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modified to provide improved electrostatically dissipative properties. In a similar

manner, it is desirable to modify polymers so that they can provide improved
- electromagnetic shielding while simultaneously retaining some or all of the

advantageous mechanical properties of the polymers.

Conductive fillers such as graphite fibers derived from pitch and polyacrylonitrile
having diameters larger than 2 micrometers are often incorporated into polymers to
improve the electrical properties and achieve ESD and EM shielding. However,
because of the large size of these graphite fibers, the incorporation of such fibers
generally causes a decrease in the mechanical properties such as impact. In addition,
incomplete dispersion of the carbon fibers promotes inhomogeneity within articles
derived from the composition. There accordingly remains a need in the art for
conductive polymeric compositions, which while providing adequate ESD and EM

shielding, can retain their mechanical properties. There also remains a need for
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Di scl osed herein too is a nethod of manufacturing an

SUMNIARY i cal | y conductive conposition conprising mXxing
a nolten masterbatch with a first pol ymer in a first
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composition comprising mixing a molten masterbatch with a first polymer in a first
extruder, wherein the first polymer has a melt viscosity that is lower than the melt
viscosity of the molten masterbatch; reducing the melt viscosity of the molten
masterbatch to form a reduced viscosity molten masterbatch; and mixing the reduced
viscosity molten masterbatch with a second polymer in a second extruder to form the

electrically conductive composition.

Disclosed herein too is a method of manufacturing an electrically conductive
composition comprising mixing a molten masterbatch with a polyamide in a first
extruder, wherein the polyamide has a melt viscosity that is lower than the melt
viscosity of the molten masterbatch; reducing the melt viscosity of the molten
masterbatch to form a reduced viscosity molten masterbatch; and mixing the reduced
viscosity molten masterbatch with a polyarylene ether in a second extruder to form

the electrically conductive composition.
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advant ageously be used to facilitate the dispersion of

Thearglgtlhga \Cat also advantageously be used to facilitate the dispersion of additives

and fillers, other than electrically conductive fillers in a composition. Thus, in one
embodiment, a molten masterbatch containing additives and/or fillers that are not
electrically conductive can be melt blended with a molten polymer to obtain a
composition. In another embodiment, the method advantageously involves reducing
the viscosity of a molten masterbatch prior to mixing with a molten polymer to form a
composition that comprise non-electrically conductive fillers and/or additives. In yet
another embodiment, the composition can comprise a mixture of non-conductive

additives and fillers as well as electrically conductive fillers.

In one embodiment, a masterbatch is first melt blended in the first extruder. The

molten masterbatch is then mixed with a second polymer in a second extruder to form
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melt viscosity of the masterbatch. The nolten m xture
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reduced viscosity molten masterbatch is mixed with the second polymer in the second

extruder 16 to form the electrically conductive composition. In one embodiment, it is
desirable for the viscosity of the molten masterbatch to be equal to the viscosity of the
molten second polymer at the point of contact of the two melts. Without being
limited by theory, it is believed that when the melt viscosity of the reduced viscosity
molten masterbatch equals the melt viscosity of the second polymer, optimal mixing
of the polymers can be achieved. This optimal mixing permits a better dispersion of

the electrically conductive filler.

This method can be utilized to manufacture electrically conductive compositions

having a surface resistivity greater than or equal to about 10 ohm/square (ohm/sq)
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polyarylene sulfides, polyvinyl chlorides, polysulfones, polyetherimides,
polytetrafluoroethylenes, polyetherketones, polyether etherketones, or the like, or a

combination comprising at least one of the foregoing thermoplastic polymers.

Specific non-limiting examples of blends of thermoplastic polymers include
acrylonitrile-butadiene-styrene/nylon, polycarbonate/acrylonitrile-butadiene-styrene,
polyphenylene ether/polystyrene, polyphenylene ether/polyamide,
polycarbonate/polyester, polyphenylene ether/polyolefin, and combinations

comprising at least one of the foregoing blends of thermoplastic polymers.
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hydrogen, halogen, primary or secondary lower alkyl, phenyl, haloalkyl,

hydrocarbonoxy or halohydrocarbonoxy as defined for Q. In an exemplary
embodiment, each Q! is alkyl or phenyl, especially Ci4 alkyl, and each Q2
hydrogen.

Both homopolymer and copolymer polyarylene ethers are included. Exemplary
homopolymers are those containing 2,6-dimethylphenylene ether units. Suitable
copolymers include random copolymers containing, for example, such units in
combination with 2,3,6-trimethyl-1,4-phenylene ether units or copolymers derived
from copolymerization of 2,6-dimethylphenol with 2,3,6-trimethylphenol. Also
included are polyarylene ethers containing moieties prepared by grafting vinyl

monomers or polymers such as polystyrenes; and coupled polyarylene ether in which

6
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Particularly useful polyarylene ethers for many purposes are those that comprise
molecules having at least one aminoalkyl-containing end group. The aminoalkyl
radical is located in an ortho position to the hydroxy group. Products containing such
end groups may be obtained by incorporating an appropriate primary or secondary
monoamine such as di-n-butylamine or dimethylamine as one of the constituents of
the oxidative coupling reaction mixture.  Also frequently present are 4-
hydroxybiphenyl end groups, generally obtained from reaction mixtures in which a
by-product diphenoquinone is present, especially in a copper-halide-secondary or
tertiary amine system. A substantial proportion of the polymer molecules, generally
constituting as much as about 90% by weight of the polymer, may contain at least one

of said aminoalkyl-containing and 4-hydroxybiphenyl end groups.
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The second polymer is generally used in amounts of about 5 to about 95 weight
percent (wt%), based on the total weight of the electrically conductive composition.
In one embodiment, the second polymer is generally used in amounts of about 15 to
about 90 wt%, based on the total weight of the electrically conductive composition.
In another embodiment, the second polymer is generally used in amounts of about 30
to about 80 wt%, based on the total weight of the electrically conductive composition.
In yet another embodiment, the second polymer is generally used in amounts of about

35 to about 75 wt%, based on the total weight of the electrically conductive

composition.

