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Wég@@&@gg}ﬂom [Invention Title] ELECTROCONDU%\Q%%?EWO@%W

THERMOPLASTIC RESIN COMPOSITION AND 5PLASTIC
[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 electrically conductive
therthoplastic resin composition which enables realization of an electrially
[ CordEctivVEL thiermoplastic resin with improved electrical conductivity and
15a plastic article. [Background Art] Thermoplastic resins are plastics
[Whithnatesoffértreddand 20 plasticized by heating and are hardened by
cooling. TheLmoplastic resins are divided into: common plastics such as
polyethylene, polypropylene, acrylic, styrene, and vinyl resins; and
enginee[ingnplastics such as pol carbonate,*aol phenylene ether, .
powanﬁﬁg,p&QQQ%R@%$§%6wi geMAsTl RESIN COMPOSTITION AND
2008/078850PCT/KR2006/005857 2 resins. '
Pﬂf‘ﬁé%gpi%néf%%nsarewidelyutiIizedin applications, including various
household supplies, office automation equipment, andtric and electrical
appliances, 5 owing to their superior processability and formability. There
[t_ﬂg,gbb??fn 3 cgng@% us attempt to use a thermoplastic resin as a high
valiie-added material by imparting specific properties as well as superior
processability and formability the thermoplastic resin according to the kind
and properties of

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 cocling.
Thermoplastic resins are divided intc: common plastics such as
polyethylene, polypropyleneg, crylic, styrens, and vinyl
resins; and engineering plastics such as polycarbonate,

.

polyphenylene ether, polyamide, polyester, and polyimide
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Wojzgﬂg;%ggg&s in which the theLmoplastic resin is used. In parti%@%&iﬁi}%gf{mg“f
have been various attempts to impayt electrical conductivity to a =

thermoplastic resin, and utilize the electrically conductive thermoplastic -
resin for the applications of automobiles, electric apparatuses, electronic
15assemblies, and electrical cables with electromagnetic wave shielding
performance. The electrically conductive thermoplastic resin is
regom@monly prepared from an electrically conductive thermoplastic resin
composition obtained by mixing a 20 thermoplastic resin with a conductive
additivistuech@saa carbon btack,rescarbem fiber, aivetailic powder iaed in
metal-coated inorganic powder or a metallic fiber. To ensure a desired
agevelwftherslectricakéonductivitret theselebicaffpebAdustipe L 1es, office
thermoplastic resin, the conductive 3 additive must be used in a \
agersiderablydarjerarount.20S eaRhie, thiefe RI&Y attéRtt téimpafces
superior electrical conductivity to a thermoplastic resin by means of
ovEatBor hahofilbes a8 CoNtIURHE SXftftve. - © HowevérWherrany - There
_ electrically conductive thgrmgglastic resin is gregaag d b1¥ mixing a csin as
134 e HfiGPIaStiC RS Wit Carbbh Fianotifes End fhjedting the composits - &
resin mixture in an injection malding.equipment, the carbon nanotubes _ . .

2 ey inde u‘é ea”"’gag%éﬁgtersnao‘”reu*nle%(%ea%dl]ymé")r?e"'h%el& Yue’o Shearing stress
Joccurring during the injection. As a result, the, carpan upes contained .,
*An t %%ec?r?cal%yuggnr&t?c]iivg t Oe%?nséspaf%a)é'&c‘ ?e%inaé%% nE)%vq“\?(la]ilcliigliﬁs*pleLrg]edlt%3 ne
erlfinmaking gl fo ensurpsficient eleclrioal sandicviprabibieios of

thermoplastic resin. [Summary] In a first aspect, there is provided an
nlagtrically condyctive thermoplastic-fesin sompositionseomprisingiito  1n
99 parts by weight of a thermoplastic resin; 0.1 to 10 parts by weight of

pLarben nanotubess aad Gk de 10paris byrarveighkof ar ergana:naneclaympart
In a second aspect, there articleproduced thermoplastic resin composition

e laceordingito g gresentinvetion: 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 1is
commoniy prepared from an electrically conductive
thermoplastic resin  composition ocbtained by mixing a
thermoplastic resin with a conductive additive, such as a
carbdn black, a carbon fiber, a metallic powder, a metal-
coated inorganic powder or a metallic Liber. To ensure a
desired level of the electrical conductivity of the

electrically conductive thermoplastic resin, the conductive



In a third aspect, there is provided a plastic article comprising: a

thermoplastic resin matrix; and carbon nanotubes and an organo

nanoclay, each being dispersed in the thermoplastic resin matrix. 3a

[Technical Solution] In accordance with one aspect of the present

invention, there is provided an electically conductive thermoplastic resin

omposition comprising; 80 to 99 parts by weight of a thermoplastic resin;

2991 15 G0 PAHs E§ Wueslge%ﬁt olfncacr‘bgrg (E u‘baés;ggndﬁf fo ?L%%aﬁcs"by

weigHteehah oigano tfamoelay. 3n the electriealy conductive thermeplastic or

elé%%‘“iX\élcf 298%8?:%%%9“55ZQO%QQ%EZfa%%TBosilté%ﬁheoy means

thermoplastic resin may be selected from polyacetal, acrylic,
of peiydarbonates streae spolyesterVinyll gélypAenylelé ether, polyolefin

acrylgnigilehutadienestyreng copolymer; polyardate: pelyamidencplastic
polyamide imide, 5imide, polyarylsulfone,polyetherpolyethersulfone,

7 polypHenylenerstfiie, fitorire! polyimide, pofyettigtketones ~esin with
ca polybenzaxazole polyexadiazelepalyberzothiazalessite resin mixture
, poﬁlybenzimidazole, I _p)éridine olytriazole, polypyrrolidine,
i ] - 1 tub i

10 R lbbr AN oSt oné RARRFES. 10 PahpHOCHASIE ThF* 27
unaeystal palymer sesins,cand@expectedly 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.

[Summary]

In a first aspect, 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 nancciay.

in a second aspect, there is provided a plastic
article precduced from the electrically conductive
thermoplastic resin compositlon according to the present
invention.

