WD 2005/ 048273 PCT/ US2004/ 020082 ELECTRI CALLY CONDUCTI VE COVPCSI TI ONS AND
METHOD OF MANUFACTURE THEREOF BACKGROUND Thi s disclosure relates to
el ectrically conductive conpositions and net hods of nmanufacture thereof.
Articles made from polyneric resins are commonly utilized in
mat er i al - handl el ectroni ¢ devices such as packagj fil chip
carriers, conph@g?ggﬂ%P|nters and phot ocopi er conponeﬁggﬂl(%w%&&z
el ectrostatic di ssi pation or electromagnetic shielding are inportant
requirements. E eqlieakRl G ybesh BtV ANRs QNS Ap kefligprodlel  ned as
the transfer of electrostatic et ween bodi es at rent potential s
by direct contact or by an |ndﬂéEgFé¢B%3E6§E%E@% fiel d. El ectromagnetic
shielding (hereinafter EM shielding) effectiveness is defined as the ratio
(i n decibels) sAack@®UNDportion of an electronagnetic field incident upon
the shield that is transmtted through it. el ectroni c devi ces becone
smal l er and fa r [ t t S
i ncreased and ﬁ%ﬁc%“%$ﬁ%sd§§ﬂ§%§1%h&ﬂegﬁ?ﬁ%ﬁg %%ﬁ%$§+$£@@§%%ﬁﬁ%f#c resins
that have- beemapsefini¢ &ereefo provide inproved el ectrostatically dissipative
properties. In a simlar manner, it is desirable to nodify polyneric
resins so that Artiveey neaaafrg @My]d&lc rbsﬂfmrat):\/@dmﬁhlgﬁntllizﬁﬂr&gﬂzﬂ&ﬂaﬁhaﬁhlhfg|addl ng while
si mul t aneousl y {ﬁro‘;’hc c‘ev]ges on ce(la Pﬂ F‘ advant a’ﬁ’ pus nmechani cal
properties of t T res PHE2ERE, it CEPVETIR) PO, PSS 389 aphi t e
fibers derived phqtmplpl Ctomhoranfd m@byaetmiamdlmpah@ orhh:vtrqmgtgnhualsmldmg | ar ger
than 2 mcrone r to i nprove
b idpdaft ClubrBferks SR AL Wb L RRAR ragﬁ%ls £ifeli3s 10 1P

the el ectrical pro perties an I eve ES wever,
because of t he thedrageersqf zlectyistatin ehpagedhetsen behqmbélrf%remt Mennmby gicait i on of

such fibers geaficebl By MAHGRE Qe HBGARARR. IElecthaea mcﬁ@ (ha&aﬁ@{t ies such
as i npact. |on i nconp| ete dlsger5|on the carb fibers
pronot es i nhon@%ﬁ%@ ding) Weftlﬁ‘ieﬁess 1§ defined asdhefatiq Qredscibyin of @’ﬁé’oﬁ%ﬁﬁi‘dg P ion. There

accordingly r eamwma@aemeﬁdduﬁmdeheu@htthe‘ €Hield efaﬂmednkﬂﬁaedomrdx@leﬁtl CAs
comosit1one: WiLghe i LA UEM ks SRR SRk LT, oo
2005/ 048273 PCH/iysaednnd 2@@82 is generally desirable to utilize polymeric resins that have

been modified to provide improved electrostatically dissipative properties. In a

similar manner, it is desirable to modify polymeric resins so that they can provide

improved electromagnetic shielding while simultaneously retaining some or all of the

advantageous mechanical properties of the polymeric resins.

Conductive fillers such as graphite fibers derived from pitch and polyacrylonitrile
having diameters larger than 2 micrometers are often incorporated into polymeric -
resins 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 2 need for



nmet hods whi ch can disperse the electrically conductive fillers in such a
manner so as to mnimze i nhonbgeneity in article derived fromthe

conposi tion. SUMWARY A method for manufacturing g a conposition conprises
bl ending a polyneric resin, carbon nanotubes and a plasticizer at a

vi scosity effegin@oisgrsnai ntainf the ratio of resistiVvigetusiododRsdi recti on!
parallel to the flow direction fo that in the direction perpendicular to
the flow direction to be greater than or equal to about 0.1 5. A nethod of
manuf act uri ng aneﬂﬁm&lidaﬁraxsp@ﬁbﬁé é@&lchi)@aﬁﬁuﬂ@e&i]]a@hry@bleﬁlmbﬁ‘nlaﬁsoﬁﬁher resin
with a polyam de re5|nTt rma HE dmjegg ﬂw ggdgq L a nyl on mast er bat ch
conpri si ng car BORHERS 06%°§ew>flﬁl & BP KRG B E % ng water into the
nelt blend; and renoving mater,fron1the melt blend. I BRI EF DESCRI PTI ON.
OF THE FIGURESSﬁ%@ﬁA%Yl i's a griaphical representation of the reduction in
melt viscosity as the low nelt, viscosity pol ycarbonate (PC 5221) is

bl ended wi t h t Rembheh forBlahufidtimhg i dompoﬁﬂhyﬁﬂpmsqalbﬁn(gpﬁpélﬁﬁém rFsi:rgUI’ e 2is’a
gr aphi cal epr es ntatlpg de ic?in ere ug&%@q. n 8ﬂhectrl

resistivi ty f o By NHL MRS APAP ARG LD h Y 2F W 966 F ?H’émfa FE" %i scosity
pol ycar bonat e (RELGS2ib) the Ianrgmmé parailed t@ tlscfhmmtrwuoxs hoviangn the vidirtdven
resistivity pa:pgjp% %lcul%ftohl% ot {o?oggxle%m '5’1' ?&Bo}n @fid the resistivity

per pendi cul ar reotlon erpen |cu are hreasured; Figure

4 is a graphical re resentatlod showi ng an |ncrease inthe ratio of the
resistivity pdrapthedof mynyfprirg a\ﬁPrﬂ?qS‘é&”t cqmprises flepdies 4 RAdypaeny{ppg gpher
per pendi cul ar tr&int With & |poiartlide Geﬁinlt6rform\/£hﬁzlﬂfblehﬁlﬂ)léﬂﬁinghtnyﬂlﬁjl’lﬁz&f&baﬁlﬁ the | ow

melt viscosity carb nat e 1 is.a

representation grf’prilﬁlécar dque |r§)br?s}”§hz§' %Tfltg ‘gouglend'il afteéé‘ﬁ%ﬁg ‘t?;g/le’? a PBT
sanpl e havi ng @M%ww«trlﬁmaﬂthdnqjﬁﬁmmate (RDP); 2 WO 2005/ 048273

PCT/ US2004/ 020082 Figure 6 is graphi cal representation of the nelt

viscosity for tﬂk@EﬂDﬁ@ﬁﬁﬂbl\i\MﬁmEﬁKﬁmEs

Figure 1 is a graphical rel?resentation of the reduction in melt viscosity as the low
melt viscosity polycarbonate (PC 5221) is blended with the high melt viscosity
polycarbonate (PC 135); Il

|
Figure 2 is a graphical r;epresentation depicting the reduction in bulk electrical

resistivity for blends containing 10 and 20 wi% of the low melt viscosity
i
polycarbonate (PC 5221); II

Figure 3 is a schematic slhowing how the resistivity parallel to the flow direction
(Pparatiel) and the resistivi!'ty perpendicular to the flow direction (ppemendicular) are
measured; |

|
Figure 4 is a graphical representation showing an increase in the ratio of the resistivity
paralle] to the flow direc:tion to the resistivity perpendicular to the flow direction
versus the weight percent c;>f the low melt viscosity polycarbonate (PC 5221);

Figure 5 is a graphical regiresentation of the reduction in bulk electrical resistivity for

a PBT sample having 5 wt;% resorcinol diphosphate (RDP);
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sanples; and Figure 7 is a graphical representation depicting the reduction
in bulk electrical resistivity for Nylon 6,6 sanples treated w th cal ci um
stearate and water. DETAILED DESCRI PTI ON OF PREFERRED EMBODI MENTS Di scl osed
herein are nethods for manufacturing conpositions conprising polymneric
resins, carbon_nanotubes and an optional plasticizer, he
conposition hagoémﬁlgf@ vol unme resistivity of |ess thagyggn%qua?ﬁto about

| 0e8 ohmcm while displaying inpact properties greater than or equal to

about 5 kil oj owg@;@/aswgaﬁlcgﬁéﬁéseﬁmn%f@e ER3E wsc%s@wslftﬁ&afférbrnmnn 6l one
enmbodi ment, the method can be utilized to manufacture conpositions having

a surface re3|§¥mW§¥? greater than or equal to about 108 ohm square
(ohnfsq) whil e having a bul k volune resistivity of |less than or equal to
about™ | Ce8 ohfigum7 wha |geplita pragsemaion ndspictingptho® paelncttioes'n Gukkadgletricalhan or

equal to about rcs]g}“}ﬁwogwf&gg/%g{h@rngm ﬁ]rcagnlg]s%arge surface finish. In

anot her enbodi ment met h can used to nmnu ac ure conposi tions
havi ng uni f orm el e(iHD ical conduct.ivi 'h% i n_mutual I& gerpendl cul ar
directions, thBETH rPFZS'iC%PTéﬂv OF ERES 559@9’@359]%“}4 B2 electrical
conductivity across the bulk of the conposition. Such conpositions can be
advant ageous| yDistlpdefl herein iary neethogefoe mepuiwhiiop rawpostige oegprising golymeenduct or
conponents, ci fgii tcmmﬂragoﬁubepgndtan% ,dnﬁnep yygalfeb Gttt R BGo R0l 2 £d  from

el ectrostatic d|SS|pat|on They al so be used, advant ageously i n
aut onotive boB¥k BB @S‘ﬁ’dtth"frleﬁs ﬂ?aﬁtOEP‘l“é)‘rtO oyt et di-aam, “@dﬁé@lﬂ@mgs of

aut onobi | es t hitpa&afophifies gdaRE thirPSricghdl EcPdbbt sSRAbBNIGRqlafe c?'aﬁ@éjCIa;ghe
poI yneric resin usedrdngt e conductive conmpositions ﬁ% e selected froma
'l

wide variety OfSUE#E 3B Precemphodimrat, the ‘E"ﬁfﬁ’é °gft b¢ iz 9 BEfEtUeesi ns, or
bl ends of t hecmphmtsuﬁvm@sm Bfavd trébistitier @Ra&t thbr Gr reﬂﬁdl Ng. ab'EGteltﬁfol yrrer| c

Combi nat ons caRGrEr R PR lRE Sos e SRS ARy or kBB BT Tesi s,
Speci fic, but shontl0¢ mhmrm@wcmdmvﬂ@mgmﬁpacmmemwmbmuﬂm abnu:l ude

pol yacet al s, POkNGEls iR mdeR ) E R ERANR L Bace BALY Sh ters,
pol yam des, pol yam deISél dené Sol yaryl at es, v %hyuréé(%%ﬁgnsubwgg%%%mw 048273
PCT/ US2004/ 020@8@0‘1 can be used to manuficture compos1t10ns having uniform electrical

conductivity in mutually perpendicular directions, thus minimizing any

inhomogeneity in the electrical conductivity across the bulk of the composition.

Such compositions can be advantageously utilized in computers, electronic goods,
semi-conductor components, circuit boards, or the like which need to be protected
from electrostatic dissipation. They may also be used advantageously in automotive
body panels both for interior and exterior components of automobiles that can be

electrostatically painted if desired.

