WD 2005/ 044865 PCT/ US2004/ 026136 ELECTRI CALLY CONDUCTI VE COVPGCSI TI ONS AND
METHOD OF MANUFACTURE THERECF CROSS- REFERENCE TO RELATED APPLI CATI ON Thi s

appl i cat ivpp 260s@4g8s benefit to U S. Provisional Patent Apprivsadoyossiseri al
Nunber 60/494,678 filed August 12, 2003, which is fully incorporated

herein by reference. BACKGROUND OF THE | NVENTI ON Thi s disclosure relates
to el ectri CBLEY:TCR‘?&S&?}?}Y EONTIRPRVE: %P@Q?ﬂ@@&ﬁﬁ) METH@%?“ ure

thereof. Articles nmade from organic yners are conmonly utilized in

mat eri al -handling and el eMANUFACIRIRE SIERROF as packaging film chip
carriers, conputers, printers and photocopier conponents where

el ectrostatic dissipation or electromagnetic shielding are inportant

he tr anarors HEIRUNC b a0 REEATRE BEPE R B hodi o at ol fforent potential s
by direct contact or by an induced electrostatic field. Electromagnetic

shi el di i fgehtiaf tleims tMehiocl $i. RPepviebiat PhicneAppBedtionBriah®indrr t he ratio
(in decibels) of e proportion of an_ _e ectrontgq?neti c . field incident upon

th |
the shi OGS filed Angist 424003, Which il incoporated Bexeinhy ecfgedfees becone

smaller and faster, their sensitivity to electrostatic charges is

i ncreas RISORH bF T desirable to utilize organic polyners
T CRERIIRD OF Ju SPrERTIoN

t hat have een no i nproved el ectrostatically dissipative
properties. In a simlar manner, it is desirable to nodify organic

pol yner Shéo discdasuteheglateartopelostridally icopdustizd eimpositimmagarst imetbodselodi ng whi | e
simul taneousl y retaining sone or all of the advantageous nechani cal
propertir%aspuiq‘%{rﬁghe(g? ani ¢ polymers. Conductive fillers such as graphite
fibers derived frompitch and polyacrylonitrile having dianeters |arger
than 2 mMiticlREeiade Sroni Orgahicqdlynikes bzoaingshly ntilzedriganaterialpidndiig and 0 i nprove
the electrical properties and achi eye ESD and, EM shi el di ng., Howeyer,
because SHCUPRE flaii¢hs Hich asopackpging fypm iR &arricke COMRYES; REBIHOABE i on of

such PSRBT GRS chedSraeaRags SRCHMEpLCLL o2 et
pol yner iace topptmi réquirsmeni dlectrbstatic dissipation (hereinafter ESD) is defined as

the transfer of electrostatic charge between bodies at different potentials by direct

contact or by an induced electrostatic field. Electromagnetic shielding (hereinafter

EM shielding) effectiveness is defined as the ratio (in decibels) of the proportion of an

electromagnetic field incident upon the shield that is transmitted through it. As

electronic devices become smaller and faster, their sensitivity to electrostatic charges

is increased and hence it is generally desirable to utilize organic polymers that have

been modified to provide improved electrostatically dissipative properties. In a

similar manner, it is desirable to modify organic polymers so that they can provide

improved electromagnetic shielding while simultaneously retaining some or all of the

advantageous mechanical properties of the organic polymers.

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
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WD 2005/ 044865 PCT/ US2004/ 026136 whil e providi ng adequate ESD and EM
shielding, can retain, their nechanical properties. BRI EF DESCRI PTI ON OF
THE | NVENJbGhbsh«4E hod for manufacturing a conductive cogRashikass160QNMPri ses
bl ending a polynmer precursor with a single wall carbon nanotube
conposition; and polynerizing the polynmer precursor to forman organic

pol yrer . whifd Abrb¥HingEa§dubiEl BSDORand HEM NiWieMNIMEN A sethia s @RirhficEhdmical €
conpositions conprising organi c polyners an ‘a single wall carbon nanotube
(SWNT) cBiopeiicsi on that are manufactured by adding the SWNTs to the

pol ymer precursors either prlor to or during the process of polynerization
of the RRINFBRSREFHSEQOE ?]{ fipgei n are conpositions conprising
organi c polyners and an efficient am)unt of single wall carbon nanotube
(SWNTs). By an efficient anmount of SWNTs is neant that anount which is

suf fici eAtmétbod fdrenamifipoging a)cmaductivermmaoajtilon chnmtilsasriﬁencﬁng spolyiey | ess

t han or uaI to.about 1012 ohmcm whi dis gﬁg act gro erties

gr eat er P S5 Wétgu%ﬁlft JHugarson nprgty 8917’13 t BYYMERENY 1§ ass A

surface poipnsPprebiulsete fERPAbIRAe polyfercONMPOSI t| on has a surface
resistivity greater than or equal to about 108 ohm square (ohmsg) and a
bul k volune resistivity |ess than or ual to about 1012 ohmcm while
di spl ayi RETATPERPDBIGER RIQ&OF&@BEVE dANor equal to about 5

kil oj oul es/square neter and a Cass A surface finish. |In another

o about IS ahar Share ¢ s T oA 0, BAGE aRl o SRECUAN 2% Car

t han or caﬂmahartoﬂxlmti@WNTi)Bommen thahaﬂeanmufawlnaycﬂ by alddmdhe BWINEs ti es

greater ﬁ or equal to agout 5 k|| ouI s/ squar r and af Class A
surface 19 BAYMERPISAESHHSHAFRIIY to °’E ﬁ‘b B pﬂ R 0 ﬁP"opert i es
of great ﬁdil ﬁl@ﬁﬁre@lﬁrs&quﬁiscfo@ecﬁﬁé}@ﬁu a8 cotfipbQliY &RhprRURY &gHﬂ?E yn’ﬂé?é le in

bl
anot her odi hent, the conposition has inpact properties g) greater than
or equal ancbalabﬁmenlsmbumo@fomgs/\wh@arborrmar@mbel(SWNés)e miBydamefiicient he

CoTBt LR SISy TRl R B kSRR AT TP BB ah 0, 00
about 5 kaveoj Gulie ORISR ledNthad & 8g] Ao Sdbohnqe' bihsh, Whil@not her
displaying impact properties greater than or equal to about 5 kilojoules/square meter
and a Class A surface finish. In one embodiment, the composition has a surface
resistivity greater than or equal to about 10® ohm/square (ohm/sq) and 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.
In another embodiment, the composition has a surface resistivity of less than or equal
to about 10® ohm/square (ohm/sq) and a bulk volume resistivity of greater 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. In one embodiment,
the composition has impact properties of greater than or equal to about 10
kilojoules/square meter, while in another embodiment, the composition has impact

properties of greater than or equal to about 15 kilojoules/square meter.

In one embodiment, the composition has a bulk volume resistivity of 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. In another
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2 WD 2005/ 044865 PCT/ US2004/ 026136 enbodi nent, the conposition has a bul k
vol unme resistivity of less than or equal to about 108 ohmcmwhile

di spl ayi ngoi2095aalsepr operti es greater than or equal to abpeytus2004/026136
ki | oj oul es/ square neter and a C ass A surface finish. In yet another

enbodi nent, the conposition has a bulk volunme resistivity of |ess than or
equal t oembadimed)Sheobompositiothhdsea Hulkpcye gesistivitgtof dessphad besqd éat er t han

or equal to t 5 ki]ojqules/square neter and a O ass surface finish.
Suc hqcow%tlf‘élf ﬁl B‘;ﬁgn'(?ghwb’ié g’(ﬁH’éWﬂ’ﬁ BHLIPFORFTgS; geater than ghefipbioaboll 2t r oni ¢

goods,  RidJbuleBfliafd Etef FAPYTERE A srkdcE ‘ﬁintIshl?in}r}fé{sano%:ierteﬂgaohjnjfé%&ttﬂ@t need to

be protected from electrostatic charges. They may also be use
advant ageaupdsitianrhag @t it volueneesigtivityaeftless then lor £qual it eleoit d0° almd-caxt er i or

conponent s..0f.. aut onobi | es that. can be . electraostatica ajnted if

desi red. VPH° iR a%dmpﬁ‘étnﬁ’rf’p?rhgs ERRIFS ﬂ%ﬁ“eoraeﬂﬂgamta(%’o’t‘%élkﬁBf)oi}i‘Fé}lqueecur sors
prior tomkhReandi ORSA RkfaPOFiMKREr 1 zati on. I n another enbodi nent, the SWNTs
are added during the process of polynerization of the polynmer precursors.

I n yet another enbodinent, a proportion of the SWNTs are added to the
pol yner PicERmERAsiionscep hepadvntageqyshys utikzed ipotappimiters.atleesronicgpeds, anot her

proporti :C ]S%Nil‘ﬁ t r L.hg the
process %?hl([:)%f]?/‘?rtg?i zat’l Sg’ﬁtgﬂﬁ‘ceéqg%O%@é?&ng%ﬁ%? g?%s%%ﬁg{ﬁgtgg?{?g?ei n,
conpr i secle@astaticecharpes.i €Bheyhaby afse e nssieidvantagéo@Bnir agtomotip®byderi ¢ and
whi ch can unpder go .addi ti.onal ,pol yperization, The organic pol yners that may
be obt ai Wé’ﬁﬂf BB&H {9Fe THETYEnd z%i‘ttgréﬂ’i EFMPeRENSo Y ngé%tom?}?li?é uﬁ@b 18N ob&

t her mopl gsdiidstamiehlBisted P R8s, of thernopl astic polyners, or blends of
t hernopl astic polyners with thernosetting polyners. The organic polyners

may al so be a blend of polyners, copolyners, terpolyners, interpenetrating
net wor k Jsopimembodigent ghei Tonase rfostha poditméreprecursere poior tthéhd or egoi ng

organi c Rt es ,.of Lher .ast j rs include. acet al s,
ot yacr yRRSTRE BOLRIRIGT InholdPOABRYARA Bl SWHTR e s Eiolithy &
pol yan dgscesp@if palyasridation ppihgaolwadrprdasisors.Poh yai Mofies embdainyaityd sul f ones,

pol yet her sul f ones, poYlvﬁ)henyl ene sul fides, polysulfones, polyim des,
pol yet hePRPIYES ,Ofﬁtﬂ §/ Trsf adgedee e Belymer precursors prior to the process of

polymerization, while another proportion of the SWNTs are added to the polymer
precursors during the process of polymerization. The polymer precursors, as defined
herein, comprise reactive species that are monomeric, oligomeric or polymeric and

which can undergo additional polymerization.