In & third aspect, there 1is provided a plastic
article comprising: a thermoplastic resin matrix; and
carbon  nanotubes and an  ¢rgano nanoclay, each being

dispersed in the thermoplastic resin matrix.



copolymer or mixture thereof. The thermoplastic resin may include a
polycarbonate resin, and the polycarbonate resin may be an aromatic
polycarbonate resin, which is prepared by reacting phosgene, 15halogen
formate or diester carbonate with a diphenol compound represented by
Formula 1 below: (1) wherein A represents a single bond, C1-05
alkylene, C1-05 alkylidene, 05-06 cycloalkylidene, -5- or -502-; x is a
[ Tophalicgeh; antitis°0 ) or 2. The thermoplastic resin may include a
polycarbonate WO 20081078850PCT/ICR2006/005857 5 resin having a
weight average molecular weight of 10,000 to 200,000 g/mol. In the
electriBally tondaeave thermdplasticésin, tHePE4rbon ﬁ%notﬁ@gs may e~
insiglewalledearben nanotubes on &multiswalled carbiorendnotubesductive
The carbon nanotubes may have a.diameter of 1 to 50 rim,.and a length of
O OE RS 10 gh. The Sarbos MSipe oy avd S nect et of 06 8t
by 1800ght of a thermoplastic resin; 0.1 to 10 parts by
weight of carbon nanotubes; and 0.1 to 10 parts by welght

of an organc nanoclay.

In the electrically conductive thermoplastic resin
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electrically conductive thermoplastic resin, the organo nanocla _
Wofln%ﬁkt)@é%gﬂ(?organic-modified layered 4silicate having the distance HERAL00585T
adjacent. layers of 9 to 14 A. Thelayeredsilicatemaybeselectedfrom
montmorillonite hector te, bentonite, saponite, magaaiite, 15synthetic
mica, and a mixture thereof. The organo nanoclay may be a layered
silicate which is organic-modified with an organic phosphate or ammonium
csalbsubstitited with-a €A2:@36 ikl group-ofan arematiscgroupldtted from
accordance with another aspect of the present 20invention, there is
ppIgvded &1 plastie-article prodycedfomuthe electrically, condugtiveer, vinyl,
thermoplastic resin composition. In accordance with yet another
paspetkof therpresent inventiomdherelisinovided aplasticiarticlee-butadiene-
comprising: a thermoplastic res and carbon nanotubes and an organo
s WO2608/07.8850PCT/KR2006/006857 .6 namoctay. dispersed yithiele  imide,
thenthoplastic resin. Details of other aspects and exemplary
Penttssdirtntd ofthe preséitiiGéRtch are eRédfTpassed PRhESIIGRTY-Fone .

detailed description. 5 [Best Mode] . o
polyphenylene sulfide, £fluodorine, polyimide, polyetherketons,

polybenzoxazole, polyoxadiazole, polybenzothiazole,
polybenzimidazole, polypyridine, polytriazole,
polypyrrolidine, polydibenzoiuran, polvsulfone, polyurea,
polyphosphazene, liguid crystal pclymer resins, and a
copolymer or mixture thereof.

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

represented by Formula 1 below:

(X)n

wherein A represents a single bond, Ci-Cs alkylens, C-Cs
alkylidene, C5-Cg cycloalkylidens, -5~ or =380;~; X 1is a2
halegen; and n is 0, 1 or Z.

The thermoplastic resin may include a polycarbonate



10

15

20

wo N fhg resent invention will be described in more detail wi ;
to gﬁe ollowing Examples, such that;10 those skilled the art e%lésﬁg%%%%}ébgﬂ

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, there is provided an electrically conductive
rd¢heérmdplasticyresinvcampasitiorecamprisinge 80 te:99vwpaits by wéightefa0 to

thermoplastic resin; 0.1 to 10 parts by weight of carbon nanotubes; and
2[@1 %6 A 0parts- by weight of an organo nanoclay. 20As described

above,the electrically conductive thermoplastic resin composition

comprises dtgarso harbelElL Y adeitiondd carbon Aano b, Necsringly, the

during injection of the resin composition, the organo nanoclay prevents
CaREUArbBAHERGMESesTrom BSingiinsksectedly Stierftdd &t eRabrsIpFe or

2008/078850PCT/K1t2006/005857 7 the carbon nanotubes to be
mq}rﬁﬁ?wa%ﬁe@@ﬁ@tﬁ@ﬂ%%astic resin. Thus, in a case where even

a small amount of the carbon nanotubes is used as an additive, the

carbor RanGRbeS tarihipatt tondiderabie’ gle%tr%b?@%%%ugﬁviw tothe® o

thermoplastic resin after injecting. In addition, the relatively reduced
a%rﬁerﬁ@@ﬁéﬁ}b&ﬁ nanbtubds ihifits deterioration of the basic mechanical

properies Oéé%%é%er%%éﬁg%£e§él'aga}{§%% by the inclusion of excessive,
carbon nanotubes. 10Hereinafter,each constituentcomponent of the
1 @lggtrically conductive thermoplastic resin composition will be described in

"detail. Theelectricallyconductivethermoplasticresin composition

Comprﬁ.esi.@%toe%%E@Hﬁ@iwingrQﬁ@c%@U@er@@ﬁg%Iﬁ%iQic AW the
|

thermoplastic resin may be used without any particular limitation so long

o:2fitds applicabletoexdrusion gninieelen Molding. AlLHEoORASHC si1icate

common and engineering plastics may be used herein without any

haRartigulen 20imitations veExamplesiefdbetherpeplastie resindngludgs
polyacetal, acrylic,oolycarbonate,styrene,polyester,vinyl,

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

The organc nanoclay may be a layered silicate which is
organic-modified with an organic phosphate or ammonium salt
substituted with a C13-C3 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 yét another aspect of thse present
invention, there is provided a plastic article comprising: a

thermoplastic resin; and carbon nanotubes and an organc
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Wooi?slé/é? gg'ene ethe_r,polyolefin,gcrylo_ni., ile-butadiene- styrene ¢ Eolymer o
polyarylate, polyamide, polyamide n‘glde, WO et 0067005857
2008/078850PCT/KR2006/005857 8
polyarylsulfone,polyetherimide,polyethersulf one, polyphenylene sulfide,
fluorine, polyimide, polyetherketone,
polybenzoxazole,polyoxadiazole,polybenzothiazole,
npolybenzimidazelespalyoyridine, polytiazolestic resin.