The first and second polymers are generally used in amounts of 90 to 99.99 wt%,

based on the weight of the electrically conductive composition. In one embodiment,
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electrically conductive conposition. The second

Elediﬁ!:éll’ye cohducBeNGiIRd MhatSesh it addudNts B AReMEalR enductive
about 95 wei ght percent (vvtf% based on the total
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filletthéﬂ th&ehgélt 010fa theb@beet rdoadprisingCantbast ioMe of the foregoing

osition. I.n another enbodi ment, the second pol yner
eleopr @éﬁ@?@cpye@érd in anounts of about 30 to about 80
wt % based on the total weight of the electrically

CarbH! ﬂﬁxgﬁh%% tﬁQc”Peﬁ?'b& hQ8d | '?hey @fecfé‘i&&ﬂ;h %Bnﬁlgﬁgg'c%ﬁgiggiai?ﬁ Gre

seco poly I's general ly used 1 n anobunts of

singh& wall calldnmt namwtwlzte%(SIg}@sYE@ mulm\lwdl cabah nasotyhes VIWINEs), or
Vapg1! gr%%vrn car onyflbersn 85] 8bi:¥e8mg[lg3v%glll tcar%on nanotubes (SWNTSs) used in
the composition may be produced by laser-evaporation of graphite, carbon arc
synthesis or a high-pressure carbon monoxide conversion process (HIPCO) process.
These SWNTs generally have a single wall comprising a graphene sheet with outer
diameters of about 0.7 to about 2.4 nanometers (nm). The SWNT's may comprise a
mixture of metallic SWNTSs and semi-conducting SWNTs. Metallic SWNTs are those
that display electrical characteristics similar to metals, while the semi-conducting
SWNTs are those that are electrically semi-conducting. In order to minimize the
quantity of SWNTs utilized in the composition, it is generally desirable to have the
composition comprisé as large a fraction of metallic SWNTSs as possible. SWNTs
having aspect ratios of greater than or equal to about 5 are generally utilized in the

compositions. ~ While the SWNTs are generally closed structures having

hemispherical caps at each end of the respective tubes, it is envisioned that SWNTs
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VGCEF having diameters of about 3.5 to about 2000 nanometers (nm) and aspect ratios
greater than or equal to about 5 may be used. When VGCF are used, diameters of
about 3.5 to about 500 nm are desirable, with diameters of about 3.5 to about 100 nm
being more desirable, and diameters of about 3.5 to about 50 nm being most desirable.
It is also desirable for the VGCF to have average aspect ratios greater than or equal to
about 100. In one embodiment, the VGCF can have aspect ratios greater than or

equal to about 1000.

Carbon nanotubes are generally used in amounts of about 0.001 to about 80 wt% of
the total weight of the electrically conductive composition. In one embodiment,

carbon nanotubes are generally used in amounts of about 0.25 wt% to about 30 wt%,
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I'n the vapor phase, In thé presence of particulate
can imeveah daatetdryd tabowtt2 woabenti @ ntieopeteat. ulnesmothier embodinount, the
., 800 to abqut 150Q00C. In the "tree-ring" structure a
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coaxi ally arranged about the core. In the "fishbone"

CarBéd HB&Y &R 1see id hiBlfs df GbSRAI0BA 16 bR B0bYL% baHR thRl weight
| ayers extending from
of the “electrically conductive composition. In one embodiment, carbon fibers are

used in amounts of about 0.25 wt% to about 30 wt%, based on the weight of the
electrically conductive composition. In another embodiment, carbon fibers are used
in amounts of about 0.5 wt% to about 20 wt%, based on the weight of the electrically
conductive composition. In yet another embodiment, carbon fibers are used in
amounts of about 1 wt% to about 10 wt%, based on the weight of the electrically

conductive composition.

Carbon black may also be used in the electrically conductive composition.
Exemplary carbon blacks are those having average particle sizes less than about 200

nm. In one embodiment, carbon blacks having particle sizes of less than about 100
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Carbon black is used in amounts of about 0.01 to about 50 wt% of the total weight of
the electrically conductive composition. In one embodiment, carbon black is used in
amounts of about 0.25 wt% to about 30 wt%, based on the weight of the electrically
conductive composition. In another embodiment, carbon black is used in amounts of
about 0.5 wt% to about 20 wt%, based on the weight of the electrically conductive
composition. In yet another embodiment, carbon black is used in amounts of about 1

wt% to about 10 wt%, based on the weight of the electrically conductive composition.

Solid conductive metallic fillers may also be used in the electrically conductive
compositions. These may be electrically conductive metals or alloys that do not melt
under conditions used in incorporating them into the thermoplastic polymers, and
fabricating finished articles therefrom. Metals such as aluminum, copper,
magnesium, chromium, tin, nickel, silver, iron, titanium, or the like, or a combination
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1 wt% to about 10 wt%, based on the weight of the electrically conductive

composition.

Non-conductive, non-metallic fillers that have been coated over a substantial portion
of their surface with a coherent layer of solid conductive metal may also be used in
the electrically conductive compositions. The non-conductive, non-metallic fillers are
commonly referred to as substrates, and substrates coated with a layer of solid
conductive metal may be referred to as “metal coated fillers”. Typical conducting
metals such as aluminum, copper, magnesium, chromium, tin, nickel, silver, iron,
titanium, and mixtures comprising any one of the foregoing metals may be used to
coat the substrates. Examples of such substrates include silica powder, such as fused
silica and crystalline silica, boron-nitride powder, boron-silicate powders, alumina,
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flour obtained by pulverizing wood, and fibrous products such as cellulose, cotton,
sisal, jute, starch, cork flour, lignin, ground nut shells, corn, rice grain husks, or the
like. Also included among fibrous fillers that can be used as substrates for conductive
metallic coatings are single crystal fibers or “whiskers” including silicon carbide,
alumina, boron carbide, and mixtures comprising any one of the foregoing. Glass
fibers, including textile glass fibers such as E, A, C, ECR, R, S, D, and NE glasses
and quartz, or the like, or a combination comprising at least one of the foregoing glass
fibers may also be coated with a conductive metallic coating and used in the

electrically conductive composition.