The organic polymers that may be obtained from the polymerization of the polymer
precursors are thermoplastic polymers, blends of thermoplastic polymers, or blends of
thermoplastic polymers with thermosetting polymers. The organic polymers may also
be a blend of polymers, copolymers, terpolymers, interpenetrating network polymers
" or combinations comprising at least one of the foregoing organic polymers. Examples
of thermoplastic polymers include polyacetals, polyacrylics, polycarbonates,
polyalkyds, polystyrenes, polyesters, polyamides, polyaramides, polyamideimides,
polyarylates, polyary]sulfones, polyethersulfones, polyphenylene  sulfides,
polysulfones, polyimides, polyetherimides, polytetrafluoroethylenes,
polyetherketones,  polyether  etherketones,  polyether  ketone  ketones,

polybenzoxazoles, polyoxadiazoles, polybenzothiazinophenothiazines,

3




pol yet her ket ones, pol yet her etherketones, polyether ketone ketones,

pol ybenzoxazol es, pol yoxadi azol es, pol ybenzot hi azi nophenot hi azi nes, 3 WO
2005/ 044868 26Us6l4d92004/ 026136 pol ybenzot hi azol es, PCT/US2004/026136

pol ypyr azi noqui noxal i nes, polypyronellitimdes, polyquinoxalines,

pol ybenzi m dazol es, pol yoxi ndol es, pol yoxoi soi ndol i nes,

pol ydi oxpolybén2e@idz0Rs, POl ypblypHaBRSquiReXalRKs,i dazi ngslypREm¥BitiRAdZI nes,
pol ypyri di nes, ol ypi peri dines, polytriazoles, polypyrazoles, .

pol ycar beelyaenoxaligey, y oxpebibepeinidsnltses, pplopyiaielenz of nalyaxsisopdolipgst hal i des,

ol yacet . . ri ol Vi nyl: r yvinyl .thi ers,
ol yut myPo xRS HASRER Aot REL, BB Ry B boll ety
ni tril espolypipyndings, est ermlytistotaul f onatpesypyrapeleysul fi dpslycayboryitds oest er s,

pol ysul f ones, .pol ysul f onam des, _pol yureas, pol yphosphazenes,

pol ysi | aE%JM%’é%b"é’F%Pﬂ%anP?’ke, Rﬂiyddwpf\‘é%ﬂsons pohpithalidssy, at nobpsetaline of the
foregoin i eql il | astic
pol yror oPy patgesl PO TR el iy HASRAGE it iels, pOSVADP

polhyc ?r bllwtamm gl yMimyli haliﬁ]des,- FJMM}?Raitla’tey{ qmg_;vén}ﬂ)oégmlb,e rppl}ﬁuléor;ate/s, I t

et her/ pol yst ne, po enyl ene ol yam de ol ycar bonat e/ pol yester,
pol yphen¥/ 1¥ﬂﬁﬁ‘zetshergﬁf(¥¥1{))8?sé¥f”n, RS Hg%’natﬁo&%lfoﬁ%ﬁ‘ﬂ\gﬁ’si R I Seast one
of the fo5I08I/sPrhZBARNESy S fazkR! HOME BRE] & RAIERILAs cdipRRss aMBAdLAENt, an
organic %((5) yrres?ﬁht?hat ﬁ)}/’ bag used I n the conposi ti%?\r?% é pol yaryl ene

et her. Tolkthe éeragqing grganiyipehenass.her) pol ymer incl udes pol yphenyl ene et her
(PPE) and poly(aryl ene ether) copol yners; graft copol yners; poly(aryl eng
ether) e | Q ; 0 IS | kenyl .ar omat i€ ..conpounds
wtn por by BREBIeS; of WP RF) BSRBAIFTHS® pBlvsli dbeaf RBb I e

et her), Tunddiehsstyickenyloand co ;rbi naltpdlryt&rmm}’dcﬁ)il@gtraé-bhtlaa&he@@ﬁerﬁ]‘ t he
foregoi ng., Pol y(aryl ene et her pol yners per se, are polyners conprising a
pl ur al i tBelgpheaylenet ur alcthsaipolstrenene forﬂ?ﬁfpéeni(lﬂ}e. Q ° cther/pplyamjgleqy ()

polycarbonate/polyester, polyphenylene ether/polyolefin, and combinations

comprising at least one of the foregoing blends of thermoplastic polymers.

In one embodiment, an organic polymer that may be used in the composition is a
polyarylene ether. The term poly(arylene ether) polymer includes polyphenylene
ether (PPE) and poly(arylene ether) copolymers; graft copolymers; poly(arylene
ether) ether ionomers; and block copolymers of alkenyl aromatic compounds with
poly(arylene ether)s, vinyl aromatic compounds, and poly(arylene ether), and the like;
and combinations comprising at least one of the foregoing. Poly(arylene ether)

polymers per se, are polymers comprising a plurality of structural units of the formula

D:

Q2 Ql (I)

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,
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wherein for each structural unit, each QL is independently hydrogen,
hal ogen, primary or secondary |lower alkyl (e.g., alkyl containing up to 7

carbon atwobpos/Riesy!, 4 WO 2005/ 044865 PCT/ US2004/ 026 p3§ushaleadiby! .
am noal kyl, hydrocarbonoxy, hal ohydrocarbonoxy wherein at |east two carbon
atons separate the hal ogen and oxygen atons, or the like; and each Q is

i ndepend@alobikyh yaniaggryl, 3dREeMondLy, TRIohy8focaRRAAA WheldaE 1&sk¥vo Phenyl,
hal oal kyl , _hydrocarbonoxy, hal ohydrocarbonoxy wherein at |east two carbon

atons sE&PRPAEETEHECRAS dom halaaerb sy enygencriems.oer theelike; lead epefeBriabl y, each

is al e S L all 4 al kyl n ach i s_,hydyogen.
(B%tlh hom%dgpéhngpﬁgn Acrg%eo]l’ Eﬁag!r)fé ﬁ)]b%/%)/r%arry I é)ﬁeyee?f) Wgalr g §°P”eef i %}'lud%]?]e%y{rhe
pr ef er r edalohlduyh frydyocadionosay, haldhydmcadbhdiyntivhgred & Rhdraivbydagitenatbgese et her

units. Suitable cqopolynmers include random copol yners containi ng, for
exanpl e, SREHE i badOgey andomiea elomms- 6F e Ipkes Brofarabiis oagh Q' is-alndi9y| ene

et her uni r r erd : | ymeri zati on of

2, 6-di e h?}}ﬁ,hegﬁ%?eﬂ%)/(?% agl,()gi %id;/‘%?hne Eﬁpﬁﬁ@ gl . Also included are

pol y(aryl ene ether) containing noieties prepared by grafting vinyl

monomer s Both hahgpadyses arshcaw!ymodrysi y(amyiens  etlees)sveet inchsdedo UfHegutefeaky (ar yl ene
et her) i whi,ch coupl i.ng agents such.as | no| ecul ar wei ght_ .

pol yc?ar bgﬂ]gf)%%],ymﬁ{fi ﬂ%ng’é’?e cﬁﬂ@&?’lﬁ:?ﬁdﬁ gime, WEF\’IY?CE?P’ f cheidWHo SEERREon with
the hydr expolghérd PincRidet MRdoROLAHoRNrE NOnBEAIRE,) f&hakdisplt O sRmOgHRE ig hi gher
nol ecul ar wel ght polyner. Poly(arylene ether)s further 1nclude

conbi nat FYRBINgWSH Wil Ag.Gatrimeshdt ], 4nbenyiene hesheratmitse or mwlmbly(daﬂrwgngogt her)
h I i f . abgut 000 .t about ,
o ammat mon gty PHERIRAELCEH 26 BIbnGior MR 2 F B fneBH AR 30, 000

to about insMidedlarg/ paiyrylas diiesr comsidingymolticpeiromatd ®y shfamiagl aphy.
The poly(aryl ene ether have an intrinsic viscosity of about 0.10 to

about 0. BY"ORIESi PP rf)gl%ga!smyemw;’,ésébsell_r?ée@surléa prly(amiene ethedin at  25C.
It is al mcaaowpﬁahgtég%ms%aéh! 38 mw%sfamu?}y Iobel tg%agy%ggog{ragexi gﬁ@&(rlgsf yl ene

ether) and a low 1ntrinsic viscosity poly(ar rnation.
Det er mi nheteroayclexant fatials, undengot waactiont rwitlsi the uydrongi groess arfetwsed, wil |

. C o , ities of the
depend Sgéi?lxg]rﬂgneonetflehr? gl%(a%:st tlontp;cgcﬁ%fle Ca Vhlsgﬁgrs ! mlcwl%cular ngght polymer.
Poly(arylene ether)s further include combinations comprising at least one of the

above.

The poly(arylene ether) has a number average molecular weight of about 10,000 to
about 30,000 grams/mole (g/mole) and a weight average molecular weight of about
30,000 to about 60,000 g/mole, as determined by gel permeation chromatography.
The poly(arylene ether) may have an intrinsic viscosity of about 0.10 to about 0.60
deciliters per gram (dl/g), as measured in chloroform at 25°C. It is also possible to
utilize a high intrinsic viscosity poly(arylene ether) and a low intrinsic viscosity
poly(arylene ether) in combination. Determining an exact ratio, when two intrinsic
viscosities are used, will depend somewhat on the exact intrinsic viscosities of the

poly(arylene ether) used and the ultimate physical properties that are desired.