5polypyrrolidine,polydibenzofuran,polysulfone,polyurea,

polyphosphazenepanchtiguid crystab-pelymeriresinsnin additiemtthéiments of

thermoplastic resin may be used as a copolymer or mixture thereof.
tiGonspderiFgnphysicatpropertiesafihe etactricallys 40 conductive following

thermoplastic resin composition or the type of product applied, preferred
dekamiple’s o ther theratoplastic resin include, but are not limited to:

polyolefin resins selected from polyethylene, polypropylene,ethylene-vinyl

acetate copolymer and ethylene-methyl methacrylate copolymer resins;
. 15 styrene resins; and engineering plastics selected from polyamide,
L%%%Q@dﬁe].g., polyethylene terephthalate and polybutylene

terephthalate), and polycarbonate resins. A full detail of

polycarbonate, polyester and pobyamide resins suitable as the

thern“ﬁgﬁsucégéy]ggggg Ivegnvention will be described in more
detail with reference to the following Examples, such that
those skilled in the art easily pracfice the present
invention. These examples are provided only for iilustrating
the present inventiocn 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 compoesition comprising: 80 to 99 parts by weight of a

Carbon

thermoplastic resin; 0.1 to 10 parts by welght of
nanotubes; and 0.1 to 10 parts by weight of an organc
nanoclay.

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

carbon nancotubes from being unexpectedly oriented and enables
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inafter. First, the polyamide resin may be used as the ~
W k?é}r%h@p é’étic resin. The polyam;de resin may be a common /KR2006/605857
polyamide resin well-known in the art. More specifically, the polyamide
resin WO 2008/078850PCT/KR2006/005857 9 may be a Nylon resin
selected from polycaprolac am (nylon 6), poly (11-am noundecanoic acid)
(nylon 11), poly lauryllactam (nylon 12), polyhexamethylene adipa de

+fylor 86k polyhexaethyiene azelamide (aylen 6:9)y polyhexaetindenen  the
sebacamide (nylon 6,10), and polyhexaethylene dodecanediamide (nylon
thdoinaddition, the palyamitewresin may:be used asiacopolymer 2 small
thereof, e.g., nylon 6/6,10, nylon 6/6,6, or nylon 6/6,12. Alternatively, the
apolyamide resire may becusedzasaunixture thereefd 1GEhezpolyamideiresin the
may have a relative viscosity of 2.4 to 3.5 and a weight average molecular
cweigitt of 202000 tdp260,0002gYmol.Tive polyantide sesincaniise prepredrical
in accordance with any method well-known to those skilled in the art and
CepAiRércTall obtainEd ST He esHPRe Il obtsiRABle A5G- polyamigetésm: 1o
includes, but is not limited to, KN-120e (available from Kolon industries,
2fHbf-aRa 10916 (FRirbld ot RRBHREMCcTONLESécond, haphijedtapotubes
. resin may be used as the thermoplastic resjn. 20The polyester resin may ~
L eBAth BN EStEriiRe i a polymer civdin Gnd BETESE by RESRRGESS ©F
.Jhe PPAXeSteﬁ resin is obtained %}/ gol condensat Qn oLdicarbox lic acid .
“BRd B iraFox Comp Ui THEFE 1E o Tiitation a8 o the preparation =5 7¢
thod of the polyester resin Accordingly, there WO

m
C%%%ﬂfé‘éb TIKR2006/005857 10

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

The electrically conductive thermoplastic resin
compesition comprises 80 to 889 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, polyaster, vinyl,
polyphenylene ether, polyolefin, acrylonitrile-butadiene~

styrene copolymer, polyarvlate, polyamide, polyamide imide,
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sed a polyester resin prepared by employing any method .
r?%%a(r}l to those skilled in the art, In addition, any polyestér PeSii- 8Gal=837
as a homopolyester or copolyester resin, may be used without any
particular limitation. 5Third, the polycarbonate resin may be used as the
thermoplastic re Examples of the polycarbonate resin may include an
aromatic polycarbonate resin, which is prepared by reacting phosgene,
phalegen foriatecor diestertarbonate with arligipnenol gempeundrsul fone,
represented by Formula 1 below: wherein A represents a single
phbydh Gar05ratkylenkf CiCs afkylicieies C5RCE eyelodikylidepsye3hgr ketone,
-S02-; X is a halogen; and nis O, 1 or 2. 15Examples of the diphenol
pebsourtkoFFofmula 1 inclerelessyersgairion, resorcinglelybenzothiazole,
4,4'-dihydroxydiphenyl, 2,2-bis-(4- hydroxyphenyl)-propane, . .
PR AR Bheny1)-2- metRgibitie Sine, polytriazole,
2,2-bis-(3-chrolo-4-hydroxyphenyl)-propane, 2,2-

ChiSTEI BEAEhFOIEA-hydRSXypRERotopaRe-and BoL-Bisdgtone,  polyures,
20hydroxyphenyl)-cyclohexane. Of these, preferred are 2,2-bis- | .
P‘(&W&Wo-p@%ne,2%21-8%%62,5?&8%? 4.t SL FESIBS. AR
%£O§1078851%CQ%CBZOOJ§/Q AL 1 a3 = ed as a copolymer

a yjdr(%“)%}qp’henyf)-pfo%anrl]%*?ar?cf ,i-cbisll?f-hydroff/pﬁenyﬁ- potym

or mixture thereof.

wo 250G
well-

Considering physical properties of the electrically
cenductive thermoplastic resin composition or the type of
product applied, preferred examples of the thermoplastic resin

include, but are not limited to: polyclefin resins selected

h

rom polyethylene, polypropyleng, ethylene-~vinyl acetate
copolymer and ethylene-methyl methacrylate copolymer resins;
styrene resinsg; and engineering plastics selected from
polyamide, polyester ({(e.g., polyethylene terephthalate and
polybutylens terephthalate), and polycarbonate resins.

A full detail of polycarbonate, polyester and polyamide

Hh

resins suitable as the thermoplastic resin will be gilven
hersinafter.