The polymeric resin used in the conductive compositions may be selected from a wide
variety of thermoplastic resins, blends of thermoplastic resins, or blends of
thermoplastic resins with thermosetting resins. The polymeric resin may also be a
blend of polymers, capolymers, terpolymers, or combinations comprising at least one
of the foregoing polymeric resins. Specific, but non-limiting examples of
thermoplastic resins include polyacetals, polyacrylics, polycarbonates, polystyrenes,

polyesters,  polyamides,  polyamideimides, polyarylates,  polyurethanes,
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pol yaryl sul fones, pol yethe sul fones, polyarylene sulfides, polyvinyl

chl orides, polysulfones, polyetherimdes, polytetrafl uoroethyl enes,

pol yet her ket ones, polyether i etherketones, and conbi nati ons conprising at
| east one of the foregoing polypmeric resins. Specific non-limting

exanpl es of bl evudsessis2tsher nopl astic resins include acr ydcanistohdd26s2

but adi ene-styrene/ nyl on, | polycarbonate/acrylonitrile-butadi ene-styrene,

i pol yphenyl ene et her/ pol ystyrene, pol yphenyl ene et her/pol yam de,

pol ycar bonat e/ polyygBtitnes, ppd]yeﬂiaéﬁiﬁinwepo@amané paﬂﬁd&k eisa]yv@)ndcm@mbd nati ons

conpri si ng at rp§§'§utlfoﬁ)es, 0 eg;qethterrfﬁdes gtg{reﬂﬁorlaetﬁ ri'e:n%sg lfyetQ%lg %eltlgeﬁgﬁts I 83 999

The pol yneric s I'noanount

wei ght  per centethésketfes, tChmbnnathnssconrmngg atj leasi @eg:érﬂarfaﬂeggmgj]&ﬂ;ymeabl e use the
polynmeric resin. gk resinous blend in an anmount of greater than or equal to
about 10 wt % preferably great|er or equal to about 30 wt% and nore
preferably gregter than or e ahQout 50 wt% of the total weight of -
t he conpositi o?? ec"l'fffé“’bgl“iﬂ?éf’}gaﬁl‘p eé§101H"’§‘Q§)‘?fﬂ?38§‘?%lfsres“ﬁlnéﬁ]f@§ acgylenitfilgr t her nor e
gener al | y used butadiemstyins/njless [t han orpomaraénatemc@bﬁmtle-&%d%e sty

preferably |es requ nore pr rabI | ess than

or equal to a 3@%8)6815 %Jheré%y?‘ﬁ%eef ot al pvx%'\ﬁl en%f theﬂ‘]3 ﬁytl on.

Car bon nanot ub@glymhomtg/mjyeptnr t h@lmhﬁmﬂl@m t Ptbw/pnhylb@ siang| ecombinhtwoar bon

nanot ubes (S\Nég-ﬁj)nsm@"é IEdsi’@iLa%ftﬁ@fo bing'5} ?'Q.Ee?m f%gl s, Vapor grown carbon
i bers

fibers (VGCF), bucky balls orjcar on nano ng e wall carbon

nanot ubes usedIJJBn t]he ., conposi Ulag nﬁé’s rog ced by | aser-evaporation of
graphite or carBoR™ &8 “ésifh‘fﬁ%‘?f y usg %&N? 309 P ZPeul ONARIveight | ngl e wal |
with outer di ametat v wtubmtthls finge, it @ galadlly d&xéblaaﬁaneﬁo@h&né Resth or SWNTs

havi ng aspect rre%{hl)\%stilgld i aﬁ% Ll;nitaggr@atgrthan qual Aual ttcgfi abog)t g’%t. é)Frf?er;})i)habl y

greater than or equa nore prener a or equal
to about 1000 &freatey®sayahiol a}?O‘ﬁﬁP wit%.caddd imaret prefergtdyrpremertthap s equeltd bimut t he SWATS
are general lyl sghegeg tl§>,t foldC Wb RSof %Vdoﬂxgoshlﬁm S[ﬂ%&%ﬁﬁéc x(égﬁ)ssorq%mﬂ%afh end of

the respective tubes, it isi envisioned t aving a single open end
or both open BKEE lﬂaﬂl"%relgé“eﬁ’é'édse m@nwgssg@ﬁ@r gauphto@bp P8 a central

portion, whi chwtdhsSprérakbl@Wess thu o:rra;yalb@aa‘ohd $oeiwish, tokbraprefe R USs &ak BON.
equal to about 99.3 wt% of the total weight of the composition.
I

Carbon nanotubes utilized‘l in the composition may be single wall carbon nanotubes
(SWNTs), multiwall carémn nanotubes (MWNTSs), vapor grown carbon fibers
(VGCF), bucky balls or carbon nanofibers. Single wall carbon nanotubes used in the
composition may be pr?!duced by laser-evaporation of graphite or carbon arc
synthesis. These SWNTs!generally have a single wall with outer diameters of about
0.7 to about 2.4 nanomet;ers (nm). SWNTs having aspect ratios of greater than or
equal to about 5, prefera'{bly greater than or equal to about 100, more preferably
greater than or equal to about 1000 are generally utilized in the compositions. While
the SWNTs are gene:rally|l closed structures having hemispherical caps at each end of
the respective tubes, it isi envisioned that SWNTs having a single open end or both
open ends may also be used. The SWNTs generally comprise a central portion, which

is hollow, but may be ﬁlk::d with amorphous carbon,
|
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4 WD 20051048273 PCT/ US2004/ 020082 I n one enbodi nent, the SWNTs may exi st
in the formof rope-like-aggregates. These- aggregates are-eommonly terned
"ropes" and are forned as a result of Van der Waal's forces between the

i ndi vi dual carbon nanotubes. The individual nanotubes in the ropes nmay

sl i de agai nst qQthher and rearrange thenselves wt rope in
order to m ni mwzb:m‘?ﬂ%gt}r ee energy. Ropes generally havr}ﬁgmgzg?%éﬁgﬁ 10 and
105 nanotubes nmay be used in the conpositions. Wthin this range it is
general |y desirabl g, it NAHE SHARS ) BUkMmIfRAbAL RN to about
100, preferabl ; (ﬁr eater ﬁan or Znagg’}/] to aoou% é%edh(%aaﬁ%%%%guﬂes

desirable are P&gﬁé@mhﬁmcwgmpréxéenmmﬂoms adggiformed aheaesult OF Viamdert ubes

preferably | esWaE]h@‘@rcé%rbeﬁgéﬁhe In@ivRIRA ¥hrbeh ROQuHRA NTHe URBRdual dahothts BENET al | y
desirable to have r opes in the conposition with aspect ratios greater than

or equal to abBffors Bf%‘fl%i‘%ﬂﬂsﬂl"“ﬁra%%)ﬁeéf""dtrﬁaéﬁn@rtheéﬁﬂé‘fs witnBoiere o,
preferably gr edtred rﬁxl‘i:&fze(lbe ﬁqaaxlergyo M;ﬁugen&:@m; harmrgeoeﬂ:veeﬁ a0 abd yo’gr eat er

t han or equal reater.than equal to
about 2000. | tnangt“peén’%ary alfﬁ ySea d’éq}dr 5"6‘?}’851 %‘P te\&gh’%\ﬂb\g@a“% ‘%ﬁv%“%{ﬂpyl nher ent

t her mal conducdaswable;ﬁo béveatpeb bavirig 2OEO thaWbmaqgleal ana:boatrloo rﬂna‘mmy gehact ri cal
conductivity o 4 ter nerally
desirabl e for {hﬁégrse\ﬂ%lll ?ﬁ?ﬂ%ﬁ{}%@&%@o gsns‘? : de(% rieenaé? Pt esshav eég'gfm %0

G gapascal s (Gl talﬂi@ufalOstlaﬂbftlh@swe@fablaﬂr@ﬂmar@rﬁqﬂﬁmoap@s daﬂ@na@dfﬁl&} I n

anot her enbodi ﬁepgmemede%%%mrs thﬁ%orapomlzﬁ Hftl’?as%g t@a&)@%{?at& nanot ubes

and sem -conducting nanotubes. Metallic nanotubes are ose at displ ay
el ectrical chBPhet ePpldp japaut 9 H*iefeéf‘Plyt%eaF?étﬂ&P o eqipal Foeabpﬁelosé'i?fefaébnductl ng

nanot ubes are jBf&Gahan dﬂ/r&q@htoaitﬁuteioeCﬁlbﬂer?éférébl}s eaterqmﬂd#% b€ atolt general,
the manner in mgch t he sheet |s r.ol uces nanot ubes of

various hel i caf ' #dPet ggg?e%ffg?ﬁ THE WY NS °‘ﬁa2ﬁ8'£ugte§ 87V tute the
two possi bl e addsirabll foctha SMNiatto bae, anaill‘lereﬁttthﬁmal db@dnf:mﬁuy&ﬁ‘laom&t yooal d chiral

e o " K oy AT k1 S AR $010 08 TNl (R G0) 0 L e

conposition, it IS genera esitapl ave ndt ubes
constitute as Isasgaengrafly d@ﬂrﬁ‘dﬂf@fthet ﬁ‘@NEDtoahavamme sot'ngSWﬂ'es laageR® i n t he

conposi tion.  Gigadasad RERS &dl a>§t1§fe§§ Sratufo 5 Phragalifis ?\QN;I'S used in the

conposition to conprise netal nanot ubes in a rmunt of greater than or
equal to aboutIn an%e%e r fer atg ¥ eater than or e al o about 20 wt %
nore preferably %FEat 5‘r It ‘é’g"{far"a¥8°"é?6‘8%?m§6‘“ et ic nanotubes

and seml-conductmg nanotubes. Metallic nanotubes are those that display electrical
characteristics similar to metals, while the semi-conducting nanotubes are those,’
which are electrically semi-conducting. In general, the manner in which the graphene
sheet is rolled up produces nanotubes of various helical structures. Zigzag and
armchair nanotubes constitute the two possible achiral confirmations, all other
conformations yield chiral nanotubes. In order to minimize the quantity of SWNTs
utilized in the composition, it is generally desirable to have the metallic nanotubes
constitute as large a fraction of the total amount of SWNTs used in the composition.
It is generally desirable for the SWNTs used in the composition to comprise metallic
nanotubes in an amount of greater than or equal to about 1 wt%,' preferably greater
than or equal to about 20 wt%, more preferably greater than or equal to about 30 wt%,
even more preferably greater than or equal to about 50 wt%, and most preferably

greater than or equal to about 99.9 wt% of the total weight of the SWNTs. In certain
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even nore preferably greater than or equal to about 50 wt % and nost
preferably greater than or equal to about 99.9 W% of the total weight of
the SWNTs. In certain 5 fl WD 2005/ 048273 PCT/ US2004/ 020082 situations it
may be is generally desirable for the SWNTs used in the conposition to
conpri se sem - GAYWMkIskNAI nanotubes in an anount of gregic@isiobs@dte®r equal to
about I wt% preferably greatefr than or equal to about 20 wt% nore
preferably greater than or equpl to about 30 wt% even nore preferably
greater than orsmaqduﬁht xﬁ@ bab@gbﬁleﬂél@ dewikable fanick SWINTs me(efneneadmhlyo@,roem er than or
equal to about 99.9 he to t anot her
e(r:]modl ment, SWKTSPS %ea“‘““d%’ ‘ﬁmg@?) Egessln% anoa?]mum 09? eaterg‘?aé’ o e?“ﬁlﬁ%%%ﬁes

| npurities ar e wfneefabbly gobtenthned casl & abag 30 wt‘i(@,fmqrhgrefca:bbzlgy@testhused in the
synthesis of the. SUNTS, wm,i\remopetlk}%amg)gre§%afar%e a6 gRSsPY- Product s
of the synthe5|s Catalytic Ihpurities are general s such as
cobal t, iron, w%rqnémostPé%fﬁhhlnarfat%lﬂp@?equﬂﬁ% pt 99 ﬂt?ftOfHé’temh"s such as*
ferric oxi de, 3k Moswems.oxi de, 'SI i con dioxide, or the like, !'or

conbi nati ons conpri si ng at | east one of the for egoi ng i rrpuri ties.

Car bonaceous by- rtodu S ofb{1 e'tr%%\hls u eeréera *é ) gorphous
car bon, coke, 1PE A nanst eS| am)rp ous RaigreBeen %%r HGEs

nanof i bers or urmalnhwkdmpurrtxeemrwaaﬂly obtsingiopIreslt mgthatcathlgamsecbmeh«)f t he
foregoing carb { W\“f in the
conposi tion mgﬂ@%ﬁg?ﬁ%ng%dﬂ%@“% J’d;'ebout Lr‘:aul;og&gaout o"’}"‘ﬁ‘& !Dfrirpurl ties.
W thin this rafyeytheie Symrtdc mpyritiease sanerallimatalstsych 28 sphabiritongytisiier t han or

equal to about cRmikk Qfoﬁﬁe@-t}ll&egreﬁﬂése&f xﬁéﬁﬁﬁs&ﬁ a@%@d otie, amu{um%xme and nore
preferably gre ?%ﬂie t 0, about w % of the tot vel ght of the

aJ
SWNTs. Al so de§’iﬁ'F°"aJ °é“ 9T Sompbipaligns ‘ioglp’ésﬁ“gl ioRS, ot b f?ﬁ?‘n%f | ess
t han of equal xrhp)ma@owrbﬁﬁaceqms f/@roaxmswflt}es&cﬂidim genergltjusbt, sroorgtoait 45, and
T e e oS FE s, Lot Bl 00 ©
derivatized wi the llké,wncemlumhnsgmmuwlgta@lqasrpne)vfah@qugamg barbqnaoy:omrw facilitate
the mxing wth Lig polyneri clresin. The SWNTs may be functionalized on
either a sidewall, a |

In general, the SWNTs useld in the composition may comprise an amount of about 1

to about 80 wit% i;npuritiefs. Within this range, the SWNTs may have an impurity
content greater than or equlal to about 5, preferably greater than or equal to about 7,
and more preferably greater than or equal to about 8 wit%, of the total weight of the
SWNTs. Also desirable within this range, is an impurity content of less than of equal
to about 50, preferably lcss: than or equal to about 45, and more preferably less than or
equal to about 40 wt% of tlile total weight of the SWNTs.

|

The carbon nanotubes ut?lized in the composition may also be derivatized with
functional groups to imﬁ)rove compatibility and facilitate the mixing with the
polymeric resin. The S\:VNTs may be functionalized on either a sidewall, a
hemispherical endcap or on both the side wall as well as the hemispherical endcap.

