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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts a bar plot showing the electrical conductivity for conductive
compositions that have only graphite versus those compositions that contains both

graphite and nanosized conductive fillers; and

Figure 2 depicts a bar plot comparing the conductivity for different organic polymers
containing different levels of the nanosized conductive fillers and graphite. The filler

loading along the x-axis indicates the total filler loading and the organic polymier into
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polymer may also be a blend of polymers, copolymers, terpolymers, or combinations
comprising at least one of the foregoing organic polymers. Examples of the organic
polymer are polyacetals, polyacrylics, polycarbonates, polystyrenes, polyesters,
polyamides, polyamideirmides, polyarylates, polyarylsulfones, polyethersulfones,
polyphenylene sulfides, polyvinyl chlorides, polysulfones, polyimides,
polyetherimides, polytetrafluoroethylenes, polyetherketones, polyether etherketones,

polyether ketone ketones, polybenzoxazoles, polyoxadiazoles,
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polymer is polymerized from an organic polymer precursor while the nanosized

conductive filler and the graphite are dispersed in the organic polymer precursor. The
organic polymer precursor may be a monomer, dimer, trimer, or an oligomeric
reactive species having up to about 20 repeat units, and which upon polymerization,

yields an organic polymer having a number average molecular weight of greater than
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ot h onopol yner and copol yner poly(aryl ene ether)s

5 ({ ncl uded. The preferred honopol yners are those

(} AoRg 2, 6- di net hyl phenyl ene et her units.

‘.- abl ecopol yners include random copol yners

;ont:.mlng, for exanple, such units in conbination

wWth 2,3, 6-trinethyl-I, ﬁDphenerne et her units or
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or secondary lower alkyl (e.g., alkyl containing up to 7 carbon atoms), phenyl,

haloalkyl, aminoalkyl, hydrocarbonoxy, halohydrocarbonoxy wherein at least two
carbon atoms separate the halogen and oxygen atoms, or the like; and each Q% is
independently hydrogemn, halogen, primary or secondary lower alkyl, phenyl,
haloalkyl, hydrocarbonoxy, halohydrocarbonoxy wherein at least two carbon atoms
separate the halogen and oxygen atoms, or the like. Preferably, each Q' is alkyl or

phenyl, especially Cy.4 alkyl, and each Q2 is hydrogen.

Both homopolymer and copolymer poly(arylene ether)s are included. The preferred

homopolymers are those containing 2,6-dimethylphenylene ether units. Suitable
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usually in combination with various other materials.

Particularly useful poly(arylene ethér)s for many purposes are those, which comprise
molecules having at least one aminoalkyl-containing end group. The aminoalkyl
radical is typically 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-
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2-[3 31 by el pheptylidensocthilidangeiorronyidenesneopenihdoteur e.
cycl%ﬁlap}éﬁﬁgl?eeg%{c)ﬁ/%ggﬁge falio 92&8&’0 X}éﬁcﬁgle,' a!&éﬁn%ﬁ@ﬁhgle, or the

reacti on recursors suc S

likec Giipouthetserhbodittieat) zerol ayoran sepatadd S Gpar At esithdn AlnstraAiRe
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example%eleng bisphenol. The bridging radical Y' can be a hydrocarbon group or a

saturated hydrocarbon group such as methylene, cyclohexylidene or isopropylidene.

Polycarbonates may be produced by the Schotten-Bauman interfacial reaction of the
carbonate precursor with dihydroxy compounds. Typically, an aqueous base such as
sodium hydroxide, potassium hydroxide, calcium hydroxide, or the like, is mixed with
an organic, water immiscible solvent such as benzene, toluene, carbon disulfide, or
dichloromethane, which contains the dihydroxy compound. A phase transfer agent is

generally used to facilitate the reaction. Molecular weight regulators may be added
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(IV) include the bis(hydroxyaryl)alkane series such as, 1,1-bis(4-
hydroxyphenyl)methane, 1,1-bis(4-hydroxyphenyl)ethane, 2,2-bis(4-
hydroxyphenyl)propane (or bisphenol-A), 2,2-bis(4-hydroxyphenyl)butane, 2,2-bis(4-
.hydroxyphenyl)octane, 1,1-bis(4-hydroxyphenyl)propane, 1,1-bis(4-
hydroxyphenyl)n-butane, bis(4-hydroxyphenyl)phenylmethane, 2,2-bis(4-hydroxy-1-
methylphenyl)propane, 1,1-bis(4-hydroxy-t-butylphenyl)propane, 2,2-bis(4-hydroxy-
3-bromophenyl)propane, or the like; bis(hydroxyaryl)cycloalkane series such as, 1,1-
bis(4-hydroxyphenyl)cy clopentane, 1,1-bis(4-hydroxyphenyl)cyclohexane, or the like,

or combinations comprising at least one of the foregoing bisphenol compounds.



sul fone, or the like; or conbinations conprising at

| east one of the foregoing bi sphenol conpounds. O her
wher@plenaes conpounds that may be utilized in tPET/US2004/031061

pol ycondensati on of pol ycarbonate are represented by

the formula (M) ( V(OH) (VI) wherein, R, is a
Othéaiggenolat @fpainda thy gagbarbseseptally f@ﬁﬁtl]lﬁ@l\l) ihclud®those

carbon atons _or a halogkg substituted hy droca{bon

whegt Eup;On-Ps 807 &F ueOtr T@P%leeswféhdh ipRhegp! qozpaungs are
bls(ﬁlc{m%sﬁ %2%65‘&1 lsss%i? aéjﬁ 4%1&%@0?9& 1 Sf @ﬁl%ﬁﬁl}q‘\g

be represen e'fo
dlmaﬁhgﬂplhemd rectherrpbx; ths l]nﬂlsi bis(hyédxy dsamyk)mﬂlfﬁ)dlespmah s Adsdduydioxy

) 3- hy| re cin -et | resorci I
dipeaxbriRs, A SR eadr ety deﬁmvw?ﬁd&s B P ke
bls(l?fycﬁ‘aﬁnalaryl §erf&)hﬂes SuchURYA 4'[<ﬁﬁ9(§1%kf/‘ dlphenyl sulfoxides, 4,4'-

6-tetrafloro’ resorci’n, 2,3 t et rabrono
dlh)rcb@m EB'HdHWthbp]h@ﬂyéwlﬁm@emﬂthe hy@iﬂmﬁhyd’rgxuedlaryl)sulfones

g OO ARB5E 4 B b B ipeny

sulﬂlh?:{éj P fHel 1IN Rr camblMdtidhs é’d))ﬁgj’rﬁﬁigl ARt orr df'tbélonégomg
hydr oqui none, 3- phenyl hydroqui none, 3-cunyl

1nﬂﬁwm@oqmmﬁynés 2, 3,5, 6-tetranet hyl hydrqu|noné,
2,3,5,6-tetra-t-butyl hydroqui none, 2,3,5,6-tetrafloro
' r t he
S b e R e S A
polfoarbegaticnge b pdeatedl byahefomutis(\M) sphenol conpounds such
as 2,2, 2', T - tetrahydro-3, 3, 3, 3
tetranethyl 1, 1'- spirobi- [IH—|ndene] 6 6' - diol
lihnor~ ented by the following formula (VI1) may al so be
$ O—tdrg’ ) The preferred bi sphenol conpound is
A ﬁical carbonate precursors include the
O hal i des, for exanpl éVParbonyl chloride
(phosgene), and carbonyl brom de; the
a of ISz
Wby R 13 BB Sl & SURTRL G A0 RS ThO OLABOE St o

a hdlbenlsubtituted hydrocarbon group; n is a value from 0 to 4. When n is at least

2, Rfmay be the same or different. Examples of bisphenol compounds that may be
represented by the formula (V), are resorcinol, substituted resorcinol compounds such
as 3-methyl resorcin, 3-ethyl resorcin, 3-propyl resorcin, 3-butyl resorcin, 3-t-butyl
resorcin, 3-phenyl resorcin, 3-cumyl resorcin, 2,3,4,6-tetrafloro resorcin, 2,3,4,6-
tetrabromo resorcin, or the like; catechol, hydroquinone, substituted hydroquinones,
such as 3-methyl hydroquinone, 3-ethyl hydroquinone, 3-propyl hydroquinone, 3-
butyl hydroquinone, 3-t—buty1 hydroquinone, 3-phenyl hydroquinone, 3-cumyl
hydroquinone, 2,3,5,6-tetramethyl hydroquinone, 2,3,5,6-tetra-t-butyl hydroquinone,
2,3,5,6-tetrafloro hydroquinone, 2,3,5,6-tetrabromo hydroquinone, or the like; or

combinations comprising at least one of the foregoing bisphenol compounds.



and the bis-hal oformates of glycols such as ethylene
gl ycol and neopentyl glycol; and the diaryl
w@arososases, such as di phenyl carbonate, di (toPgi/Ps2004/031061
carbonate, and di (naphthyl) carbonate. The preferred
carbonate precursor for the interfacial reaction is
Blspmmbmhp@mctsrshdeas A A §2’a|t§ﬁthp@1‘@$3 b}l 8, 80 t@rapetyyl-1, 1'-
carbonates resultlng fromt ner|zat|on of
s 1&0\%&5 IS ARl -G4i Ot Hplgigpreasidby eleﬁﬁlémng fgrmuda CYBbMgKHalso be
use@f @ dihydric phenol with a glycol or with a hydroxy-
or acid-term nated polyester or with a dibasic acid or
with a hydroxy acid or vithan aliphatic diacid in the
: &Ttopol ymer rather than a honopol yner
~Ceneral ly, useful- aliphatic
o about 40 carbons. A preferred
pdecanedi oi ¢ aci d. Branched
. ME bl ends of |inear
pol /honat)e and a branched pol ycarbonate nay al so be
used g _conposition. The branched pol ycarbonat es
may beCHiy epafdlh by adding a branch@ agent during
pol ymeri zati on. These branchi ng agents may conprise
pol yfuncti onal organic conpounds containing at | east
The preteerefl birpthienolalongromug $s bivglieabl Amy be hydr oxyl ,
carboxyl, carboxylic anhydride hal of ornyl, and

the f
TP S gEr TR B et e8sclon e REPPEL
chl@@ddj(phésfgbﬂej hd | b@rb ﬂfly&l@mﬁ@ tHerHlﬁﬁzl.llbfciﬂnﬁteE Jof &la@i16l @he

tris- et hane, isatin-bis- pheno
b1s-th|a]0§o d}%yc@gp megols such as ‘bisphenol A, hydroquinone, or the like,

' noj
andiht P%‘*% 5‘*69#9% B R S R B0 B nbdAgRRRRRRRE an
the ldéxnglydajtphers| Juch4s Cliﬁ}ﬁﬁylfdaflfmbtep Bi(ﬁba}l'l) carlbatlatey diid de,

i c_acid, benzophenone tetracarboxylic acid, or
dlﬁiaﬁetﬁﬁ &P Ppatce s a6 S20ERTF quHgsoafor taexigterGpis] tpction
mc%ﬁ%n@%%ﬁgﬂkﬂg branchi ng agents. The branchi ng agents

na e added at a |l evel of about 0.05 to about 2.0
wei ght percent (wm %, based upon the total weight of
It ig 4s0 pobiplsatceomplos pblycarbghwtewelsalyiag fronnthe pelyardviadiioreat two

t he | ycar.bonat e na be uced .by...a .nel .
or 133 R E TS P o R DREE T 2B E phsa! edthaualie!
or vaifigla Rydrax Hosi &1@@drdllleat&5p@pest£>ba Rt diBhsié had eawhani ¢
acid diesters that may be utilized to produce the
hydsepxacit ‘browatb@@ adipbatyfi jacif yi thevepirragasbonate copolymer rather
tha%h%%% ﬁolghf @Jrag g Jel%sgf)tﬁgglratg useful aliphatic diacids have about
2 tdnt&@%@:mbom eﬂ;plréfefrad blopiatie didei csl(s @}odedanetbhle rayid)
carbonate, ditolyl carbonate, -

Branched polycarbonates, as well as blends of linear polycarbonate and a branched
polycarbonate may also be used in the composition. The branched polycarbonates
may be prepared by adding a branching agent during polymerization. These
branching agents may comprise polyfunctional organic compounds containing at least
three functional groups, which may be hydroxyl, carboxyl, carboxylic anhydride,

haloformyl, and combinations comprising at least one of the foregoing branching



cresyl carbonate, dinaphthyl carbonate, bis(diphenyl)
carbonate, bis (nethylsalicyl)carbonate, diethyl
w@earososas®e, di net hyl carbonate, dibutyl carbone€EUS2004/031061
di cycl ohexyl carbonate, or the |ike, or conbinations
conprising at |east one of the foregoing carbonic acid
ageﬂh espeific eXdigplps ﬁfcﬁrde&ﬁlmﬂftfmi&id; traaelditidiaglsideide] tsimellitic
phenyl carbonate or bis nethylsallcyl)carbongte

mcm@@% {Eppyhydigrey phembsthanse rsa@% bisorhsagl, is-Hesrght Cét-Stne
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anhgcire% imespa Acidr bagaphenose iaacarboylivasid, shtherieeor
0
- confi B BHANHpRLTR aPleal R, Stk Ay el B o
brarwhlr@i‘latgemﬁ thegbe bhdied avb legliaf ationt 606 wd ad&id 2M0@eight percent

erably | ess than or_equal] to about 75,0 O, nor e
W%ﬁazaaé?da}moyn e daial Wamhgpt f@a @?jycv Bl it & BB EOHICT- and
nost preferably |ess than or equal to about 35 000

In oaé ERbSdinie¥, a8 hbRRAILLAatE Phayaset éﬁs&l&ax yal &t pelystiRendafion
he conductive composition and are general |y prepared

readblym bekieen @dlbf/dr@rig aﬂm@omﬂ chmb@u@ paid diestenc Axamplgs of the
|ve

carbl%lécf a(ﬁvg (51%5{3655 ‘clhia),fel iy p%lb tulhgl%e(f t]p ptr%ducg }ée] pog}/c Wﬁ nfdijceg ate diphenyl

carbbapR] MeSIEdigodispBE/ RE®osAtE HighH, &hﬁihlbrolbl{e&m) Retbonste,
cycloall hatic, preferably straight chain or br anched
bls(a1cwamf@hm>d|) §arb9ﬁaen1ﬁ§(0c@ﬁpalileﬂy{f)rcamoza&eodli@ylcca*fmte m-

cr es ?na§g Ir&loé%h%r?g )églllmc %ﬁ% lglg(dgih%llil) E%BH%Q 55t h% lr g Bs | ene

(meg{}ysahbyl)dambamwe diigthyl dartennate] didsetlan (&aﬂooﬂatb,l,dlhmtgl chrbodnate,

dtm}@ é@?y : Cgl Ipé%/ %;;):the 121(632 og{:%%lglgétllciﬂls &pmp 1rsglg%g]%astfng 'of the

fore% ?%Qﬁ)ogi@émd A RELP yTﬁ@ﬁreQrﬁé@Qbrbo%m%ﬁd“&ﬁ'eStér’ i dﬁﬁl@ﬁﬁn e

hexane diol, 1I,4- cyclohexane di methanol ‘and
cmhmamwumbmaﬁhvhyb@uuﬂEaﬁ@ndetrans i soners, triethylene
gl ycol, 1,10-decane diol, and m xtures of any of the

n rt| uIaH
Prefs PR B R B B AT b nOU TR ARt . 000
to ablbw@l 1,800 Oﬂiﬁgﬂaﬁﬁym@lqngMaile)nt\B’lthﬂﬂ&hlS@ﬁng’wﬂ ipadsirbisle k@hdwe a
4- cyclohexane di met hanol or its chem cal QU|vaIen

nunjtyer ayeregrdmereRk v dRlthor BEHET than G apd tadeentad DR epraiegivly
I
greeggwg ?Fl{qoua!l to 451990908 dn¥ Iﬁ&% ?éfEI%GI}I eé‘t ethg%g{ éﬁdjlff o

trans-isohers I n nol e ratio
about 25,000 g/mole. Also desirable is a number average molecular weight of less

than or equal to about 100,000, preferably less than or equal to about 75,000, more
preferably less than or equal to about 50,000, and most preferably less than or equal to

about 35, 000 g/mole.