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
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poly(arylene ether) used and the ultimate physical properties that are
desired. The poly(arylene ether) is typically prepared by the oxidative
coupl i ng Wb 2085/d488t one nonohydr oxyaromati ¢ conpound $g¢Risadued2dsxy! enol
or 2,3,6-trinethylphenol. Catalyst systens are generally enployed for such
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| east ongahieaieyhdiRy MetA VTRV SHENaPS c8piteP P S ganBRNGHIBRIE ,c(%p&ﬁﬁl‘?' t
conpound, usually in conbination wth various other materials.

Par t i cul asuallyds epmbinpaeny ik yarenve othanandteriflor many pur poses are those, which
conprise nolecules having at | east one am noal kyl -contai ni ng end group.
The am ngal. r ads J I | ocated in t ho sition to the
hydr oxy S%I(t)lé%f.aﬂ%rug%g ?é] y{a? (%Ir:f%leg%tﬁ%b#g%g JEHYNEP ogSF’ S %%st%nsﬁy wggzﬂ SBP%RMRed by

i ncor por aioldeglearhaviy aplebdt cheparhildalyl-O6ntSaHENEIAT ¥rodpNOBHE BRirfdIKy] as

di - n-butyl am ne or, di net hyl am ne as one of the constituents of the

oxi dat i vEadEBL P8 ityrjcalbatacpted 1hiap oftho papisienfteeidia dmdrarypseypnt Pradects -

hydr oxyb i . i | r I A res in
Wi ch . BOERe (BE o BB mhy Bl RBldte R APl g Bh bR pEiry!
copper - hat sabendayandasayning stohr 48 di-y-butydami@e sy sdimethyAnsin®d a5 ant iofl ther opor ti on
of the polyner nolecules,. typically constituting _as much as aboyt 90% by
wei ght oFO%HEJeﬁ[ﬂ%f OX1ggaNY© Gg‘ﬁﬁlé?igﬁ cagtion gpxure, né{;og;eqpﬂgly present are L‘i'

am noal Ky g - | ; ; r

e e e T S s W RER D

pol ycar bpreduet diplnpgeinpemia pessentoespecigliyin acoppet-helideasebomdareorctadtiany uni t s

i nclude _conpasi.tions, having.structyral units of the fornul 11): 0

R on < g ey i i OgpHiah ohr e apdimt cnoBfli, s

al i cycl i eorsalitidglas miRhab b by, By weight @ﬂhé‘F@l{iﬁi&,&n &idif aff 184kt 6a¢  and,

nore preferably, a radical of the formula (111): A-Y A2- (I11) wherein

each of @f thgagungeicylsoptaipingrnd d-hydremxhipheny! %wii/gromai cal and Y is a

bridging radical having zero, one, or two atons which separate A from A2.

In an ex I : t.esq A A2 Lusirative

exanpl esﬁ'g?hd;lg%ri (ezlgxlwg&ig‘*eﬁﬁ m)eé PERIALBPnE PR HS e cdnifBtdfR mby bdsi
polycarbonate. Polycarbonates comprising aromatic carbonate chain units include

compositions having structural units of the formula (II):

R'—0 ” o— 1)

in which the R' groups are aromatic, aliphatic or alicyclic radicals. Preferably, R' is

an aromatic organic radical and, more preferably, a radical of the formula (III):
—A'—Y'—A?— 1m)

wherein each of A' and A? is a monocyclic divalent ary] radical and Y' is a bridging
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-, -S-, -S(0)-, -S(0Oz)-, -C(0)-, methylene, cyclohexyl-methylene,
2-[2,2,1]-bicycloheptylidene, ethylidene, isopropylidene, neopentylidene,

cyclohexylidene, cyclopentadecylidene, cyclododecylidene, adamantylidene, or the



type are -0-, -S-, -S(O-, -S(02)-, -C(O-, nethylene,

cycl ohexyl - net hyl ene, 2-[2,2,1]-bicycl oheptylidene, ethylidene,

i sopr opylwee@seopent yl i dene, cycl ohexylidene, cycl opefiggspsmidisiene,

cycl ododecyl i dene, adamantylidene, or the 6 WD 2005/ 044865

PCT/ US2004/ 026136 |ike. The bridging radical Y can be a hydrocarbon group
or a satyrat : 1 ]{T§Io I jogene or

i sopr opiwederﬁlg.ﬂ?%g—[n ggélgzgrr}’at %@%ﬁ%yﬁ%ﬂg@%a?(ﬁ;o u eﬂﬁ%ﬁ&? %‘éﬁé@h tt?ae@r%ﬂggunan

i nt er f agiradp svehas imethyddnet dyeloheaylidznabeispppulidene. wi t h di hydr oxy conpounds.
Typi cal |y, an aqueous base such as sodi um hydroxi de, potassi um hydroxi de,
cal cium hydrgxide, or the like, I ] Xe Lt h an, organic, .wat i mm sci bl e
sol vent scﬁ}écﬁaﬁ’é’atﬁé FAY R PYPSW?g 1 t?)g g’iﬁf}ﬁe“\é\kg%?% e Fag]raT IHCHAY Sﬁ)hr?et hane,

whi ch CQRHRINAR préQirddr w&r&}sydr@m&ﬂF&111d§. PRPRaIY, ANsuesusagsabudhsas general |y
used to facilitate the reaction. Mlecular weight regulators may be added
ei t her sﬁocl'glnyhxdroxide,mtﬁssétlmrlwdmnﬂqaealpamhﬁdwmg?,mmh ikepisanixed Mathagent s,
described forthwith.m ) i.ngl ' 1, Xk mati c

i hycr o TEREBUNEeL ARBISTRLE SO PRuRRER s Behiinty Gluch®, AN biiBap KT

conpr i seditfesmetfant ehigk 86itaihs tier dibydoky WmpddadAZ phiise tdpsfemdigemeisn A2 i s
selected fromdival ent_substituted and_ unsubstituted aromat{)c ({ri??ecfiil cal. In
some entssarbnused ipfapilisate e reasting: (Moleshlar sierlt seguiptors mayj be ageet, (v ym |
G--- E; LS (] ' ] a [ 0, asdgch as
phenyl eneé?‘gb%‘ﬁﬁé’ n?/rl( ﬁ%WQ#g%m %ﬁ %ﬁgt?ﬁ:ﬁé%tﬁrg rr”%i%hggﬁ%r?%g%&,y e%réﬁégr

al kyl i defoghgithumysisolbeasidedsinglyend admixbhykene, et hyl i dene, propyl ene,
propyl i dene, isopropylidene, butylene, butylidene, isobutylidene, anylene,

pyl i dene, i soprop “buty I der fe”
Ayl | aememstR Gkt g et SmonBrers P v Ve R Rl By’ ="

al kyli d%prﬁgq{bsggf@e_g@ﬁ@ﬂ%},ﬁmbknk)age; a tertiary amno |inkage; an ether

| i nkage; a  carbonyl linkage; a silicon-containing |linkage; or a
sul fur-contai ning |inkage sucg as
HO—A"—OH (Iv)

wherein A?is selected from divalent substituted and unsubstituted aromatic radical.

In some embodiments, A? has the structure of formula (V):

", R, (Y

G' E G'
REARSARE R

wherein G' represents an aromatic group, such as phenylene, biphenylene,

naphthylene, etc. E may be an alkylene or alkylidene group such as methylene,
ethylene, ethylidene, propylene, propylidene, isopropylidene, butylene, butylidene,
isobutylidene, amylene, amylidene, isoamylidene, etc. and may consist of two or more
alkylene or alkylidene groups connected by a moiety different from alkylene or
alkylidene, such as an aromatic linkage; a tertiary amino linkage; an ether linkage; a
carbonyl linkage; a silicon-containing linkage; or a sulfur-containing linkage such as

sulfide, sulfoxide, sulfone, etc.; or a phosphorus-containing linkage such as
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sul fide, sulfoxide, sulfone, etc.; or a phosphorus-containing |Iinkage such
as 7 WO 2005/044865 PCT/ 1JS2004/ 026136 phosphi nyl, phosphonyl, or the

i ke. | nwgdbdsioassesE nmay be a cycloaliphatic group. R pegRrisesiobasydr ogen
or a nonoval ent hydrocarbon group such as al kyl, aryl, aral kyl, alkaryl,

- or cycloalkyl. Y may be an inorganic atom such as hal ogen (fluori ne,
br omi ne, pbéspbiniyh@hosphdhyiepr tharikenbr ghiitian, §rmaypbes achcleaiphatic groupnRbr gani ¢

roup such as | kenyl, allyl, or abaove, or an ox roup.such as OR, it
bei ng onf?r‘?f@‘&tégé“g"roﬁg’? s, miaovalent RfrecarbpL@auR APt eLeikd. Bvlat%@lﬂylgact ant's
and r eachikaR1 CaneYdbARy, USEdnhP bR SP#ofoanid 8toRPIsHERhs hilfEeh HliSne N

represents any integer” fromand including zero through the ‘nunmber of
posi t i ondrosmng chipviae] iabine);faprinenghsit igtanpisooh apnitreparsrganis grou suckger from

and inclyding . zero ghrough the nunber of posjtiqns on.E avail ahl e for
Subst 1t ut SR b & RTIRYE o o BB b BOR' topeine Pk ofoediney Bl
ei t her . z§" @efierPfdendan@ficsted be Miceadthfis afdYeabiidrLE&ditidHa uded ROpréfi® .