Organic reinforcing fibrous fillers which can be used as substrates for conductive

metallic coatings include fibers obtained from organic polymers such as poly(ether
14



as conductive filler particles. Solid non-netallic,
conductive filler particles such as tin-oxide, indium
W@ 2evensietie, anti nony oxide, or the |ike, or a PCT/US2006/004468
conbi nation conprising at |east one of the foregoing
fillers may al so be added to render the thernoplastic
resins conductive. The solid netallic and non-netallic
ketcmohdpob'ietherimidld,epslybalyzom@@, ipaly(plzenylsnen @ﬁlfipio)m polyesters,
wires,.strands, fiber t ubes, .nanot ubes
polyefiifhe "ardifpieh P Ages, angidic bRFReaRRER’ 4 Blyemerigides
polyRétREfuofdiAEdel adriyNc Pdsais| ﬁél!y@ug@ arsehol.emd dﬁ@aqfowrﬁ&ss Sfich

t he exact "size, Shape and conposition of the solid

remfmlaglfnltﬁr% mynbm pEvadad i thenloiet ofv moppiilagen g mpudiifalgment
e, B o8 BB b i B R4 5 el P

throagh ttbﬁemlﬂatcooﬁled\h@g ot estihead, Isidectpside t orsugze- type or matrix
nposition. In one enbodi nent, the solid netallic and

and rﬁmﬂ FRRstuCtiense 6R BY othey angtingdsdemopay tojqmeskilledyin she a4 of fiber

BATEI BB o i OO S, s
fibehlcarhnmiflbelr cexrbbndiheentqmetthqaoﬂ;yﬂtheuhmde gdrhinod)ditebr, and aromatic

polyRR i berglsahBih Tbunibeco B bt SovhraRe s Berctive
metalﬁle cBRIHEE R bel ﬁggﬁé@ﬁtﬂaé ford of, FRRANE) BleVFovﬁiggpQ&rén' ous

I'n yet anot her odinent, the solid nmetallic and
reinfaypementasiiele as Brudagirecefabries, @on{yeaven cﬂbeeu&mylfb@ems@tel such

i n_.amounts of abo out 10vvt°/
o oquRR g e e hgnbed st BE Shalre, Poecre AR CIS . >
dimB¥iora® Rebveh ird@foro@entst gtfdr@s | blaldel 8nd hdiknli@veorgBihg any
coated over a substantial portion of their surface
onewf the faregei@r ent | ayer of solid conductive netal may
al so be used in the electrically conductive
RoghIRGSH e Uihcr s R MO GEBIMGGLIGh o AL T ANYe, Ty Fided
witlc @ adléd] lawet d)f ta)nldagrtesre métahcxiwedngcﬁ]mniuabom &%vef tle suefpccbmea to
referred oated fillers". Typi.C
1008 Af e Snkon e o The CHOSE SR P RS ah bk ety
kno®Al RBhUER sidhNas BEqkﬁltmg& hdR¥ptidn’ @mercury porosimetry. In one

embodiment, the metal coated fillers may be used in amounts of about 0.25 wt% to

about 50 wt%, based on the weight of the electrically conductive composition. In
another embodiment, the metal coated fillers may be used in amounts of about 0.5
wt% to about 30 wt%, based on the weight of the electrically conductive composition.
In yet another embodiment, the metal coated fillers may be used in amounts of about
1 wt% to about 20 wt%, based on the weight of the electrically conductive

composition.

In one embodiment carbon fibers, VGCF, carbon nanotubes, carbon black, conductive
metal fillers, conductive non-metal fillers, metal coated fillers as detailed above, or
any combination of the foregoing may be used in the electrically conductive
composition to render the electrically conductive composition electrostatically

dissipative. An exemplary electrically conductive filler is carbon nanotubes. It is
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titanium and m xtures conprising any one of the

foregoing nmetals nay be used to coat the substrates.
waEx@pbwsl of such substrates include silica poRBEDS2006/004468

such as fused silica and crystalline silica,

boron-nitri de powder, boron-silicate powders,
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con%ﬂ:ﬂ% CGfﬁgf)élﬁon GUAT fhgh L eﬁlgﬁlr ld bout 110" PBhip-centimeter. In one

tomaceous earth, synthetic silica, and m xtures
embodinmt,Sit rsgdeanyble e hate ﬂhe/oimnegpsistigity Risb thoin arregqualbiovabout

substrates m oate th a l
10° SpReenameres, I anpties gemedienh it df 1 s fE ive e volume
resi§ AR O fisé 'tﬁﬂﬁ' ol Olaghl ¢& ”Mk y104s BEmOQ@AtiFRRAUCTIhV et another
mnéral fillers such as silicon carbide, nolybdenum

embs»dinﬁe;m;l,st iszdesigallalte heree the| wolime rasistivity dse tamrl qqualto about

100k Byt B | RS R S e
to Abdut e1(8? setah-castigbtess itf liakdsiratle afoediii lelceaitallgr bordactive

al um num di bori de, é al so be used as substrates for
compesitior {9 haverrenetrhqdclzed smpag] strewgth 0f geater |thagy & eqyahtozabout

10 lginog Cgﬁfsgi'uﬁel fn‘é@% g;ﬁg aﬁé%@% AU B2tk Hish. "RED é'eﬂﬁbefﬁﬁ £Sit is

um su ydrate nmay al so be coat
desﬁ‘dbﬂ&tod&lﬁ ucidteledrizdd lihpact swatgtings geatdr dsadri eiquall'te about 15

ilojquis e elsr: TGP Ber B Bod st G o Pt ot feod
impd& e gﬁgrtﬁ oﬁg@%ﬂsef‘ﬂﬁm'o?%gtﬂﬁ% 9@6&@ Q@'lql&jo'ule@fsﬁuaﬁf@ ﬁ‘leter

reln such as wood fl our "obt ai ned
pul veri zi ng wood, and fibrous products such as
The(ﬁebcnﬁc velameqesistivity is m@sureii one frastuged Aog benasampbypaving an

1nJe{;t|11 moldeg rlengqg or%ugO cen 1me%érs Cpcflro? to rthg ?ra%{u?fng huﬁi%%an?ﬂle is

fractured under liquid nitrogen. Prior to fracturing, stress fracture lines are generated
at a distance of 10 centimeters apart on the surface of the sample. The sample is then
fractured under liquid nitrogen. After fracturing the sample, it is subjected to drying
to remove any condensed moisture from the fractured surfaces. The fractured
surfaces are then painted with a conductive silver paint. The silver paint is then dried
prior to making the measurements. Resistance measurements or voltage
measurements are made by using a voltammeter. The electrodes of the voltammeter
are applied to the fracture surfaces to determine the resistance of the sample,

following which the resistivity is calculated.
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l'ike. Al'so included anong fibrous fillers that can be
used as substrates for conductive netallic coatings
wae@ocdowgl e crystal fibers or "whiskers” incl uPCTgS2006/004468
silicon carbide, alum na, boron carbide, and m xtures
conprising any one of the foregoing. dass fibers,
including textile glass fibers such as E, A, C, ECR
As mRytedsabaye, thednpferhhtek sel alsoccogtain nen-elsetrichldy icprdictipg fdlers
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confhlmE 04 A0eut Pt e Racna ik ndfL A gr o

pol ybenzoxazol e, pol y(phenyl ene sul fide), polyesters,
An prénplaty pbeovess forommiufactprihy ahe ddeiricatlg nainidoctive composition

