepbAastd€ dlesithicalposhdn@iivitye .conpositi on was

extruded in a doubl e-screw extruder (L/D=36, F=45 mm

and trhe residtlidngsexddddat ef wascpel $eiglzedwadheeasured in

pellets were injected 1n an injection machine (10 oz)

acRbrdZAcE ORI ePAl & rhesatBhe st OhadRaSiHAMRRichet) D638. At
el ectrical conductivity. First, the electrical

£ @nquGtd Vitth%éh dacecnesiist ance) of, aagh SHMHE WS of 20

measured wi a surface resistance neter(eval uation

for _electrical conductivit t [ E,%Sgen :
mégl&ﬁ' s%ﬁlﬁl & Was drreléss u&?éé(y i %I)l a% cgglg'gn?eksv% (%h Téﬁ&&gtlon
£ Anerjcan sta dardt%lzst nmet hod) D638 . At this tine,

h8°reasure rS%9%4sed on the conditions of 20

mimn, the record is made on_a unit _of kgf/¢cnR .y
(evalltigt TG SHEFTRBENARPE FSSPFeﬁg‘?h)elfaCtrgcaf conductivity

and tensile strength are shown in Tables 1 below.

Table 1
Ex. Comp. Ex.
1 2 3 4 5 1 2 3 4
(A) polycarbonate
resin 98 96 95 93 - 99 97 97 -
(wt. parts)
’) polyamide resi
(A”) polyamide resin ] ) ] o5 ) ] ] o7
(wt. parts)
(B) carbon nanotubes
1 3 1 3 3 1 3 - 3
(wt. parts)
C 1
(C) organo nanoclay : . 4 4 5 ] ) 3 ]
(wt. parts)
Tensile strength
2gt 650 | 680 | 690 | 700 | 868 | 630 | 670 | 680 | 573
(kgfrem’)
Surface resistance 10" | 10° | 10° | 10° | 10° | 10 | 10 | 10 | 107
(¥sq.)

As could be seen from the data in Table 1, the samples
of Examples 1 to 5 comprising both of carbon nanotubes and

organo nanoclay, in addition to the thermoplastic resins
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The neasurenent results of the electrical conductivity
and tensile strength are shown in Tables 1 bel ow
WO Zeistogssso As coul d be seen fromthe data in TaPC®KR2006/005857
the sampl es of Exanples 1220 5 conprising both of
car bon nanot ubes and organo nanoclay, in addition to
the thernopl astic resins(pol ycarbonate and pol yam de
resins) , exhibited inproved el ectrical conductivity,
as conpared to those of Conparative Exanples 1 to 4
(rodypaibPngt onl Jndnepotyassidson Lrsieslbes S&hdLbEfanoimproved
nanoclay, in addition to the thernoplastic resins. In
elparttrical acpnthet sanpl,esaof cExpapicestd tlose coht Gpmpagative
organo nanoclay in an anount of only 1 part by wei ght
Exexbilbist ed darpt ovetpelscty i@dly conduct | watlyon asanotubes and
conpared to those of Conparative Exanples 1 to 2
orfkRAbainBhBE1 AP, Ol ganadnanec| @y . tiAs atrdpbascoaf keseds. In
fromthe data of Exanple 5 and Conparative Exanple 4 ,
palttibough, other sbﬁﬁlé@pbﬁsEk&g}BE&k n {€092, canpelyamg dergano
resin) was used, It exhibited inproved electrica
néﬁﬂ@q%9tHM{FXnCQﬁRQ&%blﬁft%nQDOSF_ﬁérﬁhﬁmf weight exhibited
afore-nenti oned cases. As shown in Conparative Exanple
iﬁbrov%gd £¥égqyf%%lz andydevi i | arger-dhe eant@nt tabse of
f'gano nanocl'ay at a constant “anount of “carbon
nanot ubes, .t he hi gher_ the | nprovenent i e 1 A
et LB TEORILET o1y “of ‘ThE Samgi do Sed® nanoclay.  as
could be confirmed from the data of Example 5 and Comparative
Example 4, although other thermoplastic resin (e.g., a
polyamide resin) was used, it exhibited improved electrical
conductivity comparable to those of the afore-mentioned cases.
As shown in Comparative Example 1, and Examples 2 and 4, the
larger the content of organo nanoclay at a constant amount of
carbon nanotubes, the higher the improvement in the electrical
conductivity of the sample.
Accordingly, it could be confirmed that the overall
samples of Examples 1 to 5 exhibited high mechanical