Functionalized SWNTs ha{ving the formula (I)

[Cn HL—}" Rm (I)




hem spherical endcap or on both the side wall as well as the hem spheri cal
endcap. - -Functi onaldized SWNTs -havi-ng-the fornmula (I) [C—HL- - Rm (1) 6 WD
2005/ 048273 PCT/ US2004/ 020082 wherein n is an integer, L is a nunber |ess
than 0.1n, in is a nunber |less than 0.5n, and wherein each of Ris the
same and is se|lected from SOBH, COOH, NH2, OH R CHOH,

COSH, SH, coor™ W %ﬁg*s”éu R3', Si-(OR)y R(3y), R, ﬁgjsof"?%é?i“{"%?

et hylenically unsat ur at ed functi onal ities, epoxide functl onalities, or the
| i ke, wherein LS. an_int equ I h rogen,

al kyl, aryl, é’g}cfloalf( }me Lﬁsgaa ;II)H%SQ thab?;?yrfl Sapmfmb ﬁeis t?anpyh%f) or the
like, R' is fl ewhwhdrddykach of Rusthsarpt and ISGGi?WyfmnbéD@ICOGH,l}Eho@HaI kyl ,
cycloaryl, Xig: ‘19?]03@@' obiS COSAT BRXYbOR e S|, WorRaERi AL G, or the

i ke, “may be use e conposi tions, These' corrp05| tiong aré uniformin

that each of RAIRY, ﬂ‘ﬁé‘ese&wnlcﬂbrﬂnéﬁﬁi"ftiﬁer?‘VO%B% sPetifefinetigpaliies: frdhot ubes nay
al so be used i Mid, RAe—AMPRSirt inRBer eqddN@S 6r ieBCihiids, p'qmsa&bgebomsyl oirylt he fornul a

R I N A

I 'S an oxygen- c aadredryl] rrgno@bmnpucylmdrdamlmlotcyplmylenx isAhaide,i ael ded i n the
invention are fu ctional.ized nanotub t.he orrrul '

HLf R -R)m wher & Oky%g %ﬂu ARG tﬁa@% Ibfs:gsrﬁg 5 thaenciofl?aosélsogsab’}(;lveée The
car bon atons, c‘qmposmmearesmifdrmcetmm@mﬁisxuhewmar bon nanotube. In both
uniformy and non- uniformy substituted carbon nanotubes, the surface

atoms C' are rN@E—hﬁﬂmniy%%ﬁsnﬁ&ﬂmo@hﬁﬁﬁbésf]naytahk% b2 Wsddesa Qhd @)M@Bsnﬂfn a carbon
nanot ubear e basal pl ane carhons. fgg Iane caLbons are_rel atl vely inert

to chenmical at tiASK MCNfe cpmpagons °"Wr‘i‘étaes PP EORR AR ™ Lhd: Rgidphi ti c
pl ane fails totex3venNd ifsedf h:y agiidefiried abdve, [pWWilled thhehd &I d6e8 Moo BonddirD S

anal ogous to the ed f%aach R;&L.QU en_oeam h| t@ogﬁ%r}l%t rsee edge carbons
are reactive am cont a|n SOfs hete pp? satisfy carbon

val ency. The substl tut ed carbon nanotubes descrl bed above may
advant ageous| y Ahe ifcpdedia thefinygutiop gis pctengiizedpanpiubes Aying thy fé‘ﬁéﬂq (HEl ude
conpositions of the fornmula (I11) CC. HL-t-'"Am.

[Cn HLHR,'R]m (H)

where n, L, m, R’ and R have the same meaning as above. The carbon atoms, C,, are
* surface carbons of a carbon nanotube. In both uniformly and non-uniformly
substituted carbon nanotubes, the surface atoms C, are reacted. Most carbon atoms in
the surface layer of a carbon nanotubeare basal plane carbons. Basal plane carbons
are relatively inert to chemical attack. At defect sites, where, for example, the
graphitic plane fails to extend fully around the SWNT, there are carbon atoms
analogous to the edge carbon atoms of a graphite plane. The edge carbons are

reactive and must contain some heteroatom or group to satisfy carbon valency.

The substituted carbon nanotubes described above may advantageously be further

functionalized. Such compositions include compositions of the formula (III)

{Qn H—An - (111




7 WD 2005/ 048273 PCT/ US2004/ 020082 where the carbons are surface carbons of
a carbon nanotube, n, L and in are as described above, Ais select d from
OY, NHY, -CR 2-0Y, NY, CY, L LNRY ~-S! Y, or Ly wherein Y is an
appropriat i functional group of a protein, a peptide, an enzynme, an

anti body, a nugloeedsieshe;s and ol i gonucl eoti de, an anti gerpcrR&2088h2@EZY M
substrate, enzyne inhibitor orlthe transition state anal og of an enzyne
substrate or is selected from[R OH RNH2 , RSH .R CHO R CN, R X

R SiR 3 , RS- (okRe e &rtoBs yx)e,suﬂlace Sarb§re-of B GRrtdh -n@kdtybe R, -IR4pd B ardNadCO, (C2H4
O,, Y, -(C3Ho : - O~ ) R, wherein wis an
iZ\t eger gﬁeat e@s%\‘ﬂ%a@ﬁ%ﬁ%%&éggo?%ﬁggg@%%yﬁgt ?bnal car bon nanot ubes

of structure (1) may al so flunctionalized to produce conpositions ;
having the fornula (I [C Lij—A] (1v) wheren, L, m R and A are as

defined above. CFheycdaI-baRYatOFSY, &' C—yare surface carbons of the SWNTs.
The conpositions of the inventilon al so i nclude carbon nanotubes upon which
certain cyclic,caonmounds are e{qusogb d. These include, conpositions of
matter of the FoFmila” pp[r@"atﬁiL-r}F-"3’—‘%—&‘%’1’)%13("{8&‘%&3@“‘{?’ TS W eger, L is
i nunber | ess tdtidedy) al miclebtie) s%loﬁgmucﬂd@&db,&n dnfigenal of 9n Z@fyeheOSubsrateNunNber | ess
than 10, X is ear i | vhet er onucl ear aromatic, or

net al | opol yhet g}zgﬁ%}(ﬁ]}ggér ogrﬂgqn%!%rrsgalxee%‘%%ﬂgmﬁnlz@ easé'g%@tc?iof 5??215%%5\/&
Preferred cycl frem REFHFNIRDR S & GHARGN, RS RISRE |, BSI-@OR )R GGy R1EEE-0Nn p. 76 of

Cotton and W kirNsOR:, r-RAARCES, 16, oSty Ppretarred cyclic
conmpounds for al,dsgrpti on are _ﬁ)()(%fﬁffpl nd and Z%t%é?zc%%bé’rﬁo’ngés’.&@wm
2005/ 048273 PC% /%E@ Eyhyrgg B#082n integer greater than one and less than 200.

|

The functional carbon nanj!otubes of structure (II) may also be functionalized to

produce compositions havin:g the formula (1V)

[Co HHR-Aly | av)

where n, L, m, R’ and A are as defined above. The carbon atoms, C, , are surface

carbons of the SWNTs. ||
|

The compositions of the in}!/ention also include carbon nanotubes upon which certain
cyclic compounds are adsorbed. These include compositions of matter of the formula
V)

|
[Co B H£XR, I ; R

where n is an integer, L is il number less than 0.1n, m is less than 0. 5n, a is zero or a
number less than 10, X i;s a polynuclear aromatic, polyheteronuclear aromatic or
metallopolyheteronuclear dromatic moiety and R is as recited above. Preferred cyclic
compounds are planar macl':rocycles as described on p. 76 of Cotton and Wilkinson,
Advanced Organic Chemistry. More preferred cyclic compounds for adsorption are

porphyrins and phtha]ocyaxllines.

|
|
|
|
|
|
|



The adsorbed cyclic conpounds nmay be functionalized. Such conpositions

i nclude conpounds of the formula (VI) [C'"HX-Aa |mwhere m n, L, a; X and
A are as defined above and the carbons are on the carbon nanotube. Wt hout
bei ng bound to a particular theory, the functionalized carbon nanotubes are

better dispersgg,hihR,30! yneric resins because the nodiljcir;%gm?%gf{o%ce
properties may render the carbon nanotubenore conpatibl’e w e

polymeric resin, or, because the nodified functional groups (particularly

hydroxyl or anigg.@b@Pskli@tangdone ethy vdifiR66daNzel.0Sukk ConifRbiN oM lihudt €Si N as
termnal groups. In this way, polynmeric resins such as polycarbonates,

Yy
pol yani des, polcyeRuatsof thefrpwe ) i ni des, or the like, bond directly to the
carbon nanot ubes nmaking the carbon nanotubes easier to disperse with
i mproved adherence. Functi or@l HgrtXmsl.may general ynbe introduced onto the
outer surface of the carbon nanotubes by contacting the carbon nanotubes

wth a strong oxidi zin t I i ficient .to oxidize
t he surface of wtﬁrgn(?félf ’o%gﬁ%ﬁo%g%ggdgfﬁ)ggﬁﬁogf%%dr&é (cr:rag?lo?‘ggrteioﬁéhetﬁgc’%ar bon
nanot ubes wi t hngpofwbact ant suitable for adding a functional group to the

oxi di zed surface. Preferred oxidizing agents are conprised of a solution of

an' al kali nmetwathotileRp abendith a parfiéul R Migoss thd funtlidbieked esbodl kftnibedit al
chlorates are EOdi ILdm chl. orate- or pot %sesi um. chl .racLe. Algref_erred strong
ifipe susfage

acid used is sl RS T PREPTISJESins fiecqupgthe By e 3%t i on are
about 0. 5 houk&déraheadatboh nadétubebtescomyatihid wigh ty\pol@eeib esdinf drpRefsOme Snal |
graphitic or parti.all raphitic, carho i ber also referred as vapor
grown car bon flnﬁ’élrﬁ gé W SR Wal%gfqg{r%e[%d??ylszr APBEEoyPy ?%%médtﬁgut 2000
nanomnet er s ( nnidirgetig teethe pdypecit resmtal Ermging graaps. tTh dis woay, wipusdic tesinabolit 5 nmay
al so be used. ] y,@g;: rey IRt . aho : 500 nm
are preferred, th |a§ae§l’ t%lé)?@%gsf?g%out’@%m?%mg%b{ﬁtﬁ%g%’ l%]o%dgg%ﬁ mor e
preferred, andte #ieasastonr ranegspbeg eaking3the cehon manptubsy eagien tqrgispergsr witerred. |t

is also preferahleveiadliryu®k. average aspect ratios greater than or equal to
about 100 and nore preferably greater than or equal to about 1000. 9 WO

2005/ 048273 | %%41&@?8%% %9%§nzerally be introduced onto the outer surface of the carbon
nanotubes by contacting the carbon nanotubes with a strong oxidizing agent for a
period of time sufficient to oxidize the surface of the carbon nanotubes and further
contacting the carbon nanotubes with a reactant suitable for adding a functional group
to the oxidized surface. Preferred oxidizing agents are comprised of a solution of an”
alkali metal chlorate in a strong acid. Preferred alkali metal chlorates are sodium
chlorate or potassium chlorate. A preferred strong acid used is sulfuric acid. Periods

of time sufficient for oxidation are about 0. 5 hours to about 24 hours.