Sui t abl e exanpl es of E include cycl opentylidene, cyclohexylidene, 3,3,5-

t ri met hytheyolysrex ihedettrs m rerrepghis ypay driesey Ifiogreped inglydingzerd through the

- bi cycl i ' . | opent adecyl i.dene
Lycl oéodg%ﬂ%’dg A ggﬂggsa%gﬁf%%{;ﬁfé#eg?e ¢ Flﬁ%ﬁ%g’ ggééf%ﬁgt%cagﬁgt&gﬁ fﬁ(an F]ildn kage,

such as fielddimbezers uhfooxh dee atmber Sopwitions RMOE pRallat8e feoaibafitatiog 1t nkage,
such as Phosphinyl, phosphonyl : an et her |inkage; a carbonyl group; a
tertiary RIESPRYE AR et 59Ul to 3t 187t oBS NS C BrRIEHISEY OF PRk 458 “YUERIEYS| | ane or
si | oxy. : j { hydr oxy conmononer conpound (lI11) in which A2 is
represen%@dﬁ%?e%%gﬁwﬁ(e /) above, when nore than one Y' substituent is
present, they may be the same or different. The sane holds true for the Rl
subst i t uEnitablaphexamples i of z & oinchudé ocpelbpentylidengndeyelahexylodeng,er H3,5¢ he

ic, ri directly joined with. no i i |Lky] i. h
b age. _ FmeieRidhsfiage § mebRSshegl ande Sl St o © "
nucl ear hespeflyliderle, cycldpORadRyli®ile] BydhRddeéiiliene, Miathan®lidBad, detc.pOsi ti ons

and the groupings can be in vicinal, asynmetrical or symetrica
rel at i onsHfug-conpming tinkags. sisheay isaideasplioxide ars seifonehea IPhasrbeBbon

ey ST Sk RO RUGAI, A BHBE ST BB !
radi cal sgaog; anatibst hittdlgen group; or a silicon-containing linkage such as silane or
siloxy. In the aromatic dihydroxy comonomer compound (II) in which A? is
represented by formula (IV) above, when more than one Y' substituent is present,
they may be the same or different. The same holds true for the R' substituent. Where
s is zero in formula (IV) and u is not zero, the aromatic rings are directly joined with
no intervening alkylidene or other bridge. The positions of the hydroxyl groups and
Y' on the aromatic nuclear residues G' can be varied in the ortho, meta, or para
positions and the groupings can be in vicinal, asymmetrical or symmetrical
relationship, where two or more ring carbon atoms of the hydrocarbon residue are
substituted with Y' and hydroxyl groups. In some particular embodiments, the
parameters “t”, “s”, and “u” are each one; both G' radicals are unsubstituted
phenylene radicals; and E is an alkylidene group such as isopropylidene. In particular
embodiments, both G' radicals are p-phenylene, although both may be o- or m-
phenylene or one o- or m-phenylene and the other p-phenylene.Suitable examples of

aromatic dihydroxy compounds of formula (IV) are illustrated by 2,2-bis(4-




phenyl ene radicals; and E is an al kylidene group such as isopropylidene. In
particul ar enbodinments, both G radicals are p-phenyl ene, although both

may be ow@hod¥ro4idggny! ene or one o- or mphenyl ene and pEEURINIEH26R3PNENY!
ene. Suitable exanples of aromatic di hydroxy conpounds of formula (1V) are

illustrated by 2,2-bis(4- 8 WD 2005/ 044865 PCT/ US2004/ 026136

hydr oxy R A
2 2. bi S?ﬁ%%ﬂgﬂgﬁ&ﬁ@g&gxy%ﬂg%ﬁl)ﬁ? A 66‘2 bis(3-chloro-4-hydroxyphenyl)propane;
2. 2-bi s(%Zﬁm&ﬁ&Tbrmnded)«y&whbmyl)pmpapane 2, 2- bi s( 4- RyMbistdyhyBliroxy-3-

T S ol OB SRRISRY) 259508

2, 2- bi S(ﬁnﬂhﬁﬁyﬁmﬁyﬁ]ﬁéﬂﬂ%ﬁ%ﬁ%@ny|22?B@(33ﬂ%ny]243wdrox henylapropane 2,2-
bIS(3 5-di chl or o- 4- hydr oxyphenyl ) pr opane; " 2, {% br ono- 4-

hydr oxydné(ayi 9hph1@paﬁéayd@><2plmy )Bropanf; et hyl - 4 hydr %,zymﬁéﬁydﬂyrpmo%me

22 SR B4 ORI BB e, 25

2, 2- bi s(&ﬂ@bl@hynréxylydmmpm@pmp@wl phenyl )QTZU@ﬁ(BEbroﬁo-zl-hydroxy-S-
b| s(3- bronp- 4- hydr oxy- 5-i so ropyl phenéy%pr opane
2, 2- bi s(lsetﬂlylwtewll%ompo Pe-RisCrehieTed Byiayy-p peapenydphenylpropane; 2,2-

2, 2- bi LiE -5

b1 (5 o3 @Sﬁfe%ﬂ%%ﬁ;sﬁ’?g%fﬂﬁﬂ%ﬁ@?w%’%gﬁg%2«’@‘%‘5@ I ahlorazt ol .

BydE gx§ﬂndwdmbfmbm§lua 2, Dios( B btoneh- Smtbﬂ%hﬂf‘g’%@hm%}lbg@aﬁa) er,Z}pane' 2, 2-
is u ox i.S i

hydroxydﬂ%(ﬁﬁhs) P%p@ﬁ@yygaﬁd%gﬁlf}g@ 22,3, 5%@ ‘i‘%é%é?ﬁlﬁf’érgﬁﬁé* 1 )propane

2,2- b %m})?@ 6-4 ef Qﬂy)?h@ﬁyy PR3P -

2, 2-Dbi !sq{ h&%}%‘c}x - f% g§6- %gtbgﬁ?rgt hy phenj;i"l)l%r opaﬁ%nyl)propane 22

2, 2-bi s(@8(6,5ddlcﬂﬁbu§}’le4 Bydsoxyphenylygropanchy dr oxy pheny | 3,Bbistafetiphenyl-4-

2,2-bis(;2,6-d 3..5-d 4: h

T b s R PSR vt SRk R B gR A Fopanc: 22-

hydr oxy [His@ytydenst DB S 6ateeabrémbphény () rdpandio- 4- hydzrmsspﬁhﬁwbﬁyamlmexane
1,1- bi s(4-hydroxy-3- nethylphenyl)cyclohexane bi s( ydr ox
|soprop)ﬁP§§ﬁE?F§V}PBW Dprepangie; 1, 1-bi s(3-t- %@t@ﬁ(z@-dwlﬂ@@x%»éﬁlﬁﬁ?h)’b%}cl ohexane;

1,1- big %ﬂx@])@ﬁﬂ%% .oxyphenyl ) cycl ohe%’grbg %%QTBHQ $£ Jimat ﬂ#lcjgl or o- 4-

hydroxyp xane; 1, 1-bis(3,5-di roxyphenyljcycl ohexane;
1, 1- bi s(I@dﬁewphmyh)pkepﬁnéxydclemﬁph]eﬁybg)q)helhﬁmxmexane 1,1-bis(3-chloro-4-

1,1-bi S(]%fd%;(ly% eny cyéll lrlg()%é;&1,1—bis(3-bromo-4-hydroxyphenyl)cyclohexane; 1,1-
bis(4-hydroxy-3-methylphenyl)cyclohexane; 1,1-bis(4-hydroxy-3-
isopropylphenyl)cyclohexane; 1,1-bis(3-t-butyl-4-hydroxyphenyl)cyclohexane; 1,1-
bis(3-phenyl-4-hydroxyphenyl)cyclohexane; 1,1-bis(3,5-dichloro-4-
hydroxyphenyl)cyclohexane; 1,1-bis(3,5-dibromo-4-hydroxyphenyl)cyclohexane;
1,1-bis(3,5-dimethyl-4-hydroxyphenyl)cyclohexane;  1,1-bis(3-chloro-4-hydroxy-5-

methylphenyl)cyclohexane; 1,1-bis(3-bromo-4-hydroxy-5-
methylphenyl)cyclohexane; 1,1-bis(3-chloro-4-hydroxy-5-
isopropylphenyl)cyclohexane; 1,1-bis(3-bromo-4-hydroxy-5-
isopropylphenyl)cyclohexane; 1,1-bis(3-t-butyl-5-chloro-4-
hydroxyphenyl)cyclohexane; 1,1-bis(3-bromo-5-t-butyl-4-
hydroxyphenyl)cyclohexane; 1,1-bis(3-chloro-5-phenyl-4-
hydroxyphenyl)cyclohexane; 1,1-bis(3-bromo-5-phenyl-4-

hydroxyphenyl)cyclohexane; 1,1-bis(3,5-disopropyl-4-hydroxyphenyl)cyclohexane;
9




met hyl phenyl ) cycl ohexane; 1, 1-bi s(3-brono-4-hydroxy-5-

nmet hyl phenyl ) cycl ohexane; 1, 1-bi s(3-chl oro-4- hydr oxy- 5-

i sopropylwBemsoseses! ohexane; 1, 1-bi s(3-brono-4-hydr oxXy- ser/us2004/026136
I sopr opyl phenyl) cycl ohexane; 1, 1-bis(3-t-butyl-5-chloro-4-

hydr oxyphenyl ) cycl ohexane; 1, 1-bi s(3-brono-5-t-butyl-4-

hydr oxyp GY&L anRy ' 7 - 5- phenylisdsia s g A
hydr oxypﬂ’g%%()z’c ycgltgﬂg ane dr%xy%h%:]}z%%c %P%)}%%]@B phenyly’-1 4bf}s(3’5 diphenyl
hydr oxy physhigxypbyeylisyelohersne;1, 1 1,1-bis(4-hydroxy-2,3,5,6-

- bi s(3, 5-di | -\4- hydroxyphenyl ) cycl ohexane; 005/ 0
PCIT 7 EJSZOﬁg}léﬁ%%gggnyp,qaé??@x,'g- di }lt ) bﬁt yl - 4- hydrloilp\é%%'@&f&]éégﬁgk ane;
1, 1- bi s(@thbdiipRecdclohakdr@xyphenyl ) cycl Ohexanﬁ;l-bis(4-hydroxy—2,l3,5,6-

1, 1- bi s(4- hydr ox¥- ,.3,5,6- tetrachl orophenyl )‘ge/cl ohexane: 1,
- bi s( 4- higtipagtyipheng)caclohestanabr onophenyl ) éyldbigBéxdigkiorot3,5dimethyl-4-