pol yet herim des or pol yet herjm des, . .
gendsally COmPEIIS, BB tIFyd Bt Maf fgﬂﬂl@ﬂ% i the clesrigplly; rigpductive
con%ggyaagﬂliﬁvolée@ 41Ot RE of RAENR &, &%ﬁopa: fEQ CoRgrdskivk Tbite,

e provided in the formof nonofilanent or o
ultrasohici fenkye neledtidneagnetind energybethersed eherggr oal gambiations

in conbjnation.with other types.of fi.ber. through, for.
compRispR e g r R o g Pl e s PRy i A fehanc8d in
proREAAg %qﬁf?ﬁﬁn@ kwheRdin ithfe AfstembMMidded CORRS € teixeitéd b9ra Bihgle

ot her nethods known to one skilled in the art of fiber
screfva rofléipleuscsewsyiptesmpshirgve Qe ptating (9& tQQUBST (pQHng fATeHS, non-

. sed.as s . C I . -G i .

B R e U

pinsa Barréls Ot pifis, Pellsy edrhis hielital @oord) ef gdrabmatioretomplisingous deast
fillers to be used as substrates for conductive

one pfthei forego®gat i ngs may be supplied in the formof, for
exanpl e, rovings, woven fibrous reinforcenents, such

Mel®$1dhd ﬁiﬁglrvﬁ% @b e fhenfOREAMRYER haPheWdnducted in machines
rei nforcenents such as continuous strand mat, chopped

sucls bs, aieglerat muliiple sesw grpwlers, Buds kadader, didclB mixers, Henschel,

nen SRR Pt o), o RSB By Ston
molRegahsth@fes, wikuhh CoRXNag math#s, Hia RROIAERE neHRes ok iteile, or

said substrates, they are coated . )
combinations comprising at least one of the foregoing machines. It is generally

desirable during melt or solution blending of the composition to impart a specific
energy of about 0.01 to about 10 kilowatt-hour/kilogram (kwhr/kg) of the

composition.

In one embodiment, in one method of manufacturing the electrically conductive
composition, it is desirable to melt a masterbatch comprising up to about 50 wt% of
the electrically conductive filler in a first extruder. The molten masterbatch is diluted
with the first polymer in the first extruder and is fed into a second extruder containing
the molten second polymer. Blending of the two melts occurs in the second extruder.
The electrically conductive composition comprising the electrically conductive filler

is extruded from the second extruder and then pelletized.
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with a solid | ayer of conductive netal covering from
about 5% of the surface area to 100% of the surface
wW@e@a/1016ne surface area is typically deternm neRCHYS2006/004468
commonl y known net hods such as BET nitrogen adsorption
or mercury porosinmetry. In one enbodi nent, the netal
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In thwmaogabam ts0finet extrivdes sdrves asha sigei gpmpouhdere the second

extriiiotthichns s ARTERHIdSE JF SRe prtodfaenn 8IS Gl e second
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smg;ﬂescrw exhuderenitritheesaeond: ¢xérudet edn boattwin sqrew @Pig’llﬁfﬁy "The
pe e AR O SBanbFha ROS  riecion
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carbbR MBHGUDE #BMh Qﬁoﬁg o abﬁltti@)ewﬁ% eﬁsE? Q@M mectefa@ WeidhY ®f the

composition to render the electrically conductive
mastedmbds i The maeﬂeﬂxatcﬂlas maﬂuedan lthe Giss sxtpater aed itdmelt viscosity is

ex ctrlc tive filler Jd,s carbqn. .
reaifgf BY giting 1 isisEfusd pif tiopinaon 6% b eRicRd Viscosity
molfeﬁriﬂz‘rk@érbé{t@h fid thef &l FrBmoe lfﬂﬁtsex%ﬁﬁcﬁltd/@iets@cdﬂd%%ﬁﬁﬁer The
surface resistivity |less than or_equal to about 109

seccmﬁmegquéﬁre gasernﬂ-sasmnéajnsasa p@qmmbmgdzsqmmmu@h otayeprising

C
polsBERAHICRbr g nflsHErs e Syt BnBHiadiR e epnd
poly@ger] sk it Iu%mwle €orute ﬁl@lt&hmnﬂ-Q)TCtHﬂYdﬂqwar Mastérbyieh to be
anot her enbodinent, it is desirable of have the

approgimaiely eqial 4¢ ithe t“}ﬁleISP‘PﬁétYePfe&er pecand pobardudt thg gpoint of
contgigtgpp%ﬁé 't\QQ Jﬁ@u n8'ex R (ﬂf%oé{h%auﬁment e melt

squar e. esira e "to have the spedi
Viscumtwniatlreer:edmtadwﬂsqos(tﬁ\ﬂ)ltenfmaduerbﬂbhadles ivdthih ybout 10% of the

conduct i ve conposj ti.on | ess than o ual to about
el RS0 S P HONePOITTAT G iecRIBPRERLCt of the TG Hhels.
anofB8SEhiBOiehP tﬁ@ﬁﬁlttxj?&o%@} BiTRhel R&h & w)iéc‘o)!ﬁ;b ﬁﬁﬁteﬁ ti‘ﬂ‘fa@te%atch

equal to about 106 ohmcentimeter. |n anot
lies evitionliatrenit 20%t ofi the dasdi Visbdsityt of ﬂna\/s@cwrtdepcvlam@rr@.t the point of

contact of the two melts.

The masterbatch can be diluted with the first polymer from about 10 wt% to about
1000 wt%, based upon the weight of the masterbatch. In one embodiment, the
masterbatch can be diluted with the first polymer from about 100 wt% to about 800
wt%, based upon the weight of the masterbatch. In another embodiment, the
masterbatch can be diluted with the first polymer from about 200 wt% to about 600
wt%, based upon the weight of the masterbatch. In yet another embodiment, the
masterbatch can be diluted with the first polymer from about 300 wt% to about 500
wt%, based upon the weight of the masterbatch.
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resistivity less than or equal to about 103
ohmcentineter. In yet another enbodinent, it is
waele®snetshe to have the vol ume resistivity | essPCTIES2006/004468
equal to about 100 ohm centinmeter, hi conjunction with
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ver. pajnt,. The. Ver . pa is then dri
havijg BBl Yatia 68 747 bl S o REAe orartsbiont, 1B SR Blsetidn as
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The el ectrodes of the voltameter are applled to the

progesact ure surfaces to determ ne the resi stance of the
sanple, following which the resistivity is