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

The polyvamide resin may be a common polyamide resin

well-known in the art. More specifically, the polyamide resin
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e.More preferred is 2,2-bis-(4-hydroxypheny1)- pr. Is _
WO%&?@%'SW%OI-A. (SPA)", 9 The polycarbonate resli?f‘(? ﬁ@%{}@%uss:”?

weight average molecular 5weight of 10,000 te 200,000 g/mol, preferably,
15,000 to 80,000 g/mol. There is no limitation as to the type of the
polycarbonate resin. For example, the polycarbonate resin may be a linear
or branched polycarbonate resin, or a polyester- 10 carbonate copolymer
n4eSiBe The hranched:polycarhonate tesinnaybe preparectby asing3:05n 6),
to 2 mol% of a tri- or more functional (i.e., polyfunctional) compound, e.g.,
p@lip- onmerifubctioralphenol eamppundytiasedidn thegotay moteroffheactam
diphenol compound. The polyester-carbonate copolymer resin 15may be
{(rprépared By polymenzingpalycarbphatesin thecdpresence of afrestenr €, 0)
precursor, such as dicarboxylic acid.The polyester-carbonate copolymer
poésinamayibeylsed singlys oritidembinatiomwith & Folycarbedateexasthylene
As the polycarbonate resin, there may be used a 20homopolycarbonate or
s FepolfesiBondtE Y88inf of- 8 lconfbifatin ikt éafitio gt anyipaticangdl anide
limitation. As mentioned above,suitableexamplesof the thermoplastic resin
(¥dIGBe Shitare noblifHed td oPoly Rt PolysstEREHd pBRarige used 25

resins.The WQ 2008/078850PCT/KR2006/005857 12
a copolymer thereof, e.g., nylon 6/%,?%, nyiocn 6/6,6, or nylon

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
te 3.5 and é welght 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, ®N-120%
{available from Xolon 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 1s no limitation as to the

preparation method of the polyester resin. Accordingly, there
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C ition and preparation method of each thermoplastic resin are )
Wgaﬁdgg?(ﬁg é\/ﬁgll-known to those skilled iﬂ)the a Meanwhile, tﬁ&g{g@ﬁp&g{@ﬁsw
conductive thermoplastic resin composition may further comprise carbon
nanotubes. The carbon nanotubes exhibit a superior mechanical strength,
high initial Young's modulus, and a large aspect ratio based on their
inherent structural characteristics.In addition, the carbon nanotubes have
msdpedonelectrical conduetvity-ard thermal condustivisyysiscgompatettone thod
copper and gold, which is 10 disclosed in Yakobson, E. I., et al.,
wdlmeticaniScientist, 8% «199%) L 324-337; andDresselhausrM.Bidetabn, any
Science of .Fullerenes and Carbon Nanotubes, (1996), San Diego,
pflcaelemic Pressn902:905. Adsa, thercariidrynahetubes aveca yerdiker resin,
strength of about 100 times as large as that of steel and a 15 weight of
magnesixtheast smidiinas thattie wof Jwhichas disglesed kbAndrew R, et al.,
Macromol. Mater. Eng., 287, (2002), 395-403; and Kashiwagi T., et al., _
Macrofisl "Rapid-EBmineny, B H2002). 76 1765 "Eased orPthe inh@fengs the
characteristics of the carbon nanotubes, even a small amount 20 of the
CR&FBER hafbtibe$Eontained in the theiiitoplastic resin composition can
impart superior electrical conducti]vit%?to the thermoplastic resin. .
CarbofrFidotibes Rave A Strudfurd S WHIdH carbor atdms B¢ arrahged s 20

in a redete% ined configuration to form an

ty WO y

205107888 0P TIL629006/00585715 (I~ Carbior RaRGHBSS g2t 1n

pilidded into sigleuglied atbon nanofubes, double-walled.6afogn. icn
es and muiti er

nanotu -walled carboh nanotubes, based on the wall num

- afonstition o thereof. Any carban nanotubes. may, utilized in the

eélectrically conductive thermoplastic resin composition without any
particular limitation. Carbon nanotubes have a circumference of an
atomic scale amgba diameter of sever&Fhanometers (mm) to several tens
of 10naHé&ineters (nm). For example, single-waHed carbon nanotubes
have a dia "of 0,4 to 100 mm, préferalfy, 0.7 to 5nm.”  Carbon
nanotubest vent

preferably, I
gm. Based on the .

wherein A represents a single bond, C;~Cs; alkylene, C1~Cs
alkylidens, Cs~C¢ cycloalkylidene, -S- or -3S0;-; X 1is a
halogen; and n 1s 0, 1 or 2.

Exanples of the diphencl compound of Formula 1 include
hydroguinone, resorcinol, 4,4’ -dihydroxydiphenyl, Z,Z-bis- {4~
hydroxyphenyl) -propane, 2,4-bis-{4~-hydroxyphenyl) -2~
methylbutane, 2,2-bis-(3-chrolc-4-~-hydroxyphenyl)-propane, 2,2-
bis—(3,S—dichrolo—é—hydroxyphenyi)—propane and 1,1~bis~ (4~
hydroxyphenyl)-cyclohexane. Of these, preferred are 2,Z2-bis-

{4-hvydrozyphenyl) -propane, 2,2-bis~ (3, 5~dichrole-4-
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WO]E?}Wr and length, the carbon nanotubes may have an %5@3?&{%5%1805857
( 0 i

0 or more, preferably, 101q to 1,000. The nano-sca
diameter o carbon nanotubes puts restrictions on electron motion in the
circumference direction, thus causing a so-called "low-dimensional
guantum 20 phenomenon". Such a low-dimensional quantum
phenomenon may be greatly varied depending upon the rolled type of
hearberynaaoiubeso Farahis,reasonacarbon nahotubes cdd exhibitsyperioryl) -
electrical conductivity compared(able) to metals or semiconductors.
cchondinghe the céfbon nanstibeseontaied?Wobis- (4-hydroxyphenyl) -
2008/078850PCT/1:112006/005857 14 in the electrically conductive
piheaneplastic vesin compeasitioh caplimpairt &lecgal Conductivity to the
thermoplastic resin. Carbon nanotubes are synthesized by
arcschiige, BYHOIyaIRL faEEr AbltoH] pladtnaeriffariéet chBRTIEAS/apor-ecatar
5deposition(PECVD),thermal chemical vapor deposition, electrolysis .
“Hafhe syRthesiS. H8Wever, tiete is Wb liftition a§3t76eri;@%‘fﬁl}ﬁ}lﬁ’(—ésis15 r 000 to
method of the carbon nanotubes. Accordingly, carbon nanotubes
B%yﬂ sz y employing any method may be used for the electrically

condu%trll\éerelaOth@rmoplasthQesgrg_cgim osition Wlt{lgut @@y?parg%lgr of  the

limitation-~ = The carbon nanotubes for the thermoplastic res
composition are used in an.amoun é 1 to ] pgg%pcy weight,. »
DS URHlS 118 & ot by viotgh The Lohtent 5T ae arhon heSBes ™ ™=
pENguUres an adequate balance of mechanical propedies andthermal,; yester-
conductivity of the thermoplastic resin. An amount of carbon nanotubes

cdes5.than.0.1 parts by weight makes+t difficulf to.ensuredhattheonate resin

thermoplastic resin prepared from the electrically conductive resin 20
m&PMpesitionhasdhe desired leyvelofalectdcap conductivity. An amountef more

carbon nanotubes exceeding 10 parts by weight causes deterioration In

Fineehanieal prapesties pbtherthesmoptastic resifipound, e.g., a tri- or
more functional phenol compound, based on the total mole of
the di»pheno} compound. The polyester-carbonate copolymer resin
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 used a
homopolycarbonate or copolycarbonate resin, or a combination
thereof without any particular limitation.