Vapor grown carbon fibers or small graphitic or partially graphitic carbon fibers, also
referred to as vapor grown carbon fibers (VGCF), having diameters of about 3.5t0
about 2000 nanometers (nm) and an aspect ratio greater than or equal to about 5 may
also be used. When VGCF are used, diameters of about 3.5 to about 500 nm are
preferred, with diameters of about 3.5 to about 100 nm being more preferred, and
$ diameters of about 3.5 to about 50 nm most preferred. It is also prefer.able to have

averagé aspéct ratios greater than or equal to about 100 and more preferably greater

than or equal to about 1000.



carbon nanotubes are generally used in anobunts of about 0.0001 to about 50
wt% of the total weight of the conposition when desirable. Wthin this
range, carbon nanotubes are geherally used in anobunts greater than or
equal to about 0.25 w% preferably greater or equal to about 0.5 wt%
nmore preferabl wodh@aisess than orjequal to about | W % ofcriRRededesd wei ght
of the conposition. carbon nanotubes are furthernore generally used i | n
anounts |l ess than or equal to apout 30 wt% preferably |ess than or equal
to about 10 Wt%rbdmmaﬁ)u]ﬂ:reeﬁxelgabfaythéﬁl@MMSofab@qu(HIOOItOa&blmdﬂwﬁ%wf% of the
total weight o S bLon: % h as

car bon bl ack, E:h(%nauctl Ofl ch%o%&‘l?lwé:?rg@gs% I %lftﬂ"k ufid §am?elmmfogconduct|ve
fillers, the | nzkletubmar@mnbnaﬂoatlae@msammﬁrgra@tenglamor #CElalslP abeit 036 vithe

f or egoi ng Yy BH‘ (Bg/?réa)/er Boqtiat Rhnbit olshs ogamg%f&sbﬁsnaeatﬂrﬁﬁ s,rerq@g tgar bon

bl acks are & having avera le particle sizes | ess than about 200 run,
preferably | essboﬂlhdnw%cﬂftthe 1@8 veight ¢fothe cmale?sgwam ?lh%s@an?th@ﬁ %pout 50

jun. Pref ﬁr red fmaﬂagfgggeyeealg&séawalmua@ Hess thERBdF am B 80 s,w]g, fpag@ardy eas
greater than abo uar e e refer greater
Chan abo- t 40GevibgT eral o ghpis! OpM’g?’ A A v Y
Preferred conduf:tmwa)waglftbﬁmc&ﬂn@cdﬁsonnay have a pore vol unme (dibutyl

pht hal ate absorption) greater |than about 40 cubic centinmeters per hundred

grams (cnB/ 100g)ye, RS ﬂ#elrysugﬂ ssaéa%n smn c@}#aeaaue ;Jng&he Wqﬁér;%& nddDr €

preferably greater than about 0g. enpl ary carbon bl acks
i ncl ude the cam@wo,momm@éwﬁ@rﬁe Fhalhi«y oambiramné compriging eideastanr aithTheni cal s

~under the tradeQame faPNPEaliEbe &saﬁmaﬁ@éo)ﬂpeﬁt%ns bbagkedVRbon DRk && om Chevron
Chem cal, under the trade nane Conductive Furnace) and

e
E.CF. (E ectrhescBringrrager "n%?% fess tﬁ%‘é‘b‘g’é?%ﬁ“ BreiEadly lesshap et e from
Cabot Corp. und@ nb heoré plaﬁabnyaéemaﬂ/momv XCTRefaind BhdMEIKe cREARIGKs and t he

carbon bl acks co ially availl abl.e fro Co. L d und trade
nanes KETJEN BE‘&ETT&F‘E%%B aceéreﬁcgr %(5 thaI5r eirﬁ ?g u(a:‘r(‘c}r{n Uettrve é?lkb)éh bl acks
may be used mmfvrdhlmsﬁefrrﬂ@wm?bw /gayentone prbfobly 26aiet Serhzboetd 08 t he t ot al

wei ght of the GEAPERELLEnduct dathofs BREKY Gl me%mlvhm&,e tdldukﬁ;)ﬁhme/ al so
optionally be used in the conductive conpositions. These

el ectrical |y cabapten geeatspthan abogy 40qubispentimeiers Rféh‘i‘ﬂﬁ‘fedr%ﬂ“ts (g;g%@@g) condi ti ons
used in incor pefeRtablyderéane Mah alsdht 1 dveenPAbOERbiGrér@ R gre@ftdhdn a6t 486 | ng

cm*/100g. Exemplary carbon blacks include the carbon black commercially available
from Columbian Chemlcals under the trade name CONDUCTEX® the acetylene

black available from Chquon Chemical, under the trade names S.C.F. (Super
Conductive Furnace) and 'ECF (Electric Conductive Furnace); the carbon blacks
available from Cabot COITI.). under the trade names VULCAN XC72 and BLACK
PEARLS; and the carbon bflacks commercially available from Akzo Co. Ltd under the
trade names KETJEN BL}\CK EC 300 and EC 600. Preferred conductive carbon
blacks may be used in amcilunts from about 2 wt% to about 25 wt% based on the total

weight of the composition.i

Solid conductive meta]lic: fillers may also optionally be used in the conductive
compositions. These may |be electrically conductive metals or alloys that do not meit ’
under conditions used in i!ncorporating them into the polymeric resin, and fabricating

finished articles therefrom. Metals such as aluminum, copper, magnesium,
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finished articles therefrom Metals such as alum num copper, nmagnesi um
10 WO 2005/ 048273 PCT/ US2004/020082 0 chrom um tin, nickel,—silver, iron,
titanium and m xtures conprising any one of the foregoing netals can be
incorporated into the polymeric resin as conductive fillers. Physical

m xtures and tr | | oys such as stainless steels, bronzes, and the |iKke,

my also serv Ozé’f?(%% Uctive filler particles. In addit§QI§200402p083,
internetallic chem cal corrpounds such as borides, carbides, and the liKke,

of these netal %hroélgrr? InEf mckgl l'lrrr%r?nc,i Itlggﬂﬂnd d Cl re?‘lx?ﬁ?)ln?lﬁ% Xrg Q ductive

filler particlés , coh es such as
tin-oxide, i ndlfuﬁamngnnf(s@h die ,be amedrpotated Imtkélermgymaﬂl%ml@pt Nnﬁwlw)/ﬁlﬂms added to

render the pol $itd: i And BRG] 6k os iSySOL, BBLAL Lhemefigt, Bap- et al | i c

conductive fillers may exist In formof powder, drawn W rés,  strands,
fibers, tubes, alsnaivt aspeeaduciyeafilies partigles. nhi aldition azlew|igeraetaie chpmiedl ds, di scs,

and ot her comresrﬁlbo%hasysucraééaﬁoha&l @aﬂg@éanmdrth@ﬁkecemmwetémw ﬂnawmﬁrhe art.
Non- conduct i ve, n coat over

st
Substant il poriePe MY A e esop Rt Tt B oMOR BT R FRIRELE | o
conductive mnet ailuexfmmcm soh aytinicafia) ihdiub @n oxjsednd the lika @nag aladloiibhalle be

conposi t rons. a%gnor%mfe%e p81“ Vnecr ponsaetal |4 escg%d'rk?{%ﬁc it enon—rncta
referred to as 8% StFAtes Coa a er SO|Id

conductive net abndpetive Hlers mﬂ)eexrsem tlnedomsof‘pnwdea,l drayoatieeg] sfrandd, ébsﬁ tub?t'sy pi cal
conductive et al 8, SUGHAS 1Al ”Qg%le& OE’lﬂﬁdes,”a’:&Q € aUlher CLOLRITH, LN,

nickel, silver, 1ron, ~titan um res conprising any one" of the
f or egoi ng net ala@llﬁlﬁ?gwwemswmniymnlvﬁvagubst rates. Exanpl es of
substrates are well known in the art- and include those described in
"Plastic Addit iNbﬁ%orl‘daﬂﬁb,Qﬁk metallic fifleds thaORave bleen Toafatiaivéred suin_zdltlalGaftion Hanser

verlag Publis he¥ f?lélr surfgce w1thha col?cr?nt {glged o% an conragctlexx?i% gl%agll ﬁ) ﬂpzlonaqlly%UbSt rates

include silica™p I¢a ah
boron-nitride pwlderche cobdictive- @inpositang ibhmd@r@nduaﬂmgmqmanemugﬁm aren oxi de (or

magnesi a), wol 'c@:ﬁ%&ﬁ& tr@iv:rred'tﬂ%'s Lé%s'i}gteé Whb %Gt%fr&tése&afa{é@' v)ﬁﬁ%'el Fa%z&ro&‘ lofa cal cium

sulfate (as its anhydride, dih yraeor“ trihydrate), I um car bonat e,
i ncl udi ng chal lQODdP?tWéél’teE?h@ay ReFebireed dneas gyekl H@ff‘?dcf“erspr Ebﬂi’lﬁl cendaeiive al ci um

carbonates, geni! duh bfalbhiBuh Ofdpb&] maenSdies NirdR, | thU hﬁk&ssnvér Irén,
i ncl udi ng fibr ous, nodul ar, needle shaped, and lanellar talc, %I ass
spheres, both titantum, and mixtures compnsmg any one of the foregoing metals may be use
coat the substrates. Examples of substrates are well known in the art and include
those described in “Plastic Additives Handbook, 5™ Edition” Hans Zweifel, Ed, Carl
Hanser Verlag Publishers, Munich, 2001. Non-limiting examples of such substrates
include silica powder, such as fused silica and. crystalline silica, boron-nitride powder,
borAn-silicate powders, alumina, magnesium oxide (or magnesia), wollastonite,
including surface-treated wollastonite, calcium sulfate (as its anhydride, dihydrate or
trihydrate), calcium carbonate, including chalk, limestone, marble and synthetic,
precipitated calcium carbonates, generally in the form of a ground particulates, talc,
including fibrous, modular, needle shaped, and lamellar talc, glass spheres, both
hollow and solid, kaolin, including hard, soft, calcined kaolin, and kaolin comprising
various coatings known in the art to facilitate compatibility with the polymeric matrix
resin, mica, feldspar, silicate spheres, flue dust, cenospheres, fillite, aluminosilicate

(armospheres), natural silica sand, quartz, quartzite, perlite, tripoli, diatomaceous
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hol | ow and solid, kaolin, including hard, soft, calcined kaolin, and kaolin
conprising various coatings known in the art to facilitate conpatibility
with the polyneric matrix resih, mca, feldspar, silicate spheres, flue
dust, cenospheres, fillite, al uEi nosilicate (aenospheres), natural silica
sand, quartz, Guedebsaldaes perlit tri poI i, diat onaceouspcy%sm,og&l,gg;/ 048273
PCT/ US2004/ 020082 earth, synthetic silica, and m xtures conprising any one
of the foregoing. Al of the Iabove substrates may be coated with a | ayer

of metallic matead, &ntHet sﬂi‘e%ealidrinﬁcﬂﬂﬁs c&mﬁugaﬁw@e@omq&b igN&H oR@gar dl ess of
t he exact si ze, sha and cog‘go 5it of the.soljd metal] Lic and. non-

metal lic condudP?¥e ]i’sitrFtFSePab tcf%f?dl owith @ faxer of mepgilic qnalesial for gisg Wy e ¢ he
pol ymeric resi romfuctivk e@mbiosigensof | about 0. 0001 to about 50 wt % of the total
wei ght of the conposition when ' desired. Wthin this range it is generally

desirabl e to haye, b8 o8all egac?ﬁge,alsﬂ)a;pg a@mnﬂeﬂmrm@ Soli€ me@iNd Ufid 4 hohe filler
particles in an anpunt of %reat han or ual to about 1 wt9% preferabty

greater than &etalifiranduptyeaen partiples t%@’%aéiﬁﬂ iBRsFed picthepdyngsicgisEat er  t han
or equal to abwﬁmé’s offtaboat 0100011 IfteabbﬁtsaM%Bftghtotaoivelgﬂieftﬂ‘aeéaii@‘ésxﬁidn%en The

| oadi ngs of s i.c_and lve filler
particles may SS“F tﬁﬂé SIS?ge ltéﬁ%leéf”a yc{éﬂﬁ‘gﬁﬁ‘avﬁﬁ’gfﬂa %}“’ BPLU t han or
equal to about rr&&llm%dunmdillpxrme:ﬂeahﬂ 3n dngmist oftgnamer tian eeqadl th eboabbut 25 wt %
of the total 0 The., t iciz use

t hei conposi tion a’r Ief%fablg:é? ﬁa%}){m{ e %agéo %bgmrlegd]ﬁgg THETY Pm%m%]yt%}eagof t he
conposi tion duthangr ?qtlé t@h@mﬂ wtg/o @ﬂthet thtal waghy nthe eompesiion. iiht hadilgs of ar bon
nanot ubes. As dgf kNRGOAKE MY nofinfbtanf ogllcﬁlgt#\}e%nl%le%arﬁc?es%é QY 1Rl gk ar wei ght
organi c or inorganic species, jwhich can facl ate a reduction in nelt

vi scosity duri 58} R0 W °e1i’f€l‘ie‘iﬁb‘yéﬁss thpreorsata) ieeab et 39 wermers preferahls lesar bon

nanot ubes. | n &g oL b MBRLS Wi of thplotbéigit 3fthe EoRpoaednUal | y di ssol ve the
polymeric resin. Suitable exanples of such plasticizers are solvents such

as alcohols, agg G mzér?lxééﬂ’ﬂxethe:fg?rg: rionShd Wehersi AR 1l Lok the JERLRPN di 0! de,

liquid nitrogen, NoONONEr:s as styr acryl ates, he |Iike.
In anot her enbeditivesempositien W“a%tﬂilecblzléiﬂngn%fy‘h@)mplymm tosig| with ﬁteloaréme t he

pol yneric nanotubes. As defined herein, a plasticizer is a low molecular weight organic or

inorganic species, which %:an facilitate a reduction in melt viscosity during the
blending of the polymeric resin with the carbon nanotubes. In one embodiment, the
plasticizer may actually dilssolve the polymeric resin. Suitable examples of such
plasticizers are solvents such as alcohols, acetone, toluene, methyl ethyl ketone, liquid
carbon dioxide, liquid nitrogen, water, monomers such as styrene, acrylates, or the
like. In another embodimeht, the plasticizer may only partially solvate the polymeric
resin.  Suitable examplels of such plasticizers are dibutylpthalate, resorcinol
diphosphate, vinylidene ﬂ\;mride, hexafluoropropylene, or the like. In yet another
embodiment, the plasticizer may facilitate a suspension of the polymeric resin during
the blending process without either partially or completely solvating the polymeric

resin.