Lo hr s SO PEn S hgtafhr ATH 1Y) PREOY L NSO R BRSO3 5eimethy1-4-

1

1, 1- bi s(RBydsexiiphenylizySlohexting®t hy lbid4-Hydebxgphpypras b aptletyfosaIvhexane;

1, 1- bi s(4- hydroxyphenyl )-3,3,5-trinethyl Ci/C| ohexane; ,

1, 1- bi s( bl dis(SreBloao-Ayiydrsxyphranir3.3 3 tonsthyilyslohpansy c | b hbissirbromo-4-

1, 1- bi s(Ry 4o 3 = .5-tRigNn O : D-

T 1 b1 o( DRy APR A R ety T Gl O M hony)

1, 1- bi s(33hytdnEtyyl@cideparepy| phenyl ) },Bba(ShydrokyBtibydroyydplongR i 5-

1, 1-bi s(3-t-bytyl-4-hydroxyphenyl)-3,3, 5. tr] tg | cycl ohexane; . 1, 1

- bi s(3- pm@fyjﬁgﬁlh%%ieyphenw )-3, 3, 5- %ﬁPW&ﬁ@ﬁ_&f A gt , %5

1, 1- bi s(@inRetklji6}tHeRark; hydr oxyphenyl ) 13, BisB-pHenl MR YShAhB1ENS:

1, 1- bi s( 3, 5- di br ono- 4- hydr oxyphenyl) -3, 3, 5- ‘tri et hyl cyCl ohéxane; 1, 1

- bi s( 3, Strigpatiesdexdlobexenedr oxyphenyl ) - 3,130i83, % dicltercrdhyduokyplsnsie,3,.3- 1

-bis(3-c -4 - - 5- et hyl phenyl.).- 3,3,.5- trjnethyl cycl aor ne; 1, 1

- bi s(3- b&%‘%@%@%’%%& met hyl phen@%ijg-‘%(?:??"a‘gm 9 MV@V&@%@X@%EQ

1, 1- bi s(insethydcyeicheRyds OXYy- 5- i sopr opYbp®B3dinheByBR4-hydiokpRnhyl3y,s! ohexane;

1, 1- bi s(3-brono-4- hydroxy-5-isopropyl phenyl ) -3, 3,5- trinmethylcycl ohexane;

1, 1- bi s(BunetlBiexalehs2@s or o- 4- hy dird di§@rbiayp-y=l/dgoxy-5-methylphenyl)-3,3,5-
trimethylcyclohexane; 1,1-bis(3-bromo-4-hydroxy-5-methylphenyl)-3,3,5-
trimethylcyclohexane; 1,1-bis(3-chloro-4-hydroxy-5-isopropylphenyl)-3,3,5-
trimethylcyclohexane; 1,1-bis(3-bromo-4-hydroxy-5-isopropylphenyl)-3,3,5-
trimethylcyclohexane; 1,1-bis(3-t-butyl-5-chloro-4-hydroxyphenyl)-3,3,5-
trimethylcyclohexane; 1,1-bis(3-bromo-5-t-butyl-4-hydroxyphenyl)-3,3,5-
trimethylcyclohexane; bis(3-chloro-5-phenyl-4-hydroxyphenyl)-3,3,5-
trimethylcyclohexane; 1,1-bis(3-bromo-5-phenyl-4-hydroxyphenyl)-3,3,5-
trimethylcyclohexane; 1 ,1-bis(3,5-disopropyl-4-hydroxyphenyl)-3,3,5-
trimethylcyclohexane; 1,1-bis(3,5-di-t-butyl-4-hydroxyphenyl)-3,3,5-
trimethylcyclohexane; 1,1-bis(3,5-diphenyl-4-hydroxyphenyl)-3,3,5-
trimethylcyclohexane; 1,1-bis(4-hydroxy-2,3,5,6-tetrachlorophenyl)-3,3,5-
trimethylcyclohexane; 1,1-bis(4-hydroxy-2,3,5,6-tetrabromophenyl)-3,3,5-
trimethylcyclohexane; 1,1-bis(4-hydroxy-2,3,5,6-tetramethylphenyl)-3,3,5-

trimethylcyclohexane; 1,1-bis(2,6-dichloro-3,5-dimethyl-4-hydroxyphenyl)-3,3,5-
trimethylcyclohexane; 1,1-bis(2,6-dibromo-3,5-dimethyl-4-hydroxyphenyl)-3,3,5-
trimethylcyclohexane; 4,4’dihydroxy-1,1-biphenyl; 4,4’-dihydroxy-3, 3’-dimethyl-
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trimet hyl cycl ohexane; 1, 1-bi s(3-brono-5-t-butyl-4-hydroxyphenyl)-3, 3, 5-
tri met hyl cycl ohexane; bi s(3-chl oro-5-phenyl - 4-hydroxyphenyl) -3, 3, 5-
trimet hylwpehsshragese:, 1, 1 -Dbi s(3-Dbrono-5-phenyl -4-hydr geyRRSNDI61Ss 3 5-
trimethyl cycl ohexane; 1 , 1 -bis(3,5-disopropyl-4-hydroxyphenyl)-3, 3, 5-
trimethyl cycl ohexane; 1, 1 -bis(3,5-di-t- butyI 4- hydr oxyphenyl ) - 3, 3, 5-

t t h . 5-

) et YRR ATe ety il BB IR |

tri met hy4 d}dihgthexgdipheriy]thidatief;4l h}ad(b@hﬁir@xﬁmeayl}ﬂﬂabpyi)hnpd:aonyl3 3,3, 5-

H: xt Ey 15& 443%21%23—1Tft]1yl}51en§'1[)1 r((j)}r))cl)l))(lg/enzene % Z? bls&t ﬁﬂ}g&r %yp}ﬁeny?)}/p 33,5
, 1- bi s( Zlivn% 9']{)&%8{60 aid Or, AUbf¥ei-Whydto Ry LR PPRAWA) 2-BropyPbenzene.  The

tr| met hyl cycl ohexane;

1, 1- bi s(me&rddlammaj}cajlﬁydmxuecmlypmmd i/ Bisphenohar(JaPA)3, 3, 5-
trlnethylcyclohexane 4, 4 dlhydroxy 1, 1- bi phenyl; 4,4'- dlhydroxy 3,

3' - di net 10, WO, 2005/ 04 8 PCTI US2004/ 13

3 e O 100 20051 0346 BT SEO0LRRCL R Oh I s
4,4" - di Wﬁél‘éWﬁ' phesy| sl @91-9@{- Some examples of such blsphenol compounds are

1, 3-bi s( é’4 hydroxyphenyl) 2- pro'% ) benzene; ' '
bi s( 2- ( 4bipyadioxyarsDEbersy Sithe gy | 4.4 ddihydspxy )da@rﬁzl@kﬂler 4,4'-dihydroxy-3,3'-

1,4-b (S | 1
4 bi ;?(281 %w lhgf(é(tgge '3%’ lw)e 1?]?‘| éB{Sﬁw&&%rdgéﬁp%gﬁé}é ﬁléch alsh44 d1hy %7§yr od
ar onat i cdmhényﬂr elxlﬁdeormo'hmﬂydrSX)BBspmmmﬂy]Ad(]ﬂéAyl solfinder, ot sﬁiee dikke; conpounds
t hat b I I i.nclude ft. -0-, -S,
SO or b SOk aHPALSomIdah AsPRANGRY cURpoEhdbligrges. 44
2' Z( hédr @my@lromseﬁ Gﬁﬁéth?]”&ﬁhé‘ﬁrl éhlfomdys hordhoxe; CBlRH?dl‘)ék?Hfh@ﬂ)sulfones
i hydf oxy- 3.3 - di et hyl phenyl ether, or th hydr oxy

di aryl )smChl de st Asdibydrasy 4d1phendl WﬁﬁOO%y4 "d-ldﬂtyém](b’ %ﬁu’l-dlmdél,yl d1phenyl
4,4-di h net hyl fid hyd
450 gt B DSBS St T P,

di hydr oxyisghedol sbnifiuis. di phenyl sul f oxi des, or the |ike; b| s( hydroxy

di aryl )sul fones, 'such as 4, 4 - di hydroxy di phenyl sul fone,

4, 4" - di hédr ox%/l 3 3' - di met hyl phenyl sulfone, aor the like; or

conbi nat 1P15|Cﬁ§1138’tm43eé]%ﬁ‘ BAE by utpiged dpeé}lﬁ PQlyepndensation of onpounds.

O her bi 5&9859941131&0&}9%1!}8’5%11&8%&tﬁ@%n%la%w ized in the polycondensation of

®H,
G
- (VD)

wherein, R', is a 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. Examples of bisphenol compounds that may be
represented by the formula (V), are resorcinol, substituted resorcinol compounds such
as 3-methyl resorcin, 3-ethyl resorcin, 3-propyl resorcin, 3-butyl resorcin, 3-t-butyl
resorcin, 3-phenyl resorcin, 3-cumyl resorcin, 2,3,4,6-tetrafloro resorcin, 2,3,4,6-
tetrabromo resorcin, or the like; catechol, hydroquinone, substituted hydroquinones,
such as 3-methyl hydroquinone, 3-ethyl hydroquinone, 3-propyl hydroquinone, 3-
butyl hydroquinone, 3-t-butyl hydroquinone, 3-phenyl hydroquinone, 3-cumyl
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pol ycarbonate are represented by the formula (VI) (Rf)n (OH)2 (V)

wherein, Rt, is a halogen atom of a hydrocarbon group having 1 to 10 carbon
atons or wa b@eRs substituted hydrocarbon group; n isparN®bdégotgign O to
4. Waen nis at least 2, R may be the sanme or different. Exanples of

bi sphenol conpounds that may be represented by the fornula (V), are

r esor ci n@lydroguinshd, a3 8 G-t @eAEBYINBYdr6 QIROMW) 333, §6Q€tra—ﬁ5ut§1' H;adrbqﬁmds&r;ror cin,
3-ethyl resorcin, 3- pro yl resorcin, 3- butyI resorcin, -butyl resorcin,
3- phenyl Zr%%éﬁ@raﬁm%dem,qmnm@g,o2@»%6—tezra9rmn«6Jwétqqamoa¢,oor éls%rh&spn orp 3, 4,6-
tetrabro [ [ ubsti t ut ed

hydr oqui Eglﬁé{s?ﬁ%l% C%Hlpq) ngy?l F}tkq%e gfre?‘égel oinﬁg)\{ &%Qﬂ%}' Cgﬁlgﬁ%’/n roqui none,