As mentioned abhove, suitable examples of the

thermoplastic resin include, but are not limited to,

polycarbonate, polyester, and polyamide  resins. Tha
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wohgsipeicallyconductivethermoplasticresin WO

2008/078850PCT/KR2006/005857 15 composition compriseSPE():Ft‘jqe(i:r]z]{(zj906/(}05857

nanoclay, in addition to the thermoplastic resin and the carbon nanotubes.
The organ nanoclay indicates an organic-modified layered silicate.
The organo nanoclay contained in the thermoplastic resin composition
prevents the tendency of aggregation of carbon nanotubes or an
comexpectedsly atientattepard-enablesthe ¢arborepanotubesrtobhesstic resin
uniformly dispersed in the thermoplastic resin, during injection. Thus, the
aorgano sadeclay interactsrwitle carbore nahotubes, thustleading:-to 10
greater improvement in thermal conductivity of the thermoplastic resin. As
a resuliceverna small aimount of the tarborvrianstobes candmparermoplastic
considerable electrical conductivity to the thermoplastic resin.
rhide|setiEaly e AdtctivethetHiopIasti cFesIR 155 Gompoaftion colRpHses - The
not conventional nanoclay, but organo nanaoclay, i.e., an organic-modified
Ciapsted SfeateShice franoRscalelayBred Siticate 16 basiealty hydiophilie 1 2

it is non-miscible with a hydrophobic polymer, e.g., a thermoplastic resin,

hifids GRdéryoing & rtuCioRI disiSersibility. 20 LAGEGIdRRFC: Zatio pased

organic-modification imparts hydrophobicity to the nano-scale layered, .. .
TCALE: therdby ihTPHbVIRG hBT oA an RISICA/BHEA CApABity of the 200 £107
silicate in a pol ng)%gl%%asinhta)%dispersibiggy thereof in the ther o%laﬂstic_\

the ca (@191 .S 2101 LEeCTTiCal CQ kel C and
résin. Hence, the organlc-modifledl?ayered silicate can be uniform y*\XfO Y

t@@ﬁ?&?7§§§88@1*§5§996é%0§§§¥pé§e@SP_%!SSQ thereby ebtaining the: -, ;s

. desired level of physical properties (e.g., electrlca?conductlwty) of the

o 1Rermoplastc resin; o5, Organo nanoglay ls typically prepared byne s s, g3,
organic-modifying a nano-scale layered silicate having the distance

(bedween adiacent layers of 940514 A Atdhis imegthe layered silicate base o
an average diameter of 50 gm or less, preferably, 25 gm or less, more

" rpreferablys 16.gm ardessnlhelayered silicate owbich sadisfies these Academic

requirements and is 10 thus suitable for use in the organo nanoclay, is
Psetectedefromomontmazillenite, hiestodite; hentonde psapenitehmagadiite,ensiie
synthetic mica, and a mixture thereof. Alternatively, the organo
stnanogiay is prepaved by @rganically medifying a layeréd silicate witkah and a
organic Phosphate or ammonium salt substituted with a 012-C36 alkyl .
wWegrehp orcah afdiatic Grotp. Farthermbre, R niost prefetabroto useiiich  is
organo nanoclay prepared by organically modifying Enontmorilionite with
digiToRyEric pRosPRatesdr dmmofiuntsalt sOFsTRABE with&032-036°@kyl 287,
roup or an
(Z002), 385~403; and Kashiwagi T., et al., Macromol. Rapid
Commurn. , 4, {2002y, Tel-7¢e5, 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 configuraticn to form an empty
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20

wolakqmatic group. In this case, the montmorillonite undergoe;eﬁg@%m%gs_]
from hydrophilic ty to hydrophobicitythereby realizing a uniform dispersion”

in the thermoplastic resin and optimum physical properties of the resin
The content of the organo nanoclay used in the WO
2008/078850PCT/KR2006/005857 17 electrically conductive resin
composition is 0.1 to 10 parts by weiaht The organ nanoclay content
temables efficient improvement in electrical conductivity of the resin, while
causing no deterioration in mechanical properties of the 5resin. If
necesSanhtite elecwically coaductive therropladtic resingdompesitied carbon
further comprises an impact modifier, e.g., a rubbery impact modifier
naefdoted fromaporesshell gt copolypier, aesitidonespolyisr, ah-dlefinwal led
polymer, and a 10 mixture thereof. When such an impact modifier is
CeBRtainedan WeFSsin coRfSEStioR Tubbefy piititles arédhspersedriattheévtion
R thefmgcplastic resin, thus enabling an improvement in the physical , ~
“ioperties (e 4 impaRE RiSistaREE herest. TheSpektfic dompasifion ad  *Pe
%re aration method of each rubber 15im%%ct modifier are already e
e WSERRG Bthogg%ﬁﬁﬁ%ﬁﬁﬁhezﬁéermo~ astic resin composition

Wgtq?()elllgctzgigall cor]CdlLngtjiyethe{mEQP%as__t[;cgesin composition may further
comprise ah additive Suitable Tor a%a‘if’ger%éd use, in addition to the

e e ol o Sipge 1 0 SO o
aMCQaHQMS’éptg@?é?aﬁnogg@éﬁ@pgfgorgﬁ%c agéjity@eral tens of
nanometeis (nm) . For example, single-walled carbon nanotubes
have a diametef‘of 0.4 to 100 nm, preferabkly, C.7 to 5 nm,.

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

The nano-scale diameter of carbon nanctubes puts
restrictions on  electron motion in  the circumference
direction, thus causing a so-called “low-dimensional guantum
phencmenon”. Such a low-dimensional guantum phenomenon may be
greatly varied depending upon the relled type of carbon
nanotubes. For this reasocon, carbon nanotubss can exhibit

superiocr electrical conductivity compared(able] te metals or

semiconductors. Accordingly, the carbon nanotubes contained
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The electrically conductive thermoplastic resin is WO

WO B8 P8850PCT/KR2006/005857 18 prepared by conventioRSITHEd HGL05857
comprising; mixing each constituenﬁédmponent to prepare an electrically
conductive thermoplastic resin composition; and melt-extruding the resin
composition in an extruder. A plastic article is produced 5from the
electrically conductive thermoplastic resin. According to another

1 gmbodiment of the, present invention. there is provided.a plastic arligle i t 5 on

produced from the elettrically conductive theLmoplastic resin composition.

