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This disclosure relates to electrically conductive
conposi tions and net hods of manufacture thereof.
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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.
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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
2
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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.
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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:Z is
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haloalkyl, hydrocarbonoxy, halohydrocarbonoxy wherein at least two carbon atoms
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The poly(arylene ether) is typically prepared by the oxidative coupling of af Jeast 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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carbonate chain units include conpositions having
structural units of the fornmula (I1): O -R -011 O-
In anpihey empodipienh therzavic gelyniss vanden horrudpetiveatamtvaition nery
al,J i adi Pref [.S: [ :
R s S s
inclufloreropesit{dns Ihpving silictial wiits-of (hd foymwlagliegi n each of A
and A2 is a nonocyclic divalent aryl radical and Y 1is
a bridging radical, having zero, one, or two atons
whi ch separate A" fjrom A2. I n an exenplary
enbodi ment —anhe peparates A" from
Il'lustrative exanples of radicals of this type are
. -0-,. -S, -0 -, -S(OZE, C(Oi met hyl ene, L
in whigh fhsHE xghoupfetRremic, abpljagic 21 plictslicyedioHepPyifpiablieR ' is
. : . 1€ )
on o N o SR ARG s A DR ROy 8 Rimuta o
cycl ododecyl i dene, adamantylidene, or the Ilike. In
anot her enboeimaht;y'zemd—at ons separate Aygfy om A2,
with an illustrative exanple being bisphenol. The
bridging radical Y can be a hydrocarbon group or

wherein each of A" and A” is a monocyclic divalént aryl radical and Y is a bri%ging
radical having zero, one, or two atoms which separate A' from A% In an exemplary
embodiment, one atom separates A' from A Illustrative examples of radicals of this
type are -O-, -3-, -S(0O)-, -S(0;)-, -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.



saturated hydrocarbon group such as nethyl ene,

cycl ohexyl i dene or isopropylidene. 7 WO 2005/034144
W(P)é?ﬂp%[‘ 04/ 030864 Pol ycarbonates nay be pr FETAER0MH30864

the Schotten-Bauman interfacial reaction of the

carbonate precursor wth di hydroxy conpounds. .
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di chl oronet hane, whjch contains the di hydroxy
an OpFT T IRIHAARIE spiVSRGUSh asdamenies tolgmase parbpy dissliigler or
: had, 4 at ti. OR; I [ | at. -
e LB, 1%t RSO LGS Aot AP i
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. forthw th .al so be added singly or in adm xture. .
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conpounds in which only one atom separates A and A2.

As used herein, the term "dihydroxy conmpound"
Polypajbpragrssan be prasieseobiethe bitsdalatactionpolynts pheavisng such as

. r ramil a. (1 as follows: (R)Yp ) oH )\ OH
ciny B0 BBl it Bt on Vet E A oni B - S Sokhtn
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gr%up; p.and g are each independently integers fromO
genefa formulayly) s¢ follesesent s one of the groups of formula
(VM): Re Re -C or -CR (v) wherein R and Rd each
. independently repmnesent a hyd;iﬁogen atomor a
monoval ent  |inedr” or cycliggﬂydrocarbon group, and R
)

is a dival ent hydrocarbon up., Exanpl es of the types
of bi sphemwi npou xt ma OHepr esent ed by
formula (1V) iNaclyde the I ydr oxyaryl) al e

series such as, 1,1-bis(4- hydroxyphenyl) net hane,

1, 1- bi s(4- hydr oxyphenyl ) et hane, 2, 2-bi s(4-
Whelh'yij?J?ﬂyqb RENngelch pindganéentior rdprespitealregsh, a halogen atom, or a
mong\}a%e_n? &1? rééarll‘xgnr gr)t() 1€;hpe 21){4:& ?qg,lrjé garg:ﬁ'ingéptzei_lc?elnagx?ﬁtegers from O to 4;
and X" represents one of the groups of formula (V):

€

R
I

RC
e or

i
RS 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(hydroxyaryllalkane 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-

hydroxyphenyloctane, 1,1-bis(4-hydroxyphenyl)propane, I,1-bis(4-
8



hydr oxyphenyl ) oct ane, 1, 1-bi s(4-hydroxyphenyl) propane,
1,1-bis(4- 8 WO 2005/ 034144 PCT/ US2004/ 030864
WOBYSHBheny! ) n- but ane, PCT/US2004/030864
bi s(4- hydr oxyphenyl ) phenyl net hane, '
2, 2-bi s(4-hydroxy-I|- nethyl phenyl ) propane,
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e O AT RN R
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o TR N G PSR ERTRC
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bls(hgldﬂmysirdlxny]ﬁs@fo;ﬂdld@tshéﬂ adli phedyhdisiy fcﬁmi&l?as sulgbxibdre 4,4
. pis(hydroxy diar I)sulfones such
dlhycigoay—’.’)&, -Hijst %ﬂ)ﬁlpﬁpeﬁtﬁbm} OXklgh.fop ke like; bzs(hydroxy diaryl)sulfones,

4,4' | 4G Ui
suchiteff R HREGEY ot MR 4 ey S dyRRy el
suifoflc;r eg obadikebios proartohatvospompdsing Qith &ashosphdndl foregoing
npounds éhat may be utilized in the pol ycondensation
bprﬁw PoEa bonat e are represented by the formula (V1)
(Rf), (OH)2 (VI) wherein, Rr, is a halogen atomof a
OthePYsl§2ea610@bm ?bm %Y'rﬁgy Ibet QtiliSeccah bR 95199§ndéﬁsat1@n of
hal ogen substituted hydrocarbon group; n 1§ a value
POIWE!FW@ Arorepresy¢en by tfkesfomlulh €4t 2, R' may be the sane
or different. Exanples of bi sphenol conpounds that may
be represen e by the formula (V), are resorcinol,
substituted conmpounds such as 3-nethyl
resorcin, 3-ethy|' NOH3; propyl resorcin, 3-butyl
resorcin, 3-t-but sorcin, 3-phenyl resorcin,
3-cunyl resorcin, 2,3, 4,6- tetrafloro r esor(dith,
2,3,4,6- tetrabrono resorcin, or the |iKke; cat echol

wherEIMOR 00Ul ROBEsn SMAS iath%x%gai@&q ERAYINAGAES 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. Exarﬁpies 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 hydroguinone, 3-

butyl hydroquinone, 3-t-butyl hydroquinone, 3-phenyl hydroquinone, 3-cumyl



such as 3-nethyl hydroqui none, 3-ethyl hydroqui none,
3- propyl hydroqui none, 3- butyl hydroqui none,

“Kéawyﬁ§¥VI hydr oqui none, 3- phenyl hydr oqui non@CTISaefHB0SG
9 WD 2005/ 034144 PCT/ US2004/ 030864 hydr oqui none,
2,3,5,6-tetranet hyl hydroqui none,

hydrogynenes 2 . pdettanmthy} | hydyeuompmen 8365, 6-tetra-t-butyl hydroquinone,
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hal i des, for exanple carbonyl chloride (phosgene),
and car bonyl brom de; theggés-hakﬁ ormates, for
exanpl e, the bis-halofor s 0 i hydri c phenol s
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gl ycol and neopenty
car bonat es, such as
" carbonate, and di( carbonate. The preferred
car bonat e precursor fqﬁ ' iq erfacial reaction is
carbonyl chloride. It '§3alsg”%ossible to enpl gyIi)
pol ycarbonates resulting fromthe polynerization of
two qr.npre,different, dihydric phenols or a copol ymer
The %&gegib@gwc& “HRR IWIFW}%OL col or with a hydroxy-
or acid-term nated pol yester or with a dibasic acid or
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- L j Bagl: t, . 4 r 2 A
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. agent during polymerization. ese
is carbonyl chloride.

It is also possible to employ polycarbonates resulting from the polymerization of two
or more different dihydric phenols or a copolymer of a diliydric 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
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hinthis range, it Is désir ave a
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equal .t o about .1 OOO referably greater than or
Carboélg{éfﬁl bf%“%*’@&’ﬂ hﬁgb d nore preferably greater
than or equal to about 25,000 g/ nole. Also desirable

Prefehﬁvly’:} tmlﬁdﬂﬁbelawefagg endiEus Ul aght We tighiol pfard s is tabaut 3000
t o about 000, preferably less than or e ual

to abt)% b0 W@am@nol%gféwi@r eVihiphip 1%&‘?5 iteip glasigpbletpulgve a
numgep a@#&%ﬁt mglgmqgrowei%ﬂgofq@%ﬁteplr & Bf QCR WY td %%t 5(519@0 % referably

gteatel 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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dimegigral Risyelpeocing! d&mﬂpmwérﬂtecahm 3 syclodinhnid |dyolp¢1ec®nn@d

equw%l%% ﬂggheo &duioa%izgﬁlaﬁ E)lﬁ(%%ﬁ@ %nﬁpﬁolt Ar gpsr §1ng0&1
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ving two carbo |ch are a
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ht hal b I CI d, ,nor born
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esters.
contammg 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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least Qﬁ@f)ieﬁkqgre 8 g d@n ca?%ﬁéﬁi& = 'I‘i"lg'igpcrf%E&fcl{enﬁcﬁ'eﬂﬁzwg%hts

ter of u
compusfambt— Id;aélqdyttsltanhe))fa‘,hed:lyc]@ai‘m)ewlcaxﬁmmds and the most preferred