Cycloaliphatic polyesters may also be used in the conductive composition and are
generally prepared by reaction of organic polymer precursors such as a diol with a

dibasic acid or derivative. The diols useful in the preparation of the cycloaliphatic

10



to about 4:1. Wthin this range, it is generally
desired to use a nole ratio of cis- to trans- isoners
wo@2d0sabawt 1: 3. The diacids useful in the prepB€BUSING031061
of the cycloaliphatic polyester polyners are aliphatic
di aci ds that include carboxylic ‘acids having two
polyeateb palylnags arepssraihe bhaih, brtrohbd,aor@yelohliysiaeid, grofeably straight
saturated carbon. in a saturated ring. Suitable
chaig, o8 g H@Eeéﬁﬁ@y% okt 2P étaﬁ’Goﬁf@ilH@O‘inr?g‘Pd&ecaé%léﬁ‘%?- 0
napht hal ene di carboxylic acid, norbornene dicarboxylic

Sulta&'e%%am 1 &YSH Ro10 FlcARR e@ttﬁa{etg?g%l' oﬁﬁbﬁé gy Ere, @dand

cycloaliphatic diacids are xanedi car boxyl i c
1 3-ampd1€aﬁ $1Y¢Qirisxtane4dlgy ceohsx amiattﬂdanm@bll dietlylats glycol,

hat id f ul th
2,2 B B0 e il 2 B s P g 5
penf)€ HRR| diphsHyldhe dglml ke th1-1 Bt hetearR¥BANPI BSheRhnd diBE Y-
al i phatic diaci are succinic acid, adeIC aci d,

cycl@hmﬂmmﬂm@ﬂ@@plrﬁr@ pagiiclarhniés cisenditenadsoanertsiethylese gycol,
d .
B R M S W P

dimathislsl bﬁmgzblb beuahe chvesihand] decallny alcestbsligtaric Al pr epatied,
for exanp t.he hydrogenation of cycloaromatic

equwa@etSdéer&ﬁé a%?%rélgﬁblémﬂ il r?gcmcrhev%nq @@@tlsaaelwrags chemical
equiv§ Rt hahig. uf&é)f%?(altlbe&l Rt 8] ts% BE bk dYs tﬂé‘@ﬂai P&h@d}fg@, it is

inas e SO vent wat er ‘or acetic aci
generabyrptee&ﬂned at mseea randuratof atsrrmst}ndlﬁns@nm éis g1ofceratiss ofgpbout 1:4

ui t sts such as rh um sup d on
to aiieedhy & B3k A Fenge E SrasBeeBy Sepitim R aBE Sy g oZpisoto
tmnggsghggQﬁggogylghe use of an inert liquid nmedium
wherein an 1lacid is at |east partially sol uble under

reaction conditions and a catal yst of pall adium or
Therdigdudsriiseiiuli in tecaptsparatden of the exclpalinhgtie polygieiralymyers are
o0 A8 P IRATL O TR B SO TROS LR PRI

which sre attbchédidse POshict @abon The s@tu&t@n@h &.r suigibkasxeihples af
be separated by crystallization with or wthout a

Cyclgétm)@ﬁﬁ act@ﬁrm%liéé‘?rétcéhyﬁltﬁé’ﬁPlétﬁé‘en%?lcbﬂboaY@t 3914, Jorhspnene
dicaf¥id ctag?dsgb% él%%%ﬁl td?cﬁﬂﬁ) fic Rlig0dpRELLArC cl%gl?pllatlc diacids
gs hi gher nelt V

t ransi sonef ng and crystall'ization
are 1 érqye}oaemamdﬁmadbcbsflig anidraal ltyanpd arcicéxd:xarlddmthwshmcxds

Lln%?? g}léll?aglrﬂ @iﬁ%ﬂ% F:lraen usggﬁ,lvsawtegalge a(é?%gegj‘las fttﬁlgést one monomer
coniairﬁf\?\%a b?@ﬁﬁﬁﬂl’ﬁtﬂdru@ afiediabivy e%?ﬂi]%é SElitar higatic aReds are
% and the cis-1sonmer will conprise the remainder

sucinis adido Adiheacidt dimethal sprcingé aciil.andaaelaicragivs i Mavhees of diacid

and diols may also be used to make the cycloaliphatic polyesters.

Cyclohexanedicarboxylic acids and their chemical equivalents can be prepared, for
example, by the hydrogenation of cycloaromatic diacids and corresponding
derivatives such as isophthalic acid, terephthalic acid or naphthalenic acid in a
suitable solvent, water or acetic acid at room temperature and at atmospheric pressure
using suitable catalysts such as rhodium supported on a suitable carrier of carbon or

alumina. They may also be prepared by the use of an inert liquid medium wherein an
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conmbi ned. When a m xture of isomers or nore than one
diacid is used, a copolyester or a mxture of two
w@oiogoesties s may be used as the cycloal i phatic pPOl/yYs®D€631061
resin. Chem cal equivalents of these diacids including
esters may al so be used in the preparation of the
aciday &f legt pabRillyeopdlyestee Feicti G béraidichs exa arbatysodf gaiedium
chem cal ivalents of the diacids are al kyl esters,
Of“éh@nmnémﬁﬂﬁvm(%§t@?éswﬁﬂaryl esters, anhydrides, acid
chl orides, acid brom des, or the I|ke or conbi nati ons

Typfcg rdu hg 915}%5 %e?ﬁﬁcgn § o?%potr«lﬂ %ofn‘%fseﬂg bﬂtgm%a SHefcd) the

e pre erre em cal equival ents
carbomyfrpr acyiagrtdws diaineytheetieeiss oofranhpositywisodihe plsenid drans-
nost referr d chem cal i val ent
isonsaiEt R seP AL oo Ryl PRE T o SHECUE ot B s, o

llepﬁhér%ﬁ B}" HIsEﬁﬁi%bn, 47161cth O BRX3AREN teAdsteBYdndtRitter, the trans-
hyl - 1, 4- cycl ohexanedi car boxyl ate can be obtai ned

ISOHW hﬁ$ highéryohebiyerradicoystalfizationgempéraar et is genaseldy preferred.

Vit Gh 0 RS B AR RS TR B PSR o

mixtuSONFRIsE], ¢lad tlafs-FRRRF &lile PreféaBlyldoaipsist S0BES ab&it g wt% and
espeC|aII preferred. xtures of the isonmers may al so

the gjerisognes Wald cutpaise &y tgpwindler trpsed 98 theeiotad it 9Frél§sana1rt@rls-
ison?e? 5r§t:y1h¥d ol% nnael%ﬂﬂlre%fnglﬁ ?oﬁﬁ%geelfdg Bhé)@iaaﬁ 1§1§ste8r

ange p ynerization o Mer precursors
copslyedteras adh dHturerofdwolpoblestersanhy Be?wdl ay ﬂieecr}kzloahphmma@ntyester
W th the diacid or diacid chem cal equival ent
Iesikonponent and having recurring units of the formula
(M11): - - 4-c (M11) wherein R3 represents an al kyl

Cheﬁﬁca@ )éedloﬁlahrsl offtﬁ&ke taadcufsqﬁ&muﬁlg%te% they 80 6ALKRAM A0MB
d whi s the residue of a straight chain,

premmmw@dle @yd@a,ltﬂh@m peliestérs. §uk@tﬂ@e>eﬁn@nleﬂw@f\,thﬁghezn1@@ 12

b 0 UIV t her eof d R4
equwgfegﬁ ogﬁk agl%s Fack eﬁfg}l ‘felrsph |‘§ algnl %tetr % ?}Qlceﬁte?ég t he
anh & {RE, th@iﬂydlfﬂbﬁdesf asludiﬂ@mdj%ﬁ | orahk fik@r aordbﬁlﬁﬂldfhs cohiphisinget

roviso that at |east one of R3. or R4 is a cyc| oal kyl
leasgpqﬁﬂf the foregoing chemical equivalents. The preferred chemical equivalents
comprise the dialk 'yl esters of the cycloaliphatic diacids, and the most preferred
chemical equivalent comprises the dimethyl ester of the acid, particularly dimethyl-

trans-1,4-cyclohex anedicarboxylate.

Dimethyl-1,4-cycl ohexanedicarboxylate can be obtained by ring hydrogenation of

dimethylterephthalate, wherein two isomers having the carboxylic acid groups in the
. cis- and trans-positions are obtained. The isomers can be separated, the trans-isomer

being especially preferred. Mixtures of the isomers may also be used as detailed

above.

The polyester polymers are generally obtained through the condensation or ester

interchange polymerization of the polymer precursors such as diol or diol chemical
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A preferred cycl oaliphatic polyester is
pol y(1, 4-cycl ohexane- di net hanol -1, 4-

waeyosokaxanedi car boxyl ate) havi ng recurring unPCEUSL004/031061
formula (IX) - HC- HO C - wherein in the fornmula
(M11), R3is a cyclohexane ring, and wherein R4 is a

equi¥entobEnsRRnt With thkedihyia Gr (a0 dicali e exqdngentcRiiponytahé
or a chem cal equival ent thereof and is selected from
havipg geceirgng ypity phths forguetVID: a mi xture of cis- and
transi soners thereof. Cycloaliphatic pol yester
pol ymers canpbe gengpal |y made in the presence of a

ui tabl e cat yst suph as a tetra(2-ethyl
—@e*y @ i tabl e amount, typically about
0 to 400 ppmof t|t i um based upgpnt he total weight

of the final product. - Poly(1, 4-cycl ohexanedi net hanol -1 .
Xcl ohexanedi car boxyl ate) generally forms a
wheisin RAbberebingnah mumqyelopw vaibeentainingPdadeicerbon atoms

and gvglh% tﬁ%gesgdgﬁﬁg & f}f“éh? i3 b @?%lrcg 4?3 Ar Q}?ﬁ%&ﬁ g)% nﬂop al&gr?e diol

havia¥ €n8de dHh®CAtbas omh@hkalca‘qum&nmnawg ahé Réasrdaoana;tl@s a
or the polyesters is about 3,000 to about 1,000,0

cyclgplihagic 113!@11?;;4, whigh issthe gﬁ@ébmqyiat@dsreglggt? dempyed Trgn ﬁéi\lﬁélda with
t th
e QR R B - o LR ST S Peifer ¢ han or

equal to about 20,000, and nore preferably greater
A p]_tefmncba:yoécmlﬁ@hatﬁcopdbwtﬁr i25019004-gyrobaxandl Gmetdiesdlrlabl e

IS a nanb a]la e. nol ecul ar I ght 1@!3 | ess than or
CyCIQEed‘ﬁPe GDOBET) 36 VHE ECCUET G 'é?l%fstg% 4% Man or equal
to about 75,000, nore preferably less.than or equal to
about 50,000, and rmst cPrefe Iy Oess than or equal
@é’ggfﬂ‘? % mbodi nent, the
c o ?nc epo Theterr? .

"pol ystyrene" a s used herei n |nclu es poly
prepared by bul k, suspension and enul sion

whe?%h ¥r{“ﬁ{é K)ﬂhhﬁrt\flm IoNs &Qgéleh&aﬁé rlhg sl v%%l/e 931{4\@@5 ght

YIEr precursors structural units derived
cychh@mm rivgndemeed dfont bwldmmdma(b@xylaﬁese@:tﬁudn(wel eghigalenthn

S 08 o G B e RopEboBER Zhel, Yo
isonld}§ RerO 10 @S}c%a@@hé/tmeﬁcﬁyés% Ipeflend2o 8RR yemeFaglyhade in the
preseng[eroe:t[1 e? suitable catalyst such as a tetra(2-ethyl hexyl)titanate, in a suitable
amount, typically about 50 to 400 ppm of titanium based upon the total weight of the
final product. Poly(1,4-cyclohexanedimethanol-1,4-cyclohexanedicarboxylate)
generally forms a suitable blend with the polycarbonate. Aromatic polyesters or

polyarylates may also be used in the conductive compositions.

Preferably, the number average molecular weight of the copolyestercarbonates or the
polyesters is about 3,000 to about 1,000,000 g/mole. Within this range, it is desirable
to have a number average molecular weight of greater than or equal to about 10,000,
preferably greater than or equal to about 20,000, and more preferably greater than or

equal to about 25,000 g/mole. Also desirable is a number average molecular weight
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chl orostyrene and vinyl tol uene, random copol yners of
styrene with one or nore nononers illustrated by
wa@eooglodsiri | e, but adi ene, al pha -nethyl styrenkCT/US2004/031061
et hyl vi nyl benzene, divinyl benzene and nal ei c
anhydride, and rubber-nodified polystyrenes conprising
of 14 @Belsr agatal g6 abdg,1 004000 Sirefetdtty Iddbhan ok 8qual to about 75,000,

pol ybut adi ene or a rubbery cogolyner of about 98 to
morepistprably lagsohan or evel rpolblie 0G0 apd mestorrefemblntess tee A
nes are mscible wth pol yphenyl ene
M Y, %ﬁﬁﬁ{gsaﬁ¢dgéyp§rtlons and any such bl end nay
contain polystyrene in anmounts of about 5 to about 95
In andtBér amib adixatnto fhmgaﬁ@pd)lyﬁﬁrq ioclaldopolystsront gl hb&esmd on

.. the total ht. of mers. |n yet another
POIATIGR e ST HES RRYMHE pebiredby PHIS BrgaRviqn and
emuPRYITBSetiBati e whadHtdiy §t 16TP9S] §y QBight éﬁj%fl}bﬂler precursors
thernopl astic pol yi m des have the dgeneral formula (X)
havigXbtyuctwinegh enits deriveidsram e aanonteh aif therfomgulaX):0 about 10,
and more preferably greater than or equal to about
s 1000; and wherein V is a tetravalent |inker wthout
~T'rnq tion, as | ong as the |inker does not inpede
synthesis or use of the polyimde. Suitable linkers
ude ,(a) substituted or unsubstituted, saturated,
Faded or aromatic nonocyclic and pol ycyclic
ps having about 5 t?( yabout 50 carbon atomns, (b)
substituted or unsubstitute | i near or branched
saturated or unsaturated aIkyI roups having 1 to
whemﬁg is3aydragdis hoHerGWey1 oahalegwbuzgl as vigs hﬁlﬁé%@}flower alkyl;
I t n I
and ﬁ‘f ﬁfﬁ% c? %3%%& 5! gﬁaﬁ%rozfg%ﬂ%%gle‘r%g{%ﬁa QQI% g&i?meﬁ%f ﬁfré%e
chlo@@fmtrfé&tmdmﬁlylthméﬁ@ frandaheécqfoﬂﬁﬂlerb ofilterenc withl ander Imitre
~are not limted to tetraval ent ;ronatlc radi cal s of

monogerjilgsiratrd by acuiitrde butagigne alphy -MEHBYISYIRF s a
ethﬂx@(ﬁb&fgengo%?ﬁylb%ﬁk%taﬂq nflaﬂ&mahﬂfdrgfeoéﬁﬁ %8RG LRbHREd O

y bel ng an I nteger
polyistyommed c bmphisingdriehdsand gl—:&fat whemter fhe atlibees atﬁoéylnmdlene ora

rubtlfeg?clfﬂlégbn%@f czfr f ug?g?%zﬂm? 9& wg‘% S psﬁe and a%og{ ? ydp about §d1 wt%

diene monomer. Polystyrenes are miscible with polyphenylene ether in all

proportions, and any such blend may contain polystyrene in amounts of about 5 to
about 95 wt% and most often about 25 to about 75 wt%, based on the total weight of

the polymers.