The blending of the polymeric resin with the carbon nanotubes and the plasticizer
may be conducted at any desired temperature. It is generally preferred to conduct the

blending at a temperature greater than or equal to about the melting temperature of a
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resin. Suitable exanples of such plasticizers are dibutyl pthal ate,
resorci nol diphosphate, vinylidene fluori.de, hexafl uoropropylene, or the
like. In yet another enbodinent, the plasticizer nmay facilitate a
suspension of the polymeric resin during the blending process w thout

ei ther parti al | etely solvating the polyneric resin. The bl ending
of the Bolyner#%)ﬁégﬁﬁﬂﬁﬁth t he carbon nanotubes and t HETRBAYRWEZ er  nay
be conducted at any deS|red tenperature is generally preferred to

d h bl endi t h | t bout th
consict the. D ehlonyal A SPeLB 8 A RSO P S0 e

sem -crystalli nmomlyrm}ymenq Bsinn Iapek @emplire eybedigent, tizngasticizm ntaeﬂrper ature of
an apor phous i , | astici zer
may be added E‘ gﬁ%"f‘“‘gf’ﬁ‘% e cmoggrr%o@?q? %%&eﬁ?l n ggﬁﬁﬁe B‘gzeppr ocess.
The pl asti ci zermay gy bPﬁfé‘??VEfbﬁ?réﬁﬁ\Fé@P‘?S}"GﬁﬂWWé ﬂl?d’t‘\sﬁ £ progass mﬁeh et he

bl endt ng proceskendifig fbtesy. 1h Bfvthep bigPudinngt, e PhaSifeizer thdy &%@&é@%@nﬁﬂéﬂﬂ&“ ment, the
pl asticizer nay b dded pernmanently to the composition he polyneric
resin together "W FPEREUNY asti ci zer, the carbon nanotubes and any ot her
optionally desired conductive flllers such as the carbon black, solid

met al | i ¢ and ndie petpbaicirésm tegetidueith the plpsticizer thpeartton chresibeseand gerheal |y be
processed 1n Seyehily duf E%ﬁmme HAKS5 E%hh@csarbopmta K id rdeBiloGfla . e !

bl endi ng, solution Bl en by N ons conpri sing at

| east one of t W@W‘lﬁr@g‘%%h‘(j f#i?f n@a@lewameeﬁeﬁyn@ Pr%$sl‘~‘d lrb$eé‘ﬁ@l| dﬂ@er@# t he

conposi tion i nalygash blieutse 10ites h@a{eufb%aaeg, sEREiRNSERANRB! orf BE GRe, or
conpressive force,. ultrasoni.c enertgé/ﬂe qef\ ectronmagneti ¢ energy, t her mal

energy or cont5PRUPIIGPISCOBBRTRE &ilfR hestoregiing Betheds of Plspditgoi Mgt f or ces or
forns of ener gyleadiog iof thecamlwiﬂicﬁdmvmeprtﬁs:&&s«tmeaactumﬂna&hsmﬁaelf@&en t he
af orenment i oned forrcsg q,(r’rge eutrasmm en . sl ngl | e.Screw rrul eﬁl e SCrews,
i nt er meshing co-Totatsn CEUMt S0 SPTORGESUT SNReYs Uy, t'8¥ feshi ng

co-rotating or coouirdtiens cpmpmrxgragleascorewsthe foeagmpg oat @rrfgnsofmyamhs ews wth

pins, barrels W%)J}dlﬂct&i I%mcésgk% Suiph hiGrereGhd aﬁg}méng{m%ﬁ még e%w}ez@ pﬁt' ons

conprising at |east one o or egol ng i VO g the
af or ement i oned 2fSEElE e vultinde mﬁu@teé@shw eperettingeos CO@EF‘C F'Pffé@g s¢sems, not

limted to singbin@fmdibihg td oRSERBRY bt B EPows BeGSrotalBasifkys, slRRs Chel

with pins, barrels with pins, rolls, rains, helical rotors, or combinations comprising at

least one of the foregoing.

Melt blending involving the aforementioned forces may be conducted in machines
such as, but not limited to single or multiple screw extruders, Buss kneader, Henschel,
helicones, Ross mixer, Banbury, roll mills, molding machines such as injection
molding machines, vacuum forming machines, blow molding machine, or then like,
or 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
v composition. Within this range, a specific energy of greater than or equal to about
0.05, preferably greater than or equal to about 0.08, and more preferably greater than
or equal to about 0.09 kwhr/kg is generally desirable for blending the composition.

Also desirable is an amount of specific energy less than or equal to about 9, preferably
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hel i cones, Ross m xer, Banbury, roll mlls, nolding nmachi nes such as

i njection nolding machi nes, vacuum form ng machi nes, bl ow nol di ng nmachi ne,
or then like, or conbinations qonprl sing at |east one of the foregoing
machines. It is generally desirable during nelt or solutlon bl endi ng of

t he conpositionydenkdpast a specﬁl fic energy of about %s 0(0)./ b0 ut 10

ki | owatt - hour/ ki | ogram (kwhr/ kg)j of the conposition. ROl range, a
specific energy of greater than'or equal to about 0.05, preferably greater
than or equal t]@ssatgé?iu& QufiBo a@&é’&’@fd%ﬂﬂé DlefraR) %ssgtéa%acgr hR@3ByouPy qual to
about " 0. 09 kwh ene desirabl e for "bl'endi ng the conposi tion.

Al so desirable ]fvgnléﬁ °é%\5‘ﬂﬂ‘|‘1gﬂé@f°°§‘ﬁ‘ésél°f‘l c energy less than or equal to about
9, preferably 13 WD 2005/ 0482731 PCT/ US2004/ 020082 | ess than or equal to
about 8, and nomenperatfodingb, }helpelg'memdmsm mrpowde dfbrmi ﬁellabmuﬁ siieet foxfyrof kg f or

bl ending the c i h ric.r n in powder
form pellet f%ﬂg&sé}w f%rét%rf‘lﬂn d?dWﬂﬂh{E%%n dnd t%bflbg eétc’ptc? %ﬂ)f’%nded wth
t he carbon nanof dtsexl inadieaichd or @Maf inl¢ndér priop rcosbelngffectjmwl armeadk Hlendiag Henschel

ors Varing bl enddgite sueh bPhn L@l lo Busks &Gealidat C'Th@-plqﬁ cltzer% ﬂlgﬁ“a d m%et‘ﬁé ce such as
an extruder or Buss kneader. The plasticizer 1s then a into the nelt

bl endi ng devi cemel § endig dpdse- éﬂﬁ‘éﬁﬁieﬁﬁrﬁ‘?°dmteﬁ‘e“6@P19’W@?q igsip mgopyd¢rdorpowder f or m
pell et form shepdt fémr Eﬂeet(fﬁnﬁ, Iaemle ﬂlk@maﬁBé’ﬁﬁﬁb]EﬂdE&%ﬂbhﬁQQ@ﬂ:l ﬂ%%tﬁbe& he carbon
nanot ubes and r Varing, Bl ender, prior to
being fed into agﬁe’?lpkaat'% K m e’%enscgg\?f W aé‘ﬁ%ﬁ e’é‘g’r’é’ﬂoretﬁlbfl%@ij 2 B s kneader .
The preferred ddapdiog dévine swﬂ,alas an, b:ttedmonguss §neaddrwiThe pefeeatl dexity foflmeit or a Buss

kneader. As stq;]&lgmggq\(@msgrgg 8erQf 2 BusPhAsdl Ci zer during bl ending reduces
the viscosity of the | end |c?1 prormt es a reduction in shear forces

when conpar ed t on do not utilize the plasticizer. The
reduced shear f &aée B$) n‘b‘? 8¢t éplaﬁ?&%’e@()‘éﬁ‘?‘ﬁﬂ‘“&f’edﬁﬁéﬂ&é’ﬂf@‘(‘f‘tty Pbs 0 of the

car bon nanot ubésend, o painmesplrglmtoe incsheaF &ehec&h@momﬁhrédhﬁth&&hﬁdaﬁ:b&py 11 in
the el ectrical p i Si 4, yci ng t he ani sotropy,
it is prefer abl"gﬁctﬁ.)log g.l\cl,g% tpla%@ Pr e”}shles F‘%/cle‘{]ﬁf’?aﬁ PRE EfP’t"%tEttﬁ%n par al | el
to the flow diPresevation of ghet ﬁmct iratiot dighed cartwot iapotulger (heyd kisal bmmoteca t he f | ow
direction to bgequeddaat &t al{lsﬁﬁ'&)yqﬁ th@gl‘e’@xllcafﬁoﬁpr&f i c%gposﬂiroﬁ fﬁrfd@% %{)g gr eat er

than or equal to apout 0.4, pieferably greater than o about 0.5
and nore prefer léﬁjalnvo%&dttls @a@xgple toghaye the rafio of resistivity in the dlrectlon parallel to

the flow direction to that i m the direction perpendicular to the flow direction to be
greater than or equal to aliaout 0.25, preferably greater than or equal to about 04,
preferably greater than or iequal to about 0.5 and more preferably about equal to 1.
The flow direction as defined herein is the direction of flow of the composition during
|

It is moreover preferable tlb have this ratio greater than or equal to about 0.25 within

the processing process.