Chem%{rg‘itlﬁgallﬁliiﬁég%%%{)&gx 1net(il1iyfar boxiyl ate. can be aobtai ned

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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di met hyl t erepht hal ate, wherein two isoners having the
carboxylic acid groups in the cis- and
WQ 3045838hsi t i ons are obtained. The isoners caPCFEUS2004/030864
separated, the trans-isoner being especially
preferred. Mxtures of the isoners may al so be used as
The gwi@siee golyalroy eale E8nly2 0BGNIR3 4thbh gPClE USRAEAADRID 86 4ster

ster rs.are enerall obt t hr ough
interf R oB SRR GE iR b PodR BhS PEpar e aHTo by Rbrfs eoraia
equ;@ileﬁtrt%n@@héﬂmltlp ARCUEGOTP ddkthciamitl Uqualeg 9$1nponent and
chem cal equival ent conponent with the diacid

havigg wehdinghiais ebthedouia(\énl): conponent and  havi ng
recurring units of the formula (MIl1): OO11 - -R3
OICR4A-C (MII1) wherejn R3 represents an al kyl or
cycl oal kyl radical contagaining %Pto 12 carbon atons

and whi ch‘i—fot—hq(ér_e@'_du R4a—gtyai ght chain
branched, ok cycl oali phatic al kagne di ol g)z to

12 carbon atoms or chenical equivalents ther 0 and
R4 i s an al kyl or a cycloaliphatic radical which is
whertehERdef(paaSbm:(yh atledl or ewilalliey] dedicalednfaimong 2 tdlil achthon akdris

I so. tha e of, R3 or
nd WBEpOaE FEigho b - SeifLEp ey erion ?wf%@ﬂlpﬁatmlis&et !
havihg 2 F@@'IYQ:@hb@ﬁ QYhOBEARAR Al @hﬁ?ﬁl@ﬁ’t@ FherdoPand RY is an alk}(l or a
cycl ohexanedi car boxyl ate) having recurring unit

cyc?cpaétpmncda(hpx) wigckEGhe degar 1@@.@5}@1@ deyived/frqrh X)diacid, with

the p‘%l%o?ﬂth éle th(%efoﬁrfgﬁ)r sacyc%/%alligﬁ g;(ozwz ??/%03:??3: q
from cycl ohexanedi car boxyl ate or a chem cal equival ent
A réferredf C)&itdlllpbatﬁﬁllﬁmeeﬁa f isO@bIﬂQEétQ:lyS}oh&[anﬁI aﬁﬁ?etfﬁﬁme[ A
xture of cis- and trans- .isoners_thereo
CYCI@%&W?Q}C?B}%Y a@S Bayipescaringaitref g G8) general 1y
made in the presence of a suitable catal yst such. as a
tetra(,2-ethyl he I)titauate()ln a |ta§ anount ,

typical ly, apou to_400 ppr of | ased upon
t he t%tél }Ggi gk tﬁé{Z fg’n;& pr |

, 4- cycl ohexanedimet hanol - | (IX)
, 4- cycl ohexanedi car boxyl at e)

wherein in the formula (VIIN), R* is a cyclohexane ring, and wherein R* is a

cyclohexane ring derived from cyclohexanedicarboxylate 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,

14



generally forns a suitable blend with the
pol ycarbonate. Aronmatic polyesters or polyarylates

WOPRYSEHEY be used in the conductive conpositi BAE/US2004/030864

Preferably, the nunber average nol ecul ar wei ght of the
copol yestercarbonates or the polyesters is about
prefeBtOp@rebier daoutr cind(0,200Q 29,006] end Wordprfdrdlily grateyehani dr

cqual, B St SEOUT B AN G ML arS s G dgplar wojeht
of 16§§Q11§1@ Qﬁé&ﬁﬂ%&boﬁﬂé@%’@ %%1@1%9@61@38 REEHEEAR) Yo Qfo%@ﬁ? 000,

than or equal to about . and nore preferably
moregne’?mf@ﬂy tenathaoror equalab abouta19eif0, 264 0O6t pefmibdy (o8 $mn or
esir nunber aver age nol ecul ar wei ght of |ess
eq“aﬂﬂﬁho‘% %Osg/aq ‘about 100, 000, preferably Iess than
or equal to about 75,000, nore preferably |ess than
In amdth@geabodimealotie 5£a0R0polandrsisdude bBsIRIY. | €8 term
than or equal to about 35, 000 g/nole. In another
"polysibeni ms rtsed thﬁz:_enbﬁ@caMCé lemr@ewed B ulol spspappienend
r r
emuig—gﬁ J/Jrgrggrﬂs&%%tep Ppigt cf)ﬁ c%ﬂgellﬂ %,qedéﬁg%/é)n I\gér%ght r? ‘f)laggr%? glecurscns
havmgoitmnmral zaits dxmvexzimomha cmnb@enoxhe feasia 25% by wei ght
of polymer precursors having structural units derived
froma nmononer Qf the formula (X): RS- C= CH2 )p (X)

- wherein R5 is Wyaregertl | oner al kyl or halogen; Z' is
vinyl, halogen or |ower alkyl; and pis fromO to
about 5. These o ».-“ pel ynmers include honopol yners
of styrene, chlld ty+@g and vinyl tol uene, random
copol yners of styehe with one or nore (Rpnoners
illustrated by acrylonitrile, butadiene, alpha
- rretshyl styrene, ethylvinyl benzene di vi nyl benzene and

wherginl B! i§ hacilogein,i ldwer alﬁmll mulhftbmennﬂdusf viegl, hpb@vsoykeweelkyl

and 10T G bRt S o Re el Er FoglaRs bt habiies et
chlora@9tehe 48d Wlﬁﬁ?l&ﬂwdxﬁnewr@ﬂﬁl B mest &F ﬁg@% \ﬁ@i Wwhdbor more
di ene nononer. Polystyrenes are mscible with

mongiery phidlasiragste  dvhercivierafrile, pbwpdiens. onslphandmatylgwene,
ts qf
et SpERERY, EOPAONS,REL V31 A0S, B AR, Sof o By

polydbased comptikieg thddnak ane pgifik, whereinhie pdibgnBrasolybutadiene 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 wi%, 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

(XI)
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In yet anot her enbodi nent, polyimdes may be used as
the organic polynmers in the conductive conpositions.

WO R8I+ 144her nopl asti ¢ pol yi mi des have the gen@CAIUS2004/030864

formula (XI) 15 WD 2005/034144 PCT/ US2004/ 030864
rolll O NWM ,NR YOO a (X)) wherein a is greater

- than or equal—t a out [LO, and nore preferably greater
t han or equa bout 1000; and wherein Vis a.
tetraval ent L ut limtation, as long as the
I i nker does no ynthesis or use of the
pol yi m de. Sui bI I|n ers include (a) substituted
or unsubstitut satur-at ed, unsaturated qX{promatic

nDnocycIic and polycyclic groups having about 5 to

ut 50 carbon atons, (b bst.it ut ed
wherfCh IR PG BB 1a8ar oo HheRddnoS e by et than o
equalSAoUt 8@ afd kihkrellf FURS taﬁé’(ﬂaﬂ}ﬂt knto wﬁ%ytm%gtl&?rap@&lg

atonms; or conbi nations thereof Suitable substitutions
as tharléfker dpesnketr isnpedpopudiesis buusaré tiopolyimide e Suiaple linkers

RGP R G R g T i R
and pdlydyelit ayalps Hava; 1t 6 b aBbRS® ca®bn fa@ﬂﬁ@»"(@) §ulstiduted or
such as O O and (XI1) wherein Wis a divalent moi ety

unsubgiteed.dinepr girbranehegs efpragsine wiseiwgated alkol groups having I to
abouf % @1 S)n atoﬁgzﬁr ?06%391%’{ Oél 3 g?eﬁf \(éflf%%ﬂe}g guk%ﬁtuti%%? 911(:[/01 s

mcludaclbuj diragrop éinfited OIbp athle;sL epexidesp upsdespestarsg il Rombinkhhiens
rein the dival ent bonds of the -0-

there{é{? ' E}%lggleéqzl%@rs lﬁplgg% but-yengt hppgeq tatetrayalgnt argmatic raggcals .