3- propyl hydroqui none, 3- butyI hydrqu|none 3-t-butyl hydroqui none,

3- phenyl Blhgpdiemmonmaendﬁsmhrasum 2, WO @ﬁﬁﬁjcﬁ)él—éBG&PGT—/ 15200ty D261'36

e ool R0 SRl L RO e B3l G et R

hydr oqui ggie, or the liKke; or conbi nati ons conprising at | east one of the
f oregoi ng bi sphenol conpounds. Bi sphenol conpounds such as 2,2, 2', 2'-
tetrahydro-3, 3, 3, 3 - tetranethyl-1, |1'-, spirobi-[IHindene]-6, 6-
diol represented by the follow ng ¢8swul 241 1) may al so be used. CH3 CH3
HO OH CH3 CH3 (VII) The preferred bigp conmpound i s bisphenol A
Typi cal carbonate precur qrs i ncl ude yl halides, for exanple

y pm de; the bis-hal of or mat es,

carbonyl chloride (phosgen
for exanple, the bis-halofdg . fognol s such as bi sphenol A,
hydr oqui none, or the like, e bis-hal oformates of glycols such as

et hyl ene gl ycol and neopentyl

The preferred bisphenol compound is bisphenol A.

Typical carbonate precursors include the carbonyl halides, for example carbonyl
chloride (phosgene), and carbonyl bromide; the bis-haloformates, for exarhple, the
bis-haloformates of dihydric phenols such as bisphenol A, hydroquinone, or the like,
and the bis-haloformates of glycols such as ethylene glycol and neopentyl glycol; and
the diaryl carbonates, such as diphenyl carbonate, di(tolyl) carbonate, and
di(ﬁaphthy]) carbonate. The preferred carbonate precursor for the interfacial reaction

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 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
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the diary] carbonates, such as di phenyl carbonate, di(tolyl) carbonate, and
di (napht hyl) carbonate. The preferred carbonate precursor for the

i nterfaciwyg0@3aGig®n s carbonyl chloride. It is also pesgkRofoisscep! oy
pol ycarbonates resulting fromthe pol ynerization of two or nore different
di hydric phenols or a copolyner of a dihydric phenol with a glycol or with
a hydr oxy . W | ) | (APAY.Y) i WLVl wth a
hydr oxy gxg%]%l{n(]) 9%\/i %Shﬁgﬁgﬁﬁmmﬁﬁgg?]d&gﬁﬁ% %@ng\)}g’r?? %ghtgg@ o%é%rgt copol yrer
rat her thineen functiomad mrbypsewhich deyi be dyfioxyl sarbogph eadioxylic uskydrideal i phati c

di aci ds E?E}VF a outd 2 to about 40 .car ?jﬁgs A gr e;.:‘lér rfed al i phat ilc diacid is
dodecanedi 81°CM¥e 3¢ B 1085 SOTPESPE AhAPRE Ong L1 J8F | TOLEEomge g8°%12 1 i near
pol ycar banaise spstifc BXARIBE theliiR! HARIRRNALE, HRYeIRS BniiRiride Shlinhdllifide
conposi tion. The branched pol ycarbonates nay be prepared by adding a

br anchi nyichlpside, trisrn-hydrosy yhenylzethang isatindyepham],Whisades0103486/53,5-

/ b hi ' Lyf i onal. i
compoundd (BN AR DRy IOER R (ERBRA ® o Btvs LRt Do ©
hydr oxy!| hydzatRpaxy1)-et&sl) bO%ﬁ)éJ—&iﬁl&MYdie@nQﬁ)pheﬂ@b,Of lchrofodgl CHRMAIMALI ONns

conprising at |east one of the foregoing branching agents. Specific
exanpl esanhydtidele timese| 4did,i bemasipignanei tedtakarboxylienlagids i oke, the rlikme| b1 ti c

i chl orj de.. t.ris-p-hyd hepyl i satin-bis:ph i s- phenol
TC (1. 3, eomipfilons bR, AT ome 7 B Forb b st R 8B o PR
(4(4(1, 1brabé}ﬁlﬁg°a%]dtm?]§;1:hi@% Yehaayd it £1dv¥l of #boat 0ioFeb hpbutbR0AvdighrAeh) ,

p

4-ch|orofogny| ¢ anhydride, trinesic acid, benzophenone

t et r acar FXR)} hasedpop the fotplecightad thegpolycashaspisdp a@hendayspr i sing at | east one
of the foregoing branching agents. The branching agents may be added at a
level  of AR dARedOHR ' oy & Welfporhihbchsuan t he

t ot al vvell ghtUélo]? tdage p’oﬁy awggﬁagggt%%ﬁeg vgg&llaa er. e?@rPoo e eﬂgodﬁgmﬁent, t he
pol ycar hieaction betwedner @ihypdttoxe dorbyoumdrmpti b cpdlopracibdissien. dixampdesatfiton bet ween

a di hydro CO nd _and a caybonic .acid diester anpl es of. the carbonic
ot o e FRE e ety be SRl 3S prostibt Bl RRpRiS i PV o

di phenyl carbial0 NBis@,4-BichlooptredigdiyaRN eﬁfé&z)zﬁ@fn@aﬂ&bﬁhenyl) carbonate,

bi s(2,4,6-tri chl orophenyl) carbonate, ~bis{2-cyanophenyl’) carbonat e,

bi s( o- ni bis@ptyengnhenyll rastheaets, bis(owityaphenylh eaosatemditolyl carbonate, m-

cresyl ~ carbonate, dinaphthyl carbonate, bis(diphenyl) carbonate, bis

(methylsalicyl)carbonate, diethyl carbonate, dimethyl carbonate, dibutyl carbonate,
dicyclohexyl carbonate, or the like, or combinations comprising at least one of the
foregoing carbonic acid diesters. The preferred carbonic acid diester is diphenyl

carbonate or bis (methylsalicyl)carbonate.

Preferably, the number average molecular weight of the polycarbonate is about 3,000
to about 1,000,000 grams/mole (g/mole). Within this range, it is desirable to have a
number average molecular weight of greater than or equal to about 10,000, preferably
greater than or equal to about 20,000, and more preferably greater than or equal to
about 25,000 g/mole. Also desirable is a number average molecular weight 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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cresyl carbonate, dinaphthyl carbonate, bis(diphenyl) carbonate, bis

(met hyl sal i cyl ) carbonate, diethyl carbonate, dinmethyl carbonate, dibutyl

car bonat gyq 26lis¥fk9hexyl carbonate, or the like, or conpj | rising
at | east one ofF0 the f oregoi ng carbonic acid diesters. "?ﬁg’%%@ gzrﬁ&e%gp
carbonic acid diester is diphenyl carbonate or bis '
(et hyl s@ldGiiohs@! PAYRLGs o SERIAR! prepdrlle L P YEREEN BY 8T AACHIPL BRI  Wei ght
of the ;S)%){ycair}%ona?es)?stst gt%oug&& Og&xe}%o abgut 1,%00, 000 glr ans/ nol e

( g/ ol e)acidNét derivatié. s Thadipds usefuliis tiwewiepadtien ofothh gydoaiphaticbelyedsrer age

nol ecul ar _wei ght of .greater  th r _egual..to .abou 000,,.preferably
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equal t Qyra@dheihikdRe 808, MABEE cothin@rdies kd fPtabbS anBUNDEr average nol ecul ar
wei ght of less than or equal to about 100,000, preferably |ess than or

equal to about 75,000, nore ﬂ]preferably | ess than or_equal to about 50, 000,
and rnostSystableesxabipjes efsdiolshinalude etyylpae’ glyrolaprgnylens glysob 16/ nfed-eand13 WO

2005/ 044865 P S2004/ . | oal i t A 1 al |
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di ol St U%ﬂﬁﬁnaétﬂy&h@-pﬁé@maacﬁgi, Ozleﬁhif},t:f?ﬁ]elﬂwﬂ;,lhd),ahjrpﬂsmiei diohol,y-eahérl,5pol yners
are straight chain, branched, or_cycloaliphatic, preferably.. | ght chai
or bgﬁm@@eaﬂlf{hr@m@}’ﬂlﬁ%@ sbisal et o s tioht b6 Bekm gh o,
Sui t abl e . L gl.S 4l _ 1 g&qwgﬁeg col, i.e.,
1, 2- and ﬁ@g?%g%@%ﬁg&g@ggﬁlcugﬁy gﬁgy éd%gﬁ,ng%]%lgsg,hmﬁ?& arlld l,l%dtr)’ut aneI

di ol ; di EtOnieene djbly aoll,mixByds df mey foflthd feregoinganBartivwarly prefetsd is 2- met hyl ,

2" et ny | SR biciidoqp e, fgeiBRl-Eea) € cyelpo PN (fiSan ¥R nanol and
parti cul @plvaldnks thdrSor & paftRfrlyS QAR Blohtxdnet MvhethmoD oy Ciéd cherdicdl- decane
diol, and m xtures of any of the forelgoin . Particularly preferred is

di met hamsjuivslenyss | i 1ok eyalehexanadintedivap iﬂé@g?iuﬁ?d as pdidgompragntcit éf ol or
chem cal __equi valen t her rii o 4 “gi met hanol
or 1t s cHEInPERbT UL e S5 A5 b Reltrom G R ARG 1 T2 120
as the dioQlboGOMMNOMWithin fhis fafige, JERRGIeatally desifedr toade taomolsaatio of kisutee of ci s-
to trans-isoners in nole ratios of about 1:4 to about 4:1. Wthin this
range, itranssisgpserafiabgutdedi red to use a nole ratio of cis- to