-Morespecifically:the blast -t aricle may comprise-a JHlthermoplastic resin,

resin matrix, and carbon nanotubes and organo nanoclay, each being

dispersed-inthe thermeplastic resin matix: he s itheiplastic adicle exhibitsr qe,

more enhanced electrical conductivity based on an interaction between
pike cadign 15 nanetubesiand the organerancelayawmhich preventsthe vapor

carbon nanotubes from being unexpectedly oriented and enables an
démpravement in BiCdegree of dispersion.dngarticular, therenhanceghosition,
electrical conductivity may be maintained after the injection molding.
e ROTHhUS,. e ase ofthe Taoen napotubssieven Infacsmakamotiecan is  no
impart considerable electrical conductivity to the thermoplastic resin. In
L wdition; @vensa Smallrameoumnttdfthe carboosarivfubés can ifilgibitnanotubes .
deterioration of the basic mechanical properties of the thermoplastic resin
AGGDBEAH the WErPOD8/0FEBBUEGT/KRPBDBRAIDSESY 19 nckBIOPEENT  any
excessive carbon nanotubes. ‘ ] _
method may ke used for ths electrically conductivs
thermoplastic resin composition witheout any particular
limitation.

The carbon nanctubes for the thermoplastic resin
composition are used in an amount of 0.1 to 10 parts by
welght, 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
welght makes it difficult to ensure that the thermoplastic
resin prepared from the electrically conductive resin
composition has the desired level of electrical conductivity.
An amcount of carbon nanotubes exceeding 10 parts by weight
causes detericoration  in  mechanical  properties  of  the

thermoplastic resin.

The electrically conductive thermoplastic resin
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We%c%grdinggl , the plastic article is widely utilized in a variety of a glications, -
2P Ba tment of electrical conductivity to automobiles, electfid /KR2006/005857
apparatuses, electronic 5assemblied®and electrical cables. [Mode for
Invention] The present invention will be better understood from the
10following examples. However, these examples are not to be construed
as limiting the scope of the invention. The further details for (A) a

cdhelpaplastic resin(polcarbenaterand polyamide, resins), {Bycathen to the
nanotubes, and (C) organo nanoclay used in the following examples and
ticonmparative examplesrarezasi followes: Ay Phermoplasticesin The organoc
(polycarbonate resin) Bisphenol-A polycarbonate having a weight average
n2omdlegulardueight Mwr) of 25;000-gimalhwas aisedas a poycatbeiate
resin selected from thermoplastic resins. (A") Thermoplastic resin
(polyaifide PESin) WGR2008/A7 88S0PTC KR 2006106588 20@slgstic resin
polyamide resin selected from thermaoplastic resins. (B) Carbon nanotubes
CoGRiISdileePEarbiit RAFopuUbES EC-fuBREDNT Avaflablé SHoRFENT Co oL THarbon

diameter: 10-50 nm, length: 1-25 gm) were used as carbon nahotubes.
nanotubes or an unexpectedly orientation and enables the

carbon  nanotubes to pe uniformly  dispersed in  the
thermoplastic resin, during injection. Thus, the organo
nanocclay interacts with carbon nanotubes, thus leading to
greater | improvement in thermal conductivity of  the
thermoplastic resin. As a result, even a small amount cf 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, Il.e., an organic-modified lavered silicate. Since
nanc—-scale layered silicate 1s basically hydrophilic, it is
non-miscible with a hydrophcebic polymer, e.g., a thermoplastic
resin, thus undergecing a reduction in dispersibility.
Accordingly, organic~modificatioﬁ imparts hydrophobicity to
the nano-scale lavered silicate, thereby improving not only an
intercalation capabkility of the silicate in & polymer éhain,
but dispersibility thereof in the thermcplastic resin. Hence,

the organic-modified layered silicate «can be uniformly
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%)aé? no nanoclay Cloisite 30B (available from 39 thern Clay
W9 ro lfl{(?%ﬁ OInc.,) was used as an o gano nanocl EXAMPLF ﬁ%%ﬁ%ngﬂ
COMPARKTIVE EXAMPLES 1 TO 3 The content of each constituent
component used in the following Examples 1 to 5 and Comparative
Examples | to 4 is 15 shown in Table 1. Respective components were
mixed in accordance with the composition shown in Table I, to prepare an
deleefrically coniduictive thermeoplaistic resie campasitian. Tde=Compodsitprsical
was extruded in a double-screw extruder (L/D=36, g)-45 mm) and the
presultingsextrudate was pelletized:20cEhe peltetsaveredinjected in ant the
injection machine (10 oz) at 270C to prepare a sample for measurement
tIofelecthicalconductivity. First, the electrical conductivity (surface
resistance) of each sample was measured with a surface resistance meter
WO 2008/878850PCTHER20067005857 22 {évaluatisndorelectical organic
conductivity). The tensile strength of each sample was measured in
notechrdancewittAAS T fAM e et SBM d rtlteSt rfetHoH) D638 At this- stance
“time, the measurement is based on the conditions of 20 5mm/min, the
DIEEBRIIS AMEGSBRE UMER&Tem2 fevafiatidn Br medhanichl strepfly),  the
The measurement results of the electrical conductiv and tensile strength

l%ﬁ@@ﬁ%wﬁﬁﬁﬁ%ﬁm%;?%@bﬁﬁTﬁN@%?ge diameter of 50 mm or less,

m

preferably, 25 um or less, more preferably, 10 mm or legs. The
layered silicate, which satisfies these requirements and is
thus suitable for use in the organo nanoclay, is selected from
montmorillonite, hectorite, bentonite, saponlte, magédiite,
synthetic mica, and a mixture thereotf.

Alternatively, the organo nanoclay 1s prepared Dby
organically modifying a layered silicate with an organic
phosphats or ammenium salt substituted with a Ci-Cse alkyl
group  Oor  an  aromatic  group. Furthermore, it is most
preferablis to use organco nancclay prepared by organically
modifyving montmorillonite with an organic phosphate or
ammonium salt substituted with a Cip-Css alkyl group or an
aromatic group. In this case, the montmorillonite undergoes a
change from  hydrophilicity to hydrophobicity, thereby
reaiizing a uniform dispersion in the thermoplastic resin and
optimum physical properties of the resin.