Oﬂhﬁﬁﬁa@xﬁxsgg§&;|ons and wherein Z includes, but is not
limted, to divalent radicals of fornula (XIII). 16

WO 2005/ 034144 PCT/ US2004/ 030864 -~~~ 113

wherein W is a divalent moiety selected from the group consisting of -O-, -S-, -C(O)-,

(XID)

-503-, -8O-, -CyHzy- (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 radicalé of

formula (X111).
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H3C CH3 r13C 4H3 H3c CH3 1C Br Br CH, and H3CD Cy3 H3C
Al3 (XIIl) Rin fornmula (XI') includes substituted or
WO 44 ut ed di val ent organic radical s such PCIQSReNH#030864
aromati ¢ hydrocarbon radi cal s having about 6 to about
20 carbon atonms and hal ogenated derivatives thereof;

(b) strai br a chai He radicals
havi ng abo to ab 0 car tons; (c)
cycl oal kyl € radi cal avi ng a to about 20

carbon atons, or (d) divalent radical s’of the genera
formula (XIV) QO (XIV) wherein Qincludes a dival ent

noi ety sefecyed gm t he gro n L@jf -0-, -5-,
- C(O)- - CyH2 s@ei ég nteger from1
to 5), and hal ogenated derivatives thereof, including

perflu al kyl ene groups. Preferred cl asses of
poninﬂE)‘e that mayde usé#Sn the cond ive
conpositi [ '
pol yet her
that are melt processable. ‘ 05/ 034144

PCT/ US2004/ 030864 Pref erri&@ pol yet heri®¥de pol yners
conpri se nore th@ﬂzl, Fefer algiyy about 10 to about

[yet heri m des

1000 or nore, an er@bly about 10 to about
500 structural un rrmlaa (XV) 00 -N
~T\JJI ,NR O O ( 5 Tis’-ltfl- or a group of
the fornula - O 2,0 whgrei/n t ke, di val ent bonds of the
-0- or the -O-Z-0- group are in'the 3,3, 3,4, 4,3,
or the 4,4 pH b tions, and whereid:Z includes, but is
not limted, to al ent i oA of formula (XII1) as
defi ned above: e pol yetherim de
may be a copol
et heri m de ufb%s described above,cHurther cont 'm§
pol yi m de structural units of the forrrula()(\}?g

R in formula (XI) includes substituted or unsubstituted divalent organic radicals such
as (a) aromatic hydrocarbon radicals having about 6 to about 20 carbon atoms and
halogenated derivatives thercof; (b) straight or branched chain alkylene radicals
having about 2 to about 20 carbon atoms; (¢) cycloalkylene radicals having about 3 to

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

OO~ o

wherein Q includes a divalent moiety selected from the group consisting of -O-, -S-, -
C(0)-, -8O2-, -SO-, -CyHyy~- (v 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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oLt ot -NM(NR Il Il OO0 (XVI) wherein Ris as
previously defined for fornmula (XI) and M i ncl udes,
WHWsHiHot limted to, radicals of fornula (PRVIUSEO04830864
\%\ and O (XVI1) The pol yetherim de can be prepared
by any of the nethods including the reaction of an
Prefarc@inptlyethbiiis{det fdymeus hyodhipribe ) more !lhhie If, arrefistabiy( Mt DO to

1 2005/ 034144 PCT/ 2004/ 0308 OO0OT-00 0O
aboyf AR P MoK 1k WArCGFERMDY dhoahd hE UE ?C@ FRICHE gty oK yhe
ﬁan%NnyNHQ (XIX) wherein T and R are defined as

escrlbed above in formulas (XI) and (XIV).

Illustrative exanples of aromatic bis(ether

anhydride)s of Qf ormula (XVI| i ncl ude

2,2-bis[4-(3,4- (0)4 xy) phenyl ] pr opane

dianhydride “ﬁ{4 ' ”“Bbxyphenoxy)diphenyl

et her di anhydri 4,4 -bi s(

d|carboxyphenoxy)dlphenyl supflde di anhydrigs;

4,4" -bi s(3,4- dicarboxyphenoxy)benzophenone

dlanh dride; 4,4'-bis(3,4- dlcarboxyphenoxy{d| henyl
wheigin T é)sn-é) dqr@rgqylm q)ﬁﬂge fgngﬂ%r(g{ao( wherein the divalent bonds of the

-0- %J tﬁ@ (E%X%jg E%ﬂsgl % 1@'& %g{?]p ﬁgﬂ gﬁgﬁj &dth?g% ylfcfs'ltﬁﬁrs and wherein 7
includies oy id motBmitdd, 40 diviakehiPyadicaliiod ﬂn’nmhy@ﬂéﬂ) ax ygfilicpbdayd.
sul fide di anhydride; 4, 4 -bi s(2, 3-

In 01%’ cA 0% %/8h Q%g & enzo ﬁgﬁ f;e(gs,glg;?og %;/ivv%% ploq%htzon to the
ethel‘iﬁinﬁl@hﬁﬂtrsldi;@erib‘&lzd(a%o@e,dﬂuﬁtﬁ&b&??ﬂzﬁﬁ‘&eﬁ&)Wﬁldé strliSufhd units of the
formula (XVI)

ii X

NMWN R—

o O (XVID)

wherein R is as previously defined for formula (XI) and M includes, but is not limited

to, radicals of formula (XVII).

@ @[ (XD

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

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



di car boxyphenoxy) di phenyl - 2, 2- propane di anhydri de;

4- 52 3-di car boxyphenoxy) - 4" -

- WQBYYLHIHar boxyphenoxy) di phenyl et her di anhydPCa8iS2004/030864
4- (2, 3-di car boxyphenoxy) - 4" -
(3, 4-di car boxyphenoxy) di phenyl sul fide di anhydri de;
4-(2, 3-dica

, oxyphenoxy) 49
(3, 4-dicarbo 0X ophenone di anhydri de and
4- (2, 3-di capbo - 49-

(3, 4-di car boyyphenoxy)di phenyl sul fone di anhydride, as

wel | as varigus nixtures @hereof. The bicstgiher

anhydride)s can be prepared by the hydronS|s

foll owed by dehydration, of the reaction product of a
with ap pregngulenine of ¢ fphv@ﬁyl(XHihltru le with a metal salt

of di hydric phenol conpound in the presence of a

di pol ar, aproty ent. A preferred s of

aromatic bls(é%ﬁ%?qgﬁhydrlde)s |ncludeé%%$?fornula

(XVI11) above includes, but is not limted to,
whereinripauhil aravdidined as d'esbﬁbeﬁif abbheif formmulag (XP4hd TIIWO

2005/ 034144 PCT/ US2004/ 030864 -O-(t ))- (}(( ) -0\~

Illustatg%%m%:l}d- <${h i?lﬂlgl%.gce %13(61:@5%%&1%@1%@38 Og)%agl?tkga ()&/[Iﬁ) include
2,2- bﬁnsrpm(i M%b%rb@d%héﬂo&&%h&?yi}p?&fa%@f afghagie, Q i 9 @ﬁls(a 4-

fined abov i arfi no “‘conpound may be enpl oyed i'n
d:cmb@gfp,bplgpcafb(hphemyl of t heetherl yi mi dekavdigdyidg; 4,4'-bis (3,4~

acafRFRRSEAHTE 2o Bnct, 24 dgblhierounds Al

dzcaxbéxy@m&ﬁw&yﬁf&dmﬁﬁh@% di et hyl enaihkiam;ne, 4 Abis(3,4-
triethyl enetertranine, hexanethylenedlanln
dwarh@ﬁﬂaaﬁaww B ami nesulfpBe amet h%@n@m 8im ne, 2 2-bis[4-(2,3-

oA IG 15 et bR B ne,  SbisC-

dmeem@maymthpmmgﬂhyleneﬁhan1ne 4ighhydride; 4,4"-b1s(2,3-

. di met hyl hept amet h Iened . i -

dlcarg )f@ilﬁ%)(ﬁi(ﬁ%ﬁty y%/ened}‘ ne 5 dianhydride; 4,4'-bis(2,3~

dlcaiﬁ&%}bﬁ&ﬁﬁ LiHegRRAI am ne,  gianhydride: 4,4'-bis(2,3-
yl hexanethylenedlanlne 2, 5-

dlcaqu;‘fmhhijlyécpp}mmt hyﬂf@wednaahychgle zr (2 3- dlcuboxyphenoxy) (3,4~

dicar g REBI GO I P ASROHE s oy SRR )4

(3,4-dic@b Jqﬂlan@m)dn@mé@powél @arh@ﬂﬁde biss(033-arsaneRyHRbRY)-4'"
sul fide, 1,4-cycl ohexanedi an ne

(3,4- @P@b?zbq%ilﬁﬂ%‘@fd?l@ hemybsepliide genhydisle; i @rbAiprdwsmplere -4
(3,4—%{: h@fﬂ&g}%@éﬂzgmﬁwnﬁa 461{3 rf(‘lgta%!:l UERL,. fii%fal%ox enoxr?g -4

enedi am ne, pexylyrenad
(3,4—&64{!’65*53{1}1@40)@-)@@5&1%Isulfol'b’z- 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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phenyl ene- di am ne,

5- net hyl - 4, 6-di et hyl - 1, 3- phenyl ene-di am ne, benzi di ne,
WOR085/034t4nre t hyl benzi di ne, 3, 3'-di met hoxybenzi @CAE/S2004/030864

