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

properties.



organi c polymer precursor; a single wall nanotube
conposition, wherein the single wall nanotube
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graphical representation demonstrating the synergy between SWNTs and

carbon black at higher SWNT loadings; and

Figure 2 is a graphical representation of the specific volume resistivity of the samples

of Table 4 with a control composition.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Disclosed herein are conductive precursor compositions comprising one or more
organic polymer precursors, a single wall carbon nanotube (SWNT) composition and

optionally at least one nanosized conductive filler. The organic polymer precursors
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fillers having at | east one dinension | ess than or

equal to about 100 nanoneters (nm. Suitable exanples
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embodiment, the conductive composition has a surface resistivity less than or equal to
about 10° ohm/square (ohm/sq) while having a bulk volume resistivity less than or
equal to about 10® ohm-cm, while displaying impact properties greater than or equal
to about 5 kilojoules/square meter and a Class A surface finish. Such conductive
compositions can be advantageously utilized in computers, electronic goods, semi-
conductor components, circuit boards, or the like which need to be protected from
electrostatic charges. They may also be used advantageously in automotive body
panels both for interior and exterior components of automobiles that can be

electrostatically painted if desired.



3The organic polynmer used in the conductive
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Examples of thermosetting resins include polyurethane, natural rubber, synthetic
rubber, epoxy, phenolic, polyesters, polyamides, silicones, and mixtures comprising
any one of the foregoing thermosetting resins. Blends of thermoset resins as well as

blends of thermoplastic resins with thermosets can be utilized.



bl ends of thernoplastic resins with thernosets can be
utilized.In order to derive the conductive
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wherein for each structural unit, each Q' is independently hydrogen, halogen, primary
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
indepeﬁdently hydrogen, halogen, primary or secondary lower alkyl, phenyl,

haloalkyl, hydrocarbonoxy, halohydrocarbonoxy wherein at least two carbon atoms
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5separate the hal ogen and oxygen atons, or the |ike.
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The poly(arylene ether) is typically prepared by the oxidative coupling of at least one
monohydroxyaromatic compound such as 2,6-xylenol or 2,3,6-trimethylphenol.
Catalyst systems are generally employed for such coupling; they typically contain at

least one heavy metal compound such as a copper, manganese or cobalt compound,

usually in combination with various other materials.
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in vageothetingosgpat at@nAit, fliEmiddr allll:)toﬂlc amditdlb.uPtefatblyeR ' is
exanpl e bei ng blsphenol The brid radi cal (Y1l can
an FRMaHiGYaRE KHdiehh abd: Srpse preferallyy %ﬁa% @hofha frasindH):
" group such as nethyl ene, cycl ohexylidene or
i sopropyl i dene. Pghycarhgnates may be produ by the
Schott en- Bauman i nterfacial reaction of th arbonate
precursor w th di hydroxy conpounds. Typlcally,
whetejueacts obas end U hs asnahodyoliodinyedkrd xiyd eadmatltaadSY Luma bridging
hydr oxi de, cal ci um hydr oxi d or the, Like,

radigpl pving zero, one, or two dtoms W111§‘1 separate A' from N | ?n an eggmplary
embodiment, one atom separates A' from A% Tliustrative examples of radicals of this
type are -O-, -S-, -S(0)-, -S(0z)-, -C(O)-, methylene, cyclohexyl-methylene,
2-[2,2,1]-bicycloheptylidene, ethylidene, isopropylidene, neopentylidene,
cyclohexylidene, cyclopentadecylidene, cyclododecylidene, adamantylidene, or the
like. In another embodiment, zero atoms separate A' from A?, with an illustrative

example being bisphenol. The bridging radical Y' can be a hydrocarbon group or a

saturated hydrocarbon group such as methylene, cyclohexylidene or isopropylidene.



an organic, water inmm scible solvent such as benzene,

tol uene, carbon disulfide, or dichloronethane, which
w@omvsas41s4 t he di hydroxy conpound. A phase tranBEEUS2004/030864

agent is generally used to facilitate the reaction.

Mol ecul ar wei ght regul ators nmay be added either singly
Pol}%rﬁoﬁataﬂﬁ‘iaytbér;ﬁ‘ocﬂ&eﬂ e the Sch@twh-BaukanriaterfBtianedacign of the

gents, described forthwith nay al so be added singly

carb@rlatp RTEHFX PrithediyslspXe eopRtde s TyRisalbe a8 ragHERuS Papsy Stches
sodtyH gL polat R kAR et BBl RGHERR & BDR mixed vith
an oﬁcgarﬂmdwaétér nﬂmsnﬁa@lsdiemﬂsuch ashbeltzenm fbhhlehg; dadbop disulfide, or

. .CO |ncludes for .e | e enol co nd
et Ag AT SORa T OO N Bn & D155 CARIPLERnis
gen@fly BsPefatifERP aRABNI Y. IABIEIEN velBhel FQMSRors anaa:!)@g&ﬁd

atom or a nonoval ent hydrocarbon group; p and g are
eithemasihgly midpexidenture td ticergaetantf movwi®. t Branchiagdgoats, described

forEl R o AR AR LS CPIGHENARNT y reprosent a

hydrogen atom or a nonoval ent |inear or cyclic
Pol{t¥eiongtas barbedsrotiied &)EQheRnt@fa@ladlé&@h@ﬂpol?ﬁﬁéﬂ' Peaurbes such as
group. Exanples of t es of bi sphenol conpounds

dihydsepty W%@d& Bpyhich ﬁpb’dOWtP@rwfateE v‘\v)am1 et LeUseHderein,

1650
the R QIR N ok Bh T, Bl Sl gﬁ@%’éﬂ%‘ﬁzmg
g@n&a2ﬁbm3b4Pfh¥dbnmwphenyI)propane (or bi sphenol -
2, 2~bi s(4- hydr oxyphenyl ) but ane, 2, 2-bi s(4-
hydr oxyphenyl ) oct ane, - bi s( 4- hydr oxyphenyl ) propane,
. -bis(4- 8hydro¥{phenyl ) n- bl an
bi s(4- hydr oxyphe phenyl
- met hyl phgp
- bi s(4- hydroxy-¥
2, 2- bi s(4- hydr oxy-_3- br onophenyl ) pr opane, or ¢Me 1ike;
bi s( hydroxyaryl)cycl oal kane series such as, 1, 1-
s (
e R e A el ha marogen. # hulggep stors, or 2
momﬁhhhydrmbwogpup,sl myyl qrd vk tindependshily frdegeans Egoi htp 4;

heno nds enol conpounds t hat
andl%)} HESPES ee%fow cpﬁ’ %lf?? i ncl ude those

RC
I
|

—C— or

Rd

V)

wherein R°® and R® each independently represent a hydrogen atom or a monovalent

linear or cyclic hydrocarbon group, and R is a divalent hydrocarbon group.

Examples of the types of bisphenol compounds that may be represented by formula

(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-
8



where Xis -O, -S-, -SO or - S 2-. Sone exanpl es of
such bi sphenol conpounds are bi s(hydroxyaryl)ethers
W@ aeh/0ag44, 4' - di hydr oxy di phenyl et her, PCT/US2004/030864
4, 4" -di hydroxy-3, 3" - di net hyl phenyl ether, or the
l'i ke; bis(hydroxy diaryl)sulfides, such as
hydx%xéph@ﬂybn%mﬁy Gismlﬁ?&bxﬁhbﬁylﬁﬂlenﬁlnfbthadb hy drigxy-mdroxy-1-
di met hyl di hen sul fide, or the Iike; blsg dr oxy
methwlabmy;)pgqpﬂ%xl (4 SO b0 3 hem BB, DB AR

s-orBop A A Eopatte S RY A Praonp R TR R . L1
b1s($ﬂh9&ro&§pl¥bn§!l)eﬁhld$pedtaﬁx,yl ﬂbﬁb@hydronqihfeﬁyinyclohexane or the like,
-di hydroxy-3, '-dineth dlphenyl quone or the
or CP‘ink’élatl%"rS C@H}P&sw&tqt lagt %@5}’}% PFRgOHE hisphepol GREPgANdshe
f or egoi ng bi sphenol conmpounds. O her bi spheno

Oth&ONBIHEREB cdFund® Y¥hd Sndit bd tepRehiBd tbs}efoﬂﬁquw ﬁ{éﬁﬂ%'tﬁ&e
of pol ycarbonate are represented by the fornu V1) (

wheyg K i§ @), -3-VIJOwbrerSédn, Sene exandeshet] sugle hisphanel gfmlapunds are

vis B EER S0BsT T TE ot FyAtbediBan ghatgee’; £750 ke 33
dlmEﬂhS’];j]b'h@n}tl Qtlfbr, cWIﬁE‘ hke ] &s@?d&ﬁ?ﬂlarﬁ)suﬁid@)’s@ﬁ ak ey Saii@roxy

fferent. | es of bisphenol conpounds that mg

diphsayk epiédee nﬁé’ddﬁwdqu ?r%ndimpfay]( Wipheiryd seldideci ¢iolthe  like;
bls(ﬁg&f%%& t(ﬁ'ér?@ {u?%& d%k”?&chcé’s“pzf’ﬁé'h‘f'ﬁydﬁ' dgﬁqg . H%(Il%es 44-

sorcin resorcin propy
dlhydﬁe@cyr (5 Bndlnﬁ:ﬂty-l idlﬁhyhylrﬁﬁoxldem or Srepliien }bis(}[}elﬁ@cr}callmnyl)sulfones
resorcin, 6-tetrafloro resarc

Suchz %, 4 %dlhyéf%{b rda?h?nylessekf@?% 4 §ripydrory Reb-dishitadn dioheny!
sul éjr&lﬂyf} NPRE. op L&Qﬁﬁoﬁﬁaﬁ%ﬁsd Gﬁzgf@ﬂg' JIORES: oGP BS foregoing

ydr oqui none, droqui none, 3-propy
bisphyuol@eqoipnamds, 3- but yl hydroquinone 3-t-butyl
hydr oqui none, 3- phenyl hydroquinone

3-cunyl hydr oqui n neth dro ,
o St bR el i S AT TS Yo UK SRHAPRGF or
polﬁﬁﬂfoﬁ%lam%ﬁres&u&5yﬁretf81tnhﬂ§)(‘m}0 hydr oqw none, or the

i ke; or conbinations conprising at |east one of the

f or egoi ng blsernoI conpounds. Bi sphenol conpounds
such as 2,2, @), J -trahydro 3, 3, 3, 3-

tetranethyl 1, T Qbi i ndene] - 6 6'- dio

represented by thevvl ﬁg ormula (M) may al so be

used. (VD
wherein, R isa halogen atom of a hydrocarbon group having 1 to 10 carbon atoms or
a halogen substituted hydrocarbon group; n is a value from 0 to 4. When n is at least
2, R may be the same or different. Exarﬁples 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-butyl hydroquinone, 3-phenyl hydroquinone, 3-cumyl



CH (VIl) The preferred bi sphenol conmpound is bispheno

A. Typical carbonate precursors include the carbonyl
wh2dosadeg44 f or exanpl e carbonyl chlori de (phosgeeEYS20841080864

carbonyl brom de; the bis-hal oformates, for exanple,

t he bi s-hal of ormates of dihydric phenols such as
hydiiqeRBas 02,3 A,6-Riteh ey Hsﬂd‘r@qulﬁénd, g3 b jokietra-abaltyt ﬂi@droqumone

bi s- hal of or nat es of %:%éols such as ethyl ene glyco

2,3, »Adetrdlpe woogmwm ertetrdreme ripid rwawﬁpéstﬁe diken or
confa R SRR s LRSS Byt

precur sor for the |nterfaC|aI reaction is carbonyl
Bisphishalr catapoultls sschabssd,2pa% & biegrahydresdpl3oy', piit tantetindtled -

resul ti ro e pol yne tion of two e
spirglr R L s et s e o Mgy Har T V) fay also be
usedli hydric phenol with a glycol or with a hydroxy- or

acid-term nated polyester or with a dibasic acid or

with a hydroxy acid or wwth an aliphatic diacid in the
event a carbonate copolynéﬂHIA e han a honopol yner
is desired for use. Generally al i phatic

di aci ds have ab A preferred
al i phatic diaci Br anched
pol ycar bonat es, as O8I

-pol ycarbonate and a ’ ed/pol ycar bonate may al so be

used in the conp05|t|o . Ihe€_branched pol ycar bonat es

may be prepared by addiGig a bfHaching agent dur iy

pol yneri zati on. These 10branchi ng agents may conpri se

pol yfuncti onal organic conpounds containing at | east
Thetpnelewed bisphanehedmpguad psbispishelhAnay be hydroxyl

carboxyl, carboxylic anhydrlde hal of or nyl , and

Typ c%ml ﬂ)%‘é}%t%g% &{%E@?g éﬁéel{é]@ef e 08%8 loﬂﬁlé%g,l ﬁ% a%p?eg g(jn%gnyl

fanc exanpl es 11
chidriden@hbigehe), and darbbﬁylmﬁbh"ndd ahafmisylmbrlofdyenattes | foelekarhple, the

bis-flélig q%g{g%g H}té(rﬁllag pl?qqo?{ dsrlgﬁéﬁ%:; %%llctl g1yglroqumone or the like,
andltfd %@%.% JM{ X :g%f&ﬂis)shél? RS ORYIehd gﬁ%gﬂaﬁ?djnegﬁﬁy%f% and

hydr oxyphéenyl [
the béiagy| rpfhenmdts) , subhc lak odiphenyty Icagblenstal i &i(talyhy dritdeate, and

aicoppfa 7 b TR PO B er el MeduBiafty Bpetion
is cArBénfl@ERBAENG branching agents. The

It is also possible to employ polycarbonates resulting from the polymerization of two
or more different dihydric phenols or a copolymer of a dihydric phenol with a glycol
or with a hydroxy- or acid-terminated polyester or with a dibasic acid or with a
hydroxy acid or with an aliphatic diacid in the event a carbonate copolymer rather
than a homopolymer is desired for use. Generally, useful aliphatic diacids have about

2 to about 40 carbons. A preferred aliphatic diacid is dodecanedioic acid.

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

10



branchi ng agents may be added at a | evel of about 0.05
to about 2.0 weight percent (W%, based upon the
wo oaoalo34med ght of the pol ycarbonate in a gi ven PEI/©82004/680864
one enbodi nent, the polycarbonate may be produced by a
mel t pol ycondensati on reaction between a di hydroxy
branRIp d&Es &g campakdpslyfundtiohl digasicebmpbadsdoataitihg bheast
carbonic acid diesters that may be utilized to pr oduc,g
threg HangHionglc giosphavkish anay dephekeiyl.ceiPR3vht earboxylic” anhydride,

halo%%ré{y%: %1%&@#@%?&3{%5%&3{&%;? gg?e%%’n%%ee?f the foregoing branching
ageifd$.s (bS%eciﬁarmamgﬁlylilhclﬁm‘ lrdmeliicc abids fromellitic gphedryde) trimellitic

[ I .
iR ey EPBoNEre] SBISa PBHERYIToEcl BERARGIo] BG (1,35
tris &Mi@kh@?ﬁ%&ﬁﬁﬁ%ﬁi&e),d' eErIBl;Iheﬁlalf bongat e, gimBt hyls(p-

arbona carbonat e, dicycl ohexyl carbonate,

hydexypleayl)idie]) on,eaimethst | baszytphgol)si Mgcldorof@asf grnthalic
of . the foregoing carbonic acid diesters. The preferred

anhydgidgo i Ecaisi @cidh eangPPesons pREARAOEK I offite oBr ti Stke, o

combTREBN %%{Fﬁyih% ga?r Rofabee g? rk efofbbihe bRRCRHA S ents.  The

aver age ecu wel ght t he pol ycarbonate 1's about
brar@hD@geunts alube adid, 20 @deygelarfmboutl G0 & atmdue 2.0 Wieight percent

this range,, it 1Ls desi bl e, to,have.a nunber average
(e bR s il Sret pE B ap s Rs i B FyeRpons
10, 000, preferably greater than or equal to about

In 040 cRPBdinsnel tH@;;@ly@a&B&@t@hIay w@rgadired bhanmelt pehdahdensation
about 25,000 g/ nole. Also desirable is a nunber

reacgigi peigecen (ddvidrey spamgnnd ard p gargonip apid shiestsgy Bxaples of the

t . r
cartBRRl i SO o B o Bl (PR BE1 ERHBacl o8 iBtenyl
car‘tﬁga@,o%is(amddiﬂiﬂsiophflgﬂ}mﬂimhytej d:lﬁs(Zﬁtﬁiniohfore]ﬂiﬂ:ayl)t oarbonate,
. about 35, 000 g/nole, 11Cycloaliphatic pqlyesters nay
blS(%IC%lOrEECYII@e&alibﬁn%tﬁe%l%‘hﬁl}@d’_ Tk sh%a%%t‘f{ o garppgste, m-
cresg?ne&ﬁtéﬁété?r eaﬂ{agﬂthgy F 8a6biR OfiPHigRNIyD POla¥FBifate,  bis
recursors such as diol wth a dibasi¢ ‘acid or
(mettgisaliayl)oachonTiee dotitlnfl scadswhite, dimethjlecasbenmds, adibeinl eérbphae,

: | oal i phat | I t I t.rai ght chai
diex Rt e gE Re R S riore Faipy 08 Rt SRl e
fore%Bin%r@'Flgd?ﬁ»’éj adidk@iBged] OTRe pRdTElrdtRYarBOMIE dich Hfe@Y 3s tdiphbdyl
carbon atons. Suitabl e exanples of diols include

carhenpiglos s (glellodialicd)eapianatte gl ycol , i.e., 1,2- and
, 3- propyl ene glycol; butane diol, i.e., 1,3- and

rcrd b SRS BN ppepge ot 300
to abp@- RO@PR@Eegdimeimold (Fmoaode)d 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 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.
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pent ane diol, dipropylene glycol, 2-nethyl-1,5-pentane
diol, 1,6-hexane diol, 1,4- cyclohexane dinethanol and
w@20osiosubarly its cis- and trans-isoners, tri ep¢lyUs20e4/030864
gl ycol, 1,10-decane diol, and m xtures of any of the
foregoing. Particularly preferred is dinethano
CycBhlptelio feyaanes ndl MdohenateddRCalei ddndactBiCédd@idspidatand are
di ol or chem cal eqU|vaIents t hereof and particul arl
genergflycprepaie bansagiorsafaagnic gelymes pé%ﬁﬁ%%uﬁll@q@ﬁ Y& ﬁ’flél a
y n [ e
dlbaglc abfh’ 8r ?ér%?é@s %“élg rﬁiggr%al'ﬁ?&mplrne e %p%?%tg&ugfeﬁ'% h/?l%?lg&h% ic
poly@éteﬁp«ﬂyméﬂ dré atfisightsohaig Bramﬁhemp IoE cYcﬂdsalqzﬁxa’@cf padfotably. straight
about 4:1. Wthin this range, neraII desired
chait g1 gBched kA Al g g0 sl A8 S SERBrAOTB. - about