In yet another embodiment, polyimides may be used as the organic polymers in the
conductive compositions. Useful thermoplastic polyimides have the general formula

(XD

O O

NVN—R

Y

0 0 . (XD)
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the dival ent bonds of the -O or the -O-Z-O group are

inthe 3,3, 3,4, 4,3, or the 4,4 positions, and
wob@smB414Y i ncl udes, but is not limted, to diREl/8682004/031061

radicals of formula (XII1). 15H C (XII1) Rin fornula

(XI') includes substituted or unsubstituted dival ent
whetgigaiy greaditleml & eguslho abotd), ardomBid Fefeydiog@itenthan or

radi cal s having about. 6 to aboqut 20 carbon_atons an

equal 50 RpaHA088: Ak Wherein b8 & telpwdent lnker withoyt figpitagpn, asqong
as t}f%rlﬁaﬂ&h ggescﬁ’tﬁ"lﬁﬁé’éwnﬁﬁﬁf ?géecé’il the Pgl\ﬂfrrﬂlgie a@ﬁféﬁbl@ ihirs

about car bo cycl oa ene ra |ca
incltltm(ahgl‘tmbuued 3r mmuthumd,Zﬁtmae&b,mmsaumm orarorfigtjc monocyclic

di val radi cal.s ener formul a I Xl
and GRSPRATHF orie i ot Jaf B Shrie) Mure EDeUbsEBA Phe
unsubsRUR & HghiSdr H?an@led Qaturatst or unsthutlted alkfréups ha¥dg 1 fo
being an integer from1 to 5), and hal ogenated

about@Picerhanvaemshereofbindtions therand. §ertablm whsamtlyohemi/or linkers

it glec B e RE ik 03 Bt Bl s g o BhalSns

theraﬂt PosiegtedTdRErs dnclu@Ob @RIt liRiEAS o RN hllefibrambiic FIQRRE
etherimdes that are nelt processable. 16Preferred

Offqimu “RH).isHEl@s pol ymers conprise nore than 1,
preferably about to about 1000or nore, and nore

ef erab to about 500 structural units, of
fornul X\/) wherein Ti s -O or a group of
wherein the dival ent bonds of the

-O or the -OZ-O group are inthe 3,3, 3,4, 4,3,
the 4 4 positions, and wherein Z includes, but is

to di nt adicals of formula (XI11) as
ovea“dl i‘l@ ent, the pol yetherinide
rmy be a copol ynér, Which,™n add(Xilbn to the
et herim de units descri bed above, further contains

whe?e%ﬁ W HQivaldny ﬁto%t? kel¥Abd Froff tht EFoufp%roHHLtﬁag(g%\lU—, —'S—,Nblz’b)—,
-SOs-, -SO-, -CyHy,- (y being an integer from 1 to 5), and halogenated derivatives
thereof, including perfluoroalkylene groups, or a group of the formula -O-Z-O-
wherein the divalent bonds of the -O- or the -O-Z-O- group are in the 3,3', 3,4, 4,3', or
the 4,4' positions, and wherein Z includes, but is not limited, to divalent radicals of

formula (XTII).
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wherein Ris as previously defined for formula (XI)
and Mincludes, but is not limted to, radicals of

wo ooosiBa4 XVI 1) . and (XVI1) The pol yet heri m deCT/as200€031061
prepared by any of the nethods including the reaction
of an aronatic bis(ether anhydride) of the formula

organi ¢ di am ne of the
(XI N—R—NH wherein T and R are
d as de ed a in formulas (XI) and (XIV).

IIIustratlve exanpl es of aromatic bis(ether
anhydride)s of formula (XVII1I1) include 2,2-bis
ar boxyphe phe ropane di anhydri de;
3/4- dicarb o phenyl et her
je; 4,4'-Dbis(3,4- dicarboxyphenoxy)di phenyl

sulflde dlanhydr|de 4,4" -bis(3, 4-
}ﬁco|carboxyp Shigxy) Bnhydri de;

, ; di phenyl sul f one

' e di anhydri de;

4, 4" - bIS(2 3- di cardoxyphenoxy)diphenyl et her
dlanhydrlde 4 4uﬁblsQ§*3 di car boxyphenoxy) di phenyl
sul fi de hydr i de: & 4' - bi s(2, 3~

di car boxyp .-enone di anhydri de;

4,4" -bis(2, i yphenﬁyy)dlphenyl sul f one
dlanhydrld-' A_$%3 dcggrboxyphenoxy) 4' - (3, 4-
dlcarboxyé enoxy)dlphenﬂl- 2- propane di anhydri de;
4-(2,;lo|carboxyphenoxy) GH3

(3,4-di ' oxyphenoxy) henyl ether dianhydri de;
4-( 2, ui---u 4

(3,4-dig oxyphenoxy) henyl sulfide di anhydri de;

4- (2H33d|carboxyphenoxy)-éﬂ
(3, 4- d|carboxyphenoxy)benzophenone dlaﬁﬁygride and
4- (2, 3-di car boxyphenoxy) - 4' -

R m( ﬁi)rrﬁruw ) hexyRhsuskited phenrybstisuted dhaledt aphyidridiels agh
as various m xtures thereof. . The blééet er

as @rﬂﬁ?ﬂ’@ﬂﬂ Bydrogahopgdisabphaare $iput Ao ARNE 8P gapen atoms and
halcfg@hét%w%gn@éﬁ\gg 'ﬂ}égéoq,t db? Btraight or branched chain alkylene radicals

having about 2 to about 20 carbon atoms; (c) cycloalkylene radicals having about 3 to

about 20 carbon atoms, or (d) divalent radicals of the general formula (XIV)

‘@Q.@ (XIV)

.wherein Q includes a divalent moiety selected from the group consisting of -O-, -S-, -
C(0)-, -SO,-, -SO-, -CyHyy- (y being an integer from 1 to 5), and halogenated

derivatives thereof, including perfluoroalkylene groups.

- Preferred classes of polyimides that may be used in the conductive compositions
include polyamidimides and polyetherimides, particularly those polyetherimides that

are melt processable.
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of the reaction product of a nitro substituted phenyl
dinitrile with a netal salt of dihydric pheno
w@orsosHids i n the presence of a di pol ar, aprotiPBCT/US2004/031061
solvent. A preferred class o f aromatic bis(ether
anhydride)s included by fornula (XVIiI1) above
Preﬂeﬂed pdgﬁthe?lmlde lpol@meré comprivd rhere tlemniy pwfeiabl\mebeu 10 td
of the fornula
abowt. 1|9Q99‘€§n01130"?‘nde‘388¥?&1§ eraéalbéawéﬁgﬁ%gwt 590 §tﬁé3t‘§a13“nlts of the
or 4,4' positions, and m xtures thereof,
ﬁnﬁ%hc§%@re Q is as defined above. Any diar ino conpound
may be enployed in the preparation of the polyimdes
nd/ or polyethdfi m des. Exanpl es of suitable conpounds
am ne, propyl enedi am ne,
i e, diethyl enetriam ne,
t)f1 ethyl eneter iy am ne, hexanet hyl enedi am ne,
lept anet hyl ened? ani ne, octa | enedi am ne,
nonanet | ryl enedi am ne, decanet hyl enedi am ne,

1, 12- dodecanedi am ne, 1, 18- octadecanedi am ne,
whegeipdt 1‘$y-ﬂ1 @ptaagﬁ@;myﬂ the defimag 1{&-Z-Q- wherein the divalent bonds of the

I r &l '
-O- gf {rfrig: hlb(?noﬁ Oﬁ?ﬁi¥$ %lntgggglm%hrﬂ e,nf % or the 4,4' positions, and wherein Z

inclﬁ@shlyhﬂ@ mlaﬂ”ﬁtnﬁtyﬂ,etﬁ elilvaAdnt Agdicals of formula (XIII) as defined above.
2, 5- dinethylhexanethylenedianine 2, 5-

di net hyl hi ept anet hyl enedi ami ne,
In oge am#@fiﬁy%rfis\ﬁwﬁvﬁ i aﬁgﬁ@ay Re ﬁ@PH@JVm’SMVb(@ n addifion to the
ethe%ﬂh@@ RInAPUbcriBBY Boved flReP QAR AOH ML @Mﬁ@ﬂhﬁ% of the
- bl s('3-am nopr opoxy) et hane, bi s{3-am nopropyl)
:mns@afxaa) , 4- cycl ohexanedi ani ne,
bis-(4-an1nocyc|ohexy|) met hane, m phenyl enedi am ne,
PoPhgnyl enedi am ne, 2, 4-di am not ol uene, 2, 6-
djjam|not ol uene, m xyl yl enedi am ne, p-xylyl enedi am ne,
—-WEthylg4, 6-diethyl-1,3- phenyl ene-di an ne,
SN yl -4, 6-diethyl -1, 3- phenylene-dianine, benzi di ne,
dlnethylben2|gkﬁf - di met hoxybenzi di ne,
1 5- %1an1nonaphthaf g bIS(4 am nophenyl ) met hane,
bi s(2-chl oro-4-am no-3, 5-diethyl phenyl) nethane,
Wheliiélﬁ R4 1s arprevaphisnibfing op foreul2(34) hhdIbinahiden but i ubylitited
uene, bis(p-b-am no-tbutyl phenyl) ether,
tOIB¢§@§‘HH?€FW9KXBIQn1nophenyl) benzene,
bls(p b- met hyl - oami noperityl) benzene,

4 prao nzene, bis(4-am nophenyl)
id T;E;E§4 phenyl) sulfone
-an1 nyl , 3- bi s(3-am nopropyl)
peRis
“C
(XVID)

The polyetherimide can be prepared by any of the methods including the reaction of

an aromatic bis(ether anhydride) of the formula (XVIII)
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tetranet hyl di sil oxane. M xtures of these conpounds may
al so be present. The preferred di am no conpounds are
w@e@sms41as di anmi nes, especially m and pphenyl eP€riUszo04@31061
and m xtures thereof. In an exenplary enbodi nent, the
pol yetherim de resin conprises structural units
0 according to fornmula (XV) wherein each Ris

depen p- phenyl ene or nphenyl ene or a m xture
o t 0T TOs a divalent radical of the fornula
. 19 I In general, the reactions can be
o carried out efiploying sol vengﬁvﬁz)ch as ‘
odi chl or obenzene, mcresol/toluene, or the like, to
effect a reaction between the anhydride of formnula
with(2fVbtdahicadiemireeofdhafarmelagfXIXor nul a ( XI X), at
tenperatures of about 100 C to about 250 C
t atively, the poly rimde can be prepared by
Hﬁﬁ%‘i'ﬁr}gol ymeri zati on.of gﬁ}ﬁati c bis(ether anhydride)s
of formula (XVI11) and diamnes of fornula (Xl X) by
wheRGAtT B R 2% Yéfiicd Qfdeidides bibdvie inFormmiley () snd XXIV).

el evated tenperatures with concurrent stirring.
Generally, nelt polynerizations enploy tenperatures of

llusgrsive examplestod azgmentic agether anbyydiide)s pb Lo @ng1D) include

[ S:E’j}]ﬁ] . 410. . ction.
2’2_%?2%%%’3 F‘g‘ét Eer | me]g@%@} @?Hﬁgggxﬁ%oi smrelrd g’ %?g‘”ge(ﬁ%f oyed,
dicagb ok yyrhkeyay)diphesyd etheadiaphydridel #4t-bis(3adhrhydri de, is used
. 1.n conbi nati.on w.t he.bi s(et her an ride). The
dic ’§/&2@?’f3h‘ih@ge &s@]rﬁtg]egla@éﬁér ﬁé‘ "E}Sa//gbe p?r epar ed
dicat S P1RAGEY)BEhBphidnd iRMRYdifdePh A(Bkives- anhydride) with

an organi ¢ ‘dianmine in which the diamine is present in

dicarthexyphgnox0diphet sukdorst diamhydode 2, hbis[4608t 0. 2 nol ar

. excess, an referably .l ess. tha bout, 0. 2 nol ar
aieag R ben P B Rt o SR R4 B8 s her i de resi
dicalt®sx g foty)aiphaida etheriRnRRgidey a4epik@, per gram (meq/ g)
~acid titratabl e ro%ps, ~and prefer'aglﬁ% | ess than about
dicaphseprphaaexy ) diphenyl spifide gianlpdrides 4.45R86h3by titrati on

AN ' e ' f 33 wei ght
e o B A D e LAY, & D Caceti 0 i d.
dicafiedxlyrthieho:at) diphenyd solipise dinehyesisen-(293-djcachoaypleenary)re-(3,4-
R b R S S A
(3,4&%%@%%%0_9&)@%&%%%&'aﬁ‘inﬁy&%émmz’3-§‘i§ar‘%%§5%§(9<y§’—w-

rican sSociety for Testing Matérials (AST
(3,4-dicarboxyphenoxy)diphenyl sulfide dianhydride; 4~(2,3-dicarboxyphenoxy)-4'-

(3,4-dicarboxyphenoxy)benzophenone dianhydride and 4-(2,3-dicarboxyphenoxy)-4'-
(3,4-d1icarboxyphenoxy)diphenyl sulfone dianhydride, as well as various mixtures

thereof. .

The bis(ether anhydride)s can be prepared by the hydrolysis, followed by dehydration,
of the reaction product of a nitro substituted phenyl dinitrile with a metal salt of |
dihydric phenol compound in the presence of a dipolar, aprotic solvent. A preferred
class of aromatic bis(ether anhydride)s included by formula (XVIII) above includes,

but is not limited to, compounds wherein T is of the formula (XX)
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D1238 at 295C, using a 6.6 kilogram (kg) weight. In a

preferred enbodi nent, the polyetherimde resin has a
waowdoglos41aver age nol ecul ar wei ght (Ma) of about PADUSIN4/031061

to about 150,000 grans per nole (g/nole), as neasured

by gel perneation chromat ogr aphy, using a polystyrene

pol yet heri m de polymers typically have
: ( } ty greater_than about 0.2
dectfiters gram (dl /g), pK&Perably about 0.35 to

about 0.7 dI/g rreasured in mcresol at 25C. 20l n yet
A NEF : th@% a3, &IMM'
andor &gﬁ?ch pgqé@%efggé}%anm él ég%?ﬁ%ﬁ corr}dp?gg’ t1’on.
posiBohsy eamiddestaeethgeoé raat whede € iv esjde‘fnmmabm

pol yneri zation of organic lactanms having from4 to 12

rbon atons Pre rred are r.e ent ed th
An iR e SRR Ind TELES SRDINGT 15 s RrirelioR of BB s or
polRBRHmide® Bkahps BF ﬂ@ﬁfe&@n{@ﬁﬁ@dﬁrb Sthylenediamine,
i | on-caprolactam having n equal to 5. Polyam des
promfgﬁyn

eglizypingetrisyaihlersidiasding s Gethaleneio améicd icthalensteriranime 4

2 I
hexSegh SRR P B Pl oo P AR oy
non{n¥eth ylonedh@iin, nletarh&hplbaetiaBineol, aMUﬁecanékllhh@hJ y18-
preferred amno acid is epS| | onam nocapr0| c acid with

OCtaﬁe‘é‘&L‘f&FaWBe ?'WQ?W% Yignedianaige sbdpol ymeri zed from

I [ o 12
d1m§égylgiﬁ§%r§egﬁ%1%fg%ag%% ﬁat |llgq§?ﬁaa%}élﬁlgger{$g%@ﬁge rom2 to
metﬁﬁnmaﬂneﬁhyhdnednnmuﬁu Qﬁadhhmt}@mbxpmﬂgtemedhamhnqo Eiét iC

C, a dsar thesa astsed [
iy e e e 2 Bty e Lh s SRy bis (-
amlﬁ(l;?x@%?t)'aﬁngé %@%xﬁ{&aﬁﬁﬂfyﬁ%@@ffaﬁﬁn@y Ztlglﬁ(iifeﬁ’l‘hﬂb‘ﬂn%poxy)

wherein n is about 2 to ab
ethang, blA(%algmo;orqpyé)fseliﬁ@d1é+¢>f@heher<@ed1amm«n bis-¢- ammocyclohexyl)
exanet i an ne referr hat
meiR T phe A REP G ierl B s, iR tnoldlel2 & o
diaRin6f>lhena oYl ylenddiaMind) itk ylVlkeSedi Amige, Z-inetlﬁfl 4,6-diethyl-1,3-

phenylene-diamine, 5-methyl-4,6-diethyl-1,3-phenylene-diamine, benzidine, 3,3’-
dimethylbenzidine, 3,3’—dimethoxybenzidine, 1,5-diaminonaphthalene, bis(4-
aminophenyl) methane, bis(2-chloro-4-amino-3, 5-diethylphenyl) methane, bis(4-
aminophenyl) propane, 2,4-bis(b-amino-t-butyl) toluene, bis(p-b-amino-t-
butylphenyl) ether, bis(p-b-methyl-o-aminophenyl) benzene, bis(p-b-methyl-o-
aminopentyl) benzene, 1, 3-diamino-4-isopropylbenzene, bis(4-aminophenyl) sulfide,
bis (4-aminophenyl) sulfone, bis(4-aminophenyl) ether and 1,3-bis(3-aminopropyl)
tetramethyldisiloxane. Mixtures of these compounds may also be present. The
preferred diamino compounds are aromatic diamines, especially m- and p-

phenylenediamine and mixtures thereof.