Thecél'é&fféaﬁgl%n tﬂz%t&)ﬂl P Bf caf %g amﬁ%e%ﬁ lghlsgdf"ﬁl Q,lttél‘ﬂoblles

cont ain-non- el ectrl conductin rs and
in pmctdmiarvss extExianpbdy paﬂels uiOthdyl wsefid rapphm:tums |an<g in chip trays,

el ectrically conductive fillers are ant,-oQx a(li]tS, )
compers, Hfaﬂ%é E0OgesemizegPdciR; COMBARERLSy SifCUH é‘i’ﬂ‘ 5 or the like
whlabﬁ&ahsrbé r&éété@ﬁbﬁi @bcrlos@hE dRBPRERET S, reinforcing
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Thef f@}l@g’mgquampiese ool tarey mept] toehes exemplary, not limiting, illustrate

compositions and methods of manufacturing of some of the various embodiments of

the electrically conductive compositions described herein.
EXAMPLES

This example demonstrates the effect of reducing the melt viscosity of the
masterbatch on the specific volume resistivity and the notched Izod impact properties
of the electrically conductive composition. In this example comparative samples were
tested against the samples that demonstrate the improved method for production of the
electrically conductive compositions. The electrically conductive composition

comprised a compatibilized blend of polyphenylene ether and nylon 6,6. The
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An exenpl ary process for manufacturing the
el ectrically conductive conposition generally
weewpnises nmelt bl ending. Melt bl endi ng of thePCT/US2006/004468
el ectrically conductive conposition involves the use
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mﬁ?@h@éﬁmg@? conguééeR ﬁ‘gfl‘%‘ﬁxg O%S’%gnbu %I fmd Iﬂ{ATON

G168 Pdiangyreae hitigdsnesbuthdiase istjrect iritiocko chpoigmﬂnc hBoths jmpact

racuum form n chi bl 0 machj or .the,
mod gl i OB ALY AR S g RO eS,  BG CHmOPHECH i
shof;vﬁ'&ﬁ@‘%l@g machines. It is generally desirable during
melt or solution blending of the composition to inpart
a specific energy of about 0.01 to about 10
Tablg 1 owat t - hour / ki | ogram (kwhr/kg) of the conposition.
In one enbodi nent, in one nethod of manufacturing the

ecticatty conductive cor ucbl rabte
COI?%O%M a rraster batch con'pr 1§ht',]15jeIJCetnts V‘gout 50 wt % of
t:AC ICbl Ibal Iy bUIIUUblI A I ICI I —a II Ibl
POIW%&%? The m)l ten rrast er k?gt ch | s d| I ut ed Wi t h the
rrot Al vy r H fod 1t o
Poly aﬁgqgﬁﬁﬁu§Er cont ai ni ng ﬁﬁe nDIten second polyner
Bl b”rll no nf the o nrnl ts—aecHs | A—t hn eecond
Cltré%(‘tcﬂ‘ﬂder The electrically uctive conposition
ggn8p|g|ng t-he e|eg;piga!!} conductive-filler
IRGANOX 1076 0.3
KRATON G 1701X° 3.5
KRATON G1651° 7
Carbon nanotube Masterbatch 3
Copper lodide 0.01
Potassium lodide 0.05

Figure 2 represents the extruder set up for the experiments. The main extruder
(second extruder) was a 28 mm Werner and Pfleiderer twin screw extruder. The
extruder had 11 barrels set at temperatures of 50°C, 280°C, 300°C, 300°C, 300°C,
300°C , 290°C, 300°C, 300°C, 300°C, 300°C and 300°C respectively. The die was
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is extruded fromthe second extruder and then
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diluted with the first polynmer fromabout 10 wt%to
about 1000 wt % based upon the wei ght of the

FrofiBgkeT4had 2h it Riay ORe s@mbaet MRRE  sabpfes REpAED A6t dRRNtDthis
diluted with the first polymer from about 100 w%to
disclsoret hagdghe masterbatch and a portion of the nylon 6,6 melt blended in the first
extruder (side compounder (SC)) following which they were fed into the second
extruder. The remaining portion of the nylon 6,6 was fed into the second extruder at

room temperature via the side feeder.

The masterbatch was diluted with the nylon 6,6 in the first extruder in a weight ratio
of masterbatch:nylon 6,6 of 1:2, 1:4, 1:5 and 1:6. Table 3 shows the comparative
sample as well as the samples made according to this disclosure for electrically

conductive compositions comprising 0.6 wt% of the multiwall carbon nanotubes.
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wt % based upon the weight of the masterbatch. Li
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I spl ay§ gi.Ysi T or svol u resistivity in any

two nufua lly perp i recti ons as conpared with

sanpl e$ manyf act u er metthods. I n other words,
MWRKTBI®) |66 @ T|eaUuct|p. o sPtropy in the

el ectrifcal groperjti b el egtrically conductive
Maste@arR0S|d | on (when [canpainagd Wit conpositi ons
dilwtigRNnuf a¢t ur eq by gt her t hofls. I1 reduci ng the

ani sotnqopy, lit ig preferablg to have the ratio of
Masterbatehe [SResi 48QHi t]§C(refSCsti j8Cty datio) in the
Feeddigr ect ifon pgrall gl to the flow dijrection to that in
posittoRe di fecti dn perjpendifcul ar|{to the flow direction to

he greater tlhan or equpal tolabouff 0.25. In one
Izod o Mokhedidnt , [#2 i o24®si PABI e[Rér dhe resistivity ratio
IkaI/’a@ %GRTgreat r than or pqual [to about 0.4. In another
W bhodi nt, [it is| desifable|for the resistivity ratio

to—pe—greatat—th ar—eatette=efjout 0.5. In yet
EIZ)Ran%(Pﬁgrhgn c%l2|4?r% 2,3‘d?t P‘ts"b'ﬁld asgclﬁﬁakle for the Y

resistijvity jratio to be equil to|l. A sanple having a
T EShSH YLt &AL PR S O[S have no
SEETHE FrhRy.  THe Pl SuFArT Gt S EREal i ned herein is

the direction of flow of the conposition during the
Tabler Deleses thgt the @orparativé earmeple dtlids aadpeyific ootimd regBtivity (SVR)

iiti on can be

IP@HPz?F{lma%t%iﬁ%‘mﬁn

of 11284

vant ageousl y

bi |l es

&ayjon '6,6

in

alge i

used

SRS

in RS SRAIIEP&iRBnlpBufrddr Pard S intGATRALR Fe mBIELIAR MG the

goods, sem -conductor co

mponent s,

circuit boards, or

secanideextivder hiaih extasidnt bavisea peditced tspecific omlwhe cesigivitat when

conpRPeR shBpis

room temperature.