1: 3. The di aci ds useful |n the preparation of the

Sulté?[}ié:|e9££bl@§‘%tf'o?olp%cyﬁﬁt aﬁ gw%as dp%rléﬂe' gg}@av pe 1,2- and

di aci ds that i nclude car i'c aci havi n
1,3-prapyeny lghygoh upaneadibl, af. vmcatcndait,é tatareciot dlgthalene glycol,

2,>-EaFac o T ok PRARE: (B Rll v limatt oBeriytn o 15

pentﬂﬁ:’ep tﬂdn ARGyl ag ety hisetBgl H5-papahodian e dh&and @il i a-
acid blcgglo octane di carboxylic aci ds. Preferred
cyclgm@gﬂm riot anf] pastieardy ds cig- afciralvdsemes) Eiginlerg 1glyeol,

1 IOa(fecgn %ll 5 a 1xt’ur§ C%C%lghgixﬁ{éeﬂ'r%%ﬁg%??ﬁah? uiH ydﬁrgferred is

Linear I acl ar e

dim@hinet Hieyclh astant, d@asianohdesading wecyotaudiphatid @ipleor chemical
cycloaliphatic ring. |llustrative exanples of linear

equixtlpphiathPieodi andi rtiaHrls Jotrrilehesene dimathanel geift, chemical
equithIBE hkﬂf 1 L%ﬁioﬁb&n@%rﬂ th?rﬁg 1@1%%@ﬁéédaa§'tge dM &t)ﬂ'lﬁ@r%npflt is

diracid S may a SO0 be used to nmke
genarylty mfarmkiao use polixtestdics: tQyalsabaran mm mmg/bﬂ acbout 1:4

Cld t.hei.r chem cal j Vv can be
to a5l N T . gtia e Gt o B50h SRR e o
tmnghgﬁﬁg§ogggn§@@respondlng derivatives such as

i sophthalic acid, terephthalic acid or naphthalenic

acid in a 1ZSU|tabIe sol vent, water or acetic acid at

Therdiends ssaiel it theeprapaiatian af tssprrdoaliphpice selypder Belygers are
ahplzaﬁllic: (2%185 aaL efl!léft?&e ?ast‘%%{}gésac{ﬂq%'vmg Ay %g&q n%gulgsl esagh of

e carrier o on or
whidleaer #pahelltdy sithmtadsearbén anaisamrdted rigyi Suidtiewxamples of
wherein an acid is_ at |east pgrtlally sol ubl e, und

cyclpilmbetie etdsnielide lecalrgro nelithrlg disfrtiay e g igmigroomene
dical ur ?ﬁ@h B, e ye B R@dhe Uicabdxlyhd adils. UBRErrelRkoal 11!)Bé1t1c diacids

ydro enation, two Or npbre isoners are obtained
are \Mﬂecwilohekmdlcarboxyhc ‘acid and trans-1 ,4-cyclohexanedicarboxylic acids.

Linear aliphatic diacids are also useful when the polyester has at least one monomer
containing a cycloaliphatic ring. Illustrative examples of linear aliphatic diacids are
succinic acid, adipic acid, dimethyl succinic acid, and azelaic acid. Mixtures 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
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carboxylic acid groups are in either the cis- or
trans-positions. The cis-and transi sonmers can be
wae@anatied by crystallization with or w thout BCT/US2004/030864
solvent, for exanple, nheptane, or by distillation.
VWhile the cis-isoner tends to blend better, the
sultetUle’iitﬁVéi@ nedteth@Sachi @88d afi@bin Rghparntire by® htaitinloipﬁieh@ Pressure
enperature and is generally preferred. M xtures of
usmg seItele catakysts shglnas ThOgHER SURRYtcd 08¢ Blablesgrricy d carbon or
f
shorf e o IEE PHESR LT} Uit &, BT oyt eciom yphorein an
acid /b ated%t padidlyesohibée msimeractibh tomditiqusiand at daealyse i paitigiium
based on the total | ht of cis- and transisoners
Or“l?]é%‘ﬂrﬂé‘acarmﬁr%l?ﬁlﬁtuﬁf%e i sonmers or nore than one
diacid is used, a copol yester or a mxture of two
Tpr:th e&irffes h%lsrg&%tlklﬁ ety or tRBreC YohRA! hiRNabthied %B/é%éiheﬂhe
si'n. Chem cal" equival ents of these diacids including
carbesyler wdrgyomssaase e eitberdthie reis-her tpfmspv@smonbn Thf aitrend trans-

clo hat .er.s. Suyjtabl Xa
isorff et aaulSaPemy S binevih s Mo T EIE, BLetatie
hept@nd)-or Bk Alskihti@st aVEile Hicakiylisddsdraesds RNBIKAM ibdRer, tIR tréins-
chlorides, acid brom des, or the |ike, or conbi nations

isoness g h@hﬁ@mitlmge@a@tcrmhwopﬁ@np@rla@@%amfblsogﬁ%@ﬁﬁaaa|preferred

Mo SEERISE and BRI EE AR, 135 B 8o, S bR yhon such o

mlxdjr@w wsd, tha drahshsoﬂms tvilp peffenblgdonipeize aaleaﬁqabbmaﬁewt% and
conprises_the di thyI the acid arti cul

the efs-pRopitey MM sp@prised em%ﬂ%tgﬁéfaf WRB SR wiight s gh rrans-

isor e4‘s cHEbRBEXANR & AiRAXY bATRERN oPRIPPHBL AR B¥cidl i '15',"gsed a

ydrogenati on of dinethylterephthal ate, wherein

copolgesteros ammaixiung of tved paydstexy inay bacisetl egsrth@l pﬁ:lwhphhts: pnl;;ester

.and trans-positions are obtained. The isomers can be

1%epar ated, the trans-isonmer being especially

preferred. Mxtures of the isoners may al so be used as

CheflfRéadi dqailaRiav 6f tHe%é'ftﬁacﬁ&H yesidifig Rl B2y @@ bgeinrd ahl the
obt ai ned t hrough t he condensati on or ester interchange

prengEAtioRedl Mgt pPyoadiphatie Pplyrsigsy Pudekle seéla@Ple?éC‘Pf the eheprical
equgiélegf Obs gﬁg myGaks ey A€ %‘ételcso r@g‘gedﬁlk 8fsh a(é/lglh/ﬁcés?ers

i'acl d chem cal equiVval ent’ conponen
anhydrides, raciychlofides, adid bremikles, roultlke [ik4, lok )corn@natlons comprising at

Ies

least one of the foregoing chemical equivalents. The preferred chemical equivalents
comprise the dialkyl esters of the cycloaliphatic diacids, and the most preferred
chemical equivalent comprises the dimethyl ester of the acid, particularly dimethyl-

trans-1,4-cyclohexanedicarboxylate.

Dimethyl-1,4-cyclohexanedicarboxylate 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.
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-(0RR- CR- (MI11) wherein R3 represents an al kyl or
cycl oal kyl radical containing 2 to 12 carbon atons and

wokiosi034184 t he resi due of a straight chain, braPChes2000030864

cycl oal i phati c al kane diol having 2 to 12 carbon atons

or chem cal equivalents thereof; and Ris an al kyl or
The@pdly&tRaldphaki fierRAeraRy obHifdd t}ﬁoﬁé]ﬁt@e%fd@ﬂ%&ﬁbﬁt&dester

residue derived froma diacid, with the proviso that
mte@bam@agllyr@weza@pn R3 thy pEamics p’éPCESS@ISo%ICh)ﬂIS digloerpdiojachemical
eqLuQ/r enf 1:0 i;gon%}{ ﬁg )g éﬁ gl_agl [ ors (f %él 1§ S?l?l{?lCﬁls equivalent component and
havﬁlg@é@thgamdldfalﬁ&mxmhlat(vllmaw ng recurring units of

formula (IX) 0O - HC\ \ [/ \ / wherein in the

formula (VIIl1), R3is a cyclohe ane ring, and wherein

R4 is a cycl ohexane rlng;der|ve from

cycl ohexane ! ¢at orpa cheni cal equival ent

t her eof an?dé S sgl ec rom t he cis- or tra‘?@II psoner

or a mxture of cis- and transisoners thereo

Cycl oal i phati c pol yester polyners can be generally

whet@d @*Irgp&%tﬂlﬁmﬂc(ﬁ- Stloalk ?Ufefdﬂhl gofi@hlgyBto B2164thas aRms
tetra ethyl hexyl)titanate, in_ a suitable anmount,

andtvylpi:h;sﬂ thy redidust 060 strajgwothiapp frasiched, tosryeherliphasg a@ﬂ@@ﬁ diol
havm&% {o f #1 o1l %ht Of chg}g cglI qulllvaﬁ)é’q(?sdﬁl%}eoﬁegldcar S an alllglt g)r a

eXane X fanhol exa

cycl@&]’llﬁ’faal: kraelida0 Mﬂ‘ﬁc}ﬁlsshh d@bn‘b@xﬂb&ﬂdeswﬁd‘lddrhed from a d1a01d with
ycar bonat e. ic,polyesters or polyarylates may

pol
the Bﬂ%tﬁokﬂéﬁt aéléastme pﬁB %Rdxﬁ@tqye@a%hgr@gpt i ons.
Preferably, the nunber average nol ecul ar wei ght aof the

e a epBI9t i, a
A JERLIES S pRRa0Ss-ti, WepERlyesl Som it st

cyckwh@{matbbabomlata)/mvmmmwng avgs alformuoladBll ar wei ght  of
greater than or equal to about 10,000, 14preferably
greater than or equal to abou, 20,000, and nDre

prefer ny grea han or eqwml t oounl , 000 -
Iecular
100 (Ix)

g/ mol e OarEoC o 520N
wei ght Vof | ess t- or equal to abo
preferably | ess than or equal to about 75, OOO nor e
preferably | ess than or. equal to about 50, 000, an
wheiggt inp et Eg f vis ¥ hin 2 ofYelahsgne Ergnsin valigrely

cycﬂﬁlgﬁln@ ‘ring derived from ‘cyclohexanedlcarboxylate or a chemical equivalent

thereof and is selected from the cis- or trans-isomer or a mixture of cis- and trans-
isomers thereof. Cycloaliphatic polyester polymers can be generally made in the
presence of a 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,
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I n anot her enbodi nent, the organic polyners include
pol ystyrene. The term "pol ystyrene" as used herein
w0 p@basiag4 pol yners prepared by bul k, suspensi oPCEHIBS2004/030864
ermul si on pol yneri zation, which contain at |east 25% by
wei ght of pol yner precursors having structural units

prefel@biyvaehté 1A 8r BRAPIRALAM 20060, GidMbR HrefeiabRPgieatettHax)or
wherein R5 is hydrogen, |ower alkyl or halogen; Z1 is

equalitpapbout 23108 eximele. | dlse desitable is aapmberiayempy mobeculsr weight
about 5. €,.0r.gani £,Pol ' d 0
ot 187 5ol e B SB0) Rap LTS 1 L S ITPRLI R Roco
mor€ ?Bﬁklﬁm@rrlSssQﬁaﬁS by eQIE toVbdut BOS00) artdmestrpreferabtys less than or
illustrated by acrylonitrile, butadiene, al pha
equal i appt 38,108rgémolst hy| vi nyl benzene, di vi nyl benzene and
mal ei ¢ anhydri de, and rubber-nodified pol ystyrenes
[ - n er
R e WEfe i el eRIaR P biiogs i @
"polgkigrene'7 8s whdd Berginenelusiasl pabymers dréparedbbybulk) sussnsioe rad
noner. Polystyrenes are mscilhle with polyphenylene
e EPTy e OB WRGH EPBAe 2 JA 2 By ety PERRITIRE] HrogiSor
havin® REr8tBraPRhikSdeYiv 8N o ABBMASOAhe ARAMIa (X)t 0 about 95
% and nost often about 25 to about 75 W% based on
the total weight of the polyners. In yet another
-enbodi ment, pol Rf—nﬁi(d:es?Han be used as the organic
pol yners in the conductive conpositions. Useful
t her nopl asti c pol yiiyg have the general fornmula (Xl)
15(XlI) wherein a zlgF than or equal to about 10,
and nore preferably—gfeater than or equat< t o about
1000; and wherein is atetravalent lin >9r wi t hout
limtation, as long as the |inker does not inpede
whesdiAtRI6S hgdroer 36waf alkfleorfnlopeni Aeis Guylt akibged omnkeres alkyl;
i nclude (a) substituted or unsubstituted, saturated,
and pris Hopy Gtogdost O- aF e erganiroivb ey e irclugecdhopnpplymars ef styrene,
i a
ol B O R AR DD S hyre 37 R ST og B more
morsaiens atiddstatedundat uratykaitalyl bgadienxs haphag -inetlylstyrene,
bout 30 carbon atons; or, conbi nations thereof

ethydyinylhgnzens |, S54RYDEZ6RE andq/pleir; Aplypdtide, and ~rubber-modified

polystyrenes comprising blends and grafts, wherein the rubber is a polybutadiene or a

rubbery copolymer of about 98 to about 70 wt% styrene and about 2 to about 30 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
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i nclude, but are not limted to, ethers, epoxides,
am des, esters, and conbi nations thereof. Preferred
wO 2008m8H44 ncl ude but are not linmted to tetravedEOB2004/030864
aromatic radicals of formula (XIl), such as and (Xl 1)
wherein Wis a divalent noi ety selected fromthe group
.consisting o - 10O -, -S2-, -SO, (y being
an integer fr j§ and halogenated derivatives
t hereof, incl erfluoroalkylene groups, or a
group of the &{Z- Onherein the dival ent bonds
of the -O orth - Z- group are in the 3,3, 3,4,
4,3, or the 4,4° pBsitians, and wherein Z(X1) cludes
but is not Iin1ted to divalent radicals oé formul a
(XI11). 16CH, and HC Br Br CH HCCH) HC (XlII)
wherqin fagf rgigager (tls«u) of agal de gbeid; andimedte prefablbgenteu ﬂ@ﬁ or
t gani [
cqufl A 08 B FRGRE £ 7 S s k) SREBEE b Srpion, e

as thé QiRBeraduts Nk aGPBdd eghthisisi MaﬁSeV@Bthbhﬂﬂﬁﬁﬁde ( I$hitable linkers
strai ght or branched chain al kyl ene radi cals having

inclydslal Sepstigteshy s B Esds éﬁu@feénﬁnsamteé E PO ragRgeyclic
wd GG A MRSy R SPAPRR, 20yl o

unsybxtivtedphiaesi or QPanchet pskdwrated dir vk &ntatatbalkyly groepe béwng 1 to
fromthe group consistin

aboutd carl(cy;l QPR maggg?thg{e{a%ogﬁi{aéﬁéﬁ’ub_sgﬁg91)13_ énd_/osrq)zn](érs
inclh@, Qﬁl@ R ﬁgt BRfitey ab] ¥Bsrs! BRIERE, amifel UEitRlS, and combinations
perfl uoroal kyl ene groups. Preferred classes of

therpef] yl?rﬁfecrgé linkers indydebbutipgedoti limitérktacistrdvalentiagomatic radicals
of {5 RS &Itl) such as

jedheed

wherein W is a divalent moiety selected from the group consisting of -O-, -S-, -C(O)-,
-SO;-, -SO-, -CyHyy- (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 (XIII).
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i ncl ude pol yam di m des and pol yet heri m des,
particularly those polyetherimdes that are nelt

whewsesdabl e. 17Preferred pol yetherim de pol yneCEUS2004/030864

conprise nore than 1, preferably about 10 to about
1000 or nDre and nDre preferably about to about 500

structura t he _f O HzXV) wherein T
is -O or oup of fornul Z-O wherein the
di val ent bo-u of the or.th -O group are in

the 3,3, 3,4 or the 4,4" positions, and
wher ei n Z |ncludes but is not limted, to dival ent
radi cal's ‘ (XI111) as i ned ve. In one

enbodi nment et herim y be opol,ymer,

whi ch, i to the etherimde units descri bed
above, ﬁ%én]de structural units of
t he for he mherein RH;s as
previously or fornul M i ncl udes,
but is (XVI).
and (XVI 1) «etherlntde epared by any

bi s(et her anhydride) of, t?g f op Eula (XVIT1) 18(XVII1)
with an organi ¢ di*axi ng brmula (XIX) H N-R-NH
(XI'X) wherein T and ned as descri bed above
in formulas (X) and ust ra¥¥ve exanpl es of
aromatic bls(ether ; b'e)scﬁf formula (XVIII)

i nclude 2, 2- bIS[4-' |carboxybhenoxy)phenyl]propane
dlanhydr|de A4 - bIS(3 4~ dlcaerxuphenoxy)dlphenyl

et her di anhydri dez=—=d4, 4' - bi s(3,
C(CHs),

R in formula (XI) includes substituted or unsubstituted divalent organic radicals such

bJ

(XIID)

as (a) aromatic hydrocarbon radicals having about 6 to about 20 carbon atoms and
halogenated derivatives thereof; (b) straight 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)