properties, e.g., tensile strength.
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Accordingly, it could be confirnmed that the overal
sanples of Exanples 1 to 5 exhibited high nechanica

wopemspesssi es, e.g., tensile strength. [ CLAI M5 PCI/&RWG/0PS857

An el ectrically conductives3thernoplastic resin
conposition conprising: 80 to 99 parts by weight of a
thernoplastic resin; 0.1 to 10 parts by wei ght of
carbon nanotubes; and 0.1 to 10 parts by wei ght of an
organo nanoclay. [Claim2 ] The electrically
[CIIisgt | ve thernopl astic resin conposition according
to claiml , wherein the thernoplastic resinis

sel ected from pol yacetal, acrylic, polycarbonate,
styrene, polyester, vinyl, polyphenyl ene ether,
(@owoliefin, acrylonitrile-butadi ene-styrene copol yner,
pol yaryl ate, polyam de, polyam de im de,

pol yatyl sulfone:; palyet hetoddi-desepol yekhprsubione, resin
pol yphenyl ene sul fide, fluorine, polyimde,

céﬁﬁéﬁ?ﬁyékkﬁgﬂgﬁ%sBQ ybenzoxazol e, pol yoxadi azol e,
paly razol e,

| enzot ol ybenzi m dazol e, pol ypyri di ne,

pol ytriazole, po rrolidine,. polydibet r L.
polyét %6%@? BSF%%&%%}“%L fbﬁgéghg¥%ﬁg} i%%ﬁf§Q§F§§fa|
p0|yq?ﬂL%%§ﬁ%Spa%Qg by weight of carbon nanotubes; and

0.1 to 10 parts by weight of an organo nanoclay.

[Claim 2]

The electrically conductive thermoplastic resin
composition according to claim 1, wherein the thermoplastic
resin 1is selected from polyacetal, acrylic, polycarbonate,
styrene, polyester, vinyl, polyphenylene ether, polyolefin,
acrylonitrile-butadiene-styrene copolymer, polyarylate,
polyamide, polyamide imide, polyarylsulfone, polyether imide,
polyethersulfone, polyphenylene sulfide, fluorine, polyimide,
polyetherketone, polybenzoxazole, polyoxadiazole,
polybenzothiazole, polybenzimidazole, polypyridine,
polytriazole, polypyrrolidine, polydibenzofuran, polysulfone,
polyurea, polyphosphazene, liguid crystal polymer resins, and

a copolymer or mixture thereof.

[Claim 3]



a copolynmer or mxture thereof. [Claim3 ]The
el ectrically conductive thernoplastic resin
woQeesmasisbi on according to claim1 , wherein tRET/KR2006/005857

t hernopl astic resin includas a pol ycarbonate resin,
and the pol ycarbonate resin is an aromatic
pol ycarbonate resin, which is prepared by reacting
phosgene, hal ogen formate or diester carbonate with a
di phenol conp ound represented by Formula 1 bel ow
wher @he A rdpresendsla siogldididveg, Crhe€Fmapkgseie, Gesin
-C5 al kylidene, C5-C6 cycl oal kylidene, -S- or -S2- ;

cofposiaibal egeprdand foi $1Gim 11,0rwRere{rCl ghen 4hpripelastic
el ectrically conductive thernoplastic resin

reGQRPOSidiiRR sacL opdi ek tikbreltal Ndlsin, Whei®i Bhé heolycarbonate
thernoplastic resin includes a polycarbonate resin

Vi Ag anwel-ghit 8YeJAgR MBbaGYL afe M1 ghihieh 1@, PO8pdeed by
200 000 g/mol. [Caimb5 ] The electrlcally conducti ve