1, 5-di am nonapht hal ene, bi s(4- am nophenyl) "net hane,

bi s(2-chl oro-4-am no-3, 5- di et hyl phenyl ) et hane,

bi s(4- am nophen propa 2, 4 bi s(b-am no-t-butyl)

tol uene, bis(? F{@n’o Pphenyl) et feer ,

bi s( p- b- et hyl - o- am nopheny ) benzene, :

bi s(p- b-nmet hyl -o- am nopentyl) benzene, I,

and ShedbidBi Nakebek, Sﬂﬁr&ﬁﬁipﬁe%@%?efeﬁb@( fh' a{@ naphenyl)y or 4.4
sulfide, his (4-am nophe

n
POSI%‘?l@(mldamXﬁb%@WDﬁ apd M/élﬁr%{gﬁs ap ®ﬁb¢6§,é(‘3wam nopropyl )
' tetranet hyl di sil oxane. M xtures of these conpounds may
Anyﬂ anfln 8018 aha TJ]SH 18&&{ & fl@ replu%gbﬁ]gf &1 qugd%s S for
arona iam n %
poly@thamylidemedl anan@iandoﬂn s«ﬁﬂabi@s &dlﬁmﬁmﬂs kit agthekaeidnany,
nb?fglrrent the;la etherimde resin conprises )

propgleneiaming timethylengdigeing ndethelangiaining, ( ighyheteatamine,

hexa8REfIRehigmipdepend gllrﬁ/etlﬁ/’lﬁﬁﬁgﬁﬁl; e or 5% alﬁgfﬁ%bﬂl & rean,

a m'xture thereof a ent |ca
nonafrgthylenadigXixic, zeeMeﬂQ%JIe@ﬁﬁmzﬂeﬁ} P@Qhﬁﬂ@@éécﬂi%&m CHS-

XXl the regcti.ons can be
octadeRCIAT srrni oyi 1My TEOTY BRI DAFRAG e 44-
dime@i}@}ﬁﬂp@{m%ﬂéféﬂﬁbmlﬂé cr esol AlndiH@ASnanRinfiRdlaklife, tO 5.

ffect a reaction between the = anhydride of fornula
methcxb(ropmnythalﬁaedmm; am né, &afhnfqﬂn}ﬁhctxam(emmledlamme, 2,5-

oMt
cime SRR apBE 51 o SpRer R BE M rRRdre, ety -
ammbfpﬂoby]polamﬁf&rl Zatld:tb)(ﬁbqﬂhff:xzaﬁeﬁﬂﬁblhédliihﬁé etlthls@’ﬂEWlﬁf ﬂ:@bﬁy)
of formula (XVII l) and diam nes of formula (X X) by
et‘lﬂl}?e%kﬁi%@ﬂléOﬁﬁO}@t’u selfige. bisydphpiansjamieebis-4-gmegpcyclohexyl)
1 1 v B 1 e -
et ST BRSO 0L SR, 2
diamofotdbout 200G/ tmdalnont, 400G/ eidinminst appethgl zaﬁdhethyi 1 3-
d in th

pheny BERRGRTE v e per f&%ﬁ‘éb% *&3}%&3’&% lefmineophityifies 33"

dime{yBcRbRlRy eds, B&dﬂhétﬁ&%%hﬂ&’nesucfﬁ @%nﬂﬂ&r%ﬁ'ﬁﬂhhlehé C bls(4~ .
anhydride, is used in conbination bi s(et her

amingpiipall) Bethandhbisfotetonepinfricdd édi!@thﬂphmwb)n ngthanon sis(4-
ammgﬁhe)l}gl[) ie 8 Z)S gp\%ﬂn%fh ° anﬂ r‘lﬁ 27?53 ; 'ﬁr%gnogf gﬁ;’yg ?9':1‘3&'13‘3 b 'bfc’s%:\.e—i)—ammo—t~

butylphenyl) ether, bis(p-b-methyl-o-aminophenyl) benzene, bis(p-b-methyl-o-

aminopentyl) benzene, 1, 3-diamino-4-isopropylbenzene, bis(4-aminophenyl) sulfide,
bis (4-aminophenyl) sulfone, bis(4-aminophenyl) ether and 1,3-bis(3-aminopropyl)
tetramethyldisiloxane. Mixtures of these compounds may also be present. " The
preferred diamino compounds are arbmatic diamines, especially m- and p-

phenylenediamine and mixtures thereof,

In an exemplary embodiment, the polyetherimide resin comprises structural umits
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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which the diamne is present in the reaction m xture
at no nore than about 0.2 nolar excess, and
Whad/eHat vy | ess than about 0.2 nol ar excess. PCUALHRH4/030864
such conditions the polyetherimde resin has |ess
t han about 15 m croequi val ents per gram (eq/g) acid
titratabl e groupsg tHppeferably | ess than about 10
eq/ g aci d titpaty g —gr o 35— shown by titration
wi th chl orof orm ut icemn hasolution@z 3 wei ght
percent (w% hydrobronic acid in glacia )g etic
acid. Acid-titratable groups are essentially due to
In panémk tledr@eOoES chin Elteh@alﬁﬁﬂyeilg%fﬂp;@ﬂﬁg rﬁﬁielﬁts _sucé1 as ?—
. . Cenerally, useful polyetherimdes have a nelt index o
dichlggabgnzesey 11%"8!‘65?4691@@11%'\/@} s likpeto mifpit @ tpgstionnhctwaen the

anhy?g%?r %I\J/{ &niYs Qﬁg{ﬂ)%ﬂ FOGlGlide HP Zoréﬁ%t Pglg(l)g/?ntt %Eg)%la?ures of
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Preferred am no acids are represented by the fornul a
titratgblexigrauips, and preferably less than about 10 {leq/g acid titratable groups, as
shown by titration with chloroform solution with a solution of 33 weight percent
(wt%) hydrobromic acid in glacial acetic acid. Acid-titratable groups are essentially

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
typicaily have an intrinsic viscosity greater than about 0.2 deciliters per gram (dl/g),

preferably about 0.35 to about 0.7 di/g measured in m-cresol at 25°C.
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0 H2ZN-(CH2)"-C-OH (XXI11) wherein nis about 3 to

about 11. A highly preferred amno acid is epsilon-
WOWFHOEAIr oi c acid with n equal to 5. Pol yam @#€3/Usag04/030864
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| act ones are the same as those descri bed above for

pol yester synthesis, a@d the aliphatic |lactans are

the sane as those descrilbed above for the synthesis

of pol yam _ rati g_of i phatic lactone to .

al i phatic Idig-%g am n%)ls‘/ vary vcﬁjel y dependi®&Idh t he

desired conposition of the final copolyner, as well as
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than or egual to about .1 i .gesirable. Al so aesir ol e
poiyqraRds Ry 8% abPaires cow bRt tdyRinia g isiBytegom 4
to 12 carbon atoms and aliphatic diamines having from 2 to 12 carbon atoms.
Suitable and preferred aliphatic dicarboxylic acids are the same as those described
above for the synthesis of polyesters. Preferred aliphatic diamines are represented by

the formula (XXIV)

. HQN"(CHQnmNHE (XXIV)

wherein n is about 2 to about 12. A highly preferred aliphatic diamine is
hexamethylenediamine (HoN(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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aluminum alkylates (AI(OR);R; wherein R is C-Cy; alkyl), N-sodium caprolactam,
magnesium chloride or bromide salt of epsilon-caprolactam (MgXC:HoNO, X=Br or
Ch, 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

15 C1-Cy alkylene), omega-aminocaproic acids, and sodium methoxide.
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precu?s%f?ec%tnposmon. 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 wi% 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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500 nanotubes. Also desirable, are ropes having less than or equal to about 107

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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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
fo 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.
26



car bon nonoxi de conversi on processes, or the |ike.
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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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an inpurity content of less than of equal to about 50,
preferably less than or equal to about 45, and nore
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total weight of the SWNTs. In one enbodi nent, the
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pol yneri zation of the polymeric precursor. In another
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comhg{gﬂ%g isaghone o 1e foregoing 11a:1051ze con uctwc illers, 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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MANTs have at | east two graphene | ayers bound around

an i nner hollow core. Hem spherical caps generally
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vapdy BB b Bberd B BAS b NG or SR S S Rt en At o
refertsdi tghls vapoit fewacKcint fidkes PV ECH) SatviOdRAStckd ONaRAEA T to

t he conducti ve cor3p05| tion 29 WD 2005/034144
aboupHy) napomior Gorband 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 wi% of the total

weight of the conductive precursor composition and/or the conductive composition
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when desirable. Wthin this range, VGCF are generally
used in anpbunts greater than or equal to about 0.25
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Funcﬁ@ﬁiﬂ)z&ﬂ"SW’l@@Qmm otRiR carbodl IRRotubesSirt @sk WRvind the forfRula
AlR2', halide, ethylenically unsaturated

(XXVbnctlonaI|t|es epoxi de functionalities, or the like
wherein y is an integer equal to or less than 3, R is
hydr ogen, al kyl, Caq ycIoaIkyI al karyl, arallcyl,
cycl oaryl, poly(alky &' bronD &t%r o, i odo,
fluoro, am no, hydroxyl thio phosphi no, allcylthio,
wher@ﬂﬂp% arf‘in&é'g@% [apg adﬁumﬁér l@&xﬁﬁlam on&t &Y RSYl¥ber less than 0.5n,
ferrocenyl eteroaryl, fluoro substituted al kyl,
and whrein eaketioh &, the arbosayd issekcled froal S6hbl, ;NHa, -OH, C(OH)R’