~O0O- -

wherein Q includes a divalent moiety selected from the group consisting of -O-, -S-, -
C(0)-, -80O,-, -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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di car boxyphenoxy) di phenyl sul fide di anhydri de;
4,4 -bi s(3,4- dicarboxyphenoxy)benzophenone
walr@siydnd de; 4, 4' - bi s(3,4- di car boxyphenoxy) dp@iTes3i04/030864
ul fone di anhydride; 2,2-bis[4-(2, 3- ‘
di car boxyphenoxy) phenyl ] pr opane di anhydri de;
Prefyréd Poiyelieridridd ?GW YORGASX Yolé pReNY| pREREHly about 10 to
di anhydride; 4,4'-bis(2,3- dicarboxyphenoxy)di phenyl
abogt 1000 98 mpirey @ng} #rarel pgefe:rglzly.abp@t(@’ tg.about 500 structural units, of the
di xyphenoxy) benzophenone di anhydri de;
hnﬂggﬁgg?s(Z,S- di car boxyphenoxy) di phenyl sul fone
di anhydri de; 4-(2, 3-di carboxyphenoxy)-4'-(3, 4-
di car boxyphenoxy) di phenyl - 2, 20 pr opane di anhydri de;
4- (2, 3-di car box \ :
(3, 4-di car boxyghe —&ther di anhydri de;
4- (2, 3-di car box -
(3, 4-di car boxyphenoxy) di pheny® sul fide dia@@vgride;
4- (2, 3-di car boxyphenoxy) - 4' -
(3, 4-di car boxyphenoxy) benzophenone di anhydri de and’
whetei( 7, 3-0 ons lgmuppif éiofoyinulsy -O-Z-O- wherein the divalent bonds of the

3,.4-dj boxypheno i phenyl,, sul fo di anhydri.de, as
0-GEiE L e BRI BT Pt enr R B Srhapd Wierdli 2
inclam%@rmﬂiﬁﬁaﬁirﬁi@daﬂ, Redipilenah&idalbyf fR@uy D) ¥sSddfined above.
foll owed by dehydration, of the reaction product of a
nitro substituted phenyl dinitrile with a petal salt
In ope epbrgignant thnealyrthergnids mray bar ¢apelpiesswhich, igfaddition to the

i . i V en . .
etk s RS 6L s BALAISKA B Byl s of e
forfid¥I(XV)) above includes, but is not limted to,

conpounds wherein T is of the formula (XX) 19and the

et her |inkages, for %%agiée, are preferably in the

3,3, 3,4, 4,3, or |4, 4 positions, and m xtures
t hereof, and where Qi _gefined above. Any diam no

conmpound may be enpl %ﬁ(in the preparation of the
pol yi m des and/ or pol e%b

erim des. Ex&gyﬂes of
sui t abl e conmpounds are et hyl enedi am n€; )
propyl enedi am ne, trinethyl enedi am ne,

whétbia R B PESViRTY MFined ToreoRyhRTR)RfHdN Fhdk&des, but is not limited
hexanet hyl enedi am ne, hept anet hyl enedi am ne,

to, pdicalyef Fyrmatedi ¥l- ne, nonanet hyl enedi ani ne,
decanet hyl enedi am ne, 1, 12-dodecanedi am ne, 1, 18-

oct adecanedi am _ne, 3- nmeg hept t byl enedi am ne, 4, 4-
di met hyl hept a | enedi s—{:>
4- et hyl nona nedi , and
0
pER O

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

an aromatic bis(ether anhydride) of the formula (XVIII)

(XVII)
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met hyl nonanet hyl enedi am ne,

2, 5-di net hyl hexanet hyl enedi am ne, 2, 5-
walovsobthept amet hyl enedi am ne, 2, PCT/US2004/030864
- 2-di net hyl propyl enedi am ne, N-nethyl-bis (3-

am nopropyl) am ne, 3-nethoxyhexanet hyl enedi am ne,

I, 2-bi s(3-angpnopropoxy) ethane, bis(3-am nopropyl)

sulfide, 1,4 ohex Kam ne,

bi s- (4-am ng ycwqy-x nefchane, m phenyl enedi am ne,

, 2,4~ diam not ol uene, 2, 6-

di am not ol uege, m xyl yl enedi am ne, p-xylyhfoﬁgfanine,

2-met hyl - 4, 6-di et hyl -1, 3- phenyl ene- di am He,

5-met hyl - 4, 6-di et hyl -1, 3- phenyl ene-di am ne, benzi di ne,
withnIrgardé diatdiyd bz fedinng, X3X3' - di met hoxybenzi di ne,

1, 5-di am nonapht hal ene, bi s(4- am nophenyl) nethane,

bi s(2-chl oro-4-am ng-3, 5-diethyl phenyl t hane,

bi s(4- am noph&a)t5-Propane, 2, 4-bi s(b- b-t - but yl )

t ol uene, bi s(p-b-am no-tbutyl phenyl) ether,
whelif CRNB RBL RhinQr AMeNRMRE A¥b e RTHHANSS (XI) and (XIV).

bi s(p-b- et hyl - oam nopentyl) benzene, ,

3-di am no-4-i sopropyl benzene, bis(4-an1nophen%k% )
Tluséugtive geamples of 4rematisobiREter )anbmrfd@}ﬁepf formula (XVII) include

i s A-ar nepbhenyl 3- bi - a0k nopr opyl ) .
2.2 1§E4r é@%ﬁ%@ﬁ@ e8§(>g§éﬁe%§//]]§{b§?%es of (ﬁ%nglggmciz%npou%’gsgls 3§/4
dicatd &@pldoRy @gshiehyl The pregfeer red didanhydrideonpounds,4atsie(3,4-
. aromatic diamnes, especially m and pphenyl enedi an ne

dicaghpx yRRSEORY ®PheRdr eof . PHIEH exenpliaiydddsodi nent-? “?lﬁ@“ -
; Lo g conpri seg; ural unit sy 4 pis(3.4-
cicofATIREY BRI (30 whors e R g o A-bIsC,

dicarnatgpleandepidiphepylphenylseifencor nphkanhydride;or a #,3¢bigide(2,3-

. thereof and. T i.s a divalent radical, .qf the formyla .
dlca(Wh%ér}pper}ylfg@aa}l_e I'n gener‘g?r,lchyflﬁge’r eact i ongﬂég?fs@es'
dica%x'yhﬁ‘éi'loﬁ iRERLOYi Ny splerent s supRhAdide; 4,4-bis(2,3-

~odi chl orobenzene, mcresol/toluene, or t he like, to
dicagfdxgphenaxyxlggenph bet wewfide he anhiahiydeadest f or mijdabis(2,3-

. (xXVI]) and the,di ami ne of for,mula [ X), at i
aicefSybbdp R EAT, 00 ¢ ombRiidhay & b
dicafddxgphaok yRliphent/h eul ik yéibiitg diridte.d e-(2 3ndibabexyphaned)-aYy(3,4-

nelt pol ynerization of aromatic his(ether. anhydride)

dicaghoxypheneka) iDbFRY 3,2 Rrepans oM iBYItde; floemnfigaiokyphepgry)-4*
(3,42?%9&5@@33%@%@@@%@1‘ Lihg Sdtieﬁﬂlkhll?@e'mit—'(?fﬂ-ﬁlcib%gyphenoxy}"f"

eva ures with concurrent stirring.
(3,4 cbad yipfienaxg) diplpmlyl nelfide adinongiridapl4e(?,3-dicarboxyphenoxy)-4'-

(3,4-dicarboxyphenoxy)benzophenone dianhydride and 4-(2,3-dicarboxyphenoxy)-4'-
(3,4-dicarboxyphenoxy)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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tenperatures of about 200 C to about 400 C. Chain

st oppers and branchi ng agents may al so be enpl oyed in
wo b@snaaet i on. When pol yet heri m de/ pol yi m de cP@DUS2004/830864

are enpl oyed, a dianhydride, such as pyronellitic

anhydride, is used in conbination with the bis(ether

anhydri de). The pgkget heriymde pol yners can optional ly

be prepared fr6 gigtiQ @ Ooaromati c bi s(ether

anhydri de) w th an—drgani ¢t armi ne i n whi c6&Xhe

diamne is present in the reaction m xture at no nore

t I Cess r-ef Y al £S$at '
ond BE ) Mol D R B I B Y DR B

positiohy @hd erixtiored eharesf] mdalsert €51 at dafincllxbuote. 15
: m croequi val ents per gram (neq/g) acid titratable

oups, and preferably. |ess than about meq/ g .aci d

An S aspoy R fi58 be 2o By RFREHeNSH g Bayviinides and/or
polfeleBiREQr M sekithhRE Wrt RuAaie! WohRRufds 3aeWedtBflEnediamine,

percent (wt% hydrobromc acid in glacial acetic acid.
propydéngdiantinat divhethglenediaminee detbplenétahmined sicthyleanterfeamine,

end: groups in the polyetherim.de.resin. neral.ly.,. .
hexﬁfggpglien%dgarwlél?her i m%a%%mﬁﬁv%ng&ﬁ’éﬁl?e’ i ndex’S qmeéﬁ’gﬁ%d&nfne’
nonh@ebRHEJIGNARE PRcamibihyleBedi@hie)) , 1,23-doB&ANERENDY, 1,18-

Anmerican Society for Testing Materials (ASTM 123 at
octaggeanediamdfiong a 6. 6 kitwgthihepegethsngiaming a 4,4-

. ' t, the [ resin has a <
G SUEPEARSTRRHER | L © R PR PR Rab R 500 S
metgplnalhblmhﬂthﬂ&{hd%&ngr zﬁrrs perdimetiy/llfegbmoihg)enedismimeasur e@,s-

. el pernmeation chronatography, using a pqlystyrene
dimefhyhgaeths dlﬁml%t%&-ﬁwa@lﬁmwﬁé@gw& ﬂ%@%ﬁe (3-

D | RSic Vi . baui. >
o b R b g dgPopor)
ethaab phis(3anvindprogylred§de.cd-cyclohaxpesbimiat, WS (4Sambeyclylsxyl)

not her enbodi nent. ol yam des .may be used as the
e P SO RAAPETI | b BOMRICU TR e o ApBURE gyl bene, 2.6
diaRRlodAEnd € Sn XKy B/l GRARKAAE, Y pASTHMRAidniifeN hfethyl-4,6-diethyl-1,3-
pol ynmerization of organic lactanms having from4 to 12
phegdeotiamitsrs 5-1Rethflet.pdirthdds vberaiaerdppias e rheagidbg,  hé -
. for XXI | . wher ej [« toq.;
dlmggqg{lﬁ‘éhzd&ehi g%?’&%}%t?(%@é@l?l\gg,t a%,?—gﬁdlﬁorﬁBRfﬁMeﬁe, bis(4- .
amigpgsliehol - @apand, abis@iehasi Agminoediudldiétbylphenyl) 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-aminopheny!) 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 arbmatic diamines, especially m- and p-

phenylenediamine and mixtures thereof.

In an exemplary 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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Pol yam des may al so be synthesized fromam no acids

having from4 to 12 carbon atons. Preferred am no
wa@eide3ane represented by the formula (XXI11) PCTMUSIOBI/D30864

C OH wherein n is about 3 to about . A highly

preferred am no acid is epsilonam nocaproic acid with

n equal to 5. Polyam dgs ey al so be polynerized from
al i phatic di-cay-b i @\Hngfrom4to 12
carbon atons and\a | am nes havi nga om2 to
12 carbon atoms. Suitabl e and preferred al ?(%h}atl c

di carboxylic acids are the sane as those descri bed

In AR¥e R thSioayntdnest ScRfie@ Ay eshflo§ingPsEIvekts ghch as o-
ali phatic diamnes are reﬁresent ed by the fornula

dichjotarzeire, NnfaBro)/foludiel. EXXhe/)likghde edffech ai scagtioutbepvaes the

t . ' f d aljphati
oo SR AP S da AN AB P ey Py (Tt domptapres of
aboﬁtaioooc% abb& gHocar bansthite AL itkk p&y&ﬂﬁsnﬂhmaaeoéopre?a@@voy
66 to about 1.5. Wthin this range it is genera

melt] é:@iynmizetwro Hagnontatie bislether raawﬂlmn s qpfefrmula KXY IH%/ and

oSt PmBl g DA reales BFp PR e MARgD PG

tempetaniisn{vitdf coRafehthatiriap. e@éakbrall9, &h’&BDﬂJﬁaolyzl?anzatlons employ
preferably |l ess than or equal to about .04. The

temmremeqsr@oabp@ﬂ Wdf@sabawe4 7CorCleain sipppersGing branshing agents
may g5, PRETPINES b s TSR 2R ol ehekinife/oflbiraide eqpgtipers

are BMbE)!S}&d aQﬁBﬁH}Qﬁlldé ich RO pyrim SRS 41E1yarid8Yis ab&Dinb@®mbination
acconpl i shed from al |’Fhat| c lactones having from4 to

withy ghes é?ﬂ%@ihefaﬁ@ﬁﬁiﬂélﬁh hep Rabyekerimiden iplymeass g f orsionally e
prepla?edcig&m&&gw%%n g#zsﬁbat b g@ﬁér%npg& NS A}ﬁc §fffne in

as those SCri ove r sy nt SI S,
whitlhthealiarpinatis prebar timie ra;licelohhﬁhxﬁﬁemt ﬂSrrtdn@E}ﬂn abswro. bm‘blar

b f th th e Th t f
exeG | PR lrfbl SR §@a€ gg{etsgs ﬁsvev%ﬁfoﬁﬂﬁ@w the
polﬂ:%%o Y Qesﬁphéshl%ﬁdﬁﬁh %1&1&5 f) eg/l% acid

as we as t at I V react

titrake0d gﬂﬁpgrtdldt preferabty daxk tbﬁanpﬂﬁme nolpeqly edie rtrtewhblen igfaupk, as
nol ar ratio of aliphatic |lactamto aliphatic |actone
showg bypHtetiqn BfltboChé%@fﬁmMSOlWQ%Wﬁht?n|S%1uF1%g>é 33 Yrsleht percent

(wt‘y ﬁ‘l GroBfonft {dqlh QL d &lt'@l Atc ﬂ@@c%le]gr&ﬁ)s are essentially
desirabl e.

SI I' aple 1s a
due to amine end—groups in the polyetherimide resin.

Generally, useful polyetherimides have a melt index of about 0.1 to about 10 grams
per minute (g/min), 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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ratio of |ess than or equal to about 2. The
conductive precursor conposition may further conprise
w@2@anadlyst or an initiator. Generally, any knP@EUS2004/030864
catalyst or initiator suitable for the corresponding
thermal pol ynerization may be used. Alternatively, the
In yROhYITRIr efold Renf B0l iGN FIAG e thisvll kA et orgarfiapdlyvsehs BY the
initiator. For exarrpl e, in the synthesis of polyanides
conqlychiiye FPMpREEPT: Bpldamm@ﬁm gengealbsderivgd dranp g pedymerization
[a t I t t
of (gir'g%m: nlgétamg qlsa%Fhlgo ?ﬁ%ﬁj 4t gomsl%qgéﬁg? ba]tée:nqsg at %l%{/egéﬁ ﬂgfg*n‘g are
1epmm1&rdt@zr’tﬁe fdmubnegdian no aci ds corresponding to the
ri ng-opened (hydrolyzed) |lactamused in the synthesis.
O her suitable catal ysts include netallic alum num
al kyl at es (MAlP H};Wﬁsreln Mis an al kali netal or
al kaline earth rret and Ris alkyl), sodium
di hydr obi s( 2- et ho yet hol&hlah uni nate, 1ithium
di hydr obi s(tert - oxy) a)/um nat e, al um num al kyl ates
(Al(OR) R whe Q C 12 al kyl), (\k i um
caprol actam rragneS| um chl ori de or brontde salt of
epsi |l on-caprol actam X=Br or ), dial koxy alum num
whelngiol miislebouSaite atisiug 1 l.nAthigtnlgmsefem@xi ladi@m is epsilon-caprolactam
1 sopht hal Qybi scaprol actam N-acet al caprol act am
having h@Pg epsi | on- caprol act am adducts, al cohol s (ROH;
wherein Ris alkyl), diols (HOR- OH wherein Ris Ris
Polg@inkiyitsefey) alsObegatiariz60 Gapl 4hikoacidd $1av1ﬁ@ ko5 041taUIM carbon
nmet hoxi de. 23For the synthesis of am deesters from
atomsy cRigfrasd aminq agddsne repEesertad by ﬂ&eaﬁoamyét@ﬂﬂu ude .ret al
hydri de conmpounds, such as a lithium alum num hydride
catal ysts having the forgyula Li Al (H) " (Rl) , wherex is
about Ito about 4, y is gbout O to about 3, x+y is
equal to 4, selecte romthe group
consi sting 31??\%@%34( §H{<oxy, hi ghl ¢XXHeY er red
catal ysts include Li AI (H)((P )3, wherein R2 i selected

wheGiRTb A5 0 o7 B Ay s Sirad BpRlofi s Bllon-

amlﬁ@Ja@{(y@g(gdmnldmﬁutatsors i ncl ude those descri bed above
for the polynerization of pol y(epS| | on- capr ol act an)_

and pol y(epsi | oncaprol actone). The organi c pol yner
Polypspidesanpy alse 8% BplymerzethEam: eélpaﬁﬂ%%%r{oosylt%ﬁcai@é@vmg from 4
to 29c2%8n V\cﬁérg.bt We{wﬁaﬁgﬁ @M% 'Ba%!ﬂg ﬁ“&ﬂdf Gh1 P%e carbon atoms.
conposi tion. PRt his range, is generally
Suitdb]si andbprefenrsé atipkator djamboxyiwl aaidy aerthe emp @k ythesei described
above or}(%helz snyn es1s%?pofyesters Preferred aliphatic diamines 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;,)¢NH,). 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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greater than or equal to about wt% preferably greater
or equal to about 30 wt% and nore preferably greater
wao basosri4equal to about 50 wt % of the total weP@hUSIH4/030864
t he conposition. The organic polyners or polyneric
bl ends are furthernmore generally used in amounts | ess

amotiitaT 1656 tieaUitleqhsl 8RBt 199, QR ratBly 1436 ef-Rr @ligMall t6 860t ham.
or equal to about 99.5 wt% nore preferably | ess than

The prefeerdanolyamigboare nyborsd,wivdenct,o+1eon boahylgeidghd, myfon Hy or
osi ti-on. The or. ' I : I.S. present
the 1 AR Rione B A B TP BBEE BP Ry con
(W% in the conductive precursor conposition. Wthin
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.pol ymer precursors in ap amount of eater than
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atonfPOYhe 30nIAEiX012RBICEsRE hPEEHELARIOYe AL&RTHRE abBRD ff polyester
equal to about 50 wt% of the total weight of the

syntbesisg wod ithe appletiarisgrms onp disi sanenas THose degraibied abpovey far the

recursors are rt hernore N d..i t
synfeEo RreRes ol 1416 dobet goreaniodirupdrny oty
widélﬁ ABpHAirROMR thet RsREP uémg&iéom@%he TRiae cOp R aEa Rk YvdilesSthe

than or equal to about 99.3 wt% of the total wei %_ht of
relativeerca@ivityctfi the lgsianeanddhe dasigpos it PrgaentisviNEErigd daitiphmolar
.t . it d - .ati.
i SR A 5o GG AR R & A e

a mdlad 206 ofpRekt tan o8 BYEN 36 Aboupl dcésEallel RILJ dasiralsle ssa molar
~These SWNTs generally have a single wall conprising a
ratiopf e dipnn X £gHEdP aBputH- out'er di aneters of about 0.7 to
- about 2.4 nanoneters (nnm). SWNTs havi ng aspect ratios