05 Ol AR5t 50 0 M1 Her

Tables 4, 5 and 6 below show similar beneficial effects of masterbatch dilution on the

specific volume resistivity at MWNT loadings of 0.8 wt%, 1 wt% and 1.2 wt

respectively.
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conposi tions and net hods of manufacturing of some of
the various enbodi nents of the electrically conductive

w@ evpasicti ons descri bed herein
denonstrates the effect of

EXAVPLES Thi s BXEDF1086/004468
reducing the nelt viscosity

of the masterbatch on the specific volune resistivity
and the notched |zod i npact properties of the

Tablkl4ctrical | y conductive conposition.
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t he experinents.
was a 28 mm Werner and Pfl eiderer twin screw extruder.
Tablefe extruder had 11 barrels set at tenperatures of

50C, 280C, 3000C, 3000C, 300C, 3000C

2000

2000

2000 nnnl

EPTESENnts the
The mai n extruder

faYaYaYad

L0

xtruder set up for
(second extruder)

290Q0C, 3000C,

ctively. The die
The screw speed was

S \VAVAV AW u A T \[l T3
G sset [a1Pa [PETRSel APl Bupe ifﬁalé
300 revalyfijons per mi fitt e. [ The
1

MWNT (wt%) |1 1 1 1 1

Masterbaich |0 1:2 1:4 1:5 1:6

dilution

Masterbatch  |SF sC SC SC SC

Feeding

position

Izod Notched|24.1 22.5 20.7 21.7 214

Impact @ RT

[kI/m2]

SVR  (kOhm-|11 2.2 2.6 1.7 2.0

cm)
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extruder had a side feeder |ocated at barrel 6 and a

si de conpounder (first extruder) located at barrel 9.
wa@\sooshavmt i N the Table 2, the conparative sanpPET/wsz06/004468

prepared by feeding the pol yphenyl ene ether along with

the conpatibilizers and other additives into the

throat of the second extruder, while the nylon 6,6 and
Tabidfe masterbatch were fed into the second extruder via

the side feeder (SF). The side feeder feeds the nylon

g-6—argtheTrestachate n—thejsecond extruder at
Samf‘ﬂ%omt rf)ﬁné"rcffp }é“’ ?gacﬂ $al§pt‘i:§gn?if e Table 2, it may be

seen t ;nlgkose slanpl e prepared|according to this

di sclo Mre Had the masfterbagjch agjd a portion of the

nylon ¢,6 nmglt bllended|in the fifnst extruder (side
MWEOReNMAET ([B%)) el I ojang Wm_(?h_they were fed into

t he se$ond gxtruder. The repminipg portion of the
Mas#aypht€H %)6 wgds2 T ediunt ofitshe Hiecond extruder at room

t

dilutioenper 4t ur e |vi a the si fle feeder. |The nasterbatch was
diluted withh the Inylon|6,6 In the first extruder in a
Mastgmbptgiht |SFat | @QSO©f nj@€t er [$&t ch{Seyl on 6,6 of 1:2, 1:4, 1:5
Feedipgd 1:6¢. Tall e 3 |shows|the gonpafative sanple as wel |
Posid t he |sanpl|es de actordi pg to|this disclosure for
electriical Ly i conpasitiions conprising 0.6
IZOd }?e‘q{ Be A ti wad? cBPBon|BEnofubes. Table 3 *SF =
[kJ/ eeder, **SO=first extfuder |(side conpounder)
a\ble $ shoys th t he con‘parati e sanple 1 has a
_Ii‘p‘ﬁ votsyre— st HyTAESYR) of 114, 286
cm) o%rh 2l6centd|ﬂrtret 3 I—lo/v\egver dgé)a les that are dil uted
with the nyljon 6,16 in fhe f{rst é¢xtruder (side
compounder ) and thnem rntroduced in the nolten state
into the second extruder (main extruder) have a
reduced specific volume resistivity when conpared with
mathpll‘ablewﬂ efe5 thé 6Nt stayrieaseer thas as tier lﬁde:latfctlilumibn im ke first

de feeder,at roomte bles 4, 5
extuTAT P ERRGty (05 P L TSRRTIR Pafte shpBfraectmossm Srdiag dht the
redubledl Widc@Bity BrdddpBt about by the dilution of the masterbatch improves the
dispersion. Without being limited by theory, it is believed that the reduction in

viscosity plays an important role in the optimization of the dispersion, which permits
a reduction in the resistivity of the compositions. Alternatively, by reducing the
resistivity of the compositions, a lower amount of electrically conductively filler can
be used thereby reducing material costs as well as reducing the amount of processing

required and the energy expenditures accompanying this processing.

Articles made by the aforementioned method can be advantageously used in
automobiles for parts such as automotive exterior body panels, fenders, dashboards, or
the like.

While the invention has been described with reference to exemplary embodiments, it
will be understood by those skilled in the art that various changes may be made and

equivalents may be substituted for elements thereof without departing from the scope
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specific volunme resistivity at MANT | oadi ngs of 0.8
w% 1 wt%and 1.2 wt respectively. Table 4 Table
woTwblielo6l From t he Tables 3, 4, 5 and 6 it nMRyPEBUSME6004468
that as the level of dilution in the first extruder
i ncreases, the volunme resistivity of the sanple
decreases, indicating that the reduced viscosity
of thyr inmeitionadouklditipnt menylimadifications miah demaatdedo bdnptha particular
.. i.mproves the dispersi.on. W.thout being.,limted.b
situgtyo o, aferial (0 i feaciey phens FEYePEoR SHHSH! drpaying o he
esseBtiAYseopdthleFIRE! TRBfefée] R id Thiddded Rt ithd ZREAESHh At BT@mited to
di spersion, which permts a reduction in the
the paticwal embgdimfnt ¢isclosadpassthe besismods eanteraplpted|for cayying out

his RO R BRI h il YR s AP R R T iR e

scopitiadyppesdbidcdldighsmat eri al costs as well as reducing
t he anmount of processing required and the energy

expendi tures acconpanying this processing. Articles
made by the aforenenti oned nethod can be

advant ageously used in autonobiles for parts such as
aut onoti ve exterior body panels, fenders, dashboards,
or the like. Wiile the invention has been descri bed
wth reference to exenplary enbodi nents, it wll be
understood by those skilled in the art that various
changes may be made and equi val ents may be substituted
for elenments thereof w thout departing fromthe
scopeof the invention. In addition, many nodifications
.may be nade to adapt a particular situation or