-y RGP DR FEOI U SiaRAR g R -AIRy,

halidt] etayieaickyy unsfahltt@ﬂé@&ﬁﬂdtronﬁhﬂ#&r epysGHOBlkHbnalities, or the like,
fluoroaralkyl cycl oaryl, or the |ike. The carbon

whergingiis andntegeraquakigrar dess thayy bdkds bfdlag%ﬁ%h amdn@tqmékyl

st B0, ARGBIT RN 80, L1 M S50 SHARS,

hydréXyl, th&‘f,eplfoeﬂma@,dalkjﬂﬂw.lo, cyano, mitro, amido, carboxyl, hetelocyclyl,

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 carbong of a carbon nanotube. In both, uniformly and
non-uniformly substituted SWNT's and other carbon nanotubes, the surface atoms C,

are reacted.
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2005/ 034144 PCT/ US2004/ 030864 The functi onal SWNTs

and ot her carbon.ngn es of structure (XXVlI) may
al so be (10 (XXVID) |

where n, L and m are as described above, A is selected from -OY, -NHY, -CR';-0Y, -
C(O)OY, ~-C(O)NR'Y, -C(O)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 , -R8i-(OR")y-R (3., -R" Si-(0-SiR';)-OR’, -R*-R”", -R -
NCO, (C;Hs O)Y, (CsHgO)H, «(CiH40) R, «(C3HO)WR' and R, wherein w is an

integer greater than one and less than 200.
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functionalized to produce SWNT conpositions having the
formula (XXVI11) [C,, HLttR -A],,, (XXVIll) where n,
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pol ymer. 32 WO 2005/ 034144
Indu%%$§®§g®g4§g@%3@£ﬂI%GQ% onal groups may generally be
i ntroduced onto the outer surface of the SWNTs and

the other carbentnhridtabhs by contactipgxihe
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Without being bound to a particular theory, the functionalized SWNTs and other
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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300 and EC 600. Preferred conductive carbon blacks may be used in amounts {rom

about 0.1 wi% 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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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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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 |

wit%, of the total weight of the composition.
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~ 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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in a Hepschgl @éﬁ,lell mlil pridr 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 SWNTSs 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 SWNTS 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.

37



polynmer, it is also desired to preserve the aspect
rati o of the SWNTs during the nelt bl ending process.
WO ROHHEH to do so, it may be desirable to i nPEBHISEE+030864
the SWNTs and optionally other nanosi zed conducti ng
fillers into the nelt blending device in the form of
A mdt hh:stiel? bat ctherd at kagth mxpom@és‘,}se Oltghmcrmd;ymmb]aetsahacﬂnag! a

PR TG EF G B PET A J6 JHEPE SFPUe b8 fsaibings °
semi %%@Q%E@l@%‘ﬂym& @l theblgRd pbmt OfRGs WSS ggla%ts I&afton

a portion of the organic polyner has reache
temp@l@hcp@r At eesm satermerphensoresiaglvaing ttee él@@dmgtmécml i iy
b]en& ;eyer%é {)mtlhessr Dbl I(:So ge}gnté: Stea re |£ss than or
P oRR ety saire gres oL Bt plnpdupfic® pLe i DHedad
equaI tcarasmtl 08 mélEapacabentte if tHeeshesy B seﬁalaﬂiiys@ennﬁdohﬂgaﬁm
resin during the bl ending pr ocess A dry blend is one

polymigferos at He tapnargtarendess i o gaul do ﬁb@ﬂﬁé\* ppipt f the organic
I
polyl%gtﬁ 2‘%2%“3{1@ Altgslt%ﬁhhl?ig S\ﬁ{ﬁnen?%%mct nﬁolglplglu{ ﬁtulglgtﬁng?%l f?aa% %f
any Implicymtke fluigr duaingahé¢ Blepding bricess) eﬂssolttﬂmnblend &g ldaﬁndddletdm;
rom; i f the organic | yme norpho
is onpgupertd Omrcep?ﬂyawgmwﬁ'&fw&a gl A %ﬂcﬁyas for

exampl£8 sQlfvent%@Yl 1405‘1%%1\@11! (ﬂL{f ftflé’lbl@n&{ﬂ% Ef&e she bl ending

process. solution blend, as def erein, is one
wher e the organi ¢ polymer is suspended in a '
Whenp iaqmsﬂelbatkle 1f upddd t MNEBs magrbe prrsomplie theamgebrbateh ipran

8
dur i euhlen pLOgess en a.
ool B BRAEDER ™ SHULAA PR R Ty B s e
use SWT@ trp@at fikotind o Pr caRFEHAATOT eduad oatioud 1 85w tbA) padterdblydfeater
w% Wthin this range it 1s generally desirabl e to

or equ%léo ahput2withe, meranwiinebly gregies shasrorepnd te pbaldal wi'e of the
total %@\I%% oilth@ llﬂs%r?zgélggs[s@qeé’nﬂ)‘i@eﬁ%%'WN% i Qlllno{n?c cﬁkl’%%‘tthan

nore pre y greater than or equal to abo
or ecﬁlaB t(wta%tﬂf 30 he%, tpi)tfa}abl/ye leg:h hﬁhamf ott h@lar]nats t aéxobaﬁ ¢ hNt"/AI 1&016

e are I n
PrefeggTAIooh B BoHITSD U 5 BrerBrbbiy Meud Oh i or Skl

one Exﬁb@&ﬁl‘éﬁt é@ltéﬁ@n@g PR uE’J %@Qﬁﬁ’@érlﬁat'cﬁe%s JHIRN (1R nfQkdatch
to about % of the total weight of the masterbatch.

contafmng @imeSWﬁ%dmnﬁ mpt p@ret aimsisigaliie btifkeowgefagé resistivity either
rba mast ont al t he
whenS%S\tH% ?rd tﬁ Wévog a Stﬁ%lgjs y é}ﬂ? bl&ll?q( ﬂ%) oraqr pL dggoone the
resulfi@s b@hpéfslltidh Ritd Refich WMeeRaexbalAed inddridigted QlﬁinaQﬁeaﬁurable
strand or nolded into the form of dogbone,

bulk pggurfpsenipsEBmsosPEnohonsit Bievnpight fretionast él%ﬂoatheﬁ"fﬁ & the
comp'oﬁ?tgﬁ RO ﬁcﬁ%&dthg'l?%haq ﬁ{a?ﬁgl'beatcl hkls 1ef§ bk th«% ﬁagamc

resisti even t on of
polyridNhSssutin atlh&teibatch to be semi- crystailme Exampies 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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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 18 generally desirable for the oriented film to have crystals oriented in the azimuthal
direction of about § = { 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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sotuph RRHOTNERSS St iearbi B gk SRR S o BFarkf fag o

simil§lefinipBlien tvatHdav@e aticlk@astagkntit % preferably at | east
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up. The conductive network can then setup a nore

solut]@@r’@dmdg@ bs seitieationfpes tlmmp@hocb\/bfﬂ:ctwm BisperbeoiheSWNTSs onto
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be drédds @xRedddsad heldeaniiiagiddr elt ti@@emm&éﬂiﬂabﬁ fol loige fluid to
solution blending my also use additional energy such

swellgthe cHgayic pelyist clising ihe processs phpericafiopr at WelHng ¢he preanic
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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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pol ynmer. In one enbodi nent, a organic polyner
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" 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, polyethersuifones, polyarylene sulfides, polyvinyl
chlorides, polysulfones, polyetherimides, polytetrafluoroethylenes, polyetherketones,
polyether etherketones, or the like. In general, it is desirable to sonicate the above-
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- applications. They may be advantageously utilized as films for packaging electronic
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
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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 sifver paint. The resistivity of the samples was then measured using

a voltmeter and is shown in Table 1.
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43-0-20051 034144/ PCT/ US2004/ 030864-Tabl-e
1¥ar bon blggﬁ SWNT| (wt % RO stivity kohmcﬁf)(“%
4wt 9% (st@fdard deviationpP?24 1 1 0 -+ 2 0.959Q6M5 ---

(

v

®

155090.1@/ 4ZUU4b0!PJ..9bU.bJ..9 6./17425
Op5-43—(33)—7-D-95-0-05- 8-0.9D 0.1 67(34)

T N 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 SWNTSs 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 demonsirates a drop in conductivity with the increase in SWNT

content while simultaneously decreasing carbon black content.
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synergy is denonstrated in the Figure 1, where the
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the conductive combination was qlso added via side feeders attached to barreis 2 — 7.