In an exermplary embodiment, the polyetherimide resin comprises structural units
according to formula (XV) wherein each R is independently p-phenylene or m-

phenylene or a mixture thereof and T is a divalent radical of the formula (XXI)
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generally desirable to have the nolar ratio be greater
than or equal to about 0.81, preferably greater than
worosqsahst o about 0.96. Al so desirabl e withi nP€TUS2004/031061
range is an 2lanmount of |ess than or equal to about
1. 22, preferably | ess than or equal to about 1.04. The
e gHpelywam des are nylon 6, nylon 6,6, nylon
x»,OAHonn 10, or the like, or
B £AnS 46npr|5|ng at @gg@ one of the foregoing
nyl ons. Synthe3|s of pol yam ters may al so be
acconplished fromaliphatic | actones having from4 to
In géﬁerglaﬂ{e%a@tt&malas@lcﬁhh@Bﬁutérﬁplbfmg giektavidhtsfo-om 4 to
12 carbon atons. The allphatlc actones are the sane
dichjerobpzsae.desessobwduaapoudhe bke, jo pifed eapacsipn bredes theand

anh%{)}g i e&f}fgﬁ%{l]ﬁ gXIVéfﬁﬁ [‘(;,% t|h§ 7 %n[ugg IO?/ gc%]% thgﬁ S te%?ﬁe%th@g gf

abowd 1(ohEttb @bbuﬂCZSQFG mteﬁiatlpélgt thé pbBethefinidycaideypripactel by
dependi ng_on the desired conposition of the fina

melt:p«plmﬁmtlona@f aperhfticlisGether pryalride)s of deretula (X y1lbfandhe
dla %Eagp For%xﬂija @#19% a%ﬁ f‘n%(t 12('3 ncﬁtlléé/ st@%ﬁ% %{alte?%ll% tgltegér\]/g{ed

tembSrafEsith cBndL@reﬁbﬂiﬂlné.. GWidrhily) rhdti lﬁ)li’lﬁﬁ@@t@nmmby
ratio of greater than or equal to about 1 is

tempergiwrespicabont AW Hegiabei 49076 Ghaipistapperseng bemchiag ggents
[ al, . t 2 The
may’ %ﬁopgg exinﬁﬂ)ﬁred 11 %F%Q%CEE@? c‘% nﬁlrpogsgquelfl‘é%flg/ﬁolﬁrgﬂé 8ﬁcglymers
are éfployad Qfdlaﬂ%nﬁfda,l dugh a@pyrolielivit ddyddides is wed imédrhisihation
suitable for the correszfndlng t her nal polynerlzatlon

withyihp theethseenhydride) ndeinpéyefherinde pelviitey e aPHismAllveRP be
P b PR Li DL, o i fapine

whidh d&rdaammel i€ pmserdsn dredeadtiophaixture el rmmnesthamabomaﬂélmdar

exeq Sotrae Gty 1 B gpaNoiLe BRI an et WRsugh onfiEins the
pol)%'ﬁﬁegﬁﬁ g‘r&gsx AL 1S R LSRR 9B %1819)611\9%1&%5 bé{‘é’raﬂr{ﬁ@@g) acid

ydrol yze actam used in the synthesis.
tltrasaljlé gﬂiu@s catdgiryfeiablyi lasd thake athaeit 4D lieg/ gailctmmtmlaﬂ)lagkmbataes

OR*H, wherein Mis an alkali nmetal or alkali
‘ shoxézalhyﬁlt}:?éllonglt}hﬂaorpfqrgi %th(twn) w1t]§ adplyten of 33 weight percent

(wt‘%p) Eérgf "B drﬁ%%cﬂ% M&ﬁ%@&?&y&c"ﬁk uﬂblﬁ%tﬁtaﬂlé éll&'uﬂ{%re essentlally

tert-butoxy)alum nate um num al kyl ates
due (tAR(nOR) &fd-gnlps mithe Poliysthatikyde)resibk sodi um capr ol act am
nagnesiun1ch|oride or brom de salt of

cor P SRS BEA AT MRS ReaT P68 o gl
per minute (g/mm) as measured by American Society for Testing Materials (ASTM)
D1238 at 295°C, using a 6.6 kilogram (kg) weight. In a preferred embodiment, the
polyetherimide resin has a weight average molecular weight (Mw) of about 10,000 to
about 150,000 grams per mole (g/mole), as measured by gel permeation
chromatography, using a polystyrene standard. Such polyetherimide polymers
typically have an intrinsic viscosity greater than about 0.2 deciliters per gram (dl/g),
preferably about 0.35 to about 0.7 dl/g measured in m-cresol at 25°C.
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I sopht hal oybi scaprol actam N-acetal caprol actam
i socyanat e epsil on-caprol actam adducts, al cohols (ROH,
wob@ses44R is C -C alkyl), diols (HO R OH wheP€i/nSHR04/831061
Ris - al kylene), onega-am nocaproic acids, and sodi um
met hoxi de. 22For the synthesis of polyam deesters from
In yeasiotie entodirhat] poigamises inapbe usal &l thsdiganio polyciersint the
hydri de conmpounds, such as a |ithjum %gniﬂun1hydnide
con gty FeRMPOREONn fobrmides 2Fq gaperally meef 1 the ppfymerization
of o?%a%{f lauaﬁlj%‘?l'hg Hom ¥ th §22B@h agngltxs‘? BPRHEd BictantstMe | S
equal to 4, and RL is selected fromthe group
represasddsty thg fofm@p{XXal)kyl and - al koxy; highly
preferred catalysts include Li Al (H)(OR wherein Ris
0 sel e d fromthe group consisting of alkyl; an
<=s 6§f§?\y preferred catalyst is OQther suitable
cay al yst nd initiators include those described above
for the éaﬁﬁnerization of pol y(epsil on-caprol actam
/gﬂﬂ\gg¥¥/epsiIoncaprolactone). The organic polymer is
H gener y present in anpggiyis of about 5 to about .
99. 999 wei ght percent (W% in the conductive
conposition. Wthin this range, it is generally
whefeigity iglghbeutikste abRut bl gAhighlyproferiad lagtam peensdpysaprolactam
e ' anount of greater than or equal to about
hav§#3§gﬁ?2F§$ab|y greater or equal to about 30 wt% and
nore preferably greater than or equal to about 50 w %
Pol gdmidhenmiagtaddo baesygthesiodd friva ananpacidt hoting fitve dotod@roatbon

ol rs or polyneric blends are further general ly
ato‘ﬁ%-egfq’? f%i’n%ﬂ%f’@qdéé‘ge TeREERenged @‘qﬁ“ﬁl fo q%\ I?)99. 99 wt %
preferably | ess than or equal t o about 99.5 WMt % nore

preferably ®dess than or equal to about 99.3 wt % of the
total veightof the conposition. The nanosi zed

ol ive Aill are those having at |east one .
Hi@fﬁéﬁ@#on I'éss @ﬁgn or equal X&Mbout 1,000 nm The

nanosi zed conductive fillers may be 1, 2 or 3-
whé}éfﬂqﬂ?ag 3 g)ncﬁi)opp 18Xy hl%gretfcg}?edf iﬂg%idr?@%%ﬁ&— drawn

W res, strands, fIbers, Tubes, nanotubes, rods,
aminbigkeic acidf wak eequdlaotnat es, pl atelets, ellipsoids

di scs, spheroids, and the like, or conbinations

conprising. at | east one of the foreqgqing.forns. The
Polaihias BV RISerRLCTFARA o ABRHG At g G baent from 4
to 12N@ridr 4185 aRR8SpHAKic AHnliAEEhAVifRCEh D to F0ich@bh @toms.

exanpl es of nanosi zed conductive fillers are single

Suitghld andarbisrred aliphatisalicarigwiiis peidsare thavedrie asethpsrrdescribed
above ?&ttﬁg gﬁ]tﬂMts Bo’lye\é?e?s(.) "o, 2f 2N aﬁ%ﬁak%l%ndia{nlnkr)lgg Are represented by

the formula (XXIV)

H,N—(CH,),—NH, (XXIV)

wherein n is about 2 to about 12. A highly preferred aliphatic diamine is
hexamethylenediamine (H,N(CH,)¢NHy). It is preferred that the molar ratio of the
dicarboxylic acid to the diamine be about 0.66 to about 1.5. Within this range it is
generally desirable to have the molar ratio be greater than or equal to about 0.81,

preferably greater than or equal to about 0.96. Also desirable within this range is an
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(VGCF), carbon bl ack, conductive netal particles,
conductive netal oxides, netal coated fillers, and the
wo 2608/034185 one enbodi ment, these nanosi zed condPCT/USM®04/031061
fillers may be added to the conductive conposition
during the pol ynerization of the polyneric precursor.
amoliht 3NREHBIan @beeh] iR Mbout 1 )22, prafeesily &ds tanduedual e about 1.04.
fillers are 23added to the organic pol yner during
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e SHLSE TR RARpA B SADMUELL KR SATPRSLLAER R e
synthesi s or the high-pressure carbon nonoxi de
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atonR @NPAB hRSIRtiC Mo nc® Wethd Safia¥d MYsP&REEbed Aol @ for@Pblyester
greater than or equal to about 5, preferably greater

synthiesin, and thejalphatio lations at@dhe sarecasghedealestsibpd gbeva fer the

sy o8 S Bocsn d Y of SR CRAERE | Sulpladt Lol Bay

widSky déspebidias oRane agile abapbtiorcat the &ipsl bowarh RReblads the
the respective tubes, it is envisioned that SVWIs

relatiyg repgtisity phifledacipraandibe setagbt 4 possembeprgieried ynifipkgolse
. . ' . i | '
ratlo\l:\% ? glﬁp}%@gl € %%%\?\2 9@@?‘%1@@'1%/&%@(1%4% ?'%Otcaﬁ Hltzlatrm)"'a'l rp ﬁ gglfc,thgr}ang ©

a me bt bativ ofl grestaethenbo equak it abotih & isSWkIFsblerayk Isexdesitabileistahmolar

.formof rope-like-aggregates. These aggregates are
r““t@ﬁ#ﬁﬁﬁVnﬁEFﬂﬁﬁtoﬁ@ﬁ%@” and are formed as a result of
Van der Waal's forces between the individual SWNTs.

The Ehdu BN hrdstabor RRYIoWRISR mdy fiftBer @RHPisEBYathlysO8t an initiator.
agai nst one another and rearrange thensel ves within
Gengehially, epe knowo cafielyst or inftiatarisgisatilq forfheeormneqrghing tRewesd
eneral | y _hayvi ng .bet,ween and nanot ube

poleE A iondmads Ptan e eRE B R pORRYARS) FRY pPoithsita
witlgsuter aatdlyst de slifiabt. eEFdrexhayr, inohe syrihssisd polyaatidds fidian

] or.egual to about 00, preferably greater than or equa
 aliphatigBisatbosplic paAbenshaiphaig dignyess; Ragatdystds Bdrispbs
havi ng | ess than or equal to about nanotubes,

For #h& Efﬁt@%&y Oi}l Iﬁﬁiarﬁila@snfr&%égc%éﬁ , stab"IQ OMhlysts RPude water and the

nanot u et anot odiment, 't is desirable
omdga-aihine SWNkoregesding to dmzeg-opsnct (oyduelyzest) lagtarh usdden the

syn ! gﬁr@ilﬁgrnstuglgtgl%l% %%%8&&?&%&& llqu%fsall?cf gl&r%in%imsﬁ%r/laeg ?MA-I[{B&):;H;
wherein M is an alkali metal or alkaline earth metal, and R is C;-Cy; alkyl), sodium
dihy drobis(2-methoxyethoxy)aluminate, lithium dihydrobis(tert-butoxy)aluminate,
aluminum alkylates (AI(OR),;R; wherein R is C;-C; alkyl), N-sodium caprolactam,
magnesium chloride or bromide salt of epsilon-caprolactam (MgXCeH;(NO, X=Br or
C1), dialkoxy aluminum hydride. Suitable initiators include
isophthaloybiscaprolactam, N-acetalcaprolactam, isocyanate epsilon-caprolactam
adducts, alcohols (ROH; wherein R is C;-C); alkyl), diols (HO-R-OH; wherein R is R

is C1-Cyz alkylene), omega-aminocaproic acids, and sodium methoxide.
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t he ropes between the branches of the SWNT networks to

forma 3-dimnsional network in the organic pol yner
wOoraaosios414A di st ance of about nmto about m cr OPET/B8H04/031061

may separate the branching points in this type of

network. It is generally desirable for the SWNTs to
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I ¢ nanotubes are those at display electrical
LiAdtiay(@¢t(€Hs 5 c¥hei suithlede catolywistaal spitiaford 1eclt1¢1ﬂathose described

sem - cond ctln an e th whi.ch

o d i Ba TP B DorErT g coPr il S TR il Rer

caphla&Bnd)he graphene sheet is rolled up produces
nanotubes of various helical structures. Zigzag and
arnchai r nanotubes constitute two possible

The prganicrglyoerds grwr@}mpsmblqﬁlmqﬁt%@f gbeut éqt%bp}l& 80.1°

welgwg’rch{lt élvlt%?ﬂ]ave {) (ﬁxcﬁ%r%}ﬁ %§1t%h thth Ithi3% el by

e conpos ion conprise as large a
gerer£lbt desfiatsit usethalorgani SWIFmer ditthe pokyareeic dldny inles amainhtef

for the SWNTs usedin eco 03|t|onto onpyri
greptst H1ai o chuH de aby 1erth %‘Fat@lr%r&ﬂ% 16 Rt 4p wi%,

andaﬂl%?elb %Fér@&?%%ea@er Wiatbor Qﬁ@zﬁ% @E’J)ﬁvf sQNR84 6ffthé A Wi @ @ﬂe

out % nore preferably greater than or equal
composaﬂncomt Tl&()orgmr@ pelyerrnorwlynefeblahdsarg fstheanoreganerady

50 Wt %, a f t
usegr Amgi s et orhitio S8y Tk, B bR RRb B ot
to 3008t SYWITR%, nfbré PrdfeiaplySbdsURdn @tuall tb abSutYOBEKeh bythe total
desirable for the S s used in the conductive

weightpbiietcogposiiogonpri se seni conducting nanot ubes in
an anmount of greater than or equal to about 1 w %

Thé BS&%&%@%&&I&% BlefsNA013Ee fr‘ﬂh’ﬁ% atﬁQas@EﬂéJ&lm%Qsﬂ’)‘ﬁ Poss ARG ©r
prefera

greater than or equa 30 wt % even
equud tealpruef ﬁ)loab]hry Dllieeﬁa:nemzemamdoctv&cﬁuldﬂrs tnray aboud 053} wt %

d
TR SUA a8 S\ 20 SR 9B, e
naﬁtg%éfsﬁgs a\gllci)‘igltl/ergrfﬁd@@ Mehhiey, piselts B1PEOAK) Hscd) kpiRheids, and
the like, or combinations comprising at least one of the foregoing forms. They may

also have fractional dimensions and may exist in the form of mass or surface fractals.