The content of the organc nanoclay used 1in  the



WO%OMO Ex. 23 3 (A) polycarbonate resin (wt. parts) 9§C9[§KR200 6/005857
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electrically conductive resin composition is 0.1 to 10 parts
by weight. The organo nanoclay content enables efficlent
improvement in electrical conductivity of the resin, while
causing no detericration in mechanical properties of the
resin.

If necessary, the electrically cohductive thermoplastic
resin compesition further comprises an impact modifier, e.g.,
a rubbery impact 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 compositionf rubbery particles are dispersed in the
thermoplastic resin, thus enabling an Iimprovement in the
physical properties (e.g., impact resistance} thersci. 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
compeosition may further comprise an additive suitable for a

targeted use, 1in addition to the fore-mentioned constituent

componants. Examples of the additive include vinyl
copolymers, lubricants, release agents, plasticirzers,
nucleating agents, stabilizers, modifiers and inorganic
additives.

The electrically conductive thermoplastic resin 1is
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97 9 (A") polyamide resin (wt. parts 95
G (A) poly (wt. p ) - PCTKR2006/005857
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prepared by conventional methods comprising: mixing each
constituent component to prepare an electrically conductive
thermoplastic resin composition; and melt-extruding the resin
composition in an extruder. A plastic article is produced
from the electrically conductive thermoplastic resin.

According to another embodiment of the present
invention, there is provided a plastic article produced from
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 Dbetween 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 nanctubes can  innibit deterioration of

mechanical properties of the thermoplastic resin caused by the



97 (B) carbon nanotubes . parts) 313313 3 (C) organo nanoclay (wt.
wop%bég/%mgso parts) (C) org PCT/Kﬁz 06/005857
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inclusion of excessive carbon nanotubes.

Accordingly, the plastic article is widely utilized in a2
variety of applications, e.g., impartment of electrical
conductivity to automcbiles, electric apparatuses, electronic

5 agsemblies and electrical cables.
[Mode for Invention]

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

construad as limiting the scope of the invention.

The further details for (A) a thermoplastic resin
{polycarbonate and polyamide resins), (B} carbon nanotubes,
i5 and (C) organc nanoclay used in the following examples and

comparative examples are as follows:

(A} Thermoplastic resin (polycarbonate resin)
Bisphenol-A polycarbonate having a weight average
20 molecular weight (Mw) of 25,000 g/mcl was used as a

polycarbonate resin selected from thermoplastic resins.

(A") Thermoplastic resin (polyamide resin)

xN-120% (available from Kelon Industries, Inc.) was used
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wohs/Praskgnsile strength (1cge 650 680 690 700 868 630 67Q,68Q-p73 ¢ /0us8s7
Surface resistance 78 )

as a polyamide resin selected from thermoplastic resins.

(B} Carbon nanotubes

® available

Multi-walled c¢arbon nanotubes (C-tube 100
from CNT Co., LTD., diameter: 10-50 nm, length: 1-25 um) were

nsed as carbon nanotubes.

{C} Organo nanoclay
Cloigite 30B® {available from Southern Clay Froducts

Inc.,) was used as an 0organo 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 1is
shown in Table 1. Respective componants were mixed in
accordance with ithe 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.
The pellets wers injected in an injection machine (10 oz) at
270C to prepare a sample for measurement of electrical
conductivity.

First, the electrical conductivity {surface resistance)

0of esach sample was measured with a surface resistance meter



wokHR997405,108 101 106 109 1015 1014 1019 1018 Asc
from the data in Table 1, the samplgs of Examples 1 to 5 corr%prl?g?ﬁﬁ %88&033"7

of carbon nanotubes and organo nanoclay, in addition to the thermoplastic
resins WO 2008/078850PCT/K1t2006/005857 22 (polycarbonate and
polyam de resins), exhibited improved electrical conductivity, as compared
to those of Comparative Examples 1 to 4 comprising only one of carbon
(raenDtizlieand argahe canociy, ivaddittonstocthe.thermoplastic resins. In
5 particular, the samples of Examples 1 to 2 contining organo nanoclay in
an am@unat of enfy.1part byameight exhibitedimpreved«lesticalneasured in
conductivity, as compared to those of Comparative Examples 1 to 2
& COREAIRINGEN & bFgand BN o8y Assould bectorirmedfromthedatd P8 - At

Example 5 and Comparative _ ) o
this time, the measurement 15 based on the conditions of 20

mm/min, the record is made on a unit of kgf/cm® (evaluation
for mechanical sirength).
The measurement results of the electrical conductivity

and tensile strength are shown in Tables 1 below.

Table 1
Ex. Comp. Ex.
i 2 3 4 3 1 2 3 4
{A) polycarbonate
TESIM o8 96 95 93 - oG 97 97 -
(wt. parts)
A’ polyamide resin
(A7) poly - - - - 95 - - a7
{wt. parts)
(B) carbon nanotubes
1 3 1 3 3 1 3 - 3
{wt. parts)
C) organo nanocla
(Corg Y 1 1 4 4 2 - - 3 -
(wt. parts)
Tensile strength
. 650 630 650 700 868 630 670 680 573
(kgfiem’)
Surface resistance ; 1
Wt 1ot 10 108 | 1t ) 10% ) 10M | 0% | 10"
(£¥sq.) i

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

organo nancclay, in addition to the thermoplastic resins
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W()]z%@ g&nﬁ}le 4, although other thermoplastic resin (e.g., a polyamide