material to the teachings of the invention wthout
departing fromthe essential scope thereof. Therefore,
it 1s intended that the invention not be limted to
the particul ar enbodi nent disclosed as the best nobde
contenplated for carrying out this invention, but that
the invention will include all enbodinents falling
within the scope of the appended clainms. WHAT | S
CLAIMED IS: 1. A nmethod of nmanufacturing an

el ectrically conductive conposition
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conprising: reducing the viscosity of a nolten

mast erbatch to forma reduced viscosity nolten
wore@saoteat ch; and m xi ng the reduced vi scosi t yPODUSHN6/004468

masterbatch with a polyner to formthe electrically

conductive conposition. 2. The nethod of Caim1l,

wherein the viscosity of the nolten nmasterbatch is
WHAJScEUABYERI I8 ng it with a diluent, a plasticizer, a

pol ymer having a nmelt viscosity that is |ower than the

Vi SCOS| of the | ten nasterpatc or_a, conbi L OR.
L hef ooty o HEpfiBackEihd R CERBEIny Lo BREY Db Aion
Com@ﬁ@iﬂgpt ive conmposition conprising: mxing a nolten

masterbatch with a first polyner in a first extruder,

wherein the first polynmer has a nelt viscosjty that is
reducgigethet Hisgasithael aanelisp BRsThaichoio fora Hindpess viscosity molten

mas ;{t@x{-%{l‘:h; reducing the nelt viscosity of the nolten
mast erbatch to forma reduced viscosity nolten

mast er bat ch; and m xi ng the reduced viscosity nolten
mixings ther batuced wischsity sealtemd npefeyraéeh iwitha as pelynstr eixt farohethe

1 to {lorm he electrically conductive conposition. 4.
electifa Mﬁ?'r-ff’;ﬁ“%?C@%qsm%ﬂ; wherein the nol ten masterbatch

conprises a polyner and an electrically conductive

2. filRrmethod DA€ 148 DOGhefeirCtia VisébsitMEItRd Mdlleg masterbatch is
electrically conductive filler is carbon black, carbon

redugach Y uBiging it aibon divesér & plagticizgr p Eohinar daging a melt viscosity
that qiof&w%g’ ﬁgﬂ‘iﬁﬁé \yigcofsiéirJ %ffh% rﬁ&?énqﬂas%rpacﬂ%% %l %ofngbirfa?l%h L 9Sof.
el ectrical Ty conductive non-netallitc Tillers, or a
conmbi nation conprising at |east one of the foregoing
3. el ekt metladd yofc anahudadturing | hh e ekecticallne comtuetide otorGbesition
5,. wherein the carbon nanotubes are single wall carbon
comphi®Pubes, nultiwal | carbon nanotubes, vapor grown
carbon fibers, or a conbination

mixing a molten masterbatch with a first polymer in a first extruder, wherein the first
polymer has a melt viscosity that is lower than the melt viscosity of the molten

masterbatch;

reducing the melt viscosity of the molten masterbatch to form a reduced viscosity

molten masterbatch; and

mixing the reduced viscosity molten masterbatch with a second polymer in a second

extruder to form the electrically conductive composition.

4. The method of Claim 3, wherein the molten masterbatch comprises a polymer

and an electrically conductive filler.

5. The method of Claim 4, wherein the electrically conductive filler is carbon
black, carbon nanotubes, carbon fibers, metallic fillers, non-conductive fillers coated
with metallic coatings, electrically conductive non-metallic fillers, or a combination

comprising at least one of the foregoing electrically conductive fillers.
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conprising at |east one of the foregoing carbon

nanot ubes. 7. The nethod of Caim4, wherein the
wore®baotsat ch conprises up to about 50 wt % of tPEI/US2006/004468

electrically conductive fillers, based on the weight

of the masterbatch. 8. The nethod of Claim3, wherein

the first extruder is a side conpounder to the second
ex{lihedeethod of Chémfe whettintheGtabon Banobes eiersitgle wallrearbon

. he ane the econd
nan ot B el SR EeRheb VnBh €T BROD bt of a dolbination
com@tibih® aeRhstione B e Foe6:@B¢aih WaR6tubdsl . The met hod of
aim 3, wherein the first polyner and the second

Hé@ r are conpatibilized in the electrical
cordgcnethed obfpeis wheremthemést%@q@bcwﬁwr@wpnt% about 50

R L G, 08 o AP

thernmopl astic with a thernoset. 13. The nethod of

8. J dihemdsthodeff Elaim Bhehéieirsthefobtyaxemudenid Acidet dvenpeendardo the
I is a polyacetal, a polyacrylic, a polyaryl ene

Secoé'gﬁgfmd%{ pol ycar bonate, a pol ystyrene, a pol yester, a

pol yam de, a pol yam dei mi de, a polyarylate, a

POITHErAtRaN &f ChaiR03, idtiatbinithé :‘fﬂﬁ’pcﬁ%rﬁéﬂ ¥ ehd @i b BRS&ecénd
pol yaryl ene sul fide, a pol yvi nyl chloride, a

polysasiry et heri ni de, a pol yi mide, a
pol yt etraf | uor oet hyl ene, a pol yet her ket one,

10. p0| trﬁ@cﬁo@ #)P?{?nhf%t QAEret 12 i lﬂﬂélj 9 ﬁlffé}gﬁ%rﬂiojﬁ ﬁ% @bond

Iea one o oregoi ng po I'C resins
polyimirnod of Claim 3, wherein the first polynmer is a
polyanide and wherein the second polyner is a

11, P P e e E R a0 et e Thaiener 6y b sesohd plvgper are
con@QﬂmﬁEécpinl the SlectRBA1Ped IR AR cotdisfiiof! -

12.  The method of Claim 3, wherein the first polymer and/or the second polymer

is a thermoplastic, a thermoset, or a combination of a thermoplastic with a thermoset.

13.  The method of Claim 3, wherein the first polymer and/or the second polymer

isa

polyacetal, a polyacrylic, a polyarylene ether, a polycarbonate, a polystyrene, a
polyester, a polyamide, a polyamideimide, a polyarylate, a polyurethane, a
polyarylsulfone, a polyethersulfone, a polyarylene sulfide, a polyvinyl chloride, a
polyetherimide, a polyimide, a polytetrafluoroethylene, a polyetherketone, a polyether
ether ketone or a combination comprising at least one of the foregoing polymeric

resins.