The Lbn @G ?%cﬁx@&ncd?ﬁqpc%ﬁﬂﬁl ma)gﬁﬁﬁi@yéong’pris@ reda®I180 oY an initiator.

greater an or equal to out 100, nore preferably
Gengrabipt eny khawn onatadypalr indiaddyowmitahle 0br dhe cgemgpoating thermal
utilized in.the co sitions.. Wile the . SWNTs are
polyisbizp T U5t R IGHY G AT PR HEHRLT TS o Conggted
withdht 83aRh1R0Gr Qhithite. rRSPEGHpKS ih YRS Synthésid Sf §BMami@IEfom
~that SWNTs havi ng a single open end or both open ends
aliplpgiy didaghpxiylic aeidelandrilhgipigmgres sretataly s dpgearised. a

central portion, which is hollow, but may be filled

For metsgnﬁggg pﬁg@gmﬁfa@? A 1Bl @W'ﬂamgm%@@% ald'e

pur pose oO persion o t S I n"an organic
omeg@layifer adids ¢aredpaeinigioghe rinepSWWThydolyasd) lacteint wwed irathe

o Dl R ! SoblE SRS SEE b A PR
whefif 8% td ¥EaRaRSEdtal or alkaline earth metal, and R is Ci-Cy, alkyl), sodium
dihydrobiS(Z-methoxyethoxy)alumihate, 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 (MgXCgH;(NO, X=Br or
Cl, 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 C;-Cy; alkylene), omega-aminocaproic acids, and sodium methoxide. '
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ratio to the aspect ratio is a neasure of the
ef fecti veness of dispersion. The effective aspect

WO 2005034184 a val ue that is twice the radi us of PYT/EB10041030864
of a single SWNT divided by the outer dianeter of the
respective individual nanotube. It is generally

For €Igs kythdses bPpolyRRiRYQERS P ahstenddf addldcruns stﬂfeﬁble catalysts
effective aspect ratio to the aspect ratio to
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nanot ubes may be used in the conpositions. Wthin this
range, it is generally desirable to have ropes hawngP
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ropes ess an or gua

gendiallp dedie®le weetﬁe bféahtc potgsert hrathe Qfol;&ﬁm&i blead abmuﬁmount of
5,000 nanotubes. In yet another enbodi nent

greafahpmBY edyabio plprut SNV, gpefsrably SisAleE oF e%%i% rt.<|> 6‘?% PO o,
and tn]ﬂﬁ'ﬁg)%f@ilagglf Q‘%ﬁt&cﬁgﬁ of"fe%lﬁa'i tALSRR 5B s, o?'ﬂiestofa?% ﬁiﬁs of the

ring e ropes between the branches of
cmn‘ﬁ\t\ﬂﬁomet’ﬂhercb«gamo pbbfnmrsaoﬂpcﬂlymemsﬂtﬁﬂ&ls anetfumbhd{mmﬁ: gdmerally

rgani c I matri x. bqut .10 nmto
usedjsegmods ¥ Mt el i gDl Bl SR o B Ash g o Sauat
to a’%ﬂt@% ot Rlofe SréRSatd 138 MBI df-eqlil toSabBRIN®Y. Rhit%% of the total

desirable for the S s to have an i nherent thermal

weiglgred thet Gompopitioh. at | east 2000 Watts per neter Kelvin
(VVn}K) and for the SWNT ropes to have an inherent

The? %g pcofl)g(mg 081% gér t re? 4n ghﬁ%{ﬁséf SI?& ?%@5%_?9 999

so ge esirab

weiglet Iﬁmt @wtt"/emlthe c@tduem']@t treairs@t cdngasitiod0 Withmphiscabge, it
and a stiffness of at |east about 0.5

is g%nfr%lfay A HPRIE UIPRP OrgaRicRALYIRE PECHIRRTF bR am?ﬂé o5gqRisT than
or dYBYL RO 5O o r??teféfa%%f%reﬁﬁ:} %’rlé qRaln@NdHP88 RBH and more
sem -con uctlng not u IC nanot ubes are
prefetabbegrehtat thin opequal & dwtut Pe a«lt% of the total weight of the conductive
precursor composition. The organic polymer precursors are furthermore generally
used in amounts less than or equal to about 99.99 wt%, preferably less than or equal
to about 99.5 wt%, more preferably less than or equal to about 99.3 wt% of the total

weight of the conductive precursor composition.

SWNTs used in the composition may be produced by laser-evaporation of graphite,
carbon arc synthesis or the high-pressure carbon monoxide conversion process

(HIPCO) process. These SWNTs generally have a single wall comprising a graphene
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characteristics simlar to netals, while the

sem - conducti ng nanot ubes are those, which are
we@bk@sosdieal |y sem -conducting. I n general the PERT82004/080864

whi ch the graphene sheet is rolled up produces

nanot ubes of various helical structures. Zigzag and
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e
P TplEE SRRl PSR 1, BB v
aspmlsitholrs efahaelthyt igtveat the rhdian oDgyretipmadf d sﬁ'angié) SWND ﬂnﬁded by
wt % of the total weig

S
the QU ﬁme&erﬁéae e SHgn R GFal5B0Eb, 3 rrabodsitgie for
’che%Si Vélh@ of" Pattlﬁlof‘ﬁﬁé Slctiof alRt £ABRO Bl dsPltt WtRi o be greater
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than lor aqmlﬂl rn«b sabgrteﬂaf aneﬁeha@tw grea‘aq tlzdn eroeqablotet aboupR 8.7 85d more

f b t t bout 5 9%
el ERagIe 1 ERe e MRt D ot pireddb et e B PeRa o
a ma@hificatiRl @ipiresdr thiiforeaiMas iabown0,080NTs are furthernore

generally used in anounts |ess t han or equal to about

30 wt % preferabI% | ess than or equal to_about w %
In qsremborishentaibe p WREEsmen shisbin theyfham afgopbkr-ageragajgsofThese

agg&%gtegogrgl to\‘iﬁ{l(ﬁb§ é%&ih‘ero QPP Etle%rm L8 ORKult of VacP der

i men contain pro uction relate
Waalip furedsi besweddr thel ingiividum! IS8V HTed Therpldmntlmeé mamﬁels@nn tlnenropes

S s as defined here naretthéa [
e AU A G GH8e 0P G A (g aes TETEE P G rapirotrdep o
mlﬁlﬂﬁ’zeﬁﬁc‘?%@ LALBy. Olfioﬁwgzﬁeraﬁxﬁ h§¢1ﬁ‘$ BawRBPYEandSMNEan&0Bes may

produced I n processes such or exanple, |aser
be atedan ilenconygtesitioosl %@npoﬂnsd@pg(sut is@aneraldy desirabledo have ropes

havmgg gleg{er T of equal to about 100, preferably greater than or equal to about
500 nanotubes. Also desirable, are ropes having less than or equal to about 10*

nanotubes, preferably less than or equal to about 5,000 nanotubes.

In yet another embodiment, it is desirable for the SWNT ropes to connect each other
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
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car bon nonoxi de conversion processes, or the |ike.
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SWNTs are generally used in amounts of about 0.001 to about 80 wt% of the total
weight of the composition when desirable. Within this range, 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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an inpurity content of less than of equal to about 50,
preferably |l ess than or equal to about 45, and nore
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ynmer. and the SWNT conposition during manufacturin
con}parqdowﬁh A% AR diRAD T dYRMKSIORI Tel e BNANKITSS o dR iy for a

prodds® ﬁfeogtﬁ)%ﬁlﬁﬁalﬁp ¢afd tbaﬁlgr}%ﬁ@ucﬁfohogf 3NEANAT AP nfrzft‘:ﬁ%n of
synthesis that are not directed at the production of
SWEEKTsouldehavalts debgreatse thanna tfhaetico mb asiyt anensf. 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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MANTs have at | east two graphene | ayers bound around
an i nner hollow core. Hem spherical caps generally
webmse3aat h ends of the MANTs, but it nay desiPEbhiUs20040030864
use MANTs havi ng only one hem spherical cap or MMWTs,
whi ch are devoid of both caps. MANTs generally have
pref@fh@?%r@té" tﬁﬁn abQithl & Auaboihd héleprfelMblyhgRatehilan or equal

rangﬁ& general ly desirable to use MANTs havi ng
to abgiuh Fret ¥y gf théé@,tat waughb@f the W NTo Alsedesivple \ﬁlrﬂ@flél?lébwe is

) t u I
o i3RI Ehr ERAkn b QRSN o8 AV RAR R ELRERE o
aboutsiBdand ﬁlorésplﬁfeeélﬂy n&d thad diavealan abverdget’asfeled totahtwedght
greater than or equal to about 5, preferably greater
of thepd¥NdB- equal to about 00, nore preferably greater
than or equal to about 000. MANTs are generally used
In oh@elﬂﬁpdiﬁ‘feﬁt ofe SRRt Re@HmE Qoﬁ?@éﬁ101591a% fisd ﬁ?aﬁl@ﬁ@c' of
of the conductive precursor co |on and/ or
aboutmal ¢orblowtt 50 et%ormpedwtict rasmumeﬁ\’m:slthlabh@e Wi BN Thingy

havt BRSNS PO oRrot 285 B 0 BreP Rty B LT
thanedi'rléa{laltt@ aBOAYUL aftl MoYd Bhefdid] ¢ cRhRt eaaldr eqd1eatBsut 8hatds, of
or equal to about 1 it % of tﬁe total weight of the

the totsh wagh*t oétmrSéwﬂgo Algodgsahile wathinihéy lepge. hea é%iﬁléﬂ}% quwéle
conGRTRTRE 40 TS 5508 LLPARSHEDIS PaRSLAN BRY, by ape

mork ﬁfe$erhl|51§l Nes thadtalualao abeiy 40 wit% offthe etgivefighitalfkhe SWHE's.
an or equal to about 5 mﬁ@bof t he total meight of
the conductlve curs ositjon and/for th
The 1@RefIEAd; GP&: %ﬁﬁd@f@% i25ht °§fa Brng %{ms tODEHIReRTIfR }eés gan or
equdl MRl by alpdmd hén, OrTHRAAddRZEY FAARBIVE | MIGFAMRANbE DT Br 3-
also refefred to as vapor grown carbon fibers (VECF),
dimériimbadi aee exissinghe &pouef 13>V816t,oira\bm otires O0rands cﬁ’@étSe fubes,

o, R B! B e A, SEUE ki,

the Hk& IR (cBbirRtioRPeHhpriife Eﬂez@s@ Q¢ of Qld%ke’:groﬁlgpfoﬁh@r fIBQy may
with diameters of about 3.5 to about 50 nm bei ng nore

alsophers Eretical dimengipanendenay efistdpdigtforn o mysuejoimfagsiragipls.
nost preferred. It is also preferable to have average
SUI'[Q@Q &S %fets' 1&91%?1%(? oﬁc!ﬂﬁ v@ iy Ble Q1R Earﬂ:&p nQMubes
nore pr arabl y greater t an or equal to a
(MWETE), arapoig groamatdriyomu sibelr SI (VGO narboonfbladso @tapmtaOcibnﬂoctlve
bout, 50 mﬁébof t he tot. ht of e conduct.i
metg\ d rﬁi

]
r A7 18% rcordRbYS inpsteoxd ‘?f/ H}Etg [78a1g (0 In@gosxzed conductlng
orgd®IBRahdh@Rllic fillers conductive polymers, and the like, and combinations

comprising at least one of the foregoing nanosized conductive fillers. In one
embodiment, these nanosized conductive fillers may be added to the conductive
precursor composition during the polymerization of the polymeric precursor. In
another embodiment, the nanosized conductive fillers are added to the organic
polymer and the SWNT composition during manufacturing to form the conductive

composition.
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29when desirable. Wthin this range, VGCF are
generally used in anpunts greater than or equal to
W@bwan304L5 wt % preferably greater or equal tPRCHDS2004/030864
0.5 % nore preferably greater than or equal to
about 1 wt % of the total weight of the conductive
MWNTRCIH§e4 és‘sésoﬁcﬁréigll%l bhleti 6P REUE4rb¥€ arc synthesis that

osi tion. are furthernore generally used in
are mﬁm@dw@ nrhém:u@n OéMNTt?,oma}b@lﬁP bgoispd 93 thg rcepwesiBpys.
WII B85S han 1 % p e
M DRSS % ea%t oeraSte a’gl ‘%b?a&%:rs Qc\)/&\lz@ %rfo[]?(g] ean I:r fléﬁ@évy rg:tore

Henf¥épherieal capdpaictale cmse Gats&lds @O MROSIWNTS, bimdt/rﬁiiy tlmable to
conduct | ve conmposition. Both the SV\NTs and_ t he ot her
- use MAWDOKS hrying eisongihegispherieal MarTe MNTRewhigaye devoid of

bothUJa % OWT@ ggﬁ% Hg}é%éﬂ&eﬁr&%ﬂ&?@f toca%%ﬁpit)férhp RWithin this

|Ve CO”pOSItlon may al so
rang@l,ert iy gdinezzélj/ desirdblé tonedel MNVANT g havipg diameterp tesy €han or equal to

cboig A ATEETEBI B DS ot SO PrEi g s than or
equeﬂ apobyRes MY Reeh MWN’F’S”Q{%‘L?S@&I efs Efetf&?é'd fohgive raﬁ%@fh%e

sheet constituting the sid em spheri cal
aspeot rapio greatér thiveoséquel medblou”aé, pmeifetabéss giehtsr Harrios shiesd |t@ albout

endca cti onal |zed e ot her carbon
IOOngﬂrgtpE%fgga%gl %e?tﬁro @Wa?ﬂum-rﬁ]? la (XXV) R wherein
n is an integer, Llsanunberlessthan Oln, is a

MWNITPEE def&ally 08ed Q. ddibungnet et 0i001 aaabowf50Rwi% of e total
same and is selected from-SO3H, -NH

weightqd), the @deuc@(r@))gcursolc(:@lgp;ptlorce@/gpthe Qogﬁucuv_cez(ggq_?@!)posmon
When%eglﬂglé I%\h‘d%un s ran Iﬁ/IWN’Jké‘aiuJe %P%@II?WS&F P Qlln})’é(nts geater

unsaturated functiofalities, unctionaliti€s,
thanosr dquel doi dbent OV medon pprtmblargreatérege&‘quehtmadboth 6rwil/g ssore

L N I O T ——

prec‘ﬁl:kloP Q:Qmﬁbﬁﬁléh aﬁd/é&othé’ coﬁdﬂcﬂ% cONFE UL MWINT:s are furthermore
phosphi al kyl th cyano, nitro, am do, carboxyl,

genetrelﬂse nmdylolayﬂounfselcas dheam)ﬂ equhktoesbont w Wt%L pisfagably less than or

equajl% h%llltl-i /g rngchg Bﬁegsra tlgﬁe%%p g a%}lla %% gg W?(‘/;o oq” 'the total

wei %Ht WP i @Jnliﬁdtrv% FJkefchﬁ;becmﬂ[Bositl'tﬁl dnidk theadughdftivieomposition.
| uor oal kyl , uoroaryl, fluorocycloal kyl,

fl uor oar al kyI cycloaryl, or the |iKke. The car bon
Vapat 8RN CIDOTLRerS o B bERARIS 8 PaIay ekanbits St dhse also

refetlrgc(i:I b taE ’VaﬁU}' % H‘chb@H q‘llﬁﬂﬁ Ef?? r%%gsd‘lgﬁéﬂeis%f%o&%lgsto

er- ca nanot ubes, e sur ce atons
about 100 nanometers (nm) and an aspect ratio greater than or equal to about 5 may

also be used. When VGCF are used, diameters of about 3.5 to about 70 nm are
‘preferred, with diameters of about 3.5 to about 50 nm being more preferred, and
diameters of about 3.5 to about 25 nm most preferred. It is also preferable to have
average aspect ratios greater than or equal to about 100 and more preferably greater

than or equal to about 1000.