Suitable examples of nanosized conductive fillers are single wall carbon nanotubes
(SWNTs), multiwall carbon nanotubes (MWNTSs), vapor grown carbon fibers
(VGCEF), carbon black, conductive metal particles, conductive metal oxides, metal
coated fillers, and the like. In one embodiment, these nanosized conductive fillers
may be added to the conductive composition during the polymerization of the

polymeric precursor. In another embodiment, the nanosized conductive fillers are
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wt % of the total weight of the conposition when
desirable. Wthin this range, SWNTs are general |y used
WO poostdunt s greater than or equal to about 0. 2BCTMIS2004/031061
preferably greater or equal to about 0.5 W% nore
preferably greater than or equal to about 1 wt% of the
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ura are ‘cata
ThepSWNTé g&eveﬁgabolniprtsha qanmlqmttucﬁn vwhichtlh hol&anEmt mhy be filled
_Sui tabl e exanple of a production related inpurity that
with anqsplgug cgfonperately is a dangl | ng bond formed on
the surface of the SWNT by the deliberate addition of

Tn heSERbIdiRERU e PINAR R Hiid i theFBRMbS f;)?:éllﬂt_g -doBfgates. These

manuf act uri ng process. Production related inpurities
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wadl S e b St S o A A BB RUBE R e ropes

ma P R ASiSst ©A¢ BedtherS@@irearfRRe t1bMseR8s witithe Fdje. in 0fdee to
or the like; catalytic residues fromthe catalysts

minggyirg thedreersneny. ropauseesnlyhasngdsturs 0nd et ainpfubes may
be daﬂl tl%(&oqg sit alWﬁlﬂ[lkPﬁlg?a?h rfﬂs en Hgs%%bf%rt t ropes
| Ke, or C I Na e ?

1 ONs corrprl t one O
haviog ggxa'tem glah&ﬂ etjiano hyputddo pﬂsmfera‘blp peaes thah atqias to about

subst Iy related to the tion of SWNTS i
SO0QRIHPSih (L 9962 P cEE F RS &Wl% 3 a8 O gAY o Ty

nanRERR! SAMYIFIAS LR ud1i868d108,000 nRRAAHS! | on el at ed
I npurl n order for a

In yet another embodiment, it is desirable for the SWNT ropes to connect each other
or with the stacks in the form of branches after dispersion. This results in a sharing of
the ropes between the branches of the SWNT networks to form a 3-diminsional
network in the organic polymer matrix. A distance of about 10 nm to about 10
micrometers may separate the branching points in this type of network. It is generally
desirable for the SWNTSs to have an inherent thermal conductivity of at least 2000
Watts per meter Kelvin (W/m-K) and for the SWNT ropes to have an inherent

electrical conductivity of 10* Siemens/centimeter (S/cm). It is also generally
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process to be substantially related to the production

of SWNTs, the fraction of SWNTs woul d have to be
w@e@anatri4t han a fracti on of any one of the aboRET/UEBD€1061

reacti on byproducts or catal ytic residues. For

exanpl e, the fraction of SWNTs woul d have to be
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about 50 _ wt % cat al ¥t| c residues. Wthin this ran

witpnmors\ipierahly ereairs thinoseqna) o abqus 3P ayiee e¥eH @At rg?‘%%f?bvr
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abo AP wtbo abthattotal wtight ofth¢ BN dl cagdiglsituations Higis generally
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cor@b@ﬁﬂg Bfhoti¥es e akhyurlt ®F Srdaftd thadlor @gualto hBoR Ak, 45,

nd nore preferably | ess than or equal to about 40 w %

preff:frahlm @raadar ghanygyi e@mﬂ tofabere OSViRGInomprefsragbr groaser thatoeh
cofl RERREPTo AT o b3S PbRLLER- M FECRD BB wpe

ancﬁ\/l\bﬁfiprefﬁmbl}agﬁatebﬂlau ®edqual td ftwucondwatd yfthe total weight of the
conpositions. MANTs have at |east two graphene | ayers
td around an inner hollow core. Hem spherical caps
generally close both ends of the MANTs, but it may

If siﬁws %Pé ﬁseﬁothh'? @re'\%?h‘g IRV AR 1T BRI SRNETabER IS0
ap o are  devoi d of both caps. MANTs

wt"g@ﬁ elneaﬂolta} w@é ofl trermetposition vdisodesitabley Witbin thisgange,
SWNTs are generally used in amounts greater than or equal to about 0.25 wt%,
preferably greater or equal to about 0.5 wt%, more preferably greater than or equal to
about 1 wt% of the total weight of the composition. SWNTs are furthermore
generally used in amounts less than or equal to about 30 wt%, preferably less than or
equal to about 10 wt%, more preferably less than or equal to about 5 wt% of the total

weight of the composition.
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nm Wthin this range, it is generally desirable to
use MANTs having dianeters | ess than or equal to about
wdospsgiierably | ess than or equal to about 30PCHEHDS2004/031061
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of 1y exidizegsnt dspgithamenyigctygBg PTogesshm are preferred,
with dianeters of about 3.5 to about 50 nm bei ng nore
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nost preferred. I's also preferable to have avérage
suchspdetecting SHEN by, eatlewall harthow naredubek, ranchbd ot coil®d nardtiwall

: re preferabl reat.er than or equal to about. 100Q. ...
carog e FRalnd B n T 1o s e GhB ok Y e ke
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conductive conposition when desirable. thin this

mefah pyidles, yotH wrddefemstad pityidess@dhe hke b eomnbingficngcempripiag at

+ leafllong %lf?llle %og%??r%ggegcqm%%y%c%uc@r %I A o@&%ﬁlag fses%l{)ggér}tfﬁﬁlﬁ é%lated

r
equal” to a Y nore preferably grea
to the pagiuation of SBNITs id ont % which hiee fanidu of SWANToRPaget windn
VGCF_are furthernore general|y used.in amounts ‘}Feg’rs’i
corpprgrd Biithepy Ather dragtion et EOdydton rprer SPRBIYSS) &8 STdehE 2or
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to about 5 w% 0f the conductive
SWNTs would have to be greater than a fraction of any one of the above listed

reaction byproducts or catalytic residues. For example, the fraction of SWNTs would
have to be greater than the fraction of multiwall nanotubes, or the fraction of soot, or
the fraction of carbon black. The fraction of SWNTs would not have to be greater
than the sums of the fractions of any combination of production related impurities for

the process to be considered substantially directed to the production of SWNTs.

In general, the SWNTs used in the composition may comprise an amount of about 0.1
to about 80 wt% impurities. Within this range, the SWNTs may have an impurity
content greater than or equal to about 1, preferably greater than or equal to about 3,
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conposition. Both the SWNTs and the other carbon
nanot ubes (i.e., the MAWNTs and the VGCF) utilized in

w0 b@sodndicti ve conposition may al so be deri vap¢wes2004/031061
with functional groups to inprove conpatibility and
facilitate the mxing with the organic polymer. The
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uoro su Stlt one

modacpdferatt ¢ &dds thanfdriequal-ts abait YO witedoftae tooady dightad Itld: SWNTs.
fluoro-alkyl-triflate, or the liKke, and R' is
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uniformy and non-uniform’y Substituted SWNT

compmltmrtse Mwmvn ahlsesibwe graﬂlnenslawrabeum @mun@lamaer

eact ed..; Non-.uni f.or m t tut S a en .
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(1) shown above wherein n, m R and the SWNT itself

areglenoidotdeth srws. NDWIES ssperolly bavet Hametgr o abputR 19FE8UtRGY
nmC N tﬁflﬂhfg)%rg%eeg it i€ éenekgllge&% td e MANTSs havmg (Rﬁmeters less

oxygen-con I's not present
thah e kguié do abceﬂﬂ(]n;m’efemlﬂjr lezethab VNS guah ndabonh 20, andmioe

anot ybes,  havi ng the
preferably less than or equal to about 20 nm. When MWNTs are used, it is preferred
to have an average aspect ratio greater than or equal to about 5, preferably greater

than or equal to about 100, more preferably greater than or equal to about 1000.

- When MWNTs are used, they are generally used in amounts of about 0.001 to about
50 wt% of the total weight of the conductive composition. Within this range,
MWNTs are generally used in amounts greafer than or equal to about 0.25 wt%,
preferably greater or equal to about 0.5 wt%, more preferably greater than or equal to
about 1 wt% of the total weight of the conductive composition. MWNTs are

furthermore generally used in amounts less than or equal to about 30 wt%, preferably
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formula (XXVI) [C[R'-R (XXVl) where n, L, m R and
R have the sane neani ng as above. Mst carbon atons in
wo b@ssstiisce | ayer of a carbon nanot ube are baRel/Uptoan@s1061
carbons. Basal plane carbons are relatively inert to
chem cal attack. At defect sites, where, for exanple,
lesk ieangoranhaltto ab@jtamﬁm/aim@e ﬁ)ﬁefelﬁlbgﬂéssf’[hdﬂ ot eallnﬂua dbdth & wt%
car bon nanot there are carbon atons anal ogous to
Offl}?eto@é@’él@éibggﬁ QRIS VEFORPRFUNhi t e pl ane. The -edge

carbons are reactive and nust contai n sone heteroatom

Va%ﬁr o%a?%rﬁ@ﬁérﬁ)ﬁ’mﬁﬁf Qﬁﬁln‘t’l@lo?ﬁ&?ﬁall};r gﬁlgg%%’ﬂbBHtf%grs also

s and ot her carbon hanot ubes descri ove na
refattod it 2sg@pas fpwaecathont fiters WGCE), baving datetSs oﬁak@vAt\B’ 5to

bGP iahorROirs QIR o5 STRer tatih 2Rt ity £ T ot s ey
alsdRMRBed. AWhen SREEE hRMiskd AR ENrs of bt 3: RV ut 70 h ROY,
-C(ONRY -C(OSY, o -C{OY, wherein Y is an

prefpped rifhediametercel abaut 3.8 oaipus H0 anpheinginare piefoupd.iaid,
a?lFetngg%}t Q? sut 3l t%rhtblogpﬁjﬁ/ 1%m %’1&9 pre?e%edd Gt is 3o pL§ BraPlre a{:{) élave

onucleotide, or an enzyne

averagy ispettnatiby gleﬁteﬂthah bﬁecwaaftsaﬁoluo DO(Bzirﬁlttﬁor% l]b@éf@@tb@f gr@aﬁer
enzynme substrate or is selected from-R OH, -RTVH

thanpprggual to Royid000Rr cN, -R X, -R SIR , -RSi-(0R)
“R(3-y), -R Si-(OSIR )-OR, -R-R', -R- NCO, (CH

VQ&CP( whefn(ﬁs'é'd) ary?ene(rﬁ'l};'hs)ed B amofifts B db éﬁt 0808 1Fabou O% GRNf

Wis an I nteger greater than one and | ess than
theTlotnl fnerght 06 thel coBUWTie annhpomhem whan bearablen oY wlie shisfange,
so bhe function

ct d
FR e e TR RS eRe: v ARt ern O 1 Ry
pre(ny' greatW @ Ruhl tolabo 0. Rwt@Nthofe ﬁ&%érﬁﬁ%/ gRhicP 8@naP @éﬁfﬁl to

The conductive conposition may al so i ncl ude SWNTs and
abettewt'e &f Bisrrondwiitvatsesipapiban WwiGEH ae furdlienmesgcdenerally used in

am%%ﬂggégggﬁ%qﬁs glstgr Fglg( BOU} %/a%r?fgfaw ss%gﬁr% ectuél to about 10
Wtf/(x-nfblé pfe)l@fh‘%l)y less than or equal to about 5 wt% of the conductive

composition.

Both the SWNTs and the other carbon nanotubes (i.e., the MWNTSs and the VGCF)
utilized in the conductive composition may also be derivatized with functional groups
| to improve compatibility and facilitate the mixing with the organic polymer. The
SWNTs and the other carbon nanotubes may be functionalized on either the graphene
sheet constituting the sidewall, a hemispherical cap or on both the side wall as well as
the hemispherical endcap. Functionalized SWNTs and the other carbon nanotubes are

those having the formula (XXV)

[Cn HL—}_— Rm (XXV)

wherein n is an integer, L is a number less than 0.1n, m is a number less than 0.5n,

and wherein each of R is the same and is selected from -SO3H, -NH,, -OH, -C(OH)R/,

-CHO, -CN, -C(O)(l, -C(0O)SH, -C(O)OR', -SR/, -SiR3’, -Si(OR"),R 3.y, -R", -AIR/,
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where n is an integer, L is a nunber less than . In,m

is less than 0. 5n, a is zero or a nunber |ess than
wQa005X34185 a pol ynucl ear aromatic, pol yhet er onur¢C'EE82004/031061

aromatic or netall opol yhet eronucl ear aronmatic noi ety

and Ris as recited above. Preferred cyclic conmpounds

halilegethll@nidbll yraasa0 oyl €encsivtdlitRs, dpexide fpktyibhalgieanst the like,
pht hal ocyani nes. The adsor bed cycllc compounds_ may. be
whesgHcy 1detegé@equghwrmnh@&r§o§ hyidergsn; Hkylual, eydloalkyl,

Mk%%ﬁ%gﬂgg§ Egpipgggﬁgg@g&§X%%Ekaggégfg%%(%ﬁé%car ohs’
hychmeylpthnd IphoﬁjMﬂb tatkyd)thlootj’mo manpirmide scasbadyl, abetdddbiicdyl,

or the.l OW t hout beln bound
ferrﬁa?lmlc*mt%rparyhéh S‘ﬁﬁ@“ﬁﬁ‘ﬁi‘fﬂoﬁéﬁr M{T@‘%Wc?c% Algphol,
ﬂu&%rﬁgﬁltﬁéﬁ‘éﬁ%ﬁf;}h@ﬁ&d %Iotr@—%lk‘}l BREhS %@I HenhiQ, LiEr 0fs9ani ¢

pol ynmers because the nodified surface properties nay
ﬂuwmaﬂdte]r flubeacyy ﬂwonmioﬂlk&ieﬂmp@raﬂwhpaclpbdyh onitltenlikehdhe

carBp RS Bt STP YR AT e Gt BB iarg and

norbamﬁﬂﬂgl shIREtYd EWN’hﬁarfdrcgﬂéil c@ru@alméﬁ@thb@StHee},nﬂh&adtoms Ch
groups. In this way, organic polyners such as

aregedofesar bonat es, pol yani des, pol yesters,
pol yetherim des, or the like, bond directly to the

Nof %ﬁBHn EtHBFeﬁ Sv\/ﬂ‘“i? ﬁﬂ%{h%gcatrﬁ‘ GALARES Hﬁ?%fsp%g%sed in

easl er |sperse |nprove erence
the@pgdudtive poinplmnon FUhest iimohade cgmq;tmpﬁloﬁﬁyf the fienaild () deown

i nt roduced_ ont o] sur ace t he SWNTs and
abaye eIl Py ny g%g\svﬁ\ﬁ E%PA YE @? l%eﬂeab%es yé%fthi‘%ﬁe&l
cacBWFR dsd bRESiTtai o Pg@h 8t iongh 8XRAk 24 B g%ﬂ%htafuﬁﬁg group,

period of time sufffcient to oxidize the surface
COOte iSwWkpsesantd ot her car bon nanot ubes and further

contacting the respective outer surfaces with a

reagt an a.functional
ARG o thd IR ins PR A% i Gy RneC it ke
for@RMXsED of a solution of an alkali nmetal chlorate in
a strong acid. Preferred alkali netal chlorates are

Cs]tgid'u gE{orate or potassiumchlorate. A preferred

[Crs k%ﬁgha'im used i $X&EMIjuric acid. Periods of tine
sufficient for oxidation are about O 5 hours to about

urs ack may_ al so %% .

whEE eI e RO B oAt el R DR atoppin te

surf4e0$8/chavh bgbay ah@gebdat bhsl flagt Z8Bose BasiltAieadadins are
100 nm preferably |ess

relatively inert to chemical attack. At defect sites, where, for example, the graphitic

plane fails to extend fully around the carbon nanotube, 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 SWNTs and other carbon nanotubes described above may
advantageously be further functionalized. Such SWNT compositions include

compositions of the formula (XXVII)