14.  The method of Claim 3, wherein the first polymer is a polyamide and wherein
the second polymer is a polyarylene ether.
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16. The nmethod of Claim3, wherein the electrically
conductive conposition has a specific volune

WO e®haoievi ty of | ess than or equal to about 1Q2GI/US2006/004468
ohmcm a notched |zod inpact strength of greater than
10 kil oj oul es/square neter and a C ass A surface
finish. 17. The method of Caim3, wherein the

15. el ddwer methiodyol @ia:im:ﬁi wélemrtb@iedw@ﬁpdhlascwdsm £omposition
val une resi thI ess ﬁ%@n or equal to about 1CeS8

comBrIRgS A ORI EST ad“f%a“fl (€t strength of greater

than 15 kil oj oul es/square neter. 18. An article

16. MaIMHeanétHo@ 6f OYaitnlB; wiRidiothe ecticllfchndidtive Th@paditibrth® a
of Caim18, wherein the article is angautonobile

spegifi¢ volupg, resipfévity ofiless ¢hasy organplfe houtHs ehm-anme notched Izod

t I der,
impBt AIERBl 51, 8 ler' drf J0 RiloRM AR pBRE Sy £ 80 E
finif Claim 3. 22. The article of Claim2l, wherein the

article is an autonobile part. 23. The article of

i.n the aut ile part i,s an exter.ior
17. podpagadupd SECTR b Mokt e a ConliciR? SSmRer i has a
spediB %R{ﬁk‘&%hl@ﬁﬂ?}noﬂe%ﬁh eRbdvhal 60 Qﬂéiﬁtﬂo&’eolﬁ%ﬁ%id 4 Abtched
conprising: mxing a nolten masterbatch with a

[zodrimippshitreagihrofgrédtersharekd kilajewles/sivaresinatet.ne pol yani de
has a nelt viscosity that is |ower than the nelt

Vi s '. r ;1 reducing the nelt
18'vi s%g%iu% %nuttf% :bﬁ’?ﬂe‘ﬁ.‘?@%"gf’ﬁgiagﬁ ]t'o forma reduced
Vi scosi ty nol t en mast er bat ch; andm xi ng the reduced
19. vi sitesirtigle 0DClagim I3pshereheathe Artivld B aa ap@inyabilglpane et her

in a second extruder to formthe electrically

20. 2[31@“ i (%iﬁ 8? ?r‘ig) 0S| t | tagih?e Eﬁ%gég ];%extgnor bozcliy panel,

a fender or a dashboard.
21.  An article manufactured by the method of Claim 3.
22.  The article of Claim 21, wherein the article is an automobile part.

23.  The article of Claim 22, wherein the automobile part is an exterior body panel,

a fender or a dashboard.

24. A method of manufacturing an electrically conductive composition

comprising:

mixing a molten masterbatch with a polyamide in a first extruder, wherein the
polyamide has a melt viscosity that is lower than the melt viscosity of the molten

masterbatch;

reducing the melt viscosity of the molten masterbatch to form a reduced viscosity

molten masterbatch; and
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pol yam de and carbon nanotubes. 26. The net hod of
Claim 24, wherein the polyarylene ether is
w@eovpatiei | i zed with a pol yam de prior to the PERUSZP06/004468
with the reduced viscosity nolten masterbatch. 27. The
met hod of C aim 24, further conprising nolding the
el ectrically conductive conposition. 28. An article
mixingthe astuged disbysitymeoltt maxderbétciCivathm polyarg®ne Tther in a second

article o ai m 28, erein the.article is an
extifer RSy @eg(lﬁqr_lcaéﬁ_co%ué{? FPBPSIYM- O ai m 29, wherein
the autonobile part is an exterior body panel, a

25.f enbigy nthcdl dasbRenr o4, Whereth MRS hesltedl naBEIatht Bbhplsed a
conmposition conprising: nmelting a masterbatch to form

polyanyide prchcarhen Bauesthed in a first extruder; and nixing
the nolten nasterbatch with a polyner in a second

ext t it . .
26 g pf I TP by 8 o0, TRt v
a paedyanide prat toythe arigdingtwithethé rddueed visdosity heolten s ckrindtch.

Claim 31, wherein the nasterbatch conprises fillers

and/or addifives, that, ar on-el ectrically conpductive.
27. 33 g i oSSR i, (Bsieusgisingn rolding e ShectRatty
conf@ditivelcembbéifigh! y conductive fillers are anti-oxidants,

anti-ozonants, dyes, colorants, infrared |ight

absorbers, ultraviolet |ight absorbers, reinforcing
28.1 j | Aepgiclegpapeactpredibydhe metiod of Claimedds, fibers, or a

conbi nation conprising at |east one of the foregoing

29, NO nl“l'ﬁeqzﬁlgéig 'i)f &?aifrf. ié, Sh re%?the léTE:.talﬁ%atﬁ%ob(He a??h 2 1,

further conprising’reduci ng e viscosity of
nmol ten nasterbatch in the first extruder. 36. The
30. mret Hwechriéle Of QllainB329, whiverieihe antrenaolepasti is ko exiesor body panel,

el.ectricall onducting. 37. An article manufactured
afeﬁﬁ}ertoﬁédﬁétbﬁ%ﬁfof Cl ai m 31.

31. A method of manufacturing a composition comprising;:
melting a masterbatch to form a molten masterbatch in a first extruder; and

mixing the molten masterbatch with a polymer in a second extruder to form the

composition.

32.  The method of Claim 31, wherein the masterbatch comprises an electrically

conductive filler.

33. The method of Claim 31, wherein the masterbatch comprises fillers and/or

additives that are non-electrically conductive.

34, The method of Claim 33, wherein the non-electrically conductive fillers are
anti-oxidants, anti-ozonants, dyes, colorants, infrared light absorbers, ultraviolet light
absorbers, reinforcing fillers, compatibilizers, plasticizers, fibers, or a combination

comprising at least one of the foregoing non-conductive fillers.
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38. The article of Caim37, wherein the article is an
autonobile part. 39. The article of Caim38, wherein

W b@ecaoteotobi | e part is an exterior body panel PCHUS2006/004468
fender or a dashboard.

35. The method of Claim 31, further comprising reducing the viscosity of the

molten masterbatch in the first extruder.

36.  The method of Claim 31, wherein the composition is electrically conducting.
37.  An article manufactured by the method of Claim 31.

38. The article of Claim 37, wherein the article is an automobile part.

39.  The article of Claim 38, wherein the automobile part is an exterior body panel,

a fender or a dashboard.
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