5 reva%%r %pbﬁ g!;&né esﬂa‘lo%%%p@&fﬁlé@@ @EC@JIQH& tQrebabf lyith a

erern e’ car’bon nanot ubes are S|ng e-wal | ed carbon

%%to b%gmgca lygééoon Lhedyca By &n@% ot ybes ok O aimé |

el ec UCtIVG astic resin

X'n Xn
HO OH

N\ 7/ N/

(1)

wherein A represents a single bond, C;-Cs alkylene, Ci1-Cs

alkylidene, Cs-C¢ cycloalkylidene, -S- or =-S0,-; X 1is a

10 halogen; and n is 0, 1 or 2.
[Claim 4]
The electrically conductive thermoplastic resin

composition according to claim 1, wherein the thermoplastic
15 resin includes a polycarbonate resin having a weight average

molecular weight of 10,000 to 200,000 g/mol.

[Claim 5]
The electrically conductive thermoplastic resin
20 composition according to claim 1, wherein the carbon nanotubes

are single-walled carbon nanotubes or multi-walled carbon



conposition according to claiml1l , wherein the carbon
nanot ubes have a dianeter of 1 to 50 nra and a |l ength
wO0Qbos®7gsk0t o 10 ,vn. [Claim7 ] The el ectri cal PT/KR2006/005857
conductive thernoplastic r2sin composition according
to claim1 , wherein the carbon nanotubes have an
aspect ratio of 100 to 1,000. [Caim8 ] The
el ectrically conductive thernoplastic resin
conmposition according to claim1l , wherein the organo
namatookay i ncl udes an organic-nodified | ayered silicate
havi ng a di stance between adjacent |ayers of 9 to 14 A
[Caim9 ] The electrically conductive thernoplastic
resin conposition according to claim8 , wherein the
(diayered silicate is selected fromnontnorillonite,
hectorite, bentonite, saponite, magadiite, synthetic
m ca,rrand a1@cxturglter e@dnd@aiv® 10kkhER@oplastic  resin
_ el ectrically conductive thernoplastic resin
5 coYRISE bh0R-BEEPHH 1D (Qaghal M SherMiLH@id chR8oAT B8R0 ubes
nanocl ay includes a |layeéered silicate organic-nodified
j t . [ h te o ' sal-t nsgbstitiH e
nafl 3 A9.PLOA0 S rak;%]%o% Ok &I SBle Sr.ggp{_(s 4 &,

6 al group Or an ar

[Claim 7]
The electrically conductive thermoplastic resin
10 composition according to claim 1, wherein the carbon nanotubes

have an aspect ratié of 100 to 1,000.

[Claim 8]
The electrically conductive thermoplastic resin
15 composition according to claim 1, wherein the organo nanoclay

includes an organic-modified layered silicate having a

distance between adjacent layers of 9 to 14 A.

[Claim 9]

20 The electrically conductive thermoplastic resin
composition according to claim 8, wherein the layered silicate
is selected from montmorillonite, hectorite, bentonite,

saponite, magadiite, synthetic mica, and a mixture thereof.



[Claim11l] A plastic article produced fromthe
el ectrically conductive thernoplastic resin
WO asmassst i on according to any one of cl ai ms 1PCO/KR2006/005857
[Claim12] A plastic arti e conprising: a
t hernopl astic resin matrix; and carbon nanot ubes and
an organo nanocl ay, each being dispersed in the
t hernoplastic resin matri x.

[Claim 10]

The electrically conductive thermoplastic resin
composition according to claim 8, wherein the organo nanoclay
includes a layered silicate organic-modified with an organic

5 phosphate ori ammonium salt substitﬁted. with a Ci32~Css alkyl

group or an aromatic group.

[Claim 11]
A plastic article produced from the electrically
10 conductive thermoplastic resin composition according to any

one of claims 1 to 10.

[Claim 12]
A plastic article comprising:
15 a thermoplastic resin matrix; and
carbon nanotubes and an organo nanoclay, each being

dispersed in the thermoplastic resin matrix.