A comparative composition (Sample 26) containing 0.6 wt% multiwall carbon
nanotubes (MWNT) and 1.4 wt% carbon black (Ketjen 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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o0dl' broo0O0OO yO0 W _O0- MMMMM p~p~
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WSS+ Cv v d <Y en {y, v MMMMM O RGFUSRIOH030864
~ ~tl N NNNN W 2005/ 034144 PCT/ US2004/ 030564 The
extruder used for the extrusion was a standard 3 | obe
The sxirederbased efor él¢ rexitesion avingtat@arba d@lessongwtvarre] extruder

havitgggg rauart ;\%z}é?e%%é@aé@gs :slgq%yl;r%gb}%e%%b?% ?)\IQVQWTQ%Q %cr:r%\\fvv speed
was J@AP6IRIMEe (C) 1 170 2 260 3 300 4 290 5 300

Table 3
Barrel # Temperature (°C)
1 170
2 260
3 300
4 - 290
5 300
6 300
7 300
8 300
9 300
10 300
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) (i(ilojou]es/mz)
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¥%e MWNT + 14 1.6 18
wt% carbon black (2 wt%)
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6 300 7 300 8 300 9 300 10 300 D e 310 The
results for electrical resistivity are shown in Table
WQ2005434ht4e 4 Sanple # Conducting Filler Type \PSITUHR004/030864
- Inmpact (W% Resistivity strength (kohmcm
(kilojoules/r) 22 No conducting filler --- 50 23
Frogaihpolreblel dck iy Sewtedl) that- 4 8omBdsilorl 2onvtbider§VINE WNT. 88 a
1820 43. wt%.carbon black (1.2 wt9% 25 0.14 wt % SWNT +
nangi58 Gau S il o5k oo ke floolivit ticsey g e
condO¥its of . the ofhpb8iti oMl %0 KAE DA BMBRL knckehstd Wiertd MBposition
2005/ 034144 PCI/US2004/ 030864 Fromthe Table 4, it

conigyngenl¥ carbonHaeckaorcWipiSs ©oF ercoothmationiod ghe cBWNT blaokl aad
the@ﬁﬁ@ﬁized conductive filler such as carbon bl ack
di spl'ays a synergy that permits the conductivity of
the conposition to be significantly increased over a
As corpodbtd, othe ctamntiail ronduoinity tahbasnpbatknobf NMBIES4 Glere
a conbjnation of the carbon black and the SWNTs. As
comgpigy é’chafbﬁat@’é‘,iaf‘S RENRICHKE PPlyRpenytsng Gherpplygmiste qamposition in

the SRIROS! FHORSKObTROL Bt LR, (ERTRALREOM! e SHAY A"

e conducti ve pg)l yISHeny }ea e et hlér - pgﬁyamgtg\gﬁcorlrlpgy fPon
comppsitions manufactured using the masterbatch approach (e.g., samples 24 and 25)
show an electrical resistivity that is at least two orders of magnitude less than a

standard conductive composition containing MWNTs.
EXAMPLE 3

In this example the SWNTs were combined with MWNTs to produce a conductive
composition. The organic polymer was polycarbonate. A discussion on the
preparation of the various samples is listed below. The properties of the various

compositions are shown in Table 5.
SAMPLES 1 -6

Extruder temperature was 285°C. The screw speed (rpm) was 150, Mixing time in
the extruder was 3 minutes. The samples were prepared by dry blending a
polycarbonate masterbatch containing 15 wi% 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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the Figure 2. Fromthe figure it may be seen that the
el ectrical conductivity of the conpositions
WPt ur ed using the masterbatch approach (RETHIS2004/030864
sanpl es 24 and 25) show an electrical resistivity
that is at least two orders of magnitude less than a
SAMPBRY A conducti ve conposition containi ng MANTSs.
EXAMPLE 3 In th| S exarrpl e the SWNTs were combi ned

s T PS8 cobict Y Somas! ot The

the aacrtlelﬁaf i Dﬁnﬁﬁteé MEheVsaipRid Swe?@ﬁfébﬁ‘%d g dey BR8NP %'V@M’T from
ropertles of the various npOS|t|0nS are shown

Calkioﬁl H@Eﬂt@i@OIOS}@WﬂLE@ND wgh E»@ﬂmd@ﬂafﬁe‘-nmhwel itlae wa:gopuate

he scr was 150, M xing,tine
con‘:%ﬁ[z&}eoiig ruder %g%\ﬁg&ﬁ? O%n?e O"épé)rsrﬁ?ses g&g?%y pr 8ﬁtﬁ?ré?fm
MWBYT/pislycaobamati agnpositgol E&Qﬁhﬁﬂ@@ﬁ)ﬁ coBgheidataly MWNT is not

t 15 comercially available from
cond?%@? :‘gllﬂ f‘?%tdév( %@ewmds@ wémﬁewv@aﬁwﬁwrg i ovt%cﬁWﬁ\bTem
j ar bonat e shown
polyEﬁ%ox%@@Hz?ergp_%rE%‘j@ g{%gn m xtvljt edﬁéhg g&aéﬁ?'o t he DACA

mni-twn screw extruder (TSE) until a torque |evel of
SAMPINewWLOn-ldeters (Nm is obtained. This generally
takes about 15 to about 30 seconds to corrpl etely | oad

f
Thes%]g%npfegé%ﬁgéltaﬁlgtg?tgi‘ H’]l‘%erglbtfyné £ ths th rk[)l”e éjpd] n??pgq

9. ThesWINabie cbel ample Wk el ttb hﬁmﬁﬁbﬁh@ aﬁidaQﬂ@as% of4%igh
WO, 2005/ 034144 PCT/ US2004/ 030864 SAMPLES 7 -

powered rhRsonice RSEHPUr o faglimsmasatiphewat ﬂl@dﬁl%@@dowcbw}'e a

rud
Summsdljslgn% Ogﬂs&mﬁgeg*é@pgge@ Eej:ada;i %/ t% %{l EW gl are
stronghr beld Naetbte blndogeesVdahc f Nl ) ’I‘hetSfWDKﬂ wess brpat®l in
trat .
S e ey
frequU¥MINT 6P 20 XQ@I&Q% t CORP O 58 ate Amb OUGQ opafe waé then

containin conduct |
addef e prgied aéglemd@@tr@mm@fs‘i\ﬁ’il\ﬁ“mnwmcalhmmﬁg lﬂste\d/tu%l‘&ﬂbl'ﬁ mms

mixtvglglo%é?sg%%}ﬁ A 1%18%% a > Ciofnl_ftES(Y %lmlill?tgs ' %ﬁe f foro 01ym was then
evaporated and the mixture was Vacuumed dried, and then ground into 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 fo 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 [. 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

49



These sanpl es were manufactured differently fromthe

Samples | - 6 and Sanples 7 - 9. The SWNTs for each
WP Ifer e di spersed into chloroformwi th tRETHERBH030864

a high powered ultrasonic processor. The

ul trasoni cati on was undertaken to achieve a suitable
detalied pboed. 0A rofastiableSWNINC orsistioitg epamat @edsnedonsied BSVET in

S hat are strongly held together by Van der Waals
the?i\giyggg Onasﬁwe SWNT were dispersed in chloroformfor 30

m nutes using 400Watts of power at an anplitude of 50%

sammrdEs 16frmguency of 20 kil ohertz (kHz). The
appropriate amount of polycarbonate was then added to

arrive at the concentration of SWNT i ol ycar bonat e
These St emnles TaB @rparetnys dtmbkctr@m W&sswﬁ figoni(@¥k wath the

M\\h@f rﬁﬁkt&g%&ﬁ I He}%gu ?J.’?VG Ip FheC %J g)%f& Qr m)dlvé%léthadlon& of

evapor at e ur € Wwas vacu

SWNﬁ"eandgMiWHN?B hsrﬁdanal“ ablen®, Abedemnples b&:gfgfr?n %Xtrﬁtll:ﬁll iAGh C%ﬁnnel
he DACA m.ni-TSE. The powder was added to the DA

SImHﬁ“ nie- f?@‘iﬁﬁﬂﬂ ;LQV? é?l‘qgﬁnpléw 6f ARtRG dotpBhawhadringpmall

t
amchgfﬁgffgjt\*emg (@'ggrgr ﬁ%ﬁgﬁ o ;lﬁ%%rb%ﬂat@ %Sﬁ?gssltets Qeduc%s the

spedifie Moladef rosistivityi (ouerlsiaadiha cstldla:mmty\)asrl iconoteisle pﬁhﬁ: here is

G SN G Y 3 T e o e e

not E@&IuSEe/ IThY bidwdg BﬁMWWﬁ&?édl Néﬁai\%;b %g%&%@kﬁ?@:ﬂ#@%lﬁ% the

this nmethod of dispersin .
SWhe s¢mefaddeat A3 ‘@?&M\Nbgg pakycathopas¢ Yicad haray@ume r@istivity
wt %t h I t
or 9B, AT 928 0 AU ELERL SR o) R

cm,@@mm(gﬁlythaﬁh containing 1 wt % SWNT which was only dry

~ blended prior to extrusion showed an el ectrical vol une
resistivity of 7500 ohmcmas 49 WO 2005/ 034144

SAM@#‘%@%U@ /030864 detail ed above. A neasurabl e vol une
resistivity was not nmeasured using MANT in the

The BWXTaIH0 Aah&se SN LIRS o} wil tﬂ—eh@s%%f ) IWJ)@&'GH\’ﬁﬁﬁsonic
prepared by dry bl ending the SWNT from :

PTOCGRRSRT  rrlitst washdanshis fie oehisype melrdisrered dispersion ¢th8WNT, or to

0PI, SEEET AL 50 R YO, BB Ve i

forced. M HeaS WINT 418 @ﬁsp@ﬁé@lﬂ adoipauerdao 1@@%& 6%480\@ ofﬁfowex
theﬁ(iht %ows addi ng smal |l amounts of :
at ap agy %mﬁp%lf%a?%n%ﬁ &0 &&igpodhe éBPlpE’dd@ é@ﬂﬂtuﬁé 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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specific volune resistivity (or enhances the

conductivity). The notable point here is that blends
WQH0EHT+Hat 0.5 wt. % and 0.2 wt.% when preparP§d/u§2804/030864

dry blending are not conductive. The bl ends of

MANT/ pol ycar bonate are not as conductive when the
equBWiEttar eombictiaiddedA Bield wif 0. BAKTY: BBy Eackomabt@tdmatld no

vol ume resi.stivijt of... 96 Addi ng, 0.