The diacids useful in the preparation of the cycloaliphatic polyester polymers are
aliphatic diacids that include carboxylic acids having two carboxyl groups each of
which are attached to a saturated carbon in a saturated ring. Suitable examples of
cycloaliphatic acids include decahydro naphthalene dicarboxylic acid, norbornene
dicarboxylic acids, bicyclo octane dicarboxylic acids. Preferred cycloaliphatic diacids
are 1,4-cyclohexanedicarboxylic 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

suitable solvent, water or acetic acid at room temperature and at atmospheric pressure
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trans- isoners of about 1:3. The diacids useful in the preparation of the
cycl oal i phatic polyester polyners are aliphatic diacids that include

car boxyl iwwoa6dsie4dsaVvi ng two carboxyl groups each of Whi;@—b/[@f(ﬁyﬁiélﬁphed to
a saturated carbon in a saturated ring. Suitable exanples of

cycl oal i phatic acids include decahydro napht hal ene di carboxylic acid,

nor bor ne@ging dhigldeatxl '{ybt@ sach éisrho@iuﬁyﬁ;%oﬂ% @H% SAtSE RAXXEL bE cABOS Or
Preferred cycloallpha ic diacids are 4- cycl ohexanedi car boxylic acid and
trans- |, 3ugiyes. Jihéxmﬁé’oﬁlﬁmbmﬂ}al%bmﬂiwe oflanriecat liguid predlitine wiiezein @8 are al so

usef ul at. | east one none

cycl oal Wgﬁatlgl; %te]F PS?QS’X Eséﬁlyﬁs@?%ﬂn\% re)%gﬁ%} %°§d fonp |aH‘i3ng§rXSEﬂ§Eﬁq@dﬁ’i"éci ds are
succi ni camiﬂcbnumdima@b@mcbmdanmehyl succinic acid, and azel aic acid.

M xtures of diacid and diols may al so be used to nmake the cycloaliphatic
polyeste&s” q§gl hexanedlcarboxyllc acids and their chem cal equivalents
can be p élaa? we hydraggppton, o RE 1RYREr isefaeat 318 rPiined, ayheEaim Hag i c

di aci ds gﬁqlzg t ht i

terephth |c aC|§§£ SR %gfé@¥%t2%? ?ﬁq%m§§°hﬁ&§re@§% @éﬁ?‘ﬂﬂgter or
acetic axspnheestcandmmepﬂaqaélbatcuysa]hzmhoat\mﬁt orosjtlnarn |acsoh4e3$ $otrexample, WO

2005/ 044865 PCT/ US2004. 02613 ng.sui tabl e cat sts such as rhodium
support e ?’Pa°§hjﬁytg‘5 HORr 1 el?le wc,céWBWe’bFendéltﬁﬁ;I%]éigeFWéyt heeljansr so be

pr epar edishief i MgRerQhelfiflg i@ biystalitiatitn REEH SR MNEIG) eﬁé?all)aﬁx'e?’erfeﬁl at | east
partially sol ubl e under reéaction conditions and a cafal yst’ of pal | adium or

r ut heni uMixtresflagcier angd frangdsdangers sey. alsb/lm eei] gnd mferarb@' hein sgsat i on, two

nor e r. i ned vvher rbox I|c rein
ol ther ¢ IRAIRGE Y& AOLBOSIINGCH Rl o SRRRE it Bl SR B be
separ at etheleys-isoineit will ¢chayrise fﬂhé/\teiﬁanﬁfer BhdeD O tthedtobld @Mt of Eig arRidediRl €, n-
hept ane,, or by distillation. Wiile the cis-isoner tends to blend better,
the tranSOmesHAsbipgds WheRer midite ofgisemars ryBners| thay gne éwcxdeusfp@p@tzur e and is
general | y | so be
acd, - andRDERE! bofmixioUith 8 poRfesttNiphl Be vRHs WAREIOBRANEL DollBYeE 0, 1
pr ef er abteginconpri se at | east about 75 wt% and the cis- |sorrer w |l conprise
t he remai nder based on the total weight of cis- and trans- isomers

conbi ned.., Vhe i sqner re than one, diacid used, a
Chem]cgl equlva?ﬁen S ofO tthese 81ac1 S mclurcmg esters may also be used ?n the

preparation of the cycloaliphatic polyesters. Suitable examples of the chemical

equivalents of the diacids are alkyl esters, e.g., dialkyl esters, diaryl esters,
anhydrides, acid chlorides, acid bromides, or the like, or combinations comprising at
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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copol yester or a mxture of two polyesters may be used as the
cycl oal i phatic polyester resin. Chem cal equivalents of these diacids

i ncl udi nowe3hBr4gE8y al so be used in the preparation opcyfi2e¥edeadd i phatic
pol yesters. Suitable exanples of the chem cal equivalents of the diacids

are al kyl esters, e.g., dialkyl esters, diaryl esters, anhydrides, acid

chl ori deg,, ?ﬁ&é’sté}rﬁmﬂ 13 ar8! elhg'x%ll#"%?améﬁ tlﬁ‘%ﬁ%i g?eé F%g?@l@ﬁrdrsés% at |east

one of the egoi em ca equf val ent s chem cal

eﬂw val eﬂﬁeﬁ:ham@npaslymexltzhmnobfahkyliolestcho]sclmhntai@quya]eoabmrpmnentW@hac| ds, and
t he nost pref erre hemc uj val ent co ses the dinet ter of t he
et d pdid feeRarIeci ARG cabAlsat cqmpapea BIGRRa A CR RO P BFe.

D net hylﬁ)ﬁ],l mohexanedl carboxyl ate can be obtained by ring hydrogenatl on
of dinet terepht hal ate, wherein two isonmers having the carboxylic acid
groups in the cis- and trans-positions_are obtained. The isoners can be
separated, the trans-isomer beEng espeg¢ially preferred. Mxtures of the

i soners may al so be use s det ve. 15 WD 2005/ 044865
PCTI US2004/ 026136 are general I%If)obt ai ned through

the condensation or ester | nt er change pol ymeri zat i o the diol or diol
chem cal equival ent conpoenent with the diacid or diacid chem cal

equi val VI i!
3 o TreR R Y0 Bl BB iR Bhich 18 the RS BERY, )T
cyc: oa: Ieya’algthachamla,lllarammh d|1‘$y¢]b£ﬂlphem gluanaodiokor &BmmaghQumaﬂaltmhetﬂoénc hed, or
cycl oal i tJ4.c a i ol or, ch cal Y tsth R4

aryl, al Fa‘éaﬁﬁ’cﬁﬁlﬁ’alqrﬁﬁé{f@ﬁhﬁ%? E%ﬁlca‘%t‘ﬁhé “F@’et‘??ea 85@?@8)% (guteed Ir:siague
deri ved Jeﬁ%ﬂ Frofh Q%é&d ‘M/Jtﬂ"tﬂektﬁ‘oﬂﬁ&mﬁ @t 1dagtt ot of RESE ROfEa @fclBdk@r R4 is a
cycl oal kyl group. The ‘aryl radicals may be substituted aryl radicals if

ge3| rﬁd grsléurpr"élieea'rbfbmdwyblln@lhemuhﬁtlfeteéenﬂré@h@ls ifdegieidy (1, 4- cycl ohexane-
i met hano 4-

A preferred cycloaliphatic polyester is poly(l,4-cyclohexane- dimethanol-1,4-

cyclohexarniedicarboxylate) having recurring units of formula (IX)

0

3 Q |
J(o——Hzc—Q—CHQ—O—C—A >——C‘>~
(IX)

wherein in the formula (VIII), 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.

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

preferably greater than or equal to about 20,000, and more preferably greater than or
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cycl ohexanedi car boxyl ate) having recurring units of formula (IX) OO 11 11
OHCCH-OCC (IX) whereininthe formula (VIIl), R3 is a cycl ohexane
ring, andypheispuiseR4 is a cyclohexane ring derived froprr/us2004/026136

cycl ohexanedi car boxyl ate or a chem cal equivalent thereof and is selected
fromthe cis- or trans-isoner or a mxture of cis- and trans- isoners

thereof . Q(Fﬂo%bhtp@ﬁ@)(ﬁ(pé/ﬂﬂlé' eAIR IRAAMEES 8 nﬁ%elbﬁle%ﬁ%ﬁkélﬂaﬂm ghtl N the

presence of a sui tabl e talyst such as a tetra hexyl )titanate, in
a sui t ab¥fdessahmuot ¢qutaym dwiut yo%ﬁ@htprﬁerably w@@thplpm ectiua@ tq abaudH88ed upon

t he total uct Yy e t hanol -

i oyel cRetaetebl sss e ey daPaf 5p.08h o Bied ST IRBEIR: 1 he
poI ycar hepat ©-ablitefse 0ePanolé.he nunber average nol ecul ar wei ght of the
copol yest'er car bonat es or the pol yesters is about 3,000 to about 1,000,000

g/mole. Wthin this rang‘[e is desirable _to have a nunber average
nol ecul abneibeigRelesredypebreater tlﬁaﬁh rolyasyatgl tRelysylates 1genopdly rferss o abl y

N e L g

desi r ablthat chidewabsonateyv Bnleages i |additloar tonhegdryl esiér linleges,han temmaglqual to
about 100, 000, referablédless t an or equal tq . about 75,.000, re

pr ef er ab1oJy§sEESarbRBFes And dpAY alse, aaémntaﬁorbﬂb utilized indhe nixFSS: 1S | ess
t han or &%@]ﬂ Ip ris a
pol yar ylpate Ptcﬁs33?%%2%5%%%@%9%?%%?29@ &?ﬁéelgztagrsg dg%&%ﬁ%t%rcg“ C

di car boxqwarboaclncdamdmcbrbﬂmnh@stot sforrPipigy deryvadives oraph)lb]mmols t9rathsimc| ude
car bonat Ekages in addition to the aryl ester |inkages, are terned
pol yest € 6“6'3 ¥Snat es, and may al so be advantageously utilized in the

m xtures. The pol yaryl ates can be prepared in solution or by the nelt

pol ymer i iaateneral, & is predéredd for thdipodyapaXteh tccaanprike aOTeaithﬁb diphehérrediduen ng

derivatives w.th bisphenols or their derivative
in combination with at least one aromatic dicarboxylic ac1d tesidue. The preferred

diphenol residue, illustrated in formula (X), is derived from a 1,3-dihydroxybenzene
moiety, referred to throughout this specification as resorcinol or resorcinol moiety.
Resorcinol or resorcinol moieties include both unsubstituted 1,3-dihydroxybenzene

and substituted 1,3-dihydroxybenzenes.