[Ch HAn (XXVID)
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than about 70 nm nore preferably | ess than about 50

nm Preferred conductive carbon bl acks nay al so have
waosasda4ar eas greater than about 200 square nRCEUSHO$/031061

gram(m/g), preferably greater than about 400 m/g,

yet nore preferably greater than about 1000 m/g.
whéleaf, €1 mddn amuduiebdrited ado A ivlsalekisd fimyn ICW,eNa Lo CR',-0Y, -

vol une édi but yl ‘Sht hal at e absorptiaon) greater, t%{;\n X
CABYt-ARRBDY -c CE@m Y s 4 Q) eV hsigifdr BRNGPRIPBTipieHfnctional

. ~RL.e y r g,

R M e s R g Tl
oligormniebtde; anantigen, bt ackwynrchbdmtd, kazyras inbibitbt actke transition

comercial 'y avail able from Col ynbi an, _Chemj cal s er
Staieﬁé‘ngﬁ’lgé’éé“ﬁ AN RIS RS ni’ec{eﬂgrogeglgﬁg;— 2ac w }

' il - DR Qe T G (e , g I R ERRTER "
R%X.I@f ?é%\gu%zér?n%o%%é%e Fur‘/ﬁglg'é))’ L{gﬂ% ((E)télcé-b?% ectri ?R
NCCyr€uidt DR ,FICARERYE, {Ge1BrRoA (hHaOkR' avdhR | ,ahegeifn moiman
. tCabot g%ﬁ%{‘ underlthg tg%ge nanes VULCAN XC72 and
IntegChejed sne andlgsidanaOon bl acks commerci al | y

3lavail able from Akzo Co. Ltd under the trade nanes

Th&KEhEbh BISMKTEn S 0D cpttibdnHORbe o LitAIcHRE (XXWTUBAY MEo be
carbon bl acks may be used in anmounts from about 2 wt %
funchonglizad toprodren HYSEHcampasiions HRwEnse s fgrmaula (XKD
conductive precursor conposition and/or the conductive
cappaRtajon. Carbon bl ack. i eneral ly used in anounts
[C“of aboutA]’ﬁ. 001 to about %@‘ﬁﬂ& of the total weight of
the conposition when desirable. Wthin this range,
wheRM) @) nhIRaekd sargagesfaledybeaed i n amounts greater than
or equal to about 0.25 w% preferably greater or
equal to about 0.5 w% nore preferably greater than
The porghighye empgsyinn mayplsgincluds SWENAP apwdppt cagporyppgotubes
iLion. r al |y
upSETRRR LB xR RARRACKS LGl TREE TR SHPR TR,
comppefigoshifyndtes sf thhdornoda EXNEX) t o about Wt % nore
preferably |less than or equal to about 5 w % of the
t gt al j ght of the conposition. Solid conductive
[C‘hgfﬂﬂ[-jﬁ%af%iﬂl lers may al $8XB&) used in the conductive
conposition. These may be electrically conductive
whilk! r?ls.san%ltegélj PYSa E‘A{fl%gelqgssncﬂgm ?nﬂlt lf@f%@sr th&? Bdﬁrf F(H]zc’ero ora
used in incofporating theminto the or gani ¢ poélymer,
nurabel [Eadthic 80,iX0 s £ polysiviehr aromiaticesolylieerofuobear atdataic or

such al um nu copper, na um . .
metaLflopolayieteronuclearrrellromagg moiety algcp ﬁsls asrrrlec1ted above. Preferred cyclic

compounds are planar macrocycles such as re porphyrins and phthalocyanines.

The adsorbed cyclic compounds may be functionalized. Such SWNT compositions

include compounds of the formula (XXX)
[Co HO1X-Ay I (XXX)

where m, n, L, a, X and A are as defined above and the carbons are on the SWNT or

on other nanotubes such as MWNTs, VGCEF, or the like.
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chromum tin, nickel, silver, iron, titanium and
m xtures conprising any one of the foregoing netals
w@ amvshoatiehicor porated into the organi c pol ynmer BGT/US2004/031061
conductive fillers. Physical m xtures and true alloys
such as stainless steels, bronzes, and the |ike, may
Witonobsifg BeurfiStoaqidticilartledry,| the funpestaliet®SWNTs and other
addition, a fewinternetallic chem cal conpounds such
carfen pjieieRes arechitisy disperseinia the ogaRis Pobymerp bewupgthg modified

surfa%e% Ipehﬁés@ﬂda“r@hﬁ’érgﬂ{ b%ﬁgn AEYnfbe ré %51}:‘1 %tglﬁj% GRAMES IR

parti non- net al tive
poliyiet, e, rantsechemodifcd fascttonml—gnmlﬂe(paﬂtinwl'aﬂyrhydmxﬂmrdmme

and the |jke.m 0 be added to render the o nic
oy AT PordsH GeE Ny B RSFECRARR™ A S O ghaps | PRChs way.
orghhi |r§%‘1y§nér§] %ch%‘b%lﬁ%%nﬁ@@tp%?&aﬁﬂ%s ﬁol%’s@eqrﬁ %‘i}be%erlmld% or

portion of thelr surface with a co her ent [‘ayer of
theslrkle; bonsiditkatly itov thervettwmin mag/culaetssthub aaliingdhé earbérenanotubes

dyct duct
oMb PR TRBRE b Mt R SR b o o
substrates, and substrates coated with a | ayer of

Fuig®ongl g@ﬁlﬂsl.iﬁw g'eﬁlefﬁilyaie inRydiked befoehé ettet QurRde oNMBE BWNTSs
coated fillers' pi cal conductive nmetals such as

andyihg oty ﬁ?rbeé ewtub%&yrf@eraemag tRrewEeie quist supcr &Yith a
stro?ﬂrg hidizino Bl fht Lﬁéﬁéﬂ%ﬁ Qséﬁé‘ﬂeéétu o fe Eﬁr?ﬂtc@%ﬁﬂ{éy

or egot ng net S my use coa
SWBsarrchcbthsr calNimm- ﬂammlmaemgldeﬁaahm ceataofingthe he@aﬂs\teromtees
i.ncl ude silica ﬁ s fused silic

sur%gw |3 TRactant |s ‘E‘%raa Ng g p@c&@nﬁl&m@ {0 tﬁe g}&ﬂized surface.

Pre*?&?é?fbﬁﬂﬁir@aatggntﬁ’ ‘ai@j&‘f Sorisd Hm Buti STRGNESIIHR Iﬁé‘tlafj&ll&‘afe ina
magnesi a), wol | astonite, including surface-treated

strawgl dcads t Priofereed abalionetsd chidrhtes aere(sadiuint dllanaMmotbe$1um
di hyd t trih t ' di
gy i riTRged BB i bR R B AP P B R B s

oxidati G AaBAUtIONBEES to memhbﬁ/rsln the formof a ground
particul ates, talc, including fibrous, nodul ar, needle

shaped, and | anel | ar talc, glass spher es,_both hol | ow
& bé%ﬂ‘kuraay ePs psediip éhwﬁ@ct%@amp%mn Rrgfesiedsgrbon

blalbgso%rh Bhosd 'ﬂgvﬁﬁ g{férggé’;ﬁimﬁl'e §12@91e¥§{)h%119 IH?(;}& \(/?VI@? hﬂxt%l Ereelf@rgm less

e art to fracl ate co
thap cabymlem' mn,rmbneipreﬁe%ilm],esmhm abdue 5@ aparbrefided catductive

flue dust nos heres, fil]it
carl, Rlapimry Ei B AR RERLEFoh tpn ALy SPP paurs mster b
gra%ﬁﬁzt/ £), pRUAHE11 dr&aterRBAN 4008t 460 P! Vet nfbr@hRIBENY YSeater than
§ynthe ic silica, and m xtures conprising any

abcm’q é 06@ nY'fge Hr@ﬁeerg@ pw@flucm'et cagbort bleckstoayehaya borav@smeny
(dlﬁtﬁtgf&%ﬁaﬁate sorpta on)ageaterqganner; l[ l1(‘) cubrlrgtce?nrtfn?eter]; Ber:r hun%red

grams (cm>/100g), preferably greater than about 100 cm®/100g, more preferably
greater than about 150 cm’/100g. Exemplary carbon blacks include the carbon black
commercially available from Columbian Chemicals under the trade name
CONDUCTEX®; the acetylene black available from Chevron Chemical, under the
trade names S.C.F. (Super Conductive Furnace) and E.C.F. (Electric Conductive
Furnace); the carbon blacks available from Cabot Corp. under the trade names
VULCAN XC72 and BLACK PEARLS; and the carbon blacks commercially
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conductive conposition. Regardl ess of the exact size,

shape and conposition of the solid netallic and
waoenses4ahs i c conductive filler particles, theyPOEYS1964/031061

di spersed into the organi c polyner at |oadings of

about 0.001 to about 50 w % of the total weight of the

avag%le ifoinh W&z 6 OBPRE dridenthehate Baséy ©ETINKEBIACK HCs3002mde
is generally desirable to have the solid netallic

EC éﬁa ﬁmfelméi egndietivesrar hlgeks rnram beruspd iy arapunds frmghout 2
wiof PR 5 o BB oh AR wREELS &2 BRIt milbilRer

contipus i opr ald et alks qongnameerontmarnomr equal to about 2 wt%
of the total weight of the conductrve conposrtron The

| oadi ngs of the solid netall and
Carbghaliek iy eererall yaiseq uy Fpeyniso n%r) Ceaborai wf o@aﬁlgrtot.al

wei Ht éﬂh%ofﬁl erlr%@rvﬁalr Mesllaa% t@in @rrls errrgel calinaatis 30
% nore re erably less than or equal to about 25

genatdtyofsed earhourss gueeliey tian of equaé tccaroatil 25 we g orafarsbly igorater

or atil Gapod G5 d et BieTially BRI M aniRg B o Mo o
the %tam%@m off R E&ﬁb@s@ﬂ@n a@ﬁb&eeraae £2¢ fgfRPRbi geaéraPYused in
hol ogy and degree of graphitization being

ammmte etmn@d)equarma@ ug ﬁaM& erereg@blrzéesar@nmrégea&m gbout 10
Ofo1e %grenf)rglgegabkfi }iers[% aH%trg llr'osg)%lbl{ 9 vvct n&h[ﬁg lroéelﬁ éxs ms&et ?)gﬁgon

€, ers av ng
corgiMtidnd about 5 nrcroneters, and graphene ri bbons

parallel 33to the fiber axis (in radial, planar, or

SolGARIEN TSR IOy AGo OF verbind ré’%ié%&reswoﬂm
Thésra %@Pﬁe {108 ali MHQ&% Rheeet | rurng/s ) |d)55h%[ WeRRhbdri | €

or pitc hese types of bers have a
condﬁlic&tsm\sed in incwporatieg thes wio e aptanid payinen andfabricatingon

fnigheibirte s Bseaton, DB SaAReErEnes. sieroreeR tho

chraR@uh, thp, rHakel, QIIRdretidn, tM¥rifth Naddh i tired @smbrifaas snyhaeion the
si zes of greater than or equal to about 2, preferably

foregoing metalhean hsrineaiperteddniaibtiereanic Rty MRS RS CoduEBYeBIgs.
Ph}% aﬂ]ﬁ)r(tu%l%% ;il)rrue %ﬁg% %CR a?%gféﬁerssa E)t]'aélg rkﬁﬁﬁ}& ra}ﬁ%hl&e may

ageous use i'sS ran
als@k@vé abesriubiand fillergbastichése s additibigasfetvhiarrmetakiq mhémic.l
about 14, preferabl¥mless t han or _equal about,

12,
corgpRpnds suchsdogidgn cpibides sandriam ks of st ﬁtea?sarsf‘oat titaniuim
dlbg%lgrr?gg% 55 ser' Q@{)Hrfdﬁcml@f grtfcﬂest I@%h& ABAl! E‘rféttdll‘(@ conductive

I ons may synthetl ally produced
filler particles such as tin-oxide, indium tin oxide, and the like may also be added to

render the organic polymer conductive.

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 conductive composition. 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 conductive metals such as

aluminum, copper, magnesium, chromium, tin, nickel, silver, iron, titanium, and
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natural |y produced. Preferred graphites are those that
are naturally produced. There are three types of
woaia/0adiy produced graphite that are comrer ci BCT/YS2004/031061
avai | abl e. They are fl ake, anorphous graphite and
crystal vein. Flake graphite as indicated by the nane
mii@®s dombakiyig BRY PROSTBY forbicike he@dNRIAbE Ysdday eoa tigar bon
concentration of about 5 to about 40 wt % graphite
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foslif flcd B ELAREL SR Horch: TTACHIRN G okl BRBUE powder 1
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wo@?%%ﬁ?e? P @nEiphi i B PHR SRR g Gt BBy BTG
carboiRhd rﬁ?éh%lﬁ ERIRARM stokS, ﬁ:ﬁﬂatléé)gﬁﬁf s%)hﬁmtlg r}ﬁé&}{n’fa%ii SE&Es

are about 5 m crometers to out ers.
car@mpasesagenesdlly igrtpfornef geneursl paytldm%esataske imclhdikgfibrous,

o BRle Sestd, i 198 T STt RS rh oL bihuielolangSolid °°
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he graphite generally has average particle sizes
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fechn ggrr (s)llf%glt%rss Vg td?le r(llu% h(':ento%% 1 grﬁflf’%@ '&} ! 1ngsa{) altef l gs

SIZ grea

(anﬂbqfhéfa%WthL@ﬁl&ﬂic@rsaﬁd] YNaE, Eatidte, p@rh&bﬁrlﬁolﬁdlatomaceous
m croneters may_ be advant ageously used. Al so deS|rabIe
carty syngpefimniike, p%f} DRSS COEDTIHGE gmz@se offthg foseeoinganAlhpf the

abo%léﬂﬁst%@?egg'g e cgja%gqxnﬂpﬁ f ¥ta11f3§§até1ﬁazlrf’01q{se aougl to

about nore prerera ess than or equal to
unﬁho@%sanmﬁﬁnnxmroneters The graphlte s generally
34fl ake li ke with an aspect ratio greater t han or

|t b f bl t
Regiifes & nAgRat s B GribaPpt bfl 8T wlpuf ok
me&h@éonﬂ%ﬂxﬂﬂ@le@?ﬁﬂmf@@rtﬁefl’ E'Qfe@@pﬁrsgd R Bie drfimic Fslymer at
equal to about 50 The ite is generally used In

loadimge af abayt 0§0é 4o apout ﬁanvt%r oféhmﬂtaltw% ofithe4ondiadsve o

9 f.t h t .
co }g%s%té% \?h ({gs&?ctl {iﬁthﬁlﬁ{ this 1 \gﬁé i st%e% a&lp%eg Peﬁlﬁje;téglélyg }1e ysohd
metidledandna@rbenlly @héadiee ftl]eapambleem arheurd b piteata? thah Yy

preferably greater or equal to about 54 wt% nor
equst i hogbil yvtér erafepbly paentethayeradueldo abotitl - St gore

pretfé}gblk%tr@iter % eﬁggl th 6o GONGHG tof e thQm?E’i%htt 3f9fe cc;mlﬁctlve
te Is urt ner nore genera Yy used armount s | ess
compmmtlcm "Hrpuahdings efibeisolBbmetaiic apd ebemadtdliic conductive filler
particles may be less than or equal to 40 wt%, preferably less than or equal to about
30 wt%, more preferably less than or equal to about 25 wt% of the total weight of the

conductive composition.

Various types of conductive carbon fibers are known in the art, and may be classified
according to their diameter, morphology, and degree of graphitization (morphology
and degree of graphitization being interrelated). These characteristics are presently
determined by the method used to synthesize the carbon fiber. For example, carbon
fibers having diameters down to about 5 micrometers, and graphene ribbons parallel
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| ess than or equal to about 83 w% nore preferably
| ess than or equal to about 80 wt% of the total weight
wo@tooslatigdnduct i ve conposition. An exenpl ary ap@I/ns2004/031061
graphite is about 66 to about 69 wt % of the total
wei ght of the conductive conposition. The organic
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name. Crystal vein graphite is commercially available in the form of flakes from

Ashbury Carbons.