MRS, Batror B ot ha PPN s 561 vy £ oPEors ST 1D
ThefdRreOTwh@UIRLY BRbérsedSAVRRES 24 -adda The W \éﬁﬁﬁnts to

di spersed into chtoroformwi th the use of a high
MW@@) plydarhbratadbuide 2 pbsiontd oimpratvingenids detiical sopdictivity
talked ieve a well dispersed dispersion of SWNT, or to

§8 iFate the bundles of SWNT that are strongly held

toget her by Van der Waals forces. The SWNT are
Tabkispersed in chloroformfor 30 minutes using 400W of

power at an anmplitude of 50% and a frequency of 20
SanjpjgyH ﬁ@“@pp%ﬁ/ﬁfatesﬁﬁﬁﬁﬁt of polycarbonate is then
added ®d7ar [ (wib)at| t Molesacentration of SWNT in
pol ycarbonate |i gt &ksistivifablle 5. This m xture is then

soni cated fpr an gddichieemal 30 m nutes. The

ghl orjoform|s then evaporated and the m xture is

yacuuynmed drjedp arnd thegy ground| into a fine powder,

ef oreextTodigg g t g DACA| i nj - TSE. 'ﬂf|Y¥IBQ§{AE%F’XJF%‘SIOH
£h AR IBHE T v polfycar bonand>¥gét er bat ch

H ad
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1

o—atir 9 ate! concentrati ons of SWNT
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b

and MANT _in p;wil /C n:ﬁzg% Enn’pl e 21 shows a very
A

Crs

nt erlest i ng| fik¥din / pol ycar bonat e bl end

B), howeser; when |wel |38l spersegr SWNT arg rafded

does Inotl rebult i a 7660duct IEFL sanpl e 1§:§- mendu%a@p{@lsmn

0.2 wt.% the vol une ragsgisti y drops to 709 ohmcm

upe T esi|Stiyjfghs o0 2005/ 034144

iv) 30864 “EgUgL 5 better conductivity). A

I

4

62—t SVWNFH-pot yeEar onat e wt M

A Sner\l fl fal \55 uelr e st | V| tﬁgg‘fnoil ?1 g
bhm dm (JSanpl e 11) it efole fwhen wel ISXHPYpRPERACA

KT lar €2 added inlsmal3-9%munts to MANT/ pol ycar bonat e

bl end, & substantilal ilnfr oveept in el ectrical

bondyctd¥ity Bakes pl dde. Tablle 5 Sanple # SWNT MANT
Bpecijfig? 5 14 SWNT + Dry Blend
18 0.5 5 15 b 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 i 90

23 0.2 2 148

24 05 9 60 SWNT + solution.

73 072 5 1 > Process MWNT — Dry
56 0.5 5 11 blend; extrusion on
27 10 5 7 DACA

28 0.5 10 4.7

29 1.0 10 4.9 Y,

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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(M99 (W% Volune Resistivity (ohmcm 11 -- 22

907 Dry Blending; extrusion 3 3 96 onDACA 4 5 34 5
WOIRYOH0RM4 6 15 2.5 7 1 7500 Dry Bl endi ng; ext PGITUSA001830864
2.5 380 on DACA 9 5 50 10 0.1 1521095 11 0.2 1512 12

0.5 55 Solution Blending; 13 1 9.39 extrusion on DACA
condbétiPe Sorf@sitond that hbve ibfprOvél GectiBcal Prdpertics. TA Vilhlar these

Dry Blend 18 0.5,5 151%\!@[- Dr Blen?; .19.0.5 10 .
elec%‘cé IQPSIHE] FR SYRCTISACEA CO BV%C‘?LBB/OE“B)“E aying the spge weight
fractgm%f]ang%ne gl tgpezof%ﬁdgéwgﬁﬁelz 60 SWNT + sol ution 25

Pr ocess | end; extrusion on 26

0.5 5 11 bl end; extru3|on on .
The conductive compositions comprising an organic polymer, SWNTs and the

nanosized conductive fillers generally have an improved electrical conductivity of at
least 10%, preferably at least 15%, and more preferably at least 20% over a
conductive composition comprising a similar organic polymer and any one type of
conductive filler. These compositions may be advantageously used in automobile

exterior body panels, packaging, and the like.
EXAMPLE 4

This example was undertaken to demonstrate that SWNTs and nanosized
organic/organometallic filler behave in a synergistic fashion to improve electrical
conductivity in a conductive composition. The SWNTs containing impurities in an
amount of 10 wt% were sonicated in a solvent containing the additive. Two types of
solvent were used for the sonication, dichloroethane and chloroform.  The
polycarbonate powder was then added to the sonicator and the polycarbonate —
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 {kkohm-cm)
organic/ ofr“%fnometallic Chloroform Dichloroethane
iller
]k nm 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
wi% 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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the af orenenti oned exanples it may clearly be seen
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esserfil 8&d Qrthé‘@d:f?/ HRELS, ItQQ%agieﬁQhatQH@ ihhgitibh k8t bEXAVREE.
4 Thlg exa e was uhdertaken to denonstrate that
the pSWdT TEar amibodiam!s Hiseldscdorsgtnitehtongdn omerapldiel farldesying out
thi have in a synergistic fashion to inprove electrica
HSlegﬂﬁﬁgtlwty in a conductive conposition. The SWNTs
containing inpurities in an anmount of 10 wt % were
sonicated in a solvent containing the additive. Two
types of solvent were used for the sonication,
di chl or oet hane and chl orof orm The pol ycarbonate
powder was then added to the sonicator and the
pol ycarbonate - SWNT nmi xture was soni cated for 40
m nutes. The m xture was dried overnight and then
dried at 200C in order to renove all traces of the
sol vent. The pol ycarbonate - SWNT ni xture was then
extruded into strands and el ectrical resistivity
measurenents were made as detailed in Exanple 1. The
details are shown in Table 6. Table 6 Sanple #
Nanosi zed Vol unme Resistivity (kohmcm
or gani c/ organonetal I i ¢ Chl or of orm Di chl or oet hane
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filler 1*"° --- 732 (924) 386 (714)44 2 Phthal o Bl ue
Not done 11(7) ''nunbers in parenthesis indicate
standard deviations ** control sanple The contro
sanple (sanple 1) as well as the other sanple (sanple
2) contained 0.3 wt%of SWNT. Fromthe Table 6 it may
be seen that the sanple 2 having nanosi zed
organi c/organonetallic fillers displays superior
What Betaimedls: conductivity (lower 52 WO 2005/034144
PCT/ US2004/ 030864 resistivity) than those sanples
whi ch do not contain the nanosi zed conducting
1. Or gRAkRLGEARNQNBE@IVeiptecllsbl &nposiBh bEmpignd:Nventi on
has been described with reference to exenpl ary
enbBdMERYE Bolyiner prggursorbe under st ood by those skill ed
In Al ; : VA
caul Vo el R b AEGS TR SRR o
compashiou todeijpant leasy Ofl rvarfiotoli erosicajpe related tihpuritivsent i on. I n
addi ti on, .man di fi.cati ons may be made to adapt a
par?V%ﬁP%ﬁ£%§¥Wg§FV% i material to the teachings of
the invention w thout departing fromthe essentia
scope thereof. Therefore, it is intended that the
2. i nvEMtGo8woREen Becpiimhd tveipreip thetohganisapal YIBeH PAecuERb BEY hent
LSS e contenplated for carrying
mﬂ%ﬁ?&kﬁﬁﬁga?&g@ﬁ??%ﬁﬁ&%@ﬂ%mat is clained is: | . An
el ectrically conductive precursor conposition

conpri Si ng;... an.qr.gani ]o] ner precyrsor: a single
3. wal | ARGPHLRT EoANEE Vst ket e ohar
polnaneied o a perResilt pPaceARL polNSarBdnalee@systikede, Wbiy¥etei

production related inpurities; and nanos] zed
polyayHe PRI YFBIqe N der polyaryipise PRlptBIs Yl Qricopp pithar sudfoRe.1