VGCF are generally used in amounts of about 0.001 to about 50 wt% of the total

weight of the conductive precursor composition and/or the conductive composition
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are reacted. 30Non-uniformy substituted SWNTs and
ot her carbon nanotubes may al so be used in the
W@ o0vdstlii/e precursor composition and/ or the cP@USI004/€30864
conmposition. These include conpositions of the formula
(I') shown above wherein n, L, m R and the SWNT itself
whefd8sifpld et hA0ANS, VEOY |aﬁte%n%ﬁﬂ§/ ubaCHh @houRtdgestendan
contai n oxygen, or, if each of Ris an
or egualgtenatwh0adsnivifg, greferpblyCeyerier o1 gaval goeahont 0.5AM4%, more

I ncl ude e functionalized r.b ~
PrefRAR B0 REY PREVERS Rl A7 Ry O RV pbtpauetive
prec®hi8f @ompoditionMandRor @Rdcdrdban e tdhepsséivn. NW&TMgreafurthermore

above. Most carbon atons in the surface |layer of a
gengralhpwiedrinasouns les dhavaeragaupl eriboetatthbhe. pietesahly saten or

reo | t i .
caui 3 B0 JB5800 AL DAY EE i PaFOF S d A o o
weidlatiof thetoonéudtiea @recutsby canpusittbnt dnd/ot drelrondmaive tealmppsition.
there are carbon atons anal ogous to the edge carbon

at o a graphite ane. The edge.c
Botf Uitk WILTsaid (e SiPet SHEAN AaatBe et e Gt 3P 1 difoVESE)
utiliS@ {rSfh¥ LRERINe YRLRRGY colipBsiBibR ahd/briR0corWAT S eadthposition
ot her carbon nanotubes descri bed above may

mayaalscalyet dagyiyetizddywitte fifngtioed igrdupa de inaprave cwsdpatibiléhi agi\Kepilitate

conposi.Lions include co Si & f Or
the G508 vyt B2 g5 BT aras WS et Pl LM opnsupes
may2Be VianctidnhBzede b Cider filid BragB¥ne sNHY, con§iRuin®OYhe sidewall, a
OOy, -C(O)NR Y, -C(OQSY, or _CflO)Y wherein Y is an
hemagpberasl icap eorf e &pihothgl sige RN aF Wallsothei hemisphseisti ensicap.
: ti . .
FunfflBIZAT Pt 0 008y oBeRH GBRAre e haying fhe formule
(xXx@anzyme inhibitor or the transition state anal og of an

enzyme substrate or is selected from-ROH, , -R SH, -
R CHO -R CN, -R.X ,r iR , -RSi-(0R) -R(3-y), -R
Si-(OSiR )-m,[énﬁgﬁﬂ,‘m-w- NCO, (BXW)) Y, -(C H)
H -(CH) R, -(CH) R and R', wherein wis an

SO S B RS e B BB o
and SHHekGh BEc dPRNMthe s B1dSO sélected from -SOsH, -NH,, -OH, -C(OH)R/,
-CHO, -CN, -C(0)Cl, -C(O)SH, -C(O)OR/, -SR/, -SiRy', -Si(OR"),R3.y, -R", -AlIR',
halide, ethylenically unsaturated functionalities, epoxide functionalities, or the like,
wherein y is an integer equal to or less than 3, R’ is hydrogen, alkyl, aryl, cycloalkyl,
alkaryl, aralkyl, cycloaryl, poly(alkylether), bromo, chloro, iodo, fluoro, amino,
hydroxyl, thio, phosphino, alkylthio, cyano, nitro, amido, carboxyl, heterocyclyl,
ferrocenyl, heteroaryl, fluoro substituted alkyl, ester, ketone, carboxylic acid, alcohol,
fluoro-substituted carboxylic acid, fluoro-alkyl-triflate, or the like, and R" is
fluoroalkyl, fluoroaryl, fluorocycloalkyl, fluoroaralkyl, cycloaryl, or the like. The
carbon atoms, C,, are surface carbons of a carbon nanotube. In both, uniformly and
non-uniformly substituted SWNTs and other carbon nanotubes, the surface atoms C,

are reacted.
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functionalized to produce SWNT conpositions having the
formula (XXVI11) [CHj-fR-A (XXVII1) where n, L, m
woR00aM081144 are as defined above. The conduct i vePCT/US2004/030864
precursor conposition and/or the conductive -
conposition may al so include SWNTs and ot her carbon
NonD@fifibesibdaefe MBWINT sCIdt @hdt GYysdn fanoaibed 184 Be used in
adsorbed. These include SWNT conpositions of matter of
the cprRAUEBYIrIpresufsAX| oqynppeitipnoanstior vihe rengugtiye sepmpesisigar | These
I rl ) i ' . Bn i
et SRR ofe OBMIE D ofh' GobE3adth, by R fid e
SWHTaelfiags apadfitedtabo o) pedveded thnogaahiof Rodoes not contain oxygen,
netal | opol yhet eronucl ear aronmatic noiety and Ris as
or, if gaod & 15 9B \PE Y SPr- €A RIBE KPR FO U W RERS R e pl anar
macr ocycl es such as re porphyrins and phthal ocyani nes.
Alsd Bgc1@ftaos R edineisialifeC STROEN AR er PQIE N Ghd AL 18y the
Such SWNT conpositions include conmpounds of the
fornfiuda GEKFD( XXX) [C - fX-A ] (XXX) where m n, L, a, X
and A are as defined above and the carbons are on the
SWNT or on other[@a o%uﬁg&_ uch as MMWNTs, VGCF, or the
li ke. Wthout bei'AY bou Ma parti E%KAM t heory, the
functionalized SWNTs and ot her carbon nanotubes are
whepé{a,t ,.rm,dRSzpr%r Redvd ik Qamb %é&ﬁ%%rb!s CHBL YIRESC S8is e
nodi fied surface properties y render the carbon
surfagniayerhe anceneorc oarpatbicre basiat hlahd earbpganBesap plapaersbony are

hecause the nodified f ti onal gr.ou articularly. ..
relafiidl et oo el iikouBe TR e B U Pt BCETR: BC gpghite
plarR’ S8 6 HAENITRHIASrduBH N8 AdarBnoHRStuld) thédeSard@darbon atoms

organi c polymers such as pol ycarbonates, pol yam des,

analpgbysetot thesedgsorarbethetoms eleg, grephitchplang keThgefge carbons are
irectly to the carpon nanotubes,, th i
reaciyt B st St SRR MBE 5 My Bl
adherence to the organic polynmer. 32Functional groups
Themaybggieuted aSWNDe dndt rotichi c estbomt aarfdtgbesuidescribed f alowe ofnay
the SWNTs. and the ot her carbon_nanotubes by cqntacti
advaniageprilpebe | rathst fanctionalizedes Sichn ST SAGPOSHTiRNS, inflide

con@grgpgn;@frt?@{cﬁg{u%@ efi me sufficient to oxidize the

ace o s ahd ot her carbon nanot ubes and
further contactiqg t he respective outer
[ n HL

Am (XXVII)

where n, L and m are as described above, A is selected from -OY, -NHY, -CR’,-0Y, -
C(0)QY, -C(O)NR'Y, -C(0)SY, or —-C(O)Y, wherein Y is an appropriate functional
group of a protein, a peptide, an enzyme, an antibody, a nucleotide, an
-oligonucleotide, an antigen, or an enzyme substrate, enzyme inhibitor or the transition
state analog of an enzyme substrate or is selected from -R'OH, -R'NH; , -R'SH, -
R'CHO, -R'CN, -R'X, -R'SiR'3 , -RSi-(OR")y-R'3.y), -R' Si-(O-SiR'5)-OR’, -R'-R", -R'-
NCO, (C,H4 0)4Y, -(C3H¢O)yH, -(C;H40)R', -(C3HeO)R' and R", wherein w is an

integer greater than one and less than 200.
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surfaces with a reactant suitable for adding a

functional group to the oxidized surface. Preferred
w@i0diozdimyg agents are conprised of a sol uti on PET/EHS2004/030864

al kali nmetal chlorate in a strong acid. Preferred

al'kali netal chlorates are sodiumchlorate or

The FOASHAIEWRITS @hd lother BaPbf hah6t@BesSt T Biptuac X VHaday Slso be
sul furic acid. Periods of time sufficient for

funcgignalized énpradeccahYINT @npasisions heyng Hsfermyga pe¥VID
Carbon bl ack may al so be used in the conductive
precursor conpesii-+gp_and/ or the condugiyyv
conposi ti on. ﬂE?%??ed @%rbon bl acks a&%XYﬁB%e havi ng
average particle sizes | ess than about 0 nm
wheRd €18 haN ¥nd 8Sse bH@dtiRRABSVe/0O NM nore preferably less
t han about 50 nm Preferred conductive carbon bl acks

may al so have surface areas greater than about 200
The spudiasivemrequryes cogpasHipmengpr ther egnslugieycogrnroaition magalso

. | ter:t .
ot g T oy Bl PRI ARE B L R SR S AR B e
adsdb@D rehey®@indliidle SWR T tcymppiitibgd @traatedd 90 thetfbminyla gXEBEr

t han about 40 cubic centinmeters per hundred grans

(cnrVvi OQg) , pr%fﬁgfbl reater than about 100

cnr VI OQyg, mor préfle yimgreat er than (XBd¥) 150 cm

/ 100g. Exenpl ary carbon bl acks include the carbon

bl ack iall i | ahl I i i cal
sofl B REEL BB O SRR, LR ke
nundéaildsalthg&n l0OM She\wodmutlegmfaaticl peEheteRButle@dgomnatie sor
(Super Conductive Furnace) (Electric

S. CF. d E . .
metgimpglibgictanupgpindedptic Moty apd Bris B gﬁrs]:ié@d akoye| Kisferred eyplic
confgBlls <LO0 e HAALESH LS s AT BRTES I A RIS AL

avai l abl e from Akzo Co. Ltd under the trade nanes
TheKatsprbad BydkcdeipBM0s arny ECHiGR0onPrzed.e$uchdS WD oahpasgions
._.carbon bl ac b in amounts from about 0.1
incl %%QWWOﬁﬂgﬂﬁﬁng%P%&d§§§g)on the total weight of the
conductive precursor conposition and/or the conductive
conposi tion. SutjliegRdact| ve netallic @tkk rs may
al so optionally be used in the conductiVve ptrecursor

conposi tion and/or the conductive conposition. These
whenayn, beled,eCtnd dadrk ys defintbdctbove anthel rbons atel @ythe SVANT or

do not nelt under diitions used. in incorporating
on. qERRL RARQIRESSHEN %%WES=;}%¢§EEQT,tﬁ%ﬁBG~f abri cating

finished articles therefronl thals 333uph as
WitBbH BB boGRPRE R  pabRANE Sthedhy, ¢y QificHMalizbd SWINTK@hd other

silver, iron, titanium . .
carbon nanotubes are better dispersed into the organic polymers because the modified

surface properties may render the carbon nanotube more compatible with the organic
polymer, or, because the modified functional groups (particularly hydroxyl or amine
groups) are bonded directly to the organic polymer as terminal groups. In this way,
organic polymers such as polycarbonates, polyamides, polyesters, polyetherimides, or
the like, bond directly to the carbon nanotubes, thus making the carbon nanotubes

easier to disperse with improved adherence to the organic polymer.
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and m xtures conprising any one of the foregoing
nmetal s can be incorporated into the organic pol yner as
w@eowdustisve fillers. Physical m xtures and truRCHUB299€030864
such as stainless steels, bronzes, and the |ike, may
al so serve as conductive filler particles. In
Fun@%hlt g@gps Bay B¥hdrAEhERidLded Hie fHeCAlterGRRREOYBthe SWNTSs
bor i carbides, and the |ike, of these netals,
and (cl@ gther eitbaminanetubesoby qentacing hE SesnsetiveeOusr swmenge tYithe
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ayer conducti ve net a nmay a e use
stroigoadidct iPrefeiped alitadio metad nghdrates e asodiuar chhneate oasrd pothssian
sition. The nqQncon uct ers

conp
Chloge, SR SFOTErBdSHy sulritabin PRaO L offaf, pubept for

ox1d%9§ﬁ§xga%ﬁth) ﬁh&@wa&ﬁ@@hwsconductlve metal may be
referred to as "netal coated fillers". Typica

conductive netals such as al um num copper magnesi um
Cartihir laglumay talse, bnhgskeln, the icpndunetive prsgursey gempesiioraril/or the

o BTSRRI Bt BF DR ARHB T i

size$ WRS HadlaB5UtAr(® M8/ preFonahii 1es6 tHah eibad 7(Bﬁl1¢l ifoed prbgerailodess
described in Plastlc Addi ti ves Handbook, 5th Edition"
thanygheyt Hhent ePrefeepd coprpctivgraghonViatkagnil plisp ey surface areas

greaMﬂr{}qﬁhabc?uQc%O Hefe V\alléér%lt f%é?%% ﬁ?@ %&?er?&W ?xéﬁ' 2 bESut

ude silica po
400 anygt @t mare pséfbiably, glbatleoﬁ}anlaﬂabutdbOQﬂonﬂ/gr Preferred conductlve

bor n silicat owder s, um-oxi.de
cartRigguts a0 SePsny e (b ME PLED e DateySr then
abmWOAd atiOnkhinedR! Fdr Ulindrdaf @h8s (8% /11 bS)aphystabigegredter than
i hydrate or trihydrate), cal cium car onate, i ncl udi ng

abomhlaQOkc;mﬁ/ 1 0figs tone profierablly ezreatet thymebeiti 160 qum éhq0|g| t Bteaeplary

carb‘églrt?lﬁcg{? & afélgo nt? (tglecs fbo%eglle[}g:ch n';;eq%lgpe afvgl éeu lfro%l Q?]ogg 1an

Chefhé&ie dndandle [taide | dasde TahductedlRaSiEe S‘abél@TeﬁS blduit li]vdﬂ@blleoﬁ\bm
and solid, kaolin, includin har d soft, cal cined
Chekepsl Chemistlel URds] the tedrpiemss %C FalSwss casprtingsFrmasm and

E.C.'Fl;g l(%fr%gtrl% réontdﬂctfl\%% l!ll‘hgl(%g Gné 95%@)%1 't}?%:lkb ta¥a1ﬂbi{’fr%1§f%abot Corp.

resi n,
undaplier eade fnlanms d‘iZILislban mm@ rRisck fPiehlﬂs; t :md the carbon blacks

al um nosi |. ay nospher es r
commeré?ally aval aglae fe On(’l Akz 80 e]{tg L?nder t%el'!tra e names (igetjen Black EC
300 and EC 600. Preferred conductive carbon blacks may be used in amounts from
about 0.1 wt% to about 25 wt% based on the total weight of the conductive precursor

composition and/or the conductive composition.

Solid conductive metallic fillers may also optionally be used in the conductive
precursor composition and/or the conductive composition. These may be electrically
conductive metals or alloys that do not melt under conditions used in incorporating
them into the organic polymer, and fabricating finished articles therefrom. Metals
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sand, quartz, quartzite, perlite, tripoli
di at omaceous earth, synthetic silica, and m xtures
W@ ovpi3Hig any one of the foregoing. Al of tPeT/akm€030864

substrates may be 34coated with a [ayer of netallic
material for use in the conductive precursor
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non-metal lic conductive filler particles may be |ess .
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caonduct or.s, .doped .ful |l.erenes, .transiti on net al

chroggHigh BietokheP D AToPoHORE ey AFHES: 56 DR bRy one of the

fore SRR Rl Ra19fnad bARBK] 3 RANSHGUbARAMDGIFRG FRIBKHGEDs Ag: well
organi c/organonetallic fillers is phthalo blue (cop

er
knowhtindhe eytaihispludTHeossadtse Redin GHERIt Agitves Handbook, "

o RSO 4y 068 FARIAR S S
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organi c/organonetallic fillers are used in an, anount .
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o A1 ket RO RE St S 405 g
calcivndg subfiatet s fitot athydeiehtiihgfiratd eorc omipdsite), onalcidihecarbonate,
inch? 12§ SE: azll?cfj ligq%rs]t%}'llg,t 1!1’121%160 raigfc(fl nslyl(l: h‘e’tﬁ%a&%ﬁft%é icglc}cuirrll Icgr %nates,
generally in the form of a ground particulates, talc, including fibrous, modular, needle
shaped, and lamellar talc, glass spheres, both hollow and solid, kaolin, including hard,
soft, calcined kaolin, and kaolin comprising various coatings known in the art to
facilitate compatibility with the polymeric matrix resin, mica, feldspar, silicate
spheres, flue dust, cenospheres, fillite, aluminosilicate (armospheres), natural silica
sand, quartz, quartzite, perlite, tripoli, diatomaceous earth, synthetic silica, and

mixtures comprising any one of the foregoing. All of the above substrates may be
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are furthernore present in amounts of |ess than or

equal to about 5 wt% preferably |less than or equal to
w@bwman3g4mt % and nore preferably | ess than orpPerusiood/a0864

about 1 wt% of the total weight of the conposition.
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I Sperse t and the nanosi zed conductive
fillers in the organic polynmer precursors, or to react
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oné golng reacto
1splﬁiﬁﬂod)lldm(abppetbBth@lroggaermmb)pol ymer precursor may be nixed
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e e o e e SRS S R S
amotuﬂﬁs SEOBOOT & Bbhif & SRt TETAGE t9A]1 weight of the composition. In
general, nanosized conducting organic/organometallic fillers are used in an amount of
greater than or equal to about 0.0025 wt%, preferably greater than or equal to about
0.05 wt%, and more preferably greater than or equal to about 0.1 wt%, of the total
weight of the composition. The nanosized conducting organic/organometallic fillers
are furthermore present in amounts of less than or equal to about 5 wt%, preferably
less than or equal to about 2 wt%, and more preferably less than or equal to about 1

wt%, of the total weight of the composition.
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vessel . In another enbodi nent, the conductive
precursor conposition may be mxed in a reaction
wQemsebs1and t he organi c pol ymer precursors nmayP@EUS2004/030864
partially polymerized in a first step, prior to being
stored for a desired period of tinme. The conductive
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I'n a Henschel or a roll mll, prior to being
fed into a nelt blending device such as an
In one embodiment, the organic polymer precursor may be mixed with the SWNT and

~ other optional fillers and stored for a desired period prior to reacting the organic
polymer precursor into an organic polymer in either the same or a different reaction
vessel. In another embodiment, the conductive precursor composition may be mixed
in a reaction vessel and the organic polymer precursors may be partially polymerized
in a first step, prior to being stored for a desired period of time. The conductive
precursor composition may then be subjected to additional polymerization steps to

complete the polymerization of the organic polymer.
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extruder or Buss kneader. Wiile it is generally

desirable for the shear forces in the nelt bl ending
waleasosi1sp general |y cause a di spersion of thePCRAEER04/080864

the organic polyner, it is also desired to preserve

the aspect ratio of the SWNTs during the nelt bl ending
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_during the bl endi ng process. A solution blend, as
withyping,relis.Hemei helicRlsTolere, Giheqrebipafions ComRFIEng 3t Jgast onesof the
ﬁneg&ﬁggnded inaliquid-like fluid such as, for exanple,

sol vent or a non-solvent during the bl ending

process. Wen a masterbatch is used, the SWNTs may be
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about 2wt % nore preferably greater than or equal to
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Al so_desirable are. SWNTs.|n n f . [
ror By ERaeF RS RR i of Rk o KRufling
at 1dagt cab@fithefOrepbiifp niahinepr ef erably | ess than or equal to

about 5 wt % of the total weight of the masterbatch. In
one enbodi mept pertaining to the use of st er bat ches,
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the gﬁe{%% JEERSU & dbY WithQhe SWTRC S GBI pti¥hdI il R i @Bsired
en éxtruded’in the formof a strand or nolded into
in atfhensélet or efroltl ogbaner to being fed into a melt blending device such as an
extruder or Buss kneader. While it is generally desirable for the shear forces in the
melt blending device to generally cause a dispersion of the SWNTs in the organic
polymer, it is also desired to preserve the aspect ratio of the SWNTs during the melt
blending process. In order to do so, it may be desirable to introduce the SWNTSs and
optionally other nanosized conducting fillers into the melt blending device in the form

of a masterbatch. In such a process, the masterbatch may be introduced into the melt

blending device downstream of the organic polymer.
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resulting conposition into which the masterbatch is
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polymer in such a masterbatch to be semi-crystalline. Examples of semi-crystalline
organic polymers which display these characteristics and which may be used in
masterbatches are polypropylene, polyamides, polyesters, or the like, or combinations

comprising at least on of the foregoing semi-crystalline organic polymers.