The graphite generally has average particle sizes (radii of gyration) of about 1 to
about 5,000 micrometers. Within this range graphite particles having sizes of greater
than or equal to about 3, preferably greater than or equal to about 5 micrometers may
be advantageously used. Also desirable are graphite particles having sizes of less than
or equal to about 4,000, preferably less than or equal to about 3,000, and more

preferably less than or equal to about 2,000 micrometers. The graphite is generally
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graphite during the nelt blending process. In order to
do so, it may be desirable to introduce the graphite
wa@p@soka4nanosi zed conductive filler into the P&l/US2004/031061
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and/ or the nanosi zed conductive filler may be present

comppsitid. mast er batch in an amount of about 0.5 to about
‘50 W% Wthin this range, it is generally desirable
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referab ess th
endef il e 5o e ioa PAPhlile SR e et el
forO@rdr Foraste enbrgyR@d isenabhcte@ st plobakmpeguipiienl whértie the
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rotfit@Hctdwig reciprpasing isorewis pdceewdwith pinkescrews w1th screens, barrels

with pins, rolls, rams, 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.
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masterbatch is incorporated has a neasurable bul k or
surface resistivity, even though the weight fraction
wo@Roosloat1gF aphi t e and t he nanosi zed conducti ve PCT/U82004/681061
the conductive conposition is |ower than that in the
masterbatch. It is preferable for the organic polyner
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bl ends, it Y be desirable to have the masterbatch
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When a masterbatch is used, the graphite and/or the nanosized conductive filler may

‘be present in the masterbatch in an amount of about 0.5 to about 50 wt%. Within this
range, it is generally desirable to use graphite and the nanosized conductive filler in
an amount of greater than or equal to about 1.5 wt%, preferably greater or equal to
about 2 wt%, more preferably greater than or equal to about 2.5 wit% of the total
weight of the masterbatch. Also desirable are graphite and the nanosized conductive
filler in an amount of less than or equal to about 30 wt%, preferably less than or equal
to about 10 wt%, more preferably less than or equal to about 5 wt% of the total weight
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into other desirable shapes such as housing for
conputers, autonotive panels that can be
web@sisqags atically painted, or the like. Alterpal/Usmoy)31061
the conposition emanating froma single nelt blender
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In angtharieaboginesi v @tlrkgrte él&%se&% anastsriadelize it thy m%%@%%of a
I
cor SR S AR SR Rt BSE, Khe Sa”
deditablego hige ﬂlemna:sadrlm‘dclt ugmrh;mg ad drigainic palyner rhat srthe same as

e e R T S e R

pernBachedsd & sh%tﬁ%tfé‘l@%ﬁiaﬁeﬁﬁbﬁ/&ﬁf)ﬁs ofAhE btk ;pﬂltegézfﬁinh@ﬁarﬁ)smed
sol vent may optionally be introduced I'n

corglyntivafiber, sinechonliigheyroaphiaus phage QahreeSrthﬁ @@plzlmnd the
condyct | Y& i rgan PLEGHI QT -

oGRS Bib BT BRI RF EMGHO L PP 88

reqaiste %lu@ﬁé el suyfacd RsipraEpt 8 yenganbdeatbodimat rellzhﬁlg to the
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masterbatc% WIH form the continuous phase in the blend. In yet another embodiment,

it may be desirable to use a separate masterbatch comprising multiwall nanotubes,
vapor grown carbon fibers, carbon black, conductive metallic fillers, solid non-
metallic, conductive fillers, or the like, or combinations comprising at least one of the

foregoing in the composition.

The conductive composition comprising the organic polymer and the graphite and the
nanosized conductive filler may be subject to multiple blending and forming steps if
desirable. For example, the composition may first be extruded and formed into
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di spersion of the graphite and the nanosi zed
conductive filler into organic polyner pronotes the
w@e@sms4dat i on of the aspect ratios of nanosi zePICT/US2004/031061
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songdakion felestimp péryslitifanes to gispeysetthe plaphitkesnd the nanosized
pol yt et r af | uor oet hy| enes, pol yet her ket ones, pol yet her .
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te to about 24 hours. Wthin this range,
moltlediif &dsired.t I isgavierdlyalesimblarfox ther fduidl 6r sveelpée iooghnaf polymer

reater than or. equal,tqg.about 5 m nutes, pref.erabl
durgedBp Brocetian sepicaia SYS L Bh o HurLune g palIg iproves
the RbBIEHAAL Yrdpheid Bl tHeARofzedR@H @ ctive fidlePtdtintprdPhbRIhe
Al so desirable within this range is a tinme period of

orgpiig oty doring theatolutipndiendingsotesuansl copsedquentihingproeess

dmé%ggnor equal to about hours, and nore preferably |ess

an or equal to about 5 hours. Despite the |arge
filler content, these conpositions are advantageously
In dnioflet tmbodimendeidted toldoiligiondlandfrgathergeaphiie aad flermdadsibyd
otheer nposi tions having simlar weight fractions of
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intrfc>idtr1]cie%lhlntiosfhé:i segﬁiicra?c?rl with the graphite and the nanosized conductive filler and
the organic polymer precursor. The time period for the sonication is generally an
amount effective to promote encapsulation of the graphite and the nanosized
conductive filler by the organic polymer precursor. After the encapsulation, the °
organic polymer precursor is then polymerized to form an organic polymer within
which is dispersed the graphite and the nanosized conductive filler. This method of
dispersion of the graphite and the nanosized conductive filler into organic polymer

promotes the preservation of the aspect ratios of nanosized conductive filler, which
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These conductive conpositions nay be used in

applications where there is a need for a superior
whadoansa4df fl ow, inpact, and conductivity. ThRCT/US2004/031061

conductive conpositions described above may be used in

a wide variety of comrercial applications. They may be
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. i o . i | under t ak
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oltherketones,

. o :
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conductive fillers were either KETJEN BLA!
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periodl of hgs wanioduguas &ntions 15 hadrs Weeferdbeplegdthad abédallto about
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10 hou;rsr,) and more preferably less than or equal to about 5 hours.

Despite the large filler content, these compositions are advantageously injection
moldable. This is a feature not afforded by other compositions having similar weight
~ fractions of other types of electrically conductive fillers. The ability to injection mold
these compositions advantageously permits the manufacture of parts that have

complex shapes, and for which a smooth surface finish is desirable.

These conductive compositions may be used in applications where there is a need for
a superior balance of flow, impact, and conductivity. The conductive compositions
described above may be used in a wide variety of commercial applicatiéns. They may

be advantageously used where resistive heating is desired such as in walls of
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wt % Nanotubes (% 1 70 2 69 1 368 2 466 . 4 * 5

66 * PR24PS; ** = PRI HT 40Fromthe table it may be
wGaee@s/0s41a8 t he sanples all contain a total anoPeit/usf004/031061

about 70 wt % el ectrically conductive filler (i.e.,

graphite and the nanosized dispersion filler). The
apptiongee sudless refigeraaneraige df difplae3reminh eleriats fBUsstrically

Kneader . g{;}e extruder screw speed was _set at 250 rpm

heatadeblankersy thel cqllsriiet!ai{ ide4ias Plagtic Waes dgienes! ereBEMIB or
i B3R s TR ARTRL SR A RAPRS Al Sl IR0 ™

requmicpiimectidal recldeble pbrtywith resh:ctmahhmﬂucmmy offabdid to about 30

sanpl es, reported in Sie rcen ,
S/ SR Sl SR SHAT T FEET DY A ol MU BroBe
useHﬁH@@ageHﬁl? ¢ iiﬁblhbﬂl@b&ﬁ%ﬁﬁ@ bothUbf r%&tno? O Serdild

vol tmeter with nmaxi num current of 50 1 Anperes
confpronpnts P eutoawhbllessthatraan b slactrosiatidally Falgtndef desfedure 1

depi cts a bar graph that conpares the el ectri cal

1% IHWF%g %%&T)%ﬁéov{vhl).’éhgal%lélr to ?‘f %elméolar%l %ylng{m% élé'ﬁsntah

conﬁﬂlﬁltﬁ)ﬁhﬁ’ah@ﬁlemﬂﬁ af mamgaauﬁ@gmf Jdatd cFih@Taridue efbagifichs of
t he nanpsi.zed conductive filler have superior

and
the glegirically apndyredperamrasitions dessribebhdeidt i vity) than those

sanpl es that contained only the graphite. Further it
EXARYpdEs sSeen that sanples containing the 68 wt %

graphite and the 2 wt % carbon bl ack (Sanple 3) display

an el ectrical conductivity that is at |east over 100%
Exagypedi or in their electrical properties over Sanple 1

whi ch contains only the graphite. The results al so

t Lon of a v npunt

hif e R b B en R FeBP YT pr B B e PR A the

naneélfzattmmrdldsle filleest r g adhisy ee@npleCta Yolyehpeitt i RSin0fPC-175
t he conductlve conmposi tion, EXAMPLE 2 This exanple was
comypgfeil IYiavallatle HermprEtilattiss hpang pmugben pvqiagergolecular weight

of SHidut 9@,@3’9 Qﬁﬁ%&e and a weight average molecular weight of M,, about
45,009 grams/mole was blended with either graphite or a mixture of graphite or
nanosized conductive fillers in a twin-screw extruder. The graphite was crystal vein
graphite commercially available from Ashbury. The nanosized conductive fillers
were either KETJEN BLACK commercially available from Akzo or multiwall carbon
nanotubes (PR24PS or PR1HT) commercially available from Applied Sciences.

Table 1 shows the compositions of the various samples that were tested.

Table 1
Sample # Graphite | Carbon black (wt%) | Multiwall Carbon
(Wt%) Nanotubes (wt%)

1 70
2 69 1
3 68 2
4 66 4%
5 66 4 *x*

* = PR24PS; ** =PRIHT
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polymer as the matrix in the highly filled systens.
The conpositions are shown in Table 2. Fromthe Table

wWQ2005/08@1y5 be seen that the organi c pol ymers arBCT/US2004/031061

pol ycar bonate (PC175), polyam de ( A6), high density
pol yet hyl ene (HDPE), and polyvinylidene fluoride

FrofiRYPible FthAaopapdeh tteat Y€ shnwles £ tdidin Griysil amowti o about 70
/gra phite (CVG or natural flake graphl te (NFG both

Wt°e@lﬁ‘?§t¢<§ﬂ&lq09d%‘%(¢ iflst & q,rgrﬁpmg% the mppesizesngianeation &ller).
The® k] bfids %{%‘?M"};t #aétléd an aa§br% Pf«}ete)r é‘&)étK}l dEPefHeV\é%&ﬁder

sanpl e cont ai ne no car on or
scrawuspeed avdsaet at@B0aphe "ZleP@itmrdElr teﬁipaph.lré evaSyia el l’aﬁge of 150C
Car bon_Carbon Conducti vity Inject IS?On Sagpl es (wt %

to 280rfe (e sgmmghin SepePiBiaAdimengign: meXyd 1pm) were

e L

sanpBk7 BepS&edMGSﬁ:menA pEr Mﬁftm&teﬁ’QS?Kﬁi)? &ay n@d@r@d Bn Ketlj simples
1.0 Ye 8 PA 6
byé émR%rt Jo%pr:? ‘im?g? 9“%3 eé@eﬁ C?ﬂ?%ni C%rr?{gtsf"érﬁe i@é%/&%%ter
w1t1;l- QnaxF> Wk &%&V %f 050' ml-lth?f@)%re@ Inf¥). 6THE rgé\i@s Qur83ndseH i€ fhe
Yes 12+ .3 CVG 1.7 Ketjen 24.0 No (+) 13 PA

Flgar'eﬂs Bighrd depxctK@tk]ae grapb iBat yempargs g @ectgcd ve;\l@elremstmty
mea_@ﬁ{regrtlee?)és 110&5}} Va?%ug:sae{n?pqes (:)I’fsl“ an e P Izrom th%\ﬁGgure émay ¢'seen that
the samples containing a combination of the graphite and the nanosized conductive
filler have superior electrical properties (better conductivity) than those samples that
contained only the graphite. Further it may be seen that samples containing the 68
wt% graphite and the 2 wt% carbon black (Sample 3) display an electrical
conductivity that is at least over 100% superior in their electrical properties over
Sample 1 which contains only the graphite. The results also clearly show that the
addition of a very small amount of the nanosized conductive filler has a pronounced

effect on the electrically conductive properties of the conductive composition.
EXAMPLE 2

This example was undertaken to demonstrate the effect of using different organic
polymer as the matrix in the highly filled systems. The compositions are shown in
Table 2. From the Table 2 it may be seen that the organic polymers are polycarbonate
(PC175), polyamide (PA6), high density polyethylene (HDPE), and polyvinylidene
fluoride (PVDF). The graphite used was either crystal vein graphite (CVG) or natural
flake graphite (NFG) both commercially available from Ashbury. The comparative
examples shown with an asterisk (*) next to them were those samples that contained

either no carbon or too much carbon.
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16 PA 6 70 CVG 10 Fi ber 22.2 Yes Gaphite 17 PA 6 75.5

CVG

5 Fi ber

19.0 Yes Carbon 18 PA 6 70 CVG 15 Fi ber

No

WA 20PA38459. 5 CVG 5.5 Ketjen 10.0 Yes 20 PA 6 BGI/OVIB809031061
Ketjen 26.0 Yes Graphite 21* PA 6 70 CVG 10 Fi ber

No

22* HDPE 70 CVG 0 - 0.3 Yes 23 HDPE 66 CVG 4 Ketjen
Table ® Yes 24* PVDF 60 CVG O - 1.1 Yes 25 PVDF 58 CVG 2
Keti n_1 6 Yes *(‘nr'nrm‘i\/ examl es The Q.'-lrml es_\were
Sargg;;gaf&d an jGIrh% @raﬂlﬁ&: a%éu jn? I (%‘%é LHS ldugtﬁjwﬁs IanCtif)I‘l
Figure 2. FI ﬁ?’ F|We Wﬁd may 'B& gqeen ‘%t t%gléjablhty
Famnp qfcﬁgo, vv|7bn_ of yag de S(lS]'OW a greatjer sypergy”  yes
A i e tge o d VG L T S A A
y b@Cdanltn8P 4 KRyl fitled § ““"”' ilt e chhductlive Yes
donpbfGT78ns u€E of, WOl hnofint oKefdfm' Hon ilA¢ eades Yes
¥'he pdHalyét i vi 89 445L¢)¥Ganti ally| Useful|l cordifictivity Yes
6gr eptRE1han 7187 equalVGo abdwt 10Kstjengns/ dm0 can be Yes
pbt a| ned @t [totgl fli I¢eG | padpng|of gregter ¢gBan or  Yes
gqual p@ @boutehp W .F/GINE hange RE;AHATOSI Z8d . Yes
9;{]:} (;Eg‘\vg i IéSEJG [13@3@85 EA%E:YL: gﬁ?‘illlélno IS Il@ Zgr a_pnl [e{es
10% ok TR XTI AN A MR A AN S
PG i1 T g R thelbor bokehamdre (30thal o Yes
1g¥ aphi P& @ 0| be’8 sy tA¥F or deuall Ketigthqut 244 No (+)
breferBA ¢ | esB.3 hgn WFGequall. % o | aketign 1: 9, 1rSef erlabl Wes
less| trans o etpudl |t cCdboul 1:710, Priméer{abl yi9l7ess |t harYes
or efjual to|about 1:15, nore preferabby || ess than jor
gfual pa @boutys 20,1 amdgof e 4py ef erpghlyy || essigthran or yes
equal to abgut ;40,7 and even Carbon
.16 PA 6 70 CVG 10 Fiber 22.2 Yes
Graphite
17 PA 6 75.5 CvVG 5 Fiber 19.0 Yes
Carbon
18 PA 6 70 CVG 15 Fiber - No
19 PA 6 59.5 CVG 5.5 Ketjen 10.0 Yes
20 PA 6 55 CVG 9 Ketjen 26.0 Yes
Graphite
21%* PA 6 70 CVG 10 Fiber - No
22% HDPE 70 CVG 0 - 0.3 Yes
23 HDPE 66 CvVG 4 Ketjen 1.9 Yes
24* PVDF 60 Ccva 0 - 1.1 Yes
25 PVDF 58 CVG 2 Ketjen 1.6 Yes

*Comparative examples

The samples were prepared and their conductivities were measured as detailed in

example 1. The results are shown in the Figure 2.