oIIREALI: &1 AN Gl PRI PLAGHE, SO irBY, Pfctherimid

P %@ﬁyﬁerized |%t2“a9thefnnb(ﬁg%ﬁ§ ﬁggéhérf gw%ﬁgmle’
polyemfboractiotenef paty @harkétpnashelyether direkarrgapolgethalkgmee ketone,
pol%eg%ouxragc%, p'o)syoxadiazoie, polybenzothiazinophenothiazine, polybenzothiazole,
polypyrazinoquinoxaline, polypyromellitimide, polyquinoxaline, polybenzimidazole,
polyoxindole, polyoxoisoindoline, polydioxoisoindoline, polytriazine, polypyridazine,
polypiperazine, polypyridine, polypiperidine, polytriazole, polypyrazole, polypyrrolidine,
polycarborane, polyoxabicyclononane, polydibenzofuran, polyphthalide, polyacetal,
polyanhydride, polyviny! ether, polyviny! 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.
4. 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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pol ymeri zed into a pol yacetal, polyacrylic,
pol ycar bonate, polystyrene, polyester, polyam de,
pol yani i dei m de, polyarylate, polyaryl sulfone,
pol yet her sul fone, pol yphenyl ene sul fide, polyvinyl
chl ori de, polysul fone, polyimde, polyetherimde,
pol yt etrafl uoroet hyl ene, pol yet herket one, polyether
et her ket one, pol yet her ketone ketone,
5. poI ylh)aeamqmmoh ef @mhymxatéraz oieehcpmbyiiaartzmﬂﬁhmiam?mota:
z benz olyp raZ|nqu|noxa i ne
We',éb Qfﬁ:’)&? Qi e ia%(? HaRAPFiBolc
polyben2|n1dazole ponOX|ndoIe polyoxoisoindoline,
pol ydi oxoi soi ndol i ne, polytriazine, pyri dazi ne,
6. pol l’,{ﬁ C@@}pﬁgtfilﬁléof ‘ﬁ@)‘ﬁybyﬁ‘hctﬁ”h@e smlwlgw i raotube composition
conﬁﬂlsﬁ §1h 4N 'cat@ug]ll %ﬁ%ﬁﬁ%gh&m pgb%ﬁ%{cf 8% éq%lup@ 7 to abofut 2.4
ycarbor ane, yoxa |cycl nonane, benzof uran,
nanpoletepht hal i de, polyacetal polyanhydrlde pol yvi nyl
et her, polyvinyl thioether, pol yvi nyl al cohol,
pol yvinyl ketone, polyvinyl halide, polyvinyl
7. m t Thd cfbmp@ghlsh\/bmitmﬁ@txﬁ{eieilp@lb)éﬁllglcfmﬁ@a@bmﬂ@nbﬁ@l%sﬁia‘ju@an
ol yt hi oester, pol ysulfone
prﬁﬁﬂ?§&ﬁ%&ﬁﬁ%ﬁ@@(ﬁéﬂWMﬁéﬁmpb$yphosphazene pol ysi | azane,
or a conbination conprising at |east one of the
foregoi ng organic polyners. 4. The conposition of
8. cl al'm cbmpmhémebfn:iaihet ovhgam e poday ivarol yme@Quecs oior E@n@sition
rurIRNQIEr., nﬁ 0 trimer, or an oligoneric reactive
spe@”@g‘ﬁ ‘6 hp to about 40 repeat units. 54 5. The
conposition of claim 2, mherein t he thernoplastic
pol ymer has .a nol ecul ar ght of qreater than or
9. equdle COBPSHERR ot}jclzgw g\fhgﬁ%n Wélsmﬁﬁl"é"‘ @rbopHwnotubes exist in the

forrf OFRPRE b £Tealf abGli@i0Paton ARG, t he single wall carbon

nanot ube conposition conprises single wall carbon
nanot ubes having a di aneter of about 0.7 to about 2.4

10, 3 ARG Gl e TGt Radle G Rl OFhGGib e
fou@béaipef oftdn dgastabo@gudlcatbon alkouibes. 8. The conposition
of claim1, wherein the organic pol ymer precursor
conposition further conprises a solvent. 9. The

11, CONARLbONIQ o AM, GheMEhE LR glRRl isda%n%aﬁ‘@tu)es% [sPRNhe

nanot ubes exist in the formof ropes of at [east

forra pbrapes @f at fnakichowd N80 arben naOiubThe conposition of
claim6, wherein the single wall carbon nanotubes
exist in the formof ropes of at |east about 100

12. carleromaogtiehbelaim 1, wherein the single wall carbon nanotube composition

comprises up to about 10 wt % impurities, wherein the impurities are iron, iron oxides,
yttrium, cadmium, nickel, cobalt, copper, soot, amorphous carbon, multi-wall carbon

nanotubes, or a combination comprising at least one of the foregoing impurities.

13. The composition of claim 1, wherein the single wall carbon nanotube compaosition
comprises up to about 80 wt % impurities, wherein the impurities are iron, iron oxides,
yttrium, cadmium, nickel, cobalt, copper, soot, amorphous carbon, multi-wall carbon

nanotubes, or a combination comprising at least one of the foregoing impurities.
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11. The conposition of claim®6, wherein the single
wal | carbon nanotubes exist in the formof ropes of
at | east about 1000 carbon nanotubes. 12. The
conposition of claim1, wherein the single wall carbon
nanot ube conposition conprises up to about 10 wt %
inpurities, wherein the inpurities are iron, iron
oxi des, yttrium cadm um nickel, cobalt, copper,
14.s00The @mpopitionsf dainb@nyhenih tie-sivedld welaedrbon nanambtshes,
of,. a_canbi nat.i on conmprisi.n at | east one of the
e TN R o A
carbdieigbtibédhe single wall carbon nanotube conposition
conprises up to about 80 wt % inpurities, wherein the
[ npuriti es are iron, iron oxides, yttrium cadm um
15N C'h?el conﬁa%gggitrl 1&9%3{1’&%% o the@ﬁ%[e%ﬁﬁ%lﬁogtrngg&ubeq comprise
aboubhpxab@unﬁ?y %t wi Basdtalbineardbn hdmetfbes.egoi ng i npuriti es.

55 14. The conposition of claim®6, wherein the single
wal | carbon nanotubes are netallic, sem -conducting,
16.0 "BheCRMPoSabh ONcI ST, nHleReh Gk sin@@i&al%ﬁao@fnah&ﬁbes comprise

foregoing carbon nanot ubes. 15. The conposi tion of
abogt bforﬁbﬂ?ﬁt 9w eTorse mpreonsiupd ecaghan nagaibrsn nanot ubes
conprise about | to about 99.99 wt % netallic carbon
nanot ubes. 16. The conposition of claim 14, wherein
[7.t hel'hsicagipesitiad bf @a‘nb@rwheaaﬁmtlmb'eglmaibmm naabiabis ake t O
99 )\ % semni - car bon. nano )
arr SR RS 1tne BB o & SRR RE S Qe ag pr e
fordgarnlgmﬁnmamtubes are arnchair nanotubes, zigzag
nanot ubes, or a conbi nation conprising at | east one of
the foregoing nanotubes. 18. The conposition of claim
14, gl € rj e
. bt BT ey Prin, PELPEE AT GBI S fris
aboglohfeobiut 8nvidh iwbaiitinsl , wher ei n t he nanosi zed
conductive fillers have at |east one dimension of
| ess than or equal to about 100 nanoneters. 20. The
19. corpresbinpoditiaf ofdldinm, hewheheinandshed bansti e lers have at least
conduct i v? fillers are carbon black, nmultiwall carbon
one JUREIS e Tesy 4138 07 GRS FLRRHEK TRNeREE!S. conduct i ve et al
particles, conductive netal oxides, netal coated
fillers, nanosized conducting organic/organonetallic
20. £ j ['ihgcampesieietidlae Ip(whym&le narosgred ovrtsiuptane [@hers are carbon

blacﬁ?nmﬁfu%'lﬂgt t2h nlal%qsl’l;es, \pa?agt g?i wtnr&grbmq B2 OI n%de:clt:lvle FeTal

particles, conductive metal oxides, metal coated fillers, nanosized conducting
organic/organometallic fillers, conductive polymers, or a combination comprising at least

one of the foregoing fillers,
21. The composition of claim 20, wherein the metal coated fillers and the conductive

metal particles comprise aluminum, copper, magnesium, chromium, tin, nickel, silver,

iron, titanium, or a combination comprising at least one of the foregoing metals.
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21. The conposition of claim 20, wherein the netal
coated fillers and the conductive netal particles
conprise alum num copper, nagnesium chrom um tin,
ni ckel, silver, iron, titanium or a conbination
conprising at | east one of the foregoing netals. 56
22. The conposition of claim 20, wherein the netal
coated fillers conprise silica powder, boron-nitride

22.powdies gonymssivion oF thinal @ vievdiethe nadtal rafbattad f'hﬁglaﬁbzmm silica
oii e . !.4_ast %ni‘ tbez all ci um sul f cal ciu

POVEL B B e SR NIl gHoRAcT & ”FW‘%fT@‘EEW gyide,

wofldseshi@Usciure SNESHRGICRS cdrbdlalel Ric, %1&”}"61‘@5%5;' 5ifiddt€ spheres,

sand, quartz, quartzite, erllte tripoli,
ﬂ”"d‘ii%ﬁt SRBSEbRISS. éﬁ%wlur@pﬁw@ms sandl; quasta, qu@rtmép o, trandlion
d:afbﬁﬁ@édtﬁ' F‘l% q nth‘?ﬁ:%ﬁllcgn Hordohifiioh 04, 9§ Oelildsl qu tl%3

actured fromthe co |on 0]
for%omgﬁ?ilets

23, An article manufactured from the composition of claim 1.

57