an area of about 12 square inches, preferably less than or equal to about 10 square
inches, more preferably less than or equal to about 5 square inches from a given point
on the surface of the composmon Further, it is desirable to have a ratio of greater
than or equal to about 0. 25 when the composition contains less than or equal to about
3 wt% carbon nanotubes preferably less than or equal to about 2 wi% carbon
nanotubes and less than lor equal to about 1 wt% carbon nanotubes, wherein the

weight percents are based on the total weight of the composition,

14



The flow direction as defined herein is the direction of flow of the
conposi.tion.-during.—the . processing process. It is moreover preferable t1 6
have this ratio greater than or equal to about 0.25 within an area of
about 12 square inches, preferably |less than or equal to about 10 square

i nches, nore pr%”_&gﬁ?s | eis than or equal to about 5 sduare inches froma
given point o fa face of the conposition. Furt hel TP Esi rabl e to
have a ratio of greater than or equal to about 0.25 when the conposition
contains | ess than or ferably

| ess than or eg]t I%fgenfral]y nfatblezto\7&%5/0% otnMCO@tg%{QEE%m angéq%gggmﬁéﬁ or equal
t o about Wmﬁaﬁmnhan@nmwbiesabounﬁer@“ﬁlﬂbly Breateniencph equakto@bowt $5,4p€ based on
the tot a' wei gho O r}#aﬁ g%mepﬁb& br%ual 1o4ab\49 z%Q:QééQ%B%Z%FQT&Mﬁ?Q%/ 020082 It
is geherally desira {& Teduce the melt Viscosit he conpagsition in
an anount of @gereResiEen cepsisting ofe tha OYIETIG Brskit 2ng ﬂ"bf’%‘\"‘é‘r BIPYLSr Sttier t han or

equal »to about gdR,a 1R QekiratI®fohalE @;E SHeRRisYosBY RalRI dr R@AI Rrab&ABaIPadchl- about 25
percent of the nelt  viscosit onsi %@Pﬂem t he pol yneric

resin and the é%fP’EférﬁParFérPéTf é%lesﬁt?"a"i‘geq g‘i‘?é"}’%ﬂt%gﬁeé’f FAfe the nelt
viscosity | ess eﬁd’aatﬁ abjut SORsSY, arldanadgreferall)) leRaBamak equslac aods40(PRa; dying pr ef er abl y
| ess than or ecgl{:l lttb?enc?n o ea§5 Pa-s, preferably less than or equal to
about 50 Pa-s m)re S erably | ess than or equal to about 40 Pa-s,
during the nelt blending operation. Wiile it is generally desirable for

the shear for c&¥hikert isieenamiiytdegirabis e shew owey B theymale blepdige eayisgdo a

di spersion of tHeGAERM. K3RAIHREHe ciibdnBndAdky IR golyhRfE Rsin/il is o al SO
desired to preserve the aspect ratji o _of the carhon nanotubegtgql ur| ng the

mel t bl endi ng IBTBEIOPEEseIVSthE ApEst r3tig of e Spybom nangiules dxing thejmelyHlending, j nt ¢ oduce
the carbon nan@tddesiioidedto dohe 1fﬁﬁ£}tbeb1|eﬁiaﬁlb fgnteb@vdeqie datdot heotubes iitof a

mast erbatch. In su ro e t er bat.c introduced into the
mel t bl endi ng Elgv?’glg b%% V'ce t? f"lﬁ"el 34t 3 Tas%ebragg mral}e{sslu& 2 ReTt t%%l end as
def i ned her ei n masterbzteh whebe uatodllme@smo ahepmitt blcndmgfdet'lh@domtrgamfi ®eresin has

reached a t em;&g{?ﬁcere% eRLRM bfem d@ﬁne@qaah i t e @peyst 1888 JTRloh bPgle

terrperature e resinis sem - crysta i ne po erEI’IC resin, oOr t he
fl ow point (e. @olymewesﬂghaaggac!@eﬂa@ﬁemeraaﬁe getgdien curwy tp gbquhile meking i s an

anor phous resi RenthéfatuRtg iftthieredth BNGkMGerysBINE BSIFmerd rébiny oPihe AEWw psinQBE., Wher e t he
entire mass of polyneri ¢ resi

the gldss transition temperaturs) 1? Sle resin is an amorphous resin during the blending

process. A dry blend is one where the entire mass of polymeric resin is at a

temperature less than or equal to about the melting temperature if the resin is a semi-

crystalline polymeric resin, or at a temperature less than or equal to the flow point if

the polymeric resin is an amorphous resin and wherein polymeric resin is substantially

free of any liquid-like fluid during the blending process. A solution blend, as defined

herein, is one where the polymeric resin is suspended in a liquid-like fluid such as, for

example, a solvent or a non-solvent during the blending process.

When a masterbatch is used, the carbon nanotubes may be present in the masterbatch
0 in an amount of about 1 to about 50 wit%. Within this range, it is generally desirable
to use carbon nanotubes in an amount of greater than or equal to about 1.5 wt%,
’ preferably greater or equal to about 2wt%, more preferably greater than or equal to
about 2.5 wi% of the total weight of the masterbatch. Also desirable are carbon
nanotubes in an amount of less than or equal to about 30 wt%, preferably less than or
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tenperature |l ess than or equal to about the nelting tenperature if the
resinis a sem- crystalline polyneric resin, or at a tenperature |ess than
or equal to the flow point if Lhe polymeric resin is an anorphous resin
and wherein polyneric resin is substantially free of any liquid-like fluid
during the bl en g opaxcess. A solution blend, as defingdusheli@iky 1S one
where the polyneric resin is suspended in a liquid-like fluid such as, for
exanpl e, a solvent or a non-sol vent during the blending process. \Wen a
nmast er bat ch i s egmb,abbrha0 ezt moe prafaably esthamyr cheal pradse Stwidonf hhetaast er bat ch
in an anount ofweg P elmatst%rb%lg ut 50 % Wthin this range, it is generally
desirable to us carlbon nano 'u%es in an anount of greater than or equal to
about 1.5 wt% _preferably greater or equal to about 2w % nore preferably
greater than or? gfugrbodinenisisting . the Pieonf Grasietpatches fim polypaqrig hlendst ittipe

mast er bat ch. AlssgedRs iéaioahe {EANARIbatA BSMRRS alpbiyRBiABMIRL: iOhe | €SS than
or equal to about 30 wt% ref,eér abe%%{ ess t han ﬁr 1% WO 2005/ 048273 .
PCT/ US2004/ 02008 BERDFE G158 bfbanipmy ey, copfgpans phase ot thpgopresition. s or equal
to about 5 wt %fefurd peemitothahbse dﬂeéibgthﬂitiarbj srhdller progoktivnb at thdicardon nedvabesybodi ment
relating to the, us f at S| I ric blen it.js, sonetinmes
desirable to hgl\?ge tg 1‘112 t%’%??%ﬁ%%?{@ﬁggoc#ﬁg i gll% néarémpoaln?/tﬁ%ers Sﬁ:ﬂt rpéosvildﬁ t%‘?’nat is the
same as the polcymeasition rvathi the trbquisité yelyme tané wdrrei meigivity. pHaget efotlehe

conposi tion. Thi,8og4ih&R MR RE TR §s8 of RRstkSRcRE i g&%&mm&h&,xt &g;%é er
proportions of the carbon nanotiubes, since only The continuous; phase
carries the cardBFRPIfinkAvE Bssmasiibpich cauirigas einelymeaerrsin that dndifferer in he
requi site vol URRendfg el b6 ahd Sohinfelib Yesiny that fe YQH iRMQ LHBSosiisTORdhENt

relating to the use of rraster.baft‘ﬁhes m(glol_ neric blends, it may be
desirabl e Lo haYe THENEEFPURECA e Wl Tample joioioes ples 8 Phat | s
different in okedi stry from otlher the polyneric resins that are used in
the conposition. in this case, the polyneric resin of the masterbatch will

formt h_e cont ' W@%&Qﬁ&?c&nﬁ)rigih@m@ Ip@l%eric-rxlgﬁn g&f@@%&rﬁc&n%n&w Fn'af 'b@g the
pol ymeric resin _and the_carbon/nanot ubes may b subject to multiple

bl endi ng and f S¥¥Rchp Eliple plendipgand fymming sigps ’éi“&ﬁﬁp’éy ¥aieexappieytB%i t i on may
first be extrudesposifich fay fifthd irgiePeid Binfed ikbiBeIRE] MRS FlBB Yy BRALE fed into
a mol ding mac hlferzieirllto \theo[idemgl éacﬁ?ag wEeere It(r)nray 9 fgnggdoint%tot 1eerr de%?a%iersﬁaplese su%hhapes such

as housing for computers, 4utomotive panels that can be electrostatically painted, or

the like. Alternatively, the composition emanating from a single melt blender may be

formed into sheets or stra;nds and subjected to post-extrusion processes such as

annealing, uniaxial or biaxial orientation.

The compositions describe:d above may be used in a wide variety of commercial
applications, They may be advantageously utilized as films for packaging electronic
componehts such as compulters, electronic goods, semi-conductor components, circuit
boards, or the like which need to be protected from electrostatic dissipation. They
may also be used intemalliy inside computers and other electronic goods to provide
electromagnetic shielding {to personnel and other electronics located outside the
computer as well as to protect internal computer components from other external °

electromagnetic interference. They may also be used advantageously in automotive
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as housing for conputers, autonotive panels that can be electrostatically
painted;, or the like. Alternatively, the conposition emanating froma
single nmelt blender may be formed into sheets or strands and subjected to
post -extrusi on processes such as annealing, uniaxial or biaxi i
orientation. T ) itions described above may be u .. wde variety
of conmmerci al Q@E%‘ﬂ%%?ions. They nmay be advantageousl?ﬁﬁpkgyggﬁ&%s filnms
for packaging electronic conponents such as conputers, electronic goods,
seni - conduct or yeRMNBNE B forCinfefidt dnd ROAGASmp&entt € a&tbrls&oimhmaﬁlggd to be
protected fromelectrostatic dissipation. Tﬁey may al so be used internally
i nsi de conput efFctopiaticgiypainted igdesitedni ¢ goods to provide el ectromagnetic
shielding to personnel and other electronics |ocated outside the conputer
as well as to Fhofdlowing rkenmka) whicre tngantcio ip @RSy, fiodlimbing dlusext er nal

el ectromagneti ¢_i nt. nce. . T | sp. be used advan eously in

aut onotive 16 @W@%ﬁ%%ﬁ@ﬁ%oﬁﬁ %ﬁ%ﬂﬁ%ﬁgﬁgﬁ og?)]&)y a’boﬁﬁg'fjé(%g%ef’ f or
interior and eseeleftgeally oemdostizatanpofitians tiesenibled haegin.t hat can be

el ectrostatically painted if desired. The follow ng exanpl es, which are
meant to be exemphmrgs not limting, illustrate conpositions and nethods
of manufacturing of sonme of the various enbodinments of the electrically
conductive congggh%;pns descri bed herein. EXAMPLES Exanple 1 This exanpl e
was undertaken to denonstrate the effect of the addition of a polyneric
resin having a_]ower nmelt viscosity to a polyneric resin having a higher
mel t  viscosit yus PREPISITA Hadeizkep @é%‘l’ﬁ"‘ﬁ%‘? ﬁ‘@e%“WéOWWéF’OW aPolISEDsi ty at
300C, was PCl3fsin lavipglay Raeh aRRiviscsses ith aCRIIRRKS iradid Yiavdaeah Ingabembif om GE

Pl astics. The rest ﬁ@th}the. Iowgn nﬁl& viscosity was M5221, a

pol ycar bonat e VESFH- P8 BOWBHGETE "aYipg the (ighey Jsit wiscopity A ECA2 81 Bs. Fi gure 1
reflects the redogtaitonaté resimebhmurcialiyysiatiableofont BB HMseRd TRt resBORAG thas | ar ger

t f M5 : RCL35. . Th |t Vi ity. . d i
Rhoomet ri cs. r heSmel or v Rang et S5 pot ol o iy el R T, "

measur ement s néee @hPledinp| Bigurefl rFE6Shepuduetien iponeitt schaityiofighedlanti% 10 wt %
and 20 wt % M.5002d, &98R8Ghbi ¥ MMFT RBLANE B 50 MrEMRE Vi Ol PRkl ySt s

Inc., were

measured in a Rheometrics rheometer. Figure 2 reflects the electrical resistivity
measurements made on samples of PC135 polycarbonate having 0 wt%, 10 wt% and
20 wt% ML5221 respectively. VGCF obtained from Hyperion Catalysts Inc., were
added to the polymeric resin in the form of a masterbatch. The masterbatch contained
15 wt% VGCF. The average fiber diameter of the VGCF was 15.2 nanometers as
determined by scanning electron microscopy. The electrical resistivity measurements
were made by injection molding dog-bone samples in a 30 ton Engel injection
molding machine. The samples were then scored along the neck with a sharp knife at
2 inches distance apart and fractured under liquid nitrogen. The fractured surfaces
were dried under ambient conditions and painted over With silver conductive paint.
The silver paint was allowed to dry, following which resistivity measurements were
o made using voltmeter by applying a 1 volt potential to the ends of the sample. The
results are shown in Figure 2. From the figure it may be seen that the as the melt
viscosity is reduced by the addition of larger fractions of the lower melt viscosity

polycarbonate, the electrical resistivity is reduced. This indicates that the lower melt
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added to the polyneric resin in the formof a masterbatch. The nmasterbatch
contained 15 wt% VGCF. The average fiber dianeter of the VGCF was 15.2
nanoneters as determ ned by sdannl ng el ectron mcroscopy. The el ectrical
resistivity measurenents were imade by injection nolding dog-bone sanples
in a 30 ton En¥e 2005644823t i on ndl di ng nmachi ne. The sanplmsvseoméoken scored
al ong the neck with a sharp kniffe at 2 inches distance apart and fractured
under liquid nitrogen. The fragtured surfaces were dried under anbient
condi ti ons and visedsitt efi ﬂ@vmiwwggem Plagy 2 cobsthotdl irgle ipainproving Tledrisil | ver pai nt

was allowed to |1 Y, made
using volt rretefa%gctw}(t% R 1o %gﬁ%'t rv’%?%s’?r]??(% t%j‘g%ﬁ)%%égle Rb%%’é@ethg sanpl e.