resin) was used, it exhibited improvgg electrical conductivity Oﬂg%g?gmssm
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 5carbon nanotubes, the higher the improvement in the
electrical conductivity of the sample. Accordingly, it could be .
(eonfiracdahatthe cvedall sarhples okExaraplessl to 5 exhibiteddtigh improved
mechanical properties, e.g., tensile strength. WO _
e DOUBIN78850PCIHKR2006/005857 Z3[CEAMS][Claimose of Comparative
Anelectricallyconductivethermoplasticresin composition comprising: 80 to _
EX9paits by weight of @iiarnfoplastie tegin®d . t8 105k By weiyhtopes and
carbon nanotubes; and 0.1 to 10 parts by weight of an organo nanoclay.
4HERIMZT] ThetlectriCalRfionticlivetierméplastir8sii-cotpositgir 17 - £
gﬁgﬁgordin to cla%jm 1, Wh:Lrein the t%eyrmgglgsticlresg i§ sglggted. fr%nﬂ raan
Pholyacetal acryile, potjearbonite, skrake, Polyestst, vinyl polyphensiens 71
ether, polyolefin, 15 acr Ionitrile-butaqdien -styrene cqpolymer, . . - -y
taleld 111 =l t - Of e shyfehe con bt hibited
ﬂ%%?far%%tef pol&gmlgyenf:)g&i’/arroude i g polya%ﬁsulfoXe, Wg@gther ﬁﬁﬁdé, we
iioleiharsulione, polyphenylene sulfide, fluorine, polyimide,y < tnose of
Y f
olyetherketone, polybenzoxazole, polyoxadiazole, -
caghhenzofhiazgle palybenzimidazole,polypyriding o organc nanociay. As
could be confirmed from the data of Example 5 and Comparative
Example 4, although other thermoplastic rasin (e.g., a
polyamide resin) was used, it exhibited improved electfical
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 organc 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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W(%Q 88‘!}\(7%’&% ole, polypyrrolidine, polydibenzofuran, polysulfon%‘(g}gflg&%&msgm

olyphosphazene, liquid crystal polymer resins, and a copoly
mixture thereof. [Claim 3] WO 2008/078850PCT/KR2006/005857 24
Theelectricallyconductivethermoplasticresin compaosition according to
claim 1, wherein the thermoplastic resin includes a polycarbonate resin,
and the polycarbonate resin is an aromatic poiyearbonate resin, which is
erepaved by Sreacting phosgene, halogen formate or diester carbonate
with a diphenol compound represented by Formula 1 below: (1)
wherein A represents a single bond, 01-05 alkylene, CI-Cs alkylidene,
C5-06 cycloalkylidene, -5- or -502-; X is a 10halogen; and nis O, 1 or 2.
[[Claim. 4] Theelectricallyconductivethermoplasticresin

An electrically conductive thermoplastic resin
composition comprising:

80 to 99 parts by weight of a thermoélastic resin;

0.1 to 10 parts by weight of carbeon nanotubes; and

0.1 to 10 parts by welght of an crgano nanoclay.

[Claim 2]

The electrically conductive thermoplastic resin
composition accerding to claim 1, wherein the thermoplastic
resin 1s selected from polyacetal, acrylic, polycarbonate,
styrene, polyester, vinyl, polyphenylene ether, polyolefin,
acrylonitrile-butadiene-styrene copolymer, polyaryiate,
polyamide, polyamide.imide, polyvarylsulfone, polvether imide,
polyethersulfone, polyphenylene sulfide, fluorine, polyimide,
polyetherketone, polybenzoxazole, polyoxadiazole,
polybenzothiazole, polybenzimidazole, polypyridine,
polytriazole, polypyrrclidine, polydibenzofuran, polysulfcone,
polyurea, polyphosphazene, liguid crystal polymer resins, and

a copolymer or mixture thereof.

(Claim 3]



20

compasition according to claim 1, wherein the thermoplastic 15resin

WOE%% u%%ggopolycarbonate resin having a weight average mole%ﬁré%%?%gﬂ

“of 10,000 to 200,000 g/mol. [Claim 5

Theelectricallyconductivethermoplasticresin 20composition according to

claim 1, wherein the carbon nanotubes are single-walled carbon

nanotubes or multi -walled carbon WO 2008/078850PCT/KR2006/005857

25 narotgbes. {Claim-6l-Eheelectricaliycondustivethermoptasticresin resin

5composition according to claim 1, wherein the carbon nanotubes have a
cahiameteriafl testonmiand adengtlzofn0.01 tovk@ gair{Claim 71hermoplastic

Theelectricallyconductivethermoplasticresin 10composition according to
ragfdim Iwheréirsthe carboroaaiotubes resin, and the polycarbonate

resin i1s an aromatic polycarbonate resin, which l1s prepared by
reacting phcsgene, halogen formate or diester carbonate with a

diphenol compound represented by Fermula 1 below:

- {Xn
OH

(1)

whereln A represents a single bond, C;-Cs alkylene, C-Cs
alkylidene, Cs~Cs cycloalkylidene, -8- or =~SC;-; X 1is. a

halogen; and n is 0, 1 or 2.

[Claim 4]

The electrically conductive thermoplastic resin
composition according to claim 1, wherein the thermoplastic
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
composition according to claim 1, wherein the carbon nanotubes

are single-walled carbon nanotubes or mnulti-walled carbon
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pect ratio of 100 to 1,000. [Claim 8] e
\é%@%t%?allyconductivethermoplaﬁgicresin 15 composition gg%%%lfﬁgo%ﬁﬁbgﬂ

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] 20Theelectricallyconductivethermoplasticresin composition
according to claim 8, wherein the layered silicate is selected from
ngigritniorélon te, hectorite, bentonite, saponite, magadiite, synthetic mica,

and a mixture thereof. WO 2008/078850PCT/KR2006/005857 26 [Claim

10] Theelectricallyconductivethermoplasticresin composition according to

claim 8, wherein the organo nanoclay includes a layered silicate
[ etgafictmodified with an organic 5phosphate or ammonium salt

substituted with a C12- C36 alkyl group or an aromatic group. [Claim 11] )
The electrically conductive thermoplastic resin

composition according to c¢laim 1, wherein the carbon nanotubes

have a diameter of 1 to 50 nm and a length of 0.0l to 10 um.

(Claim 7]
The electrically conductive thermoplastic resin
composition acceording to claim 1, wherein the carbon nanotubes

have an aspect ratioc of 100 to 1,000.

[Claim 8]

The alectricall conductive thermoplastic resin
composition according to claim 1, wherein the organc nanoclay
includes an organic-modified layered silicate having a

distance between adjacent layers of 9 to 14 A,

{Claim 9]

Tha electrically conductive thérmoplastic resin
composition according to c¢laim 8, wherein the layvered silicate
is selected from montmerillonite, hectorite, bentonilte,

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



dezm%q&géticle produced from the electrically 10conductive t@gﬁ}gﬁg@&%%gm
im ;

resin composition according to any gpe of claims 1 to 10. [Cla

plastic article comprising: 15a thermoplastic resin matrix; and carbon
nanotubes and an organ nanoclay, each being dispersed in the
thermoplastic resin matrix.

[Clalim 103
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 or ammonium salt Substitﬁted. with a Cip=Cis 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 organc nanoclay, each besing

dispersed in the thermoplastic resin matrix.