From the Figure 2, it may be seen that those samples made with polyamide show a

greater synergy between the organic polymer, the nanosized conductive filler and the

graphite.

From the examples 1 and 2 it may be seen that in highly filled graphite

conductive compositions use of small amount of carbon increases the conductivity
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nore preferably |l ess than or equal to about :60. The
conductive conpositions are injection nol dable and
whaoos/osmhs vi scosities of about 100 to about 6POT/US2004/031061
Pascal - seconds (Pa-s) at 1500 sec 1 as may be seen
fromthe Table 3. Wthin this range, a nelt viscosity

sub@tfamﬁwl%iat [@ieﬁﬁlh@ﬁdtﬂitwﬁ? UakateOthah ot bqukd atiyuefi e [Sﬁbieys/ cm) can
reater than or equal to about 200 Pa-s nm

taipedaistotah iler 1p§dlag plegreater Bigp oF equabio gheyt ! 3 W&r{f’u 2th range

- ERI-LE N, R ERE A e o<

l: SGaI’WitEm#thRatamge Ftois mehabilpdedifabiptol haleRhe lretio of the nanosized
nductivity Viscosity Shear Stress. and/or
con@svt ftﬂé@aa@ orphe £3rhe} fi §7r87te thgogegphite) to3 b ié@sjg%me%lal to
Y
aboﬁngégﬁre’feé%%iﬁH%%é %qu%ls ébz%{%%‘i %893 g%%b@ﬁc@s@}{& St 8qeal to
abob 022Dy plkZerdB9ol&¥Ghan @96dtat jeeabdd®/1 1152 mode preféram&%@\!fﬁim-or

2% Pr.in 39/1 19.7 730, .7 436 * 80%
caugbisr L 4 207804 e rBpEF Brih oA ol &0 oy A3 gad gyen
moR%pr BBy cts ﬁ’lﬂﬁ% | ®hbbO: Béd 9.9 - 20 55% CVG + 9%
Ketjen 6.1/1 26.1 528 792196 * 62.5% CVG + 7.5% Ketj en
8.3/1 Not Processible 431t may be generally seen that
The copdyistive [spBYOFItPR 1S mgqcaplmm@ #hly apd hayednelt vificegies of
abo‘uf’ﬁ(% tc{ hbdu's0b %ng[‘ Qe%m&r{‘@ ?E%OS%EJCG] a%fﬁr%g}?%)e 9&%%@ Ghe
pronounce e systens ( proba

Talﬂele thhlily sitigilrdnign] 4 meﬂn@isd’usgh olﬁ%&tatcﬁ)fthan or equal to about 150
crystallization). l e the invention has, be

preffedly ERaier dheon el kntont 300 Rerhgnay fe Bodfrarlesirabig is a

melt viscosity of less than or equal to about 575, preferably less than or equal to about

550, and more preferably 500 Pa-s.

Table 3
Sample # Ratio
Formulation (Graphite/Filler| Conductivity | Viscosity | Shear Stress
and/or Carbon (S/ecm) (Pa-s) Pa
fiber)
7 70 %CVG - 0.3 188 282481
8 68%CVG + 2%Ketjen 34/1 34 192 287392
9 66% CVG + 4% Ketjen 16.5/1 19.2 523 785217
10 80%CVG - 1.2 395 592277
12 78% CVG + 2% Ketjen 39/1 24.0 -
14 78% CVG + 2% Printex 39/1 19.7 530 794363
* 80% NFG - 1.7 403 605100
13 - [78% NFG + 2% Ketjen 39/1 16.5 530 794363
19 59.5% CVG + 5.5% Ketjen 10.8/1 9.9 -
20 55% CVG + 9% Ketjen 6.1/1 26.1 528 792196
* 62.5% CVG + 7.5% Ketjen 8.3/1 Not Processible
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wi |l be understood by those skilled in the art that
vari ous changes may be nmade and equival ents nay be
weaiwsos4iut ed for el ements thereof w thout depaP€T/H§2004/031061
fromthe scope of the invention. In addition, many
nodi fications may be nmade to adapt a particul ar
It 18dyt @ bbridial DY sRBtiedtiadhighd prbportieAhiR@hit®aly® used at higher
invention wthout departing fromthe essential scope
tota] idlep bbrdingheTbe Bynergistic qféecg pbtaige ip Iflﬁséﬁﬂffff}%ln?%\/@rﬁoﬁ)ﬁﬁnde
L. t ' g ' . di.s6| osed
sysfite st ABPTE ghPoh PRty G4 Hon REROELRANESH, O3
invention. 44What is clainmed is: . A conductive
Whilertho sivenibon baareen sesvgibed withr igfanénce po Exmmgplaryaembodiments, it
..hanosi zed nductiyve filler and/or . carbon fibers
wilh B BReFisiRod b e Skilart &€ wf ﬂ@f BRI PP dPavelfmade gnd
eqlﬁ\kh%ﬁts RR9 pRANONRIEA for Al ARRICE Grithdut d@B@rti@@r}‘F&ﬁ kid RBpe
of Caiml1l, wherein the organic polyner is a
of thhenvenpbms i addyodry meanyonodificétamsmsoat td medeol adapt a p&ticular
.. The conposi.t.i on, of aim wherei.n the thernoplastic
sitngfi5 GRIRREHY oS degrlie Fobs AgriiPe W Gy caPBORGaten the
essEaY SéopeangeoDOTHRSHLRY, it RAhtkANEBat 1RO liniRATSEHhOT Bk limited to
pol yaryl ate, polyaryl sul fone, polyethersulfone, .
theg@ﬁwmm@dgnwché@?d Bd F}ya\,lpeﬁgmoéﬁ corteplated for carrying out
. s fone, polyimde, polyetherimde,
ﬂu%@%éﬁg)fafluoroethylene, pol yet her ket one, pol yet her
et her ket one, pol yet her ketone ketone, pol ybenzoxazol e,
pol yoxadi azol e, pol ybenzot hi azi nophenot hi azi ne,
pol ybenzot hi azol e, pol ypyrazi noqui noxal i ne,
pol ypyi Orel l'iti m de, pol yqui noxal i ne,
pol ybenzi m dazol e, pol yoxi ndol e, pol yoxoi soi ndol i ne,
pol ydi oxoi soi ndol i ne, polytriazine, polypyridazine,
pol ypi perazi ne, polypyridine, polypiperidine,
pol ytri azol e, pol ypyrazole, polypyrrolidine,
pol ycar bor ane, pol yoxabi cycl ononane, pol ydi benzof uran,
pol ypht hal i de, pol yacetal, polyanhydride, polyvinyl
et her, polyvinyl thioether, polyvinyl alcohol,
pol yvi nyl ketone, polyvinyl halide, polyvinyl nitrile,
pol yvi nyl" ester, polysul fonate, polysulfide,
pol yt hi oester, polysul fone,
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pol ysul f onam de, pol yurea, pol yphosphazene,
pol ysi | azane, or a conbination conprising at |east one
w@toosla1idr egoi ng organi ¢ pol ynmers and wher ei nPCT8S2004/031061
thernosetting resins are pol yurethane, natural rubber,
synt heti c rubber, epoxy, phenolic, polyesters,
WhROk V&imees: sSilicones, or a conbination conprising at
| east one of the foregoing thernosetting resins. 454.
The conposition of Claim]1, wherein the graphite is
L. natdyrcap lsﬂtweéwmwrmoaﬁmstre wherein the naturally
occurrlng graphite is flake graphite, anorphous
m1&g .crystal vei n graphite having an aspect
t|o o greater than or equal to about 2. 5. The
a nawo¥peedi tdndnctdfe @i andlgr wdnieore fibers Heavirga pihiaverage meangdtéry of
has _avera e artlcgﬁ si zes of abput 1 to about 5, 000
grepthanet QitanREeSoAflict i ve conposition
conpri ses graphlte.ln an anmount of about 40 to about
graPfltem % based on the total weight of the conposition
The conposition of daim1l1, wherein the nanosized
conductive fillers have at | east one di nension |ess
2. t hahhoeoraprpition: ¢f Glabutl, MHOEimHwornsEe Holmpriha tgrmoplastic
Y illers are in the form of
pdg%mdifa%ggéﬁﬁﬁhﬁﬁeéﬁlgtrands fibers, tubes,
nanot ubes, rods, whiskers, fl akes, Ian1nates
3. pl aTled eio&moeiltibh psfoi(ﬂa;im di, Swhereiaphhﬁ dhdmopﬂa’sﬁctlall}smcrr is a
conb nat| onprl at | east one of the foregqing.
polyigEb. - OB ConPOEERER br *BPAFeRe. wiGR L HEolsaide
pol ﬁﬂﬁ%hﬁl@g C&T%ﬂ?ltaievepél'yhﬂyﬁs’hﬁoﬁé e RifBsiidht, CIRMBnylene
nanotubes t arbon nanot ubes, vapor grown
sulde; borpdliteyls, clalotidm bl dysulfoonducpolyianidet al polyetherlmlde

a cl es onduct i .ve., net al
potp Rk S R BB RS FIER ey eEk ot SR it petome
ketdhte T QioB@RnAckabdlBOS| BEfoLRNEUl, | VeofybehBitbiaziBophbhethiazine,
conp03|t|on of daim7, wherein the carbon black js

polyfacsgothinzglep eheyEringEBIOXBINGO PolypyLamlitigislenpolygrinpyaline,
polglg)etna ic%‘t ;H B;OQﬁld%ﬁ:ndugBlg¥§01 (ﬂﬁ@cﬁﬁiet ' oﬂ?llyg oxdi Ié‘ﬁndohne

OSI IOI’fO I'n"the carbon ers are

polgfmiaame,ed pdlgppridiazia) orpomhgemml onpbllypyledmm,d palypipendine,
aspect greater t&an or. €9

i 0o of
polr%@zelenﬁaivpe/{aaﬂleoﬂm SRe R BT ORRG 9&?8%%’9%108?“3“‘3
pol&ﬁ'@eﬂo@&%ﬁ,‘ Cﬁ’élif}b’hthalide, polyacetal, polyanhydride, polyvinyl ether,

polyvinyl thioether, polyvinyl alcohol, polyvinyl ketone, polyvinyl halide, polyvinyl
nitrile, polyvinyl ester, polysulfonate, polysulfide, polythioester, polysulfone,
polysulfonamide, polyurea, polyphosphazene, polysilazane, or a combination
comprising at least one of the foregoing organic polymers and wherein the
thermosetting resins are polyurethane, natural rubber, synthetic rubber, epoxy,
phenolic, polyesters, polyamides, silicones, or a combination comprising at least one

of the foregoing thermosetting resins.
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conductive conposition is about 100 to about 600
Pascal - seconds at 1500 sec 1. 46A nethod for
wOoRwaNaasuri ng a conposition conpri sing: bl endPemUsIN04/031061
organi ¢ polyner; a nanosized conductive filler and/or
carbon fibers having a dianmeter of greater than or
4. equple EQNPRRN P QEaiRANORRcREiR ; thaNdafiRPRI h@urallesRufting
t he conposition has an electrlcal vol ume resjstivity
graphites Wheagin othe el@amally b gEpBitoAmftae grphifseamorphous
gra%'ﬁe {e i crgstal Vefln tgir%:) V\%ﬁ{e&ﬁ’ dlré énhgsrpgéte%‘gbnat %glr Eh%ﬁ r%}l.l%.]lgto
aboat2.| east one of the foregO|ng nmet hods of blendlng and
wherein the blending i nvol ves the use of shear force,

ext ensi onal force, conpressive force ul tras
5. enef fgeycorap@étt%ﬁg&%@m d> evsrgy, the rEsmhiie %eﬁvgfag ﬁqxs average

ngamiz%étdfgﬁs%u@merab%wg @b hi @@ﬁet&@earﬁf whB®id Aeofidistive

orces and energies and Is conducted in processing
conqnpsitipmnmpmrgaphltem aafagroaneoit dboned0 fozmas 98me%, based on

a sin screw, multiple screws,
theﬁﬁﬁ' ﬂg@ﬁ¥ lgﬁﬁﬁPlng or counter rotating screws,
non- |nternesh|ng co-rotating or counter rotating

6. SCIEMSconiRBitidh QF WhifD 1 SWHQUE, thé AideEedMcdbiiuRtins fillers have at
barrels with pins, screen packs, rolls, rans, helica

least ome rdimersions ks ithamt Plopauak dmebews | H§o AMPBSELS BRb VhETaih ghe
nanB? Egcggdr?%gctn;e?’ﬁlle-w Gre ] ttpg g? (‘?\lvﬁgr’ dlyzmﬁrﬁlrgs tspffn%@,r fibers,

or’solutiron’b
tub@lﬂdnambﬁib% nrdd@;e vihisiceld, ngalttis; Ilamﬁratea, follateldtsi rellipseids, dlSCS
quid state, the gaseous state, the s ercrltlc%
sphgliog%Se fragtals GRERARIPAERNNS COBRPFN Rhigasiong eﬁ@e Bi80HL ToTes.
foregoing states and wherein specific energy utilized

7. Torridgod @sﬂ%rp er 'C§a1ﬁff] |aBERln Afe ARRNIZe0 BhdicMve/ Kigkrd Qre
" about 10 kwhr/kg. 14. The nethod of O aim 11, further

single mathcgrblcrg namtebetsl, ol tived dankpnt asotwbesy yepar ewn tabomiibers,
art ctur fr t he osi t of C
carfiy’ bR PRl SAEE RArRE ¢ Sra SRR el gl couted

fillers, or a combination comprising at least one of the foregomg nanosized

conductive fillers.

8. The composition of Claim 7, wherein the carbon black is used in amounts of

about 0.001 to about 80 wt% of the total weight of the conductive composition.

0. The composition of Claim 1, wherein the carbon fibers are obtained from pitch

or polyacrylonitrile and have an aspect ratio of greater than or equal to about 5.

10.  The composition of Claim 1, wherein the viscosity of the electrically

conductive composition is about 100 to about 600 Pascal-seconds at 1500 sec™.
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11. A method for manufacturing a composition comprising:
blending an organic polymer; a nanosized conductive filler and/or carbon fibers

having a diameter of greater than or equal to about 1000 nanometers; and graphite,
wherein the composition has an electrical volume resistivity less than or equal to

about 10e® ohm-cm.

12.  The method of Claim 11, wherein the blending comprises melt blending,
solution blending or combinations comprising at least one of the foregoing methods of
blending and wherein the blending involves the use of shear force, extensional force,
compressive force, ultrasonic energy, electromagnetic energy, thermal energy or
combinations comprising at least one of the foregoing forces and energies and is
conducted in processing equipment wherein the aforementioned forces are exerted by
a single screw, multiple screws, intermeshing co-rotating or counter rotating screws,
non-intermeshing co-rotating or counter rotéting screws, reciprocating screws, SCrews
with pins, barrels with pins, screen packs, rolls, rams, helical rotors, or combinations

comprising at least one of the foregoing.

13. The method of Claim 11, wherein the blending comprises melt blending or
solution blending, and wherein the blending utilizes a fluid in the liquid sfate, the
gaseous state, the supercritical state or combinations comprising at least one of the
foregoing states and wherein specific energy utilized for the blending is an amount of

about 0.01 kwhr/kg to about 10 kwhr/kg.

14. The method of Claim 11, further comprising injection molding the

composition.
15.  An article manufactured from the composition of Claim 1.

16. An article manufactured by the method of Claim 11.
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