The results aP’éCtg??bmd‘icﬁ“l-’YiCtjdlcéO'QWS!ﬁP’bmthe figure it may be seen that the
as the nmelt viscosity is reduied by the addition of larger fractions of
the |ower nelt Ividdttios,d sudy pothg ﬂsdmpﬁmahe lberical RAAEHGHEIwas eadesdurMgty 1S

reduced. This nd| cates that 7 ‘
PCT/ US2004/ 02008 2™ 7 €88si t3 °°m1p°§t}?“ °p’61’“§F 7 ”&w V}I'L'\ggi ﬁtalﬁ‘fda%é" éy%eﬂﬁ%t anti al
role in inproviatglyss @s@pordad Rerqtanmllm:plaqdes yi 6" BhS’, side oweeerinjegion helded Scosi ty
during the pr 09§§§d ) mg)écﬁ%; 19M$§gdxg'-g:ﬂ?m JFI R 1aE Rhs p%%ﬂg'tlocth% ﬁ&v& ereg the

conposition. In additi e ani sot r;Jo ctiical
conduct i vity wAYe FEERkES JsF %liﬁedﬁa eldp dedloyi digctioniaed Evsrepoples Wonsliceht ai ned 2.5

wt % VGCF obt ai E&&nﬁx@ﬂﬁﬂtﬂl@@frh@d&ugﬁ&%}lm1§ Flgﬂﬁ:@r m?é @ﬁn@ﬂs whie Sdopa gl ar
pI aques of 6" x 5" ozse \/\/er&%[g%ectl on npl ded 30-ton i njection

nol di ng machi n%d’S‘?ﬂ‘? Jpches £PA ¢dhe ‘Pt?‘“t%é“"l‘qeé\ﬂ“@? r ket seegmles  Five

sanpl es were sbvaeetthcqn&ﬂeﬂnh ebaté wttmemfc{ @Mhtddsr@ﬁdﬂbaﬁab%w! %llo%gsﬁﬂm es were
sliced per penglec%nC di rectl shown, in ure_3. The

sanpl es were s¢ored ar Euaév’p eta%‘}’ﬁ%“@m(ﬁfweﬁ TR FH‘?E a"P?’c?ﬁ'?cf"FFg Ngs ‘8% t he
i nj ection nol desstgiity geessurchieats smdplpasllel\mrﬂ@ ﬂdvaditdaﬁcexdwaadwmaatb@dhe W th

silver paint ai%s]g%”gyeepsﬁﬁmgﬁp}ﬁgdeé g;ek(g%géag?? %\{ngg‘g d1rect1§x9%r{‘1i'tﬁe | .conductivity

measur ements wer e Fesrativity
measur enent s nelaiéedpagedist de twelgil%éerﬁqnbwfdihp eMiLF3h (e @“dlnwtdedcm t he

resistivity mﬁﬁ&bﬁ@% i) 9s B&fan féecﬂd'lrpwe%’gu;eop ,ah?xrfdkcgt‘éé ST lbﬂn and the
rati o was pIotted t the . percent 5221 (the | ow nelt

vi scosity pol Vﬁaﬁ?rﬁ ‘é’h dir?F“"‘? gi'e Pmendlcw tﬂﬁ\éatfﬁ aresstipbar ai i el
i ndi cat es t he mesursd pewpehgicul eifled dipaticl. | elalde@f § Reull inawatel thaekdon Whil e

Pper pendi cul ar, is nQ gmgo?rtopy dute ftléa the %'gvlv ?1;[ t'.he 1nje¥t10n molding machine, while a value of 0
or infinity indicates a large{amount of isotropy in the sample. As may be seen in
Figure 4, as the weight percent of the ML5221 is increased from 0 to 15 wt%, the
ratio of the resistivity increa%ses from 0.12 to about 0.29, indicating that a melt lower
viscosity during blending ﬁesults in a more uniform distribution of the carbon
nanotubes throughout the bulk of the specimen. This results in a lower amount of

anisotropy. It may also reflect a better preservation of the aspect ratio of the carbon,

nanotubes.
Example 2, l

In this experiment, a plasticizer was added in an amount of 5 wt% to the polymeric
resin during melt blending, The plasticizer was resorcinol diphosphate (RDP) and the

polymeric resin was polyblftylene terephthalate (PBT 315) commercially available
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measured perpendicular to the flow direction. A value of 1 would indicates
that there- is-no anisotropy due to the flowin the injection nolding . )
machine, while a value of 0 or infinity indicates a | arge anmount of
isotropy in the sanple. As may be seen in Figure 4, as the weight percent
of the M.5221 i ed fromO to' 15 wt% the ratio_ of the re5|st|V|ty
i ncreases fromvgoazw%gﬁgbout 0.29, indicating that a mel T7YSBREP% i scosi ty
during blending "results in a nore uniformdistribution of the carbon

nanot ubes t hr oyghoss pfam%s eK/étFF wgaaap@ﬁ'nm&batmoﬁn 58RUakrd #713r @e | OVIET

anount of anisotrop so reflect a better preservation of the

aspect ratio ofeX‘flﬂé‘ caT‘E?oF\’BT WOWHET@"“CIE%QHWEQ % wiie IS exbevebment, a

pl asti.ci zer wagoggetedny &a%lmyﬁppeasn Batitlt6 mwﬁohe@edpqhay BPivfas hddeli €SI N
during nmelt bl endi ng The plasticizer was resorcinol hosphat e (RDP) and

the polyneric r¥FA \Ra%“ﬁmeymtl’ﬁra@ﬁef tE”é’r%t?Wﬂ’iE‘l'dé’EQﬂﬁﬂB‘FdﬁS) he tiaher ci al |y
avai | abl e WO 2Q0&bd 48 Bafra1s R Tl 4n2 002 DEHB2w s 10 ihd e BhrAs tehp&raturth@s VGCF wer e

added in masterbatch f arrel #7 o uder. The PBT- VGCF
mast er bat ch coAtHIHES aggg]%?éﬁ% R etetgeed Wﬁ‘@&@?r’él H}e SYHIFE RS from
Hyperi on Cat al ysiiesizddnandripiectiat exblded higo KbPbu saaplebess des@ibbd18b038 M Wsr ner and
Pfleiderer tw Rart éseWerggn Jpﬁlrgt? e gapxg a?éé’reds dﬁ%ﬁbéghgbog € eﬂ:gt r

barrels on the twn scr Wextruger was e barr el errpera ure was
mai nt ai ned at aSBtvity2E@EreTRRE acshewp odigus SadSon 06 figpimit Tydessantistiat e was

pel | etized and genjoafpbiifehs Pohteisd ltﬂet53w@ﬁ%ﬁpﬂﬁe%&mkﬁ%sﬁ?w&'%ﬁrmgd above.
The sanmples were pr. e{l)s&)r ed in t%’ue sanme nmanner descri bed abaove. The

el ectrical reSPERFIPI  aRRsE Fauygsyqieht I%Sfcén@fﬁﬁ‘\‘/m“ P"rﬁ’(’lul’ijthué“@lasml%ﬁﬁﬂ the figure
it my be seen that the conpositions containing the 5 w% RDP have a | ower
resistivity thd&memHese conpositions having the sane wei ght percent of
carbon nanot ubes, but no plasticizer. Exanple 3 9 In this exanple, Nylon

6,6 having a dif figy @(&Bﬁpﬁe}\@lof(%fﬁ%ﬁn% G Gne| VGRS Welehbierdad B nanot ubes
in order to ascertain the electrical resjstivit In one of the

experinents, wit'8P WHSUEEIBCEE t?ﬁéce%ﬁﬁ'ﬁfsﬂ?‘i“&ﬁﬁy&ﬁ iSHYY- el P§stfofic The wat er

was experiments, water was added to the composition during extrusion. The water was
removed during the extrusion process to render a conductive Nylon 6,6 substantially ‘
free from water. It may be seen that the temporary addition of water to the
composition containing Nylon 6,6 and VGCF reduces the melt viscosity during
extrusion, and thus promotes increased electrical conductivity in the material without

changing the other physical properties of the composition.

The Nylon 6,6 used for these experiments was obtained from Du Pont, Figure 6 is a
graphical representation of melt viscosity of the Nylon 6,6 containing up to 3 wit%
carbon nanotubes. As may be seen in the Figure 6, the Nylon 6,6 having the high
molecular weight has a melt viscosity of 60 Pa-s (pascal-seconds), while the branched
Nylon 6,6 has a lower melt viscosity of about 52 Pa-s. Calcium Stearate was added to
the high molecular weight Nylon 6,6 to reduce the molecular weight and hence the
melt viscosity. The calcium stearate was added in an amount of 0.1 wt%. The melt

viscosity of the Nylon 6,6 containing the calcium stearate was 23 Pa-s.
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removed during the extrusion process to render a conductive Nylon 6,6
substantially free fromwater. It may be seen that the tenporary addition
of water to the conposition cdnt ai ning Nylon 6,6 and VGCF reduces the nelt
viscosity during extrusion, r?d t hus pronotes increased el ectrical
conductivity i rwo besaster i al wilt hout changi ng the ot hepciaitysieads:
properties of the conposition. ;The Nylon 6,6 used for these experinents was
obtained fromDu Pont. Figure é is a graphical representation of nelt
viscosity of thBmhylona @raﬁhlcﬁtbmdzpmsmmlgn sipwing tBe WalRoesshvitydr thanotpdses. As nmay
be seen in the t % | wei ght
has a nelt vi sc‘ge??%lg’go? lght(fg eMé ?%a%ggrﬁgeggﬂéﬁ{ﬁug ?émg&gﬁé&ﬁ%hed Nyl on
6,6 has a | owerclepsicgl f\?$‘§’(¥t§$§ilst1}lg®ﬁf @b(ﬂmcosmospamshawwmhumlgtﬂexawagla was added

to the high mokagikar mug odf Jn%vﬁg@het euidisl et @@ne%y%y'a%wéw' ght and
hence the nelt Vviscosit e|.cal ci um st earate was I n an anount of

0.1 W% The neFtistiviy bay ffcyn SUQIH@VWrf@ﬁovemeleﬁ%waaghﬁmgoq%suaeg a8 um .

stearate was 23seBﬁﬁ5m FigreW0it 2/ 5/1&6%82%3 \Esgs{twsa@@é/em&o&%m&x%nﬁtﬁ is a

gr aphi cal represe tation show n 8{ H SIStIV ity for the sanples
versus the weig U HT ' CEPBE ‘ﬂ%‘ﬁ’B‘"te B‘éssa FloTietrsdl epdpgtivaty; ‘iesﬂ’r‘ﬁy be seen
that the el ectthe Gat thateishasthe\m}fémelsﬁneogh%tﬂwfmgh héleculowpight Nyléns,f1avi ng hi gh
nol ecul ar wei g e ca um st earate
general |y has hf"qu(s) % rex%ﬂc;fr%lsl)?rsntra_ 1{1%9{3%&1‘ Hﬁ)qpe J&%%bsr{g{]d t(i)llelld]fl%e | ow

mol ecul ar wei ghthe [RiprtEeel gesEtiviy Wélebasfed“s@envhil? GraREimRg etha ilctvarh@ova | oner .
melt viscosity. prg,—ﬂ;gmy&fthecg sﬁigﬁrpom tion into which water was tenporarily"
i ntroduced has | ower el ectrijcal conducti vi ty, despi te the fact that it
has the sane 0sit ecul ar. vve n.6,6. Thus
by tenporari |l ;EI%I?\IP&C&EJO@ r ﬁxgﬁ’xrt“ﬂeﬁlts\’/\}afnéw Lﬁgsﬁfr{r}gﬁtﬁ‘g“pc%’ﬂ%? w%ﬁ?‘i’”r‘i’@“‘m=3I t

bl endi ng, the reduest duriog blendiny wlvantagequsly hawey reheved elehmﬂresmiwdee rrajsnt ai ni ng
other advant ag&gtfmefiaRgHE bﬁﬁze@a‘o Edie tiawpgxﬁ'f}aa%n ot &I

experinents, it may sition 4 COSIf
reduced during %mew&ion,glwaméﬂﬁwwﬁs fngd imprgeing Hdnfd@@loféh%@mmta!ln By

resistivities. rddiclg e Qﬁiﬁ‘&@?ﬁmhér&))hpbﬁhdﬁt {dribddagl mt;f?oﬂeﬁigé"fﬂ@y bdRaveed. ght
fraction of caépon n osition, thereby reducing costs

and i nprovi ng prroperPr e “5? g‘fﬁﬁf@%‘&r’i’ﬁ‘a@?&nﬁ%Ha‘ntﬁﬂﬁ“rf?cé&%ﬁrﬁépl?tﬁé’ P sot r opy of
t he conposi ti onhery &ranzbtropps Byrredueing élfet anlstrdpiya Boomelpti® Gurface may be

achieved.