In another embodiment relating to the use of masterbatches in the manufacture of a
composition comprising a blend of organic polymers, it is sometimes desirable to
have the masterbatch comprising a organic polymer that is the same as the organic
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into sheets or strands and subjected to post-extrusion
processes such as anneal i ng, uniaxial or biaxial
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ratics aifuabiowin? to about 1,000,000. The high ultradraw ratios generally facilitates

the formation of shish-kebab semi-crystalline structures, which may contain SWNTs
in the amorphous regions. In another embodiment, the composition is further stressed
uniaxially or biaxially to produce a film having a thickness of about 0.01 micrometers
to about 5000 micrometers. If the film comprises a semi-crystalline organic polymer,
it is generally desirable for the oriented film to have crystals oriented in the azimuthal
direction of about 6 = 0 degrees to about 6 = 80 degrees. In yet another embodiment
related to post-processing after melt blending, the composition is supercooled to a
temperature of about 1°C to about 100°C below the melting point after the blending
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bl endi ng may al so use additional energy such as shear,
conpression, ultrasonic vibration, or the like, to
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agendsad by eyaleating agputbloeral 40y thmprave drudlewdrical thsrfprreance of
sonj.cator, wi.-th t ng, t - ' I
connBR R patiyh ot P MU S B Bty B cIRA stpuctres

set 13g Aahalel apnanctiaBBdnvork fche Gk isvieurs. 0 The osmduetien aepouit adr then
of the SWNTs by the organi ¢ _polyner precursor., After
setup AENQIp CAFEIORY StBtetureHeieh yahpehipib YR lesticel egistangesthan a

I : L g nic polymer within
simil R OB M L EGH O AR  Pethod of
di spersion of the SWNTs into organi c pol ynmer pronotes
Solutioe ety vayialo of usddetoanpadicturat the sompositien. STNE solution
ich therefore permts the cgonposition to develo .
blengiligc Py i Mo dglTo0T SISEY sBRLrS DSt rhg BroTRE: Sligranic
vibrdMidrEronahé V&EYio Hrldehodd hymBpdnRtioh Fi the GWINGk Nl the organic
encapsul ated SVWNTs may be used as a nasterbatch, i.e

polyitesnd b o temtiodimenss aovganis obsngineispendsdsin # | fluidgpre e

.. enhod] nen Xt ur. Y. , j

o SEPOELTE )y SO P SR PO SRR oy o

solu'tiSrll SMH@BEﬁ@bnﬁ@tifeﬂ cﬁﬁpﬂﬁmaperiddlﬁ”feSWm difedréecthe 8 WAYTs onto
pol ymerj zation of the organi ¢ polyner precu In

the ¢rganie pRbESHEALLIclesh d N RRANIG RRIWD Rt O w@a%éwﬂé%m& ghen

be ﬁgggg&@gogﬁ%a%ﬁdhiﬁf fiddile@r St MPYerREaIR aH8He bt fheAfluid to

as a solvent and sonrcated. Foll ow ng
swell the organic polymer during the process of sonication. Swelling the organic

polymer generally improves the ability of the SWNTs to impregnate the organic

polymer during the solution blending process and consequently improves dispersion.

In another embodiment related to solution blending, the SWNTs are sonicated at
ultrasonic frequencies together with organic polymer precursors. Organic polymer
precursors can be monomers, dimers, trimers, or the like, which can be reacted to
form organic polymers. A fluid such as a solvent may optionally be introduced into

the sonicator with the SWNTs and the organic polymer precursor. The time period
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soni cation, the SWNTs together wth the other
nanosi zed conductive fillers may be dried and nelt or
wa@odoansam bl ended to formthe conductive conpoBCT/US2IV04/030864
I n anot her enbodi ment, the SWNTs together with other
desired nanosi zed conductive fillers may be bl ended
for WetdonRafibdidgSefllyash ans@lt\EREL@NGh sRRICABEpsulation of the
Fol | owi ng sonication, the SWNTs together with the
SWYThery Hnoterie PUBRYUBIECYEOT | |Afrsthregncarsulasion, e organic

I d_t h Pt QR -
ponsis bl Sk o s%}r@“ L BaF P bl When i
dispeB® ez NIRNTUBtrhateod of dlgj’ei;sm@bmhé SVANTE o eg@asid polymer
probability of interactions between the SWNT and the

promgeige Fherpawaﬂea of gt vatiosiof ey W NI, Whichfheretoge permits
the E&ggﬁstéﬂtl%’éd ??V}erbgrég@d(tg%_lgfs Bg‘f]cgfvﬂgsat qfwel E)%Hlﬁgccﬁ*l thyY SWNTs.

con nosi zed conductive
Alterndtivelys Jhet fraymereagd besin tcinithinia'@ efrxoapsmbiteai PWINJTsamay be used as

conduct.i ve c t t abl f
@ DI E o JHBRY P TR DO OB ke | 1y SHG. Pt
emﬂasehﬁ@ﬁ PhiARcaRIMAld Iﬂgyﬁ&d ofliaPREFS| BB @%@urg&ogﬁldﬁ%pﬂmd

in the synt hesi s of t'her nopl asti c resins such as
and n8WNT ndonegbsition pis| m@tteal 40 qrohpsabaty|the SSWNTs, followed by

rbopat es renes, polyesters, polyam des,
Pob%grégﬁ? fﬁ% ngﬁ%% %']Eﬁ%§or pol yur et hanes,

pol yaryl sul f ones, polyethersulfones, pol yaryl ene

In dhel dnhistRSme0 thevE WiN TsClolgeheil@sth ghéry esirkdmagosized conductive
polyether|n1des pogftetrafluoroethylene
ﬁlleﬁbl‘%t%lb ghadth pdlwdsHeh 28theolvett s sonigatadn e Fpllgwing

somE% i écr | EKKQ{‘TS Jto et‘ﬂ@lsbvﬁtﬁbchg oftfr %Qﬂés‘fzc’ehecoﬁlﬁﬁctﬁ/@ qﬂ%rs may be

ures for about 1 mnute to about
drielcmdsmeltot kolntidhblendaingeformt the Sondsitivalsb@pootieon i[m amCeher

the m xtur a riod_of ater, than or egual. t
ettt G, BRErL AN Ytk davEr TaaN-gt cORialvg Jlers
mayP PO BlenB N WiRS: NG sHTH & PLEHvesERldYsoflcBRHE FAld@#helfonication,

equal to about 15 mnutes. Al so desirable within this

the rSéMﬁé"sutgg%thftru with ple jother gfanpsizssl conhictve édlgesl map bgbaght or
solugﬁﬁr ir%}d dg? Zr ab clorel usc‘ggfg acﬁgﬁcr)s&f grg gﬁg% %{0%%9 Ul sto%g:at?ng the

SWRAYr sogettdr OWgh eﬂ‘i@oelammed thaluSWINT Ki0erp Opdrinitonsn hiavieag:d
a higher fraction of inpurities nax be di spersed usi ng
B

probabilyy erfcinisyact i bERAT SsmBYENT (280 S AR Pago Giosonductive
ﬁllegr{izgtrhﬁsoféagg Ithsgrg cﬁbr?én tlﬁé’;%&m RS o é]"a&tﬁgalglyconductlve

i eve I"n certaln organ
ﬁllep&){S}WNf[S anti menosived rcohdesive lﬁiﬂlers:)td:l’lat tnmyph’e(mdtzed ﬁor obtaining a
reduction i.n the Van der Waal's forces

conductive composition.

~ Suitable examples of organic polymer precursors that may be used to facilitate this
method of encapsulation and dispersion are those used in the synthesis of
thermoplastic resins such as, but not limited to polyacetals, polyacrylics,
polycarbonates, polystyrenes, polyesters, polyamides, polyamideimides, polyarylates,
polyurethanés, polyarylsulfones, polyethersulfones, polyarylene sulfides, polyvinyl
chlorides, polysulfones, polyetherimides, polytetrafluoroethylenes, polyetherketones,
polyether etherketones, or the like. In general, it is desirable to sonicate th¢ above-
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thereby facilitating an easier dispersion of the

nanot ubes within the organic polyner. |In another
werwshs4mnt , the SWNT conpositions having a hi BGEUS2004/030864

fraction of inpurities may require a | arger -anount of

m xi ng than those conpositions having a | ower fraction

desc@bed MBMfuds £ -abbEWE VEihute! d€ateRPP HotitsONWIENHA Bfls tr!i)%e it is
SWNTs with the lower fraction of inpurities genera

desifablretonpadat ¢ nnﬁnmﬁqru petjod, gﬁgreatfautharbﬁalequﬁmp rﬁ@out 5
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nnn%%f&fﬁﬁrzrpaﬁy}x grgé 1§/a'1 ég | % u n e 1n tes crch o?e ploeferably

greaCe@ IBHICHH 6Quhh/to&£bohh es @ﬁﬁlht@i Aﬂsomemlrange M/Sthirﬂﬂllisﬁﬁﬁ@éils a time

These caonpositions nmay be used in agpllcatlons wher e ,

periphef les§ thap ofegualfte abalislipbeursorefarabhclesothan (opggual to about

10 HolJR3G e 81% x V\ﬂa%ﬂplteks ﬂhgﬁ( or &c Yto%}ﬂutag (91 be used in

apprlc ere conducti materia s are used and
wherein the conducti ve naterlals possess very snal
In ohewsaibsdinfentahel 33V NTecoinfdosions hehings hi gha% dedctioe lof $mpurities

| ectrostatijc |nt|n tions t he Ilke The
ey el o EdBSEPPSR AP b S DT e R st HE 2 v afracton
of 11’1‘19&1‘1@553/ Wﬁth@lﬁrﬂéﬁ{gchﬁkte@B?lth 19[&313611@{?&1/ tHaBh Eftain organic
advant ageously utilized as for packagi ng

Polyemeemthmmmlrmﬁmdm@n& t9 pmmhteasredmmn@ ithe, Ve dert W@ﬁh gforces
therg N B R G P oD B SP eSS W ki e oty et

di ssi pation. They may al so be used internally inside

In SRt @nsodimentot fher SBINT t doniipositigaodmving pr bighele fraction of
electronagnetlc shielding to, personnel and other
ImpRYiEGsTREn FERIE Gclatesy ameraf %me%g Hhpbessrcogypagisiops havipg a

lowé R4Eich of %gﬁ%s Cl@g(pé’\te?r th& Q%?M@hi\fn%?ﬁétmNTs with the
I e

ext erna ctromagnetic i nterference al so
lowrefracien ofd apdrégs ogesksally nlose elzaiichl eont@btwiyy pameladdltlonal
bot h f%r in ents

t t . . g
mixitg OHUG: 5o CORRESILSH P58 8! B¢ PeSTalFai 9 pa e dmpyrite
gen&lE88Y gﬁ@l in H&@trfc@i ENAL BN iR XRMRE 8B ouMifGRixAHee]s MRa3eHsed. OThSse

exenplary, not limting, illustrate conpositions and
compesifioeismay bmmifla@ppﬂnqaﬁgnwh@@ ieerofs & predifay ¢ supsrior balance

nbodlnents of ectrically, ,co
of R ohd Yenllin B RhnE Ry Rt K appiceiqny where.
condittise exaeMd1e arSVBES afd titkeinThe combrting meptevidls ipoFresd vgry
were sonicated in , ) o
small levels of conductive filler such as in fuel cells, electrostatic painting

applications, and the like.

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

electromagnetic interference. They may also be used advantageously in automotive

42



i sopropanol (100 m) for 20 m nutes using an

ul trasoni cation horn at 80% anplitude (using a 600
WON05®341k4 r asoni cator with probe di aneter of 1BCTIS2004/030864

avai | abl e from Sonics & Materials Incorporated, USA).

The appropriate anount of Ketjen bl ack powder (carbon
bodPlpasdls GOtHTESICinddrioy add aixtedibl @ofnponenk 20 huvasobilbe thaadehe de

to the_ dispersion and the mixture was further
elecgpsiptécailzdapind 5 defisgd- at only 30% anplitude to forma

conductive m xture. The carbon bl ack had a particle

i A r . k:
Thee RS ofia Sy St Bt o OF, ofipap AR AR iRRate
compesihensadndr methadsrebmanedctarmg nf safie bfiéhecomidus imbediments of

1 xt.ure was added to.a 5 %.pal.ycar bonate sol ution
the Qlagrigglly GeRdyctie GprRP SRR AP A i cat od | i ghtly at

30% anplitude for 2 mnutes. The pol ycarbonate used
EXARPIRS 175, commercially available fromthe General

El ectric Conpany. The m xture containing the

ol ycarbonate, the carbon black and the SWNTs was then
EX2MP& Bt room tenperature and anneal ed at 190C for a

period of 4 hours. The pol ycarbonate conposite

In 159 BEAhAE NGVNS S(QW%FJF ?(28%{) g&lftaiﬁm% ltd‘\%t‘%\ﬂ%&itw‘ﬁe LHited in

extruded on a nmelt "extruder at 280 C
isopfopmbolr @06 ryl) fox2honimrnes wegdamyltsystieationdowd at 8o echpbiyude

.t he Materi al.s Testjng Sol utions, A). The
(usitg it Fet e b thaBebs CHRREPE Togbin Afalaplefrom
Sonfds a€ IMERHAaRNHS o Bk AC @EtA?d Thd Bp}ﬁ%PH&t@tdnY&m? lof &@ftjen black
paint. The resistivity of the sanples was then
powden éearlean blick (commentinlie rerilabind fios tkaah wan tierbladded to the

. 43Tabl Sanpl e Carbon bl ack W% Reshstivit

cispE R KRR 95 M QAL G0 b Hof) o Y i o
forn® a 2onduci®e miRtuds. ITKE chrtfoh Wlack Bhdhh farlicle skzeWF aBo@kB 0o Abbut

1.425 0.075 43 (33) o , .

50 nm. The carbon black and the SWNT dispersion was then dried at room
temperature. A measured amount of the conductive mixture was added to a 5 wt%
polycarbonate solution (50 ml) in 1,2 dichloroethane and sonicated lightly at 30%
amplitude for 2 minutes. The polycarbonate used was PC 175, commercially

available from the General Electric Company.

The mixture containing the polycarbonate, the carbon black and the SWNTs was then
dried at room temperature and annealed at 190°C for a period of 4 hours. The
polycarbonate composite containing the carbon black and the SWNTs were then
extruded on a small scale melt extruder at 280°C (laboratory mixing and molding

system manufactured by the Atlas Materials Testing Solutions, USA).

The strands were fractured under liquid nitrogen and the fractured ends were coated
with conductive silver paint. The resistivity of the samples was then measured using

a voltmeter and is shown in Table 1.
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7 0.95 0.05 -
10 0.27 0.083 -

0.1 -
15 (16) 19 1.0 O -

Tablgl parenthesi s indicate standard devi ati ons.

17 0 0.3 38

201.50 - 21 2.0

8 0.90 0.1 67 (34) 9 0.45 0.05 142 (17)

11 0.15 0.15 2102 (690) 12 0.25 0.25 25
W@ 205/03840. 06 0.24 40 (48) 14 0.06 0.24 59 (60PCWESH04/030864
16 0 0.2 730 (340).

7 (710) 18 0 0.5
0O - The nunbers
From

Table 1 it may be seen that the sanple containing a

conmbination-of carbon black and the ¢ e
Saglper alGajbandilecka |1lower YW sttty t hanRenyyitySkohm-¢8)
Neavi|ng t He&vt%ame wei ght fraction of orl y (dandsuhddsiaiion)”
fhis tndicgtes that there ig a synergistic —
retattonshp—between—the nanostzed—cgnductive—fHers-
nd the SAPs  Erdmthe Tah it y also be seen
$hat| as t H&%wei ght| percent 9% SWNTs i|ln the corfducti ve
4gonposi ti anoi ncregse, the resistivity is reduded,
espite 'qwgr overart fiiTgpsloading [(SWNTs and, carbon
lacly in fha ~candiictive comhocition hic cuyunaravy ic
Iml\/ LI | L N A" AvAN] o UTT Vo A A~ § | OJT U1 UTTy T J J T ] T J
ennnstra%@agin t he Fiqur@‘¥$ wher e tjhe Ketigﬁééﬁack
¥s pl otted.%ersus |t he SWNTO.0Bbadi ng. Higure 1 ---
enmgnsira a drgp in CON@UCTiVity Wi th thegi ease
gn SWNTF c?%ﬁ%nt %.F!e sinug?gneOUSYy uecreas?zgﬁﬁarben
| ack conpéét. 44BEXANVPLE ZQ?ﬁis exanpl e mas]ﬂﬁaérkaken
0o denonstrzat e t hg syner gy0bat ween tHe SWNT ane t he
11 0.15 0.15 2102 (690)
12 0.25 0.25 25 (20)
13 0.06 0.24 40 (48)
14 0.06 0.24 59 (60)
15 0 0.1 -
16 0 0.2 730 (340).
17 0 0.3 387 (710)
18 0 0.5 15 (16)
19 1.0 0 ---
20 1.5 0 —
21 2.0 0 -—-

*The numbers in parenthesis indicate standard deviations.

From Table 1 it may be seen that the sample containing a combination of carbon

black and the carbon nanotubes generally have a lower resistivity than those samples

having the same weight fraction of only carbon black. This indicates that there is a

synergistic relationship between the nanosized conductive fillers and the SWNTs.