is

In reducing the anisotropy, it is preferable to have the ratio of resistivity in the
direction parallel to the flow direction to that in the direction perpendicular to the flow
direction to be greater thgn or equal to about 0.15, preferably greater than or equal to
about 0.25, preferably gr;eater than or equal to about 0.5 and more preferably about
equalto 1. Itis moreove;:r preferable to have this ratio greater than or equal to about
0.25 within an area of ali)out 12 square inches, preferably less than or equal to about
10 square inches, more p;referably less than or equal to about 5 square inches from a
given point on the surface of the composition. Further, it is desirable to have a ratio
of greater than or equal! to about 0.25 when the composition contains less than or
equal to about 3 wt% ca,'i'bon nanotubes, preferably less than or equal to about 2 wt% r
carbon nanotubes and léss than or equal to about 1 wi% carbon nanotubes, wherein
the weight percents are based on the total weight of the composition.
20
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For exanple, during electrostatic painting, the painted surface appears

spl otchy when there is anisotropy.--By 'reduci.ng the ani.sotropy, a snoother
pai nt surface may be achieved. In reducing the anisotropy, it is
preferable to have the ratio of resistivity in the direction parallel to
the flow directy eLhat in the direction perpendicular to the flow
direction to b?%%g%@g?bt han or equal to about 0. 1S, pFefEPUEIHSYreater
than or equal to about 0.25, preferably greater than or equal to about 0.5
and nore prefer ' . |- e wWith rdiSedIRIE refer e.to have
this ratio gr ee;?]gire)ﬁt] 6\Et\(rplelﬂ{c]ﬁn ‘g‘gﬁé}f‘ d%sgn%egodt ) o?’%g Ow&;éﬁé lﬁ&aeﬁlg%d:l@%hb’ft about 12
squar e i nches, ¥ &¢ andgisiopd byethgsetshitipd Wrihecagiihat vareoug vnges nf begaderaad i nches,

mor e pref er abl yoli@aststdif be QibsGiHakor LEMSROHred? wiBHRB&aitAE BES nles@f @ gi ven
poi nt on the surface of 'the conposition. Further, it is desirable to have a

ratio of greato&ihetWartiogy Inaqidiion.mepny gdificaonsamayibe maghie adwpadtiedadn cont ai ns
| ess than or egifakiod or mbekdl 13 thit Rackiagshemthd) aReaioh 8sthop ldefaamalioh hess than or

equal to about 2 % r ar hon, nanot ubes and .11 ss than o yal to about 1
Wt % car bon nand Sﬁ?%gfco%@?r%‘%}h %ﬂ%gﬁle‘il#8H?te'§8‘?%’8t#{’%m§?”8°rb’é°§ gﬂﬁ’gﬁ%ﬁﬁe t ot al

wei ght of the demporilti grbodini2tk disclsed@s 2ot b8 dditeRplhiclFRAQBHyiR20H82 Wi | e
the invention : ipbe i ; . € .ary..empodi nent s,
it will be un @?n?’? %ggn ’g)gtstﬁ %{otﬁs)eeﬂ‘é |nfnlugg%iﬁcﬁ{d§ E’gg%é(%al?%g{% i}%gr%(t)hﬁngg ¢ hanges may
be made and ededpe af thaappendedcliims.subst i tuted for el ements thereof without
departing fromthe scope of the invention. In addition, many nodifications
may be made to adapt a particular situation or nmaterial to the teachings
of the invention without departing fromthe essential scope thereof
Therefore, it is intended that the invention not be limted to the
particul ar enbodi nent di sclosed as the best node contenplated for carrying
out this invention, but that the invention will include all enbodi nents
falling within the scope of the appended clains. 21 WO 2005/ 048273

PCT/ US2004/ 020082
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What is clainmed is: 1. A nmethod for manufacturing a conposition conprising:
| blending a polyneric resin, ¢arbon nanotubes and a plasticizer at a
viscosity effective to maintaiin the ratio of resistivity in the direction
parallel to the flow directionjto that in the direction perpendicular to
the flow di r ecwiommshs2Be greater than or equal to aboutpcr@sibbwezidsz The

nmet hod of Caim1l, wherein the|polyneric resinis a thernoplastic resin, a
thernosetting resin or a blend!of a thernoplastic resin with a

t hernosetti ng Mdsiinclaifhed iFhe neﬂhod of Claiml1, wherein the polynmeric resin
is a polyacetal, a polyacrylid, a polycarbonate, a polystyrene, a

pol yester, a p@' yam ﬂ&hod&orr@é?thé@tmu%%loﬂh@&moﬁc&%hﬁ :ylatle, a polyurethane,
a polyarylsulfone a polyetherjulfone a polyarylene sul fide, a polyviny]|

chloride, a polysulfon her i m tetrafl uorget.hyl ene, a
pol yet her ket onl!épé ngﬁcﬂom e}r%mg’t er k& ngtﬁgeies a%“?a %Psg%X Fraficane eg%%r%rl si ng at

| east one of .t kendigziegeratig opmblytmaw nrcthtr dizctinn, pardlle]l Thibe flew Hiowtiafto Gaai m 1, ‘

wher ein the polyiefileioh phdhdicaiaittd 1R HoW!ddiibA folbS glta&t&aﬂan%al@qu%ﬂtxab%e@/ nyl on,
pol ycarbonat e/ acrylonitrile- but,adl ene-styrene, polyphenylene

et her/ pol yst yr 842, pol yphenyl ene et her/polyam de, pol ycarbonate/pol yester,
or a pol yphenyl ene et her/ pol yol 'efl n. 5. The nmethod of aim!1l, wherein the
car bon nanot ubes aﬂeemem@ﬂc&“mﬂhll wlwrdaoﬂxepmmmud@msamﬂnbﬁlmbfesm,ar bon

t anot ubes, vapg@r_qar rb f conbi nati on
corrprl sing at ern% e(?tlnﬁre%l% or?ﬁlen%ol}%thermot}l)yasté%? novls,lllkhna afneontnu%ttmg reém The net hod of

Caim1l, wherei n the conposi tion furt her contains electrical lé conducti ve
filler, whereid thdhemstodioflpp bowbridn ithepdiymerie resing jsoa PabERSHL I8 ack,

conductive net pdiyacslid,i bl pds@carbsﬁdw dangaysm&ral |d cpo]ye@adtwtﬂommfdel Iaelrs or
conbi nati ons I apt - o f or egoi ct r cally
conductive fil ch% deﬂde?apﬁlﬁaéﬁﬁﬁ’ta%’gm{)e&aﬁ ﬁf’?}%’aﬂs %ﬁe?@‘gﬁe effgf astici zer
can di ssol ve t heolyallgmesulfide, aepqlyvinyP 2hloride, a polysulfone, a polyetherimide, a
polytetrafluoroethylene, a po]lyetherketone, a polyether etherketone, or a combinations

comprising at least one of the|foregoing polymeric resins.
|

4, The method of Claim 1, wherein the polymeric resin is an acrylonitrile-
butadiene-styrene/nylon, polycarbonate/acrylonitrile-butadiene-styrene,

polyphenylene ether/polystyrene, polyphenylene ether/polyamide,

polycarbonate/polyester, or a polyphenylene ether/polyolefin.
! .

|

5. The method of Claim 1, wherein the carbon nanotubes are single wall carbon
|

nanotubes, multiwall carbon nanotubes, vapor grown carbon fibers, bucky balls or a
| 4

combination comprising at least one of the foregoing carbon nanotubes.

6. The method of Claim :1, wherein the composition further contains electrically
|
conductive filler, wherein the electrically conductive fillers are carbon black,
. . b,
conductive metallic fillers, solid non-metallic, conductive fillers, or combinations
|
comprising at least one of the foregoing electrically conductive fillers.
|
| s
7. The method of Claim |I, wherein the plasticizer can dissolve the polymeric

l

resin.

22




WD 2005/ 048273 PCT/ US2004/ 020082 3. The nethod of Claim 1, wherein the

pl asticizer can partially dissolve the polynmerie-resin -3—5-9.--Fhe--nrethod
of Claim1, wherein the blending involves heating the polyneric resin to a
tenperature greater than its glass transition terrperature or to a
tenperature g an it nelting tenperature. of Claim
1, further corrp%?zé(? 68tzjl}}nj ection nolding the corrp05| ti on&q‘ﬁw[ﬁg’szrmt hod of
Claim 1, wherein the viscosity effective to naintain the ratio of
resistivity ingthe greghioL (ﬁl@:';na b e eréixpthtektﬁas{)élﬁy\’c%] &Gy Wsdie fbat in the
direction per pend| cular tot l'ow direction to greater than or equal
to about 0.15 Pelygeededd than or equal to about 5%l ess than the viscosity
of a conposition consisting of the polynmeric resin and the carbon

nanot ubes. 12. 9The Tretrivded of CBlnail whtreinthebleidngtinelves seaﬁngitheypoe}fxﬂeﬁeti ve to
maintain the rati r he fl ow
direction to that Ogtetnﬁ’ ﬁ’m |gﬁn e %sggﬁlgét{?ﬁfe%rpgmmp ?o%t v g'fr%ecu on to
be greater thame@qertéquallneltmgtabmﬁw@. 15 is greater than or equal to about
10% | ess than the viscosity of a conposition consisting of the polyneric

resin and the qar borhenanel ubEsim i1 Buth@Rodrising lifectod hMedg fk eMpoifonTet hod of
Claiml. 14. A method of manufacturing a conposition conprising blending a

Eﬁleﬁglhﬁgy;egyell g&n hrer;g e érll’ek)hof] V\télélmal %Lréé%‘ﬁ}e ! cc{g&i@fﬁzc&v% t(])c %zrurqt]m?f tl'{g?altt{ohgl rergfl t
bl end; bl endi registidtyein thetdgedtibe pmellleﬂ t<b Iﬂ@nﬂow diveftipe rtmthahgl thatdgection om t he
mel t bl end. 15per;§$}ﬁmnﬁm% R oqealomo]b% %réMl?&E% & eﬁ{;‘ﬁtocﬁ 9N Ranatdbes are

single wall carbon nanotub es, car anotu vapor grown
carbon fi bers, t*ﬂﬂ@k?‘l“ﬁla‘lolaéO%?A’dessé‘%?ﬁﬁleﬁ’éﬁc?sﬁﬁ °Ebﬁ$§?ﬂ°§lfl?fg°°a*tlmpéa%@’eone of the
f oregoi ng car bgamambmthe%&bmaa&aﬁé 048273 PCT/ US2004/ 020082

12."  The method of Claim 1, wherein the viscosity effective to maintain the ratio of
resistivity in the direction parallel to the flow direction to that in the direction
perpendicular to the flow direction to be greater than or equal to about 0.15 is greater
than or equal to about 10% less than the viscosity of a composition consisting of the

polymeric resin and the carbon nanotubes.

13.  An article derived from the method of Claim 1.

14. A method of manufacturing a composition comprising

blending a polyphenylene ether resin with a polyamide resin to -form a melt blend;
blending a nylon masterbatch comprising carbon nanotubes with the melt blend;
blending water into the melt blend; and removing water from the me]t‘b]end.

15. The method of Claim 14, wherein the carbon nanotubes are single wall carbon
nanotubes, multiwall carbon nanotubes, vapor grown carbon fibers, bucky balls or a

combination comprising at least one of the foregoing carbon nanotubes.
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16. The method of C aim 14, wherein the conposition has a ratio of
resistivity in the direction parallel to the (flow direction to that in
the direction perpendicular toithe flow direction of greater than or equal
to about 0.15. 17. The nmethod of C aim 14, wherein the conposition has a
rati o of resi sWo4ep46278 t he dijrection parallel to the fdrusooimessi on to
~that in the direction perpendicular to the flow direction of greater than
or equal to about 0.25. 18. Thé method of Claim 14, further conpri si ng

i nj ection nol dilhg tThe metodpdElin thwhaen tharsompasitioh bascgntiovd desisvdnit he net hod

of daiml4. 24 girection parallel to the flow direction to that in the direction perpendicular to the

flow direction of greater tha;n or equal to about 0.15,

17.  The method of Clailln 14, wherein the composition has a ratio of resistivity in
the direction parallel to the '}flow direction to that in the‘_ direction perpendicular to the

flow direction of greater than or equal to about 0.25.
|
18.  The method of dlaim 14, further comprising injection molding the

composition.

19.  An article derived frclpm the method of Claim 14,
|
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