From the Table 1, it may also be seen that as the weight percent of SWNTs in the

conductive composition increase, the resistivity is reduced, despite lower overall filler

loading (SWNTs and carbon black) in the conductive composition. This synergy is

demonstrated in the Figure 1, where the Ketjen black is plotted versus the SWNT

loading. Figure 1 demonstrates a drop in conductivity with the increase in SWNT

content while simultaneously decreasing carbon black content.
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nanosi zed conductive fillers, over other conductive

conbi nati ons such as MANTs and carbon black. In this
wWe@2@s0B4d44 a conducting filler conmposition cont BETURLP04/030864

wt % SWNT and 90 wt % carbon bl ack was nelt bl ended with

a pol yphenyl ene et her pol yam de conposition. The
EX4MPYBenyl ene et her - pol yam de conposition is shown in

Table 2. A standard polyphenylene ether polyanide

condu t|ve conp03|t|on (Sanp used

ThisS3pwd Wasrleds ippwefﬁm%ﬁéat%flwe%fnﬁsv SHeB ﬂaf‘oﬁ%ﬁ nchihe
nan&@z%dr@)ﬂ%& U%l?éils a&veg%ﬁ?e'rlcg dlllC@lvg%hl%l tiohd Qﬁ@}{]lé]seMWNTs
table it e seen that the polyphenylene et
and adlrbnlg black. hIrt thes axiatpie; a acidiictiogl ﬁﬂen:conrqnhsxﬂxen cpotaasisd Linwt%
.edi d ct nodi fiers ra 1 an 1701X)
SWHE R a0 ol%% Gherg i Tae o RPAGH At HOLRGENYIofk, tiher-
1yRRYi ¥R B3 re Ner@1 8
hae s o IS e LA
in Tablgd. added via side feeders attached to barrels 2 - 7.
A conparative conposition (Sanple 26) containing 0.6

B g

usedka0)a wesmtishnuf @hé u p@lgiplﬁﬂmgﬂehe S eidr-p ol yamidn FtQﬁn;Sisfﬁoha f'was

tg all the other, sa es in this examle.
ma“@?ﬂ‘?ﬂlﬁ%‘% 2y defriledaliy Fnﬁén% s ope the ddls it én%ﬁﬁesfeen that the

poly%h@ﬂ}h e rta?ﬁg a){élﬂ] tlﬁé@fm% fcid, ¢ ggég&g‘d@ ]pg% ulfnqggtﬁi) ifphct

r-1-t Barr er -
mocﬁi?érg ZKre@amﬁ] ¢63 Pod yhhehy)emereCGidded ¢o (ﬂuqoextmder ganthe main
Pot t K Wt Ket |
foedgF RS ROPORES b AL o Rdes P BRArLE Hael byt
the é&ﬁ&ct%%%b@@aﬂ%ﬁ vJ-asoalsz) eQid@é— in §deofe<]:de}s §tt§&e&2@bé@el§za 7.
- 23 34.1 0.7 0.01 10 1.8 wt % Ketj en

A mmpeletiye @mnppsolon ()Sa@mol@ 2§) ocontairmag 3B64wE010witgalll .cadon
nano% QSWW) Clk4 i'i/t‘p calzbon b@c?%t_]en black commercially available

form Akzo) was manufactured and tested in a manner similar to all the other samples
in this example. The conductivity measurements were made in a manner similar to

that in Example 1.
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25 34.1 0.7 0.01 0.3 0.1 7 8 38.32 10.08 .26 Mm%
Ketjen Black + 0.14 wt% SWNT 26 34.1 0.7 0.01 0.3 0.1
WO 2@5871184 9. 96 .4 Wm % Ketjen Black + 0.6 wt % ROWUS2004/030864
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wt % car bon black (1.2 wt%

25 0.14 W % SWNT + 1.26

0.54 22 wt % carbon black (1.4 wt% 26 0.6 wt % MANT +

wa2eh5038448 wt % carbon bl ack (2 w% 47Fr om t heCTak10e4/030864
it my be seen that a conposition containing a SVWNT

4,
and a nanosi zed conducti ve

filler such as carbon bl ack
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the conposition to be S|gnificantlg
haviggnifokartalowitb gempéraiureg bavp iodheddable
ugn of the carbon black and the SWNTs. As
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t

wesSELRP
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A discussionq%%)the
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The properties of the vari

in Table 5. 6SAVPLES 1- 6 E

bls compositions are shown

kt ruder tenper#dilre was

285CThe sgrew speed (Tpm
t he extruder was 3 m nutes

was 150 —M x'dUg tTme TN
The sanpl es were prepared

by dry bl ending a polycarb

bnat e nmast er baggoh cont ai ni ng
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Catal ysis wPth pure polyca

lLable from I—Iymari on
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300

Die

310

The results for electrical resistivity are shown in Table 4.

Table 4
Sample # Conducting Filler Type Volume Impact
(Wt%) Resistivity strength
(kohm-cm) | (kilojoules/m?)
22 No conducting filler - ~50
23 Carbon black (1.8 wt%) 4 ~18
24 0.12 wt% SWNT + 1.08 1820 43
wt% carbon black
(1.2 wt%)
25 0.14 wt% SWNT + 1.26 0.54 22
wt% carbon black
(1.4 wt%)
26 0.6 wt% MWNT + 1.4 1.6 18
wt% carbon black (2 wt%)
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in the pol ycarbonate shown in Table 5. The bl end

m xture is added to the DACA mini-twn screw extruder
WOIT®EP3umt i | a torque | evel of 5 Newton-neter SPCMIP2004030864

obtai ned. This generally takes about 15 to about 30

seconds to conpletely |oad the DACA extruder. The
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starpd%}gfgo?xg%&lx}e c%ﬁq%%%ﬁog Egﬁg%ﬁ’l B%gf ul trasoni cati on was

Su™ dlsper5|on of the
SWNT, or to separate the bundl es of SWNT that are
EXaMRIE)By hel d together by Van der Waals forces. The
SWNT were dispersed in chloroformfor 30 m nutes using

400t t f at an Iltud 0% and a .
n {iseetaeints 5 Fonarpd it MR EE S s conductive
confyRiRh. OFTHRObMGAID QB@hﬁr V\@§s BRaARARE. T Q alifdu¥GorRion the

the concentration of "SWNT charbonate listed in

premafaﬂlcel 8f thehyayiois ﬁauxplﬁswashstdde lewni Elagt prppeoies axd the various

cord ] oqg h30 : Eqﬂeg The chl orof orm was t hen
é%gﬁ8p%?5& ARa "t hd xture was vacuuned dried, and

then ground into a fine powlder, before extrudlng on
SAMPEERACGAG6 ni - TSE. The powder was added to the DACA
mni-TSE until a torque |evel of 5Nmis obtained. This

e eraII t akes §g$ 5 to about 30 secong e
Ex gl OGO LHoC DACK koY GOt CPPREw A 3 r ATige tifasyin
the bé)&ﬁlq@xd wWalr 3 3muist esTiNdadpRt rRAE YRParb@ BE try THending a
el ectrical resistivity was
polycarbonate masterbatch containing 15 wt% MWNT, commercially available from
Hyperion Catalysis with pure polycarbonate to achieve the concentrations of MWNT
in the polycarbonate shown in Table 5. The blend mixture is added to the DACA
mini-twin screw extruder (TSE) until a torque level of 5 Newton-meters (Nm) is
obtained. This generally takes about 15 to about 30 seconds to completely load the

DACA extruder. The mixture is then blended for 3 minutes and a strand is formed.

Conductivity is not measurable below 2 wt% MWNT in the polycarbonate.
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nmeasured as detailed in Exanple 1. As shown in Table 5
the | owest volune resistivity (highest conductivity)
WO g00aobileved using this nethod of dispersing tPer/BY#04/030864
Conductivity is neasurable at a SWNT | oading in
pol ycarbonate of 0.1 % At a SWNT |oading of 1 wt%
SARMpeEgl2CHri cal volune resistivity was neasured to be
9.39 ohmcm A simlar conposition containing 1 w %
SWNT which was only dry blended prior to extrusion
EXtWP&Fﬁt@leéﬁsr%c%Q vjéeuﬁﬁ‘@“f ansied TP Yaso} 507 sYBXig R timenin
| 5 v S ot i
e SRR RO, BRI R R o
CarbiVRab&edimologlés Tee@NID vathnpodlgsarberiate pr egldswedthbyapgropriate
bl ending the SYWNT from CNl wth the MANT nast er batch
conggiRiiper i on SO HPPIVGALARAE he CAPBPYBIsEi ateeatly  outperform

MV\?ET‘ l%ﬂ/‘cﬁl‘%toh@c@%o €O§W 28 Woﬂ !.:ocﬂtﬁgin.gnl WRRIMVANT 1080t

€s were then extrude a manner Simlar to that
condettag) sdilakodry lerdeSanphdsl dompditiodscankenidgtlawth SWNT in

addi n mal | _anmpunt.s of SWYWN or, 0.5 wt% to
ol AT TR 2B 20 it b OF SR ERe s poci 11 ¢

vol ume resistivity (or enhances the conductivity). The
SANEL &Rl 1® pps nt here is that blends of SWNT at 0.5 wt. %

and 0.2 wt.% when prepared via dry bl ending are not

conductive. The bl ends, of MANT/ pol ycarbonate are not
Thegg sappieruweievBanphrsiuredh diflsygutly fram tstSaapiesdl — & 2d wegaples 7 -

| A .

o. WIS e SLhotnn LDt A RSl ek br i

poweesi sitragoniy proceb3orohifihm ultrasonaagbh ywasahfideriSkdPld-AcRieve a
‘ The SWWT e dispersed into, chl oy of orm h

suit§de 'SP o oV SR O (P atsaiRts Broruidisy of BN et are

str09%$hé1§ thBetRGNbE WeandddMeWaa i HRRE S €O diSHPRTSHOR @bpersed in
SWNT, or To separate the bundles of SWNT that are

chlgpfoomgioy 3Rehthutes gesingetO0BYattyanf mhover \Whah sinfpditwtesof 5096 and a
SVWNT I sper i n.chloroformfor 3 j nutes .usin
srecigg o 20 AR R R A B E Rl e 30 g Sy b B R Rl hen
added to2frikélat thd encBRLQRN JIFRVENTTR Yotycobopat Yised konasle 5i This
then added to arrive at the concentrati on of SWNT in

mix§Ee yedrtherh serdcateds fos qnjadditigpprle3 G mimKess Fhs elafproforan pige then
evaﬁ@rgf.eﬁ 3h& thd QxR %Wagﬁm dr?e(()i, glilcleteﬁ %rou-ﬁﬁqnto a fine powder,
before extruding on the DACA mini-TSE. The powder was added to the DACA
mini-TSE until a torque level of SNm is obtained. This generally takes about 15 to
about 30 seconds to completely load the DACA extruder. The mixture is then
blended for 3 minutes and a strand was formed. The electrical resistivity was
measured as detailed in Example 1. As shown in Table 5 the lowest volume
resistivity (highest conductivity) is achieved using this method of dispersing the
SWNT. Conductivity is measurable at a SWNT loading in polycarbonate of 0.1 wt%.
At a SWNT loading of 1 wt% the electrical volume resistivity was measured to be
9.39 ohm-cm. A similar composition containing 1 wt% SWNT which was only dry

“blended prior to extrusion showed an electrical volume resistivity of 7500 ohm-cm as
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chloroformis then evaporated and the m xture is

vacuuned dried, and then ground into a fine powder,
whedosoatiext r uding on the DACA mni-TSE. This ppPOm®s200£030864

then conbined with the MANT/ pol ycar bonat e mast er bat ch

to arrive at the appropriate concentrations of SWT

det@ild MO, ANmPRHRT PRAE Qesi AR WasZibt Bltaviedu¥fg WIWNT in
interesting finding. A 1 wt% MANT/ pol ycar bonate bl end

thepolbysanherate.esul t in a conductive sanple (e.g., Sanple
1), however, when well dispersed SWNT are added at 0.2
sAMpI ¥ tdreqyol une resistivity drops to 709 ohmcm
ower volunme resistivity 50equal s better
conductivity). A blend of 0.2 wt.% SWNT/ pol ycar bonat e
Theset h smopleM\Nergipregsrahby drysipendifg chey SWINE frexni €NI wiitly the

151 hmc le 1). Therefore when well .
MYNT R e Ehediom IR 3o | B ADGF romcentations of
SWYWNTAP MW HQ&@II?_TEBIS ’d, Tig &%ﬁﬁésa@&rb Fherl SRFRAYE TR Atmdrier

el ectrical conductivity takes place. Table 5 Sanple #

simSaNo MaNTegiled abivs fonmtSHnplast b4 &/olAsribe Reti shoiwgi adgding small

LSNP B0 8 A R ML A28 e

speBifRn@ilngs redistiv s (enBardced tBSCorciPAGH Thd nothbldpdntlhere is
1521095 11 0.2 1512 ) i

that blends of SWNT at 0.5 wt.% and 0.2 wt.%, when prepared via dry blending are

not conductive. The blends of MWNT/polycarbonate are not as conductive when the

SWNT are not added. A 3 wt% MWNT/ polycarbonate blend has a volume resistivity

of 96 Ohm-cm. Adding 0.5 wt% SWNT reduces the volume resistivity to 43 ohm-

cm, or roughly half.
SAMPLES 21 —29

The SWNT were dispersed into chloroform with the use of a high powered ultrasonic
processor. This was done is to achieve a well dispersed dispersion of SWNT, or to
separate the bundles of SWNT that are strongly held together by Van der Waals
forces. The SWNT are dispersed in chloroform for 30 minutes using 400W of power
at an amplitude of 50% and a frequency of 20 kHz. The appropriate amount of
polycarbonate is then added to arrive at the concentration of SWNT in polycarbonate
listed in Table 5. This mixture is then sonicated for an additional 30 minutes. The
chloroform is then evaporated and the mixture is vacuumed dried, and then ground
into a fine powder, before extruding on the DACA mini-TSE. This powder is then
combined with the MWNT/polycarbonate masterbatch to arrive at the appropriate
concentrations of SWNT and MWNT in polycarbonate. Sample 21 shows a very
interesting finding. A 1 wt% MWNT/polycarbonate blend does not result in a
conductive sample (e.g., Sample 1), however, when well dispersed SWNT are added

at 0.2 wt.%, the volume resistivity drops to 709 ohm-cm (lower volume resistivity
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12 0.5 55 Solution Blending; 13 1 9.39 extrusion on 14
2 3.08 155 1.56 16 0.5 3 43 17 0.2 5 14 SWNT + Dry
w@Bk@sa3d4 0.5 5 15 MANT - Dry Blend; 19 0.5 10PGI/5S2004/030864
extrusion on DACA 20 0.5 15 2.5 21 0.2 1 709 22 0.5 1
90 23 0.2 2 148 24 0.5 2 60 SWNT + solution 25 0.2 5
equéls HUtRE @9adNMNLy). Dy bEd0ef502 Jvlwlswm/@mdap@n@te With no
DAC‘A271.05728051047291010 Thus from
MWNE giver ofbhei eweidiceyawpp assiptiviyapl c1|5éarq>13mﬁ@ sugple 11).
Lhati £t QeI he n | Z
The%%ﬁ} u?fvlﬁ‘\g/)l{em#]Jlé ﬁl ed? % ﬁg(ziadlgt 0 synaééfmg%gdsedv\h cﬁstﬁ%ﬁl &%unts to
MVBNT gotiwattiovieteCilemi)sd sulsamtinh ahploasaentnir elxteﬁcal conduct1v1ty
el ectrical properties. In particular these electrical
takesidgsdr t i es are superior to conductive conpositions
havi ng the sane weight fraction of any one single type
Tav¥d sconductive filler. The conductive conpositions

conprising an organic polyner, SWNTs and the nanosi zed
Sangdeduc SWET f| MWV | gedmaceld y |have an i nproved

el ect r (wigh) ¢owedact | vi Vyluafe at| | east 10% preferably at

| east | 15% and nore Ré§§tﬁﬁ@b| y at | east 20% over a

condugtive gonpositi gdhgRpHri|sing a simlar organic

ppt ymer and [any; one type. of

2 2 907 Dry Blending; extrusion

3 3 96 on DACA

4 5 34

5 10 4.34

6 15 2.5

7 1 7500 } Dry Blending; extrusion

8 2.5 380 on DACA

9 S 50

10 0.1 1521095 ™

11 0.2 1512

12 0.5 55 Solution Blending;

13 1 9.39 >~ extrusion on DACA

14 2 3.08

15 5 1.56

16 0.5 3 43 <

17 0.2 5 14 SWNT + Dry Blend

18 0.5 5 15 p MWNT - Dry Blend;

19 0.5 10 5.5 extrusion on DACA

20 0.5 15 2.5

21 0.2 1 709 <

22 0.5 1 90

23 0.2 2 148 SWNT + solution.

;g 8; g g? > Process MWNT — Dry

26 0.5 5 1 blend; extrusion on

DACA

27 1.0 5 7

28 0.5 10 4.7

29 1.0 10 4.9 J

Thus from the aforementioned examples it may clearly be seen that a combination of

the SWNT with the nanosized conductive fillers lead to synergies which produce
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conductive filler. These conpositions may be

advant ageously used in autonobile exterior body
w@amwelsil4packagi ng, and the |ike. EXAMPLE 4 ThPGT/US2004/030864

exanpl e was undertaken to denonstrate that SWNTs and

nanosi zed organic/organonetal lic filler behave in a
con&YHHE BbmbbitibSthhiokhve Gm Fﬂ%@\éféc@ic \m_?p&ﬁés Con Bu@ichnak these

in a conductive conposi |on The SVWTs contai ni ng
eleqtmth piapediss jare emeaﬁlbtsm@ondﬂctm@ aREPPiEPRS By g dhespma wgight

cont ai. n Two types of sol vent

frac\ﬁg F%&ye%w Sg}gl? h’é’g %gffj flﬂYe&I chl or oet hane and

chl orof orm " The polycarbonate powder was then added to
Thet benduiotive abmipositidng Rempoking adrbongihe polSWNT, rﬂ\xm\mrse atéSthe

sonicated for_40 m nutes. The m xture was drie
nangsjgsdrgRbctgfiltene gengralighaye apdmpeover elchiicel tcenﬁiww of at
1eas§! 1'0% ?e?alﬁ}r th feasto h y@nt ndTHl%rep?wf Bl@/o Qtatlg st @%‘To er a

m xt'u hen extruded into stran Pectrica
condlﬁsivstdompbyltltm &smpamgtas sivglae orgadE pmiyrdett mcﬂ adyiane type of

anple. . The details .are shgwn jn Table 6. Table 6
oG e natsss S0RPYH GieREEoId T OGRS IRRRh utomobile
exté?fogggd}pf)%gaﬁméﬁkurﬁ liggr of orm Di chl or oet hane
- 732 ) 386 (714)* 2 Phthal o Bl ue Not done
1(7) *nunbers in parenthesis indicate standard
EXaMHIdi 4 ons ** control sanple The control sanple
(sanple 1) as well as the other sanple (sanple 2)

Thi§ °&Ea w?% eufMeA’a én Stwenﬁﬁﬁpaté h&la a§{7ﬁﬂ§s BndTaMaIR‘@lzed

seen e 2 having nan05|zed
orgm@a@aﬁémetgﬁmofrmralbéha@e fin ld gmergistiepfaalyisn Su p'ﬂn]meVe electrical

| ectrical canductivity, (lo istivity
con %@&ygamoeé%vecww%m Vﬁ’ﬁtg‘%ﬁsﬁé’nﬁgﬂ?@l liréﬂ‘““es in an
amGRPIEEE Wi WEGRBAEARE §RR QGWErﬁlcloht‘émflﬂéf 1reLAditWa. | Bwb Bfbes of
" Invention has been describ erence to
solvert rmpérar yseelmfold i the nsanjcatipnwididhldyeetharde ragt o oildsgfarmos e The
pol%cﬁttlclngt% Ilaonwéer Was tthetnh géde\c/la{o esso%l{]c% Chd e %%lyrg%fjo%nate -
SWNT mixture was sonicated for 40 minutes. The mixture was dried overnight and
then dried at 200°C in order to remove all traces of the solvent. The polycarbonate —
SWNT mixture was then extruded into strands and electrical resistivity measurements

were made as detailed in Example 1. The details are shown in Table 6.

Table 6
Sample # Nanosized Volume Resistivity (kohm-cm)
organic/ of{%lelnometallic Chloroform Dichloroethane
iller
]** — 732 (924) 386 (714)*
2 Phthalo Blue Not done 11(7)

*numbers in parenthesis indicate standard deviations
** control sample

The control sample (sample 1) as well as the other sample (sample 2) contained 0.3
wt% of SWNT. From the Table 6 it may be seen that the sample 2 having nanosized

organic/organometallic fillers displays superior electrical conductivity (lower
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equi val ents may be substituted for el enents thereof

W t hout departing fromthe scope of the invention. In
wa@adasnsam nany nodifications may be nade to aPEpPUSE04/030864

particular situation or material to the teachings of

the invention w thout departing fromthe essentia
resisBiGAPE thdne (Reé - satipiiseth@icl, db tndt SconidigndRd nddizetihéonducting

invention not be limted to the particul ar enbodi nent
orgagicéupeptalic filershest node contenpl ated for carrying

out this invention. 53Wiat is clained is: CLAIMS: . An
whiftl 8E4AVRbA YaLORAUREMR] Rfiﬁlcxléﬁ?érgﬁcectg r@(%ﬁ{ptlé@ Rmbodiments, it

conprising: an organic polyner precursor; a single:
will wel undaatvot! ilyehase g Bidtin dine amtieat eviariowsh ehaigag) heyvie iade and |

.nanot ube conpositiqgn contains at. |.east 0.1 w % of
cqui gt RAYGIF %TJBF%P@S%%%E}PWF thersof t&ﬁ?%raﬂgu{f’om the scope
of A0SR 15 ARGHEhH] My mbliffcatichs MAEHE RRSb tadaht éjf)arggular

~ Caim1, wherein the ‘organic polyrner precursor may
situgionyoremiatesidl inths tzatHiegsnopthesinventiyal withouhddpastieg diom the

the ther | astic polyper. | s.a polyacetal.. .
essepifh S RO potyetrnonay Bl 18 YReiyBhion patemited to
the pativas &fbod@kMaditdeietiadehe PO YIﬂfché'o@h@em%lated for carrying out

~ polyaryl sul fone, polyethersul fone, polyphenylene
this gnyeiiefe, pol yvi nyl chl oride, pol ysul fone, polyini de,
pol yet heri m de, pol ytetrafl uoroethyl ene,

pol yet her ket one, pol yet her et herketone, pol yether

ket one ketone, polybenzoxazol e, pol yoxadi azol e,

pol ybenzot hi azi nophenot hi azi ne, pol ybenzot hi azol e,

pol ypyr azi noqui noxal i ne, pol ypyronellitim 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,

pol ytri azi ne, polypyridazine, polypiperazine, polyp

yri di ne, polypiperidine, polytriazole, polypyrazole,

pol ypyrrolidine, polycarborane, polyoxabicycl ononane,
pol ydi benzof uran, pol yphthalide, polyacetal,

pol yanhydri de, polyvinyl ether, polyvinyl thioether,

pol yvi nyl al cohol, polyvinyl ketone, polyvinyl halide,

pol yvinyl nitrile, polyvinyl ester, polysulfonate,

pol ysul fi de, pol ythioester, polysulfone,

pol ysul f onam de, pol yurea, pol yphosphazene,

pol ysi |l azane, or a conbi nation
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conprising at | east one of the foregoing organic
pol yners. 3. The conposition of Claim1, wherein the
W@e@ansa4pol ymer precursor i s a nononer, di merPCT/DE1084/030864
or an oligoneric reactive species having up to about
40 repeat units. 544. The conposition of Caiml,
whiiseeRimedi®e organi ¢ pol yner precursor conposition
further conprises a solvent. 5. The conposition of
Caim1l, wherein the single wall carbon nanotube
CLABDosi tion conprises up to about 10 Wt % i npurities,
wherein the inpurities are iron, iron oxides, yttrium
cady : lﬁhﬁk : hous
L car o%@hﬁg?ti-mgFﬁgggﬁﬁgﬁgggﬁgpﬁ12%8%5? a g%nbination
conprising at | east one of the foregoing inpurities.
an cdganihpolymeppstursan of C aim 1, wherein the single wall
car bon nanot ube conposition conprises up to about 80
W% i mpuriti,es, wherein the.inpurities Are iron, iron..
a SlB%]]e dvggf 11%%t?l?eu?ﬂmpco§&}%nu Pﬁheheﬂ% ﬂ];el s’m%l% Bzgftﬁ’nagg%lg% rc’omposruon
conf@lat 1B, Phed i padduetion FalMiéd myitiegakkion nanot ubes,
or a conbi nation conprising at |east one of the
foregoing . inpurities. 7. The conposition of Caiml,
an qptiepdingnesieedeandistive fillsonductive fillers have at | east
one di nension of |less than or equal to about 100
2. NanAEEl &l ARA JMERE 1, (Vh@reﬁlaﬂﬂe%'r%a%@c PORANG! hr¥&ursor may be
fillers are carbon black, multiwall carbon nanotubes,
polymgtred gutoartherardptasti¢ pblyney anbwlerein the themnadplaséic tpotynes is a

conducti ve tal oxide tal .coated filler .
polfiaRaL: 2t Vectiac P el o VGt RO ESRF | Bplyamide,
pol Gedieeiatide/ € pRBlaWIRES . p@AardlsGIgeHR, Npblyeicefifdnk S félyghenylene

| east one of the foregoing fillers. 8. The conposition
sulfigfe, O @ionivmyl wheghéarifle; he aiforegat a@hyintider s apkyetheeimide,

' ' t ' S [.S 1 nu en
r SERMERBILE S LGS SO B AL GOHBP e
ketdrel anipulybeoxazotqmbi pudyéxadiagslapr i polpbediothiaginbplemetitdzine,
the foregoing nmetals. 9. A conductive_conposition, )
pol%ﬁ@th@‘z%&: p Mpg@a&ﬂg@nm19%pc,;lypyromell1t1m1de, polyquinoxaline,

polybenzimidazole, polyoxindole, polyoxoisoindoline, polydioxoisoindoline,
polytriazine, polypyridazine, polypiperazine, polypyridine, polypiperidine,
polytriazole, polypyrazole, polypyrrolidine, polycarborane, polyoxabicyclononane,
polydibenzofuran, polyphthalide, 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.

3. The composition of Claim 1, wherein the organic polymer precursor is a
monomer, dimer, trimer, or an oligomeric reactive species having up to about 40

repeat units.
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a single wall nanotube conposition, wherein the single
wal | nanot ube conposition contains at least 0.1 wt % of
w@e@dostiton related inmpurities; and a nanosi zePRICT/US2004/030864
conductive filler. 5 510. The conposition of C aim9,
wherein the organic polyner is a a pol yacet al
4. pol Viac rophipositipn| y€ aflbimmat,e, wikatiys ttlye est@anip opyl§8icer precursor
ol yam de, pol yam dei m de, polyaryl ate, 4
COT‘SQﬂS&?P)fP@lEﬂrFBWQPS?& S;‘?g]feﬂ%r sul fone, pol yphenyl ene.
sul fide, polyvinyl chloride, polysulfone, polyim de,
5. pol ygd QSi’nEH%iQSn JTOLKL ﬂ,af\%h'é}éﬁettﬁkylsﬁi‘g?e Wa[ll calﬁ)on nanotube
pol yet her ket one, pol yet her etherketone, polyether
conprastiien dostnwives updb yebentz Yk avih emppoltiygxeltireinothe, impurities are
. ol ybenzot hi azi nophenot hi azj ne ol ybenzot hi azol e,
ol DS R SR Re bS] yBypbriPPFt fftq@morphobs carbon,
muRieW)l Wafna hhmgubad 0oy e R BifAZMN %om?ﬁ%i)ﬁgxétn%lste one of the
pol yoxoi soi ndol i ne,. pol ydi oxoi soi ndol' i ne,
forggoiigripipysifigle, pol ypyri dazi ne, pol ypi per azi ne,
pol ypyri di ne, pol ypiperidine, polytriazole,
6. POI¥RYT i Y BYEd0h | G einP or ane,
pol T BBy SoP A BRR DL WGeD B SRR caen, papgrube
congmisitiao etoalprispo Ly aoupduti &k wip6liipurifies, evlieecin thelidpuriiés are
. _thioeth r,ﬂjgrol vilg1 |, al co of , gol yvi nyl ket one,
lro%dﬁo)‘?\ﬂxh‘%ls’ 4t é’é‘t“}}vﬁ“ﬁ £L 5P ?IFIC_é’PP‘EfeISWi ARAPTRbSHE Farbon,
muROWYIS WaftRRahghotRky 9k 4 Icd@biRfloht @bﬂgﬁgiﬁé’ at least one of the
pol ysul fone, pol ysul fonam de, pol yurea,
forggeinggmpsphieszene, pol ysil azane, or a conbi nation
conprising at | east one of the foregoing organic

pol welhne osition. of Claim?9 erein.t he
e ngﬁ(’ro\?\%olsmggrogoﬁggﬁla?fo‘% Smc%lﬁﬁggﬁﬁz%co\é\@ﬂﬁmes@ierﬁ pave at
least @nakdngnsidh ot s thanl ol teiy@fl, toMitRIu@ 1100 taGomBRY ddd RBeRithe
iron, iron oxides, yttri umb cadm um nickel, cobalt,

nanggjggse pondygiéye Tillgmoars rashes, binskomorHyall sshqshswptubes, vapor
growi! &28bn BYLAT WRddcreanben Bgﬁg:th%b%%nd&rtivg 1%8&?!0%&6'59 hetal

conprising at [east one of “t bregoi ng i npurities
coated. fillaes, coampsiged | amdodtingl adngulic/onfarogiamllib efilémgl @®nductive

wal | carbon.nanot ube .conposition co i ses up to about
PO By G BT P B SO EPE R e He e RS 10redotag BlIFPon,
iron oxides, yttrium cadm um nickel, cobalt, copper, -

8. SOOfhe B&HFo@tﬁﬁrprdﬁ,Cﬁﬁﬁoﬂow}%reiﬁnﬁfepﬂ%ﬂzﬁ 6P illers and the
mul ti -wall carbon nanotubes, or a conbi nation

condysitiye inggtalgpagticlpe sempiisealwningn, topnegoinagndsinur ¢hrpmiim, tin,
nickel, silver, iron, titanium, or a combination comprising at least one of the foregoing

metals.
9. A conductive composition comprising:
an organic polymer;

a single wall nanotube composition, wherein the single wall nanotube composition

contains at least 0.1 wt% of production related impurities; and

a nanosized conductive filler.
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13. The conposition of aim9 , wherein the nanosized
conductive fillers have at | east one dinmension of |ess

w0 b@s/odri4equal to about 100 nanoneters. 14. ThRCT/US2004/030864
conposition of Claim9, wherein the nanosized
conductive fillers are carbon black, nultiwall carbon

10. nanBiaubespositamost Glaomnd,cahdrein fhie hﬁgaﬁllc POReEtis W& polyacetal,

I tjcl duct t al OXIdeS net al
polatica pHpTh e RIS OE S o RRET ingholyamide, polyamideimide,

polﬁfrgl@fé' ChrAvAIRAmELal bdy efHeHu‘FFoﬁe SRPHE YR %?1 d.ée F Solyvinyl
v | EIDPHERINE,

a combination conprising at
chlcfrgieegop@lgsﬁlfdnleer spol}mﬁnd?é'he pcoimithsmmlcten of)ol@te&iaﬁudﬂ)ethylene
1 n the ted f|| nd tgg?conductlve
polfRFE R o LR R EenPuliF e Bap fr eSS kpzole
polgdXagiaels) tin, ]d%l}%&@éothifdziﬁb%hendtﬁﬁﬁnet ' t anl ;H@rl yiehz@hiazole,

combi nation conprising at |east one of egol ng
polypstagiroquirgxalipee P@b’ﬂ?ﬁ@mﬁﬂ@lmldé @1aqmqm1nmhpolgbcnzmhﬁiazole
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polympgiesng)m delyi@rldmj | a%idl’ﬂhf)@ﬂdlﬁ@' Clpﬂﬁdﬁﬁkcﬁlét e, {)olypyrazole
caIC|un1carbonate talc, mca, feldspar, silica

polyyypetidue, £ | o mgb@ran@enoswé%@myrciqnpm@, polydibenzofuran,
o z rlit ) ]
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poly,\@m]stjl aletliohnpagwinyi ketnglea@oly@ag? leilide, Opollyhigryt Qié@lg?lpwyvmyl
for nU act ur | ng a conducti|ve
eSte{:’o rpﬁi‘ésl“{ff”éﬂe’c &Pg\?ﬁugodﬁg Fﬁ@r amobispence pelxsridenamide,
polyRirétd p8lypBbIphEAME! %lﬁ?fb‘iﬁﬁ@ @r QUIRRBHALARo ?18C g.at éeagtoone of

nanosi zed conductive fillér in a nanner
the fosegping erganih@olyoregposi ti on an el ectri cal voI une
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compemhcmi cofnpEiked p 1o/ abdﬂilﬁ‘llelvﬁt% hepbtieasd ivilkr &8 VRE 11§ 8rities are
melt bl endin sol ution bl endi ng or conbi nati ons
irong JFRsy ioX1ds é(&“]l@aé?ﬁdf@ﬁ‘émofm?lﬁé Cobady ofaPgeiresdnbd agd-onions, .
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bl endi ng t he conductive conposition | nvolves
Comwganghtbhﬁamebﬁﬂmé@egnﬁgnmmmmﬁksforce conpr essi ve
force, ultrasonic energy, electromagnetic energy,

12. theIrhe con%goesgt% Of &glerBi Batvlvl%;éc*lnct 'épgl'ng n%vaﬂt car%grsftnanotube
composition comprises up to about 80 wt% impurities, wherein the impurities are
iron, iron oxides, yttrium, cadmium, nickel, cobalt, copper, soot, nano-onions,
nanohorns, amorphous carbon, multi-wall carbon nanotubes, or a combination

comprising at least one of the foregoing impurities.

13. The composition of Claim 9, wherein the nanosized conductive fillers have at

least one dimension of less than or equal to about 100 nanometers.

14.  The composition of Claim 9, wherein the nanosized conductive fillers are

carbon black, multiwall carbon nanotubes, vapor grown carbon fibers, conductive
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one of the foregoing forces and energies and is

conducted in processing equi pnent wherein the
w@t@smesmamt i oned forces are exerted by a singl ePEL/US2WN4/030864

mul ti ple screws, internmeshing co-rotating or counter

rotating screws, non-interneshing co-rotating or
metealopartieles, ronalicting: Sl isides eicpil @oated filless mamesizes cdoddscting

wi.th pins, barrels MAHEWPIHS 57screen packs, rolls, .
Org%ﬁvégrgaﬁ@fl? i Aillersr SNt RIS SRS CERIPTL I rising at

egoi n 20. An article
leas Sﬁes(%f a‘c@?ﬁorrgg 1}1?%1& g9 g.

manu omt e conposition of Claim. 2 . An
article manufactured fromthe conposition of Caim?9.
15. 22 . Than cempositien nefh (laivt Udedvisyein hide neetabdoated Clilkéran abid. the

conguctlve metal particles comprise aluminum, copper, magnesium, chromium, tin,
nickel, silver, iron, titanium, or a combination comprising at least one of the foregoing

metals.

16.  The composition of Claim 14, wherein the metal coated fillers comprise silica
powder, boron-nitride powder, boron-silicate powder, alumina, magnesium oxide,
wollastonite, calcium sulfate, calcium carbonate, talc, mica, feldspar, silicate spheres,
flue dust, cenospheres, fillite, aluminosilicate, sand, quartz, quartzite, perlite, tripoli,
diatomaceous earth, synthetic silica, or a combination comprising at least one of the

foregoing fillers.
17. A method for manufacturing a conductive composition comprising:

blending an organic polymer, a single wall carbon nanotube composition and a
nanosized conductive filler in a manner effective to render to the composition an
electrical volume resistivity less than or equal to about 10e® ohm-cm, and a notched

Izod impact strength of greater than or equal to about 5 kilojoules/square meter. |

18. The method of Claim 17, wherein the blending comprises melt blending,
solution blending or combinations comprising at least one of the foregoing methods of

blending.

19.  The method of Claim 17, wherein the blending of the conductive composition
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 equipfnent
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 rotating screws, reciprocating screws, screws with pins, barrels with pins,

57



WO 2005/034144 - PCT/US2004/030864

screen packs, rolls, rams, helical rotors, or combinations comprising at least one of the

foregoing.
20. An article manufactured from the composition of Claim 1.
21. An article manufactured from the composition of Claim 9.

22. An article manufactured by the method of Claim 17.
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