f"f/j‘)f

In formula (X), R is at least one of C,.;5 alkyl or halogen, and n is 0 to 3. Suitable

X)

dicarboxylic acid residues include aromatic dicarboxylic acid residues derived from
monocyclic moieties, preferably isophthalic acid, terephthalic acid, or mixtures of
isophthalic and terephthalic acids, or from polycyclic moieties such as diphenyl
dicarboxylic acid, diphenylether dicarboxylic acid, and naphthalene-2,6-dicarboxylic
acid, and the like, as well as combinations comprising at least one of the foregoing
polycyclic moieties. The preferred polycyclic moiety is naphthalene-2,6-dicarboxylic

acid.
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In general, it is preferred for the polyarylates to conprise at |east one
di phenol residue in conbination with at |east one aromatic dicarboxylic
aci d resiwoeoosiagsspr ef erred di phenol residue, illustrapegshooleidizd 2 (X,
is derived froma 1, 3-di hydroxybenzene nviety, referred to throughout this
specification as resorcinol or resorcinol nmoiety. Resorcinol or resorcinol
noietie dg b S e , Y. ZRAE pstituted
1, 3-di bf/ ?%%geﬁlfe%%n]ak{% %p%{)&}?%&&r?so@ﬁg %&Q%%W@d‘ S é?ﬁfig%f? one of
Cl_12 aiskpithalic dndlop geaphthalit avidssas @etavalBy ili8stratehingormnle §KBoxyl i ¢ aci d

resi dues include aromatic dicarboxylic acid residues derived from
nmonocyclic noieties, preferably isophthaligyacid, terephthalic acid, or

m xtures of isophthalic and terephthalic agid or from pol ycyclic

noi eti es such as di phenyl dicarboxyl jc aciGt;Odfphenyl et her di carboxylic
aci d, and napht hal ene- 2, 6- d| éxy icNacid, ahd the like, as well as
conbl nations conprising at t “oné! of It he foregoi ng polycyclic noieties.
The preferred polycyclic m)l ety i s naphthal ene-2,6-dicarb@dylic acid. 17
WO 2005/ 044865 PCT/ US2004/ 026136 Preferably, the ar omati c dicarboxylic

acid regjdues are derived fr res of .isophth nd/or terephthalic
aci ds aill % dF rpe pp B&Tfeé?f glf Rralp/ar ?%an?%e)legcﬁzmg ?te&? O (XI)
Ther ef oggllubtpat%fgmgl (Reyt the polyarylates conprise resorC| nol arylate
pol yesters as 111 ustrated informula (XIl) O GOO

||
Cc-0 O
NS
] = m
/ /-
R,

wherein R is at least one of Cy.;» alkyl or halogen, n is O to 3, and m is at least about

(XID)

8. It is preferred for R to be hydrogen. Preferably, n is zero and m is abou_t 10 and
about 300. The molar ratio of isophthalate to terephthalate is about 0.25:14 to about
4.0:1.

In another embodiment, the polyarylate comprises thermally stable resorcinol arylate

polyesters that have polycyclic aromatic radicals as shown in formula (XIII)

i
mc—opoi

wherein R is at least one of Cy.i2 alkyl or halogen, n is 0 to3, and m is at least about 8.

0
1l

(XTIT)

In another embodiment, the polyarylates are copolymerized to form block
copolyestercarbonates, which comprise carbonate and arylate blocks. They include

polymers comprising structural units of the formula (XIV)
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O111 Cm Rn (XIl) wherein Ris at |east one of C1_12 alkyl or hal ogen,
R 118 0 to 3, 6!(tand mis at |least about 8. It is preferred for Rto be

ydr ogen.wwBneisauadgky, n is zero and mis about 10 and e m)l ar
ratio of isophthalate to terephthalate is about 0.25:1 ?gﬁfg]%%oé?&m?—d“

anot her enbodi nent, the polyarylate conprises thermally stable resorci noI
arylate pol yesters t hat have poI yCﬁE] e @romat e radl cals as shown in

formula (XIl1) O 1 cO)] ereln |s at | east one of Cl1 12
al kyl or hal ogen, dSRrL 03

_ 4 n-at | n anot her
enbodi nent, the pol aryI ate @u yrrer| 7 }. rm bI ock
Se#se car bon Nz naryl apgwyl ocks. They

copol yest er car bonat es, whi ch'co

i nclude polyners conprising structural units of the formJIa (XI'V) 18 WO
2005/ 044865 PCT/ U82004/ 026136 (R)n ~ O OR2-0 ~-On O fCC" (X

wher ei nwhaen &chlIs iB rmﬂep@lddlﬁhﬂiq}ogmlomghnz gkylCm isat kgagtyll p i ¢pops 049 | \e/)ast 1,
p is about out ndeg

r adi cal 2P %g FRGISN ot lﬂl@gg?d%ﬁﬁ%ﬁ lent SRS 1C§9f ﬁxﬁlgla%tvl?%agl{) ug%gﬁ? ! (io

nor e pr pfg5ab) Y Blat 18&Sbo@A0VE x@fwa & ledt @b&utal ayd naspprefeddbly 0 about
150. Preferla :yy Inis at0 | east Ogeg%ut ??mrmree prefera?bli/ a?ptl e styabout 10

and nosebqut 80de abdyt 18BoErefaablyan i576 leaspdmut Bmare R fment mis
present 1b an mosq%rgeragfy é% Q00 28 808 2. 1n an exemplary embodlment m is

present in an amount of about 20 and 50.

It is generally desirable for the weight average molecular weight of the polyarylate to
be about 500 to about 1,000,000 grams/mole (g/mole). In one embodiment, the
polyarylate has a weight average molecular weight of about 10,000 to about 200,000
g/mole. In another embodiment, the polyarylate has a weight average molecular
weight of about 30,000 to about 150,000 g/mole. In yet another embodiment, the
polyarylate has a weight average molecular weight of about 50,000 to about 120,000
g/mole. An exemplary molecular weight for the polyarylate utilized in the cap layer
is 60,000 and 120,000 g/mole.

In one embodiment, the polymer precursor comprises an ethylenically unsaturated
group. The ethylenically unsaturated groups used can be any ethylenically
unsaturated functional group capable of polymerization. Suitable ethylenically
unsaturated functionality includes functionalization that can be polymerized through
radical polymerization or cationic polymerization. Specific examples of suitable
ethylenic unsaturation are groups containing acrylate, methacrylate, vinyl aromatic
polymers such as styrene; vinylether, vinyl ester, N-substituted acrylamide, N-vinyl
amide, maleate esters, fumarate esters, and the like. Preferably, the ethylenic
unsaturation is provided by a group containing acrylate, methacrylate, or styrene

functionality, and most preferably styrene,
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It is generally desirable for the wei ght average nol ecul ar wei ght of the

pol yarylate to be about 500 to about 1,000,000 grans/nole (g/nmole). In one
enbodi MeRyg hd3R4ages! Yaryl ate has a wei ght average nol ecpbpigsydahdiisof about
10, 000 to about 200,000 g/nole. In another enbodi ment, the polyaryl ate has
a wei ght average nol ecul ar weight of about 30,000 to about 150,000 g/nole.

In yet ot her enbodi ment, th ol yar I el nol ecul ar
wei oht GPeABBLEBEso g R G U ToT e Atk RS T2 oy

vei ght  bpleatisSopdyyweighpbestitichirhz@sits dertvee fromp almyresmeri of 66 ,foffiland 120, 000
g/ nole. In one enbodi nent, the polynmer precursor conprises an ethylenically

unsat ur &¥¥ group. The ethylenically unsaturated groups used can be any
ethylenically wunsaturated functional group capable of polynerization.
Suitable ethylenically wunsgdurated functionality includes
functionalization that can be ? rized through radical polynerization
or cationic polynerization. Spegific exanples of suitable ethylenic
unsaturation are groups cont acrylate, methacrylate, vinyl aromatic
pol ymers such as styrene; vi Z)Winyl ester, N-substituted
acrylamde, Nvinyl am de, te esters, fumarateX®8ters, and the |ike.
Preferably, the ethylenic unsaturation is provided by a group containing

acrylate, nmethacrylate, or styrene functjippality, .and st preferably

styr enethWlW\B%Z@éB‘ﬂI@&%é‘BW@ XBS’ZGI?H?gG%zB’é V‘ﬁ’ehax}?gf% @P&’ﬁg?ﬁé{ﬁr esins are
prefera i I r r t j tof| @she,25% by

e ant - ah 4 B e e o e X, RS
C=CH2 GhioAstPefedhd wimdtobiene,REnidemhyapobyeers dof ohaene With oag onane§en; Z' is

vinyl, hal ogen or, | ower, al kyl ; nd .pis fromot bou pol yners
i ncl udenPRi‘r?gl?Eﬁ yridpsiraipd gy eﬁ%r?’ﬁ’ngﬂreor 0 ‘E%’/‘ﬁ%’??é aaﬁﬁhaavi ﬁfﬂe@ 8’!1%2‘%12& random
copol ymehs13hyIsENeREE dViAIb&REn ! andD rfalei0DBEHYEFIGe,! lahd S fubbtemholdified

acrylonitrile, butadiene,” al pha -methyl styrene i )
polystyrenes comprising blends and grafts, wherein the rubber is a polybutadiene or a

rubbery copolymer of about 98-70% styrene and about 2-30% diene monomer.
Polystyrenes are miscible with polyphenylene ether in all proportions, and any such
blend may contain polystyrene in amounts of about 5-95% and most often about 25-

75%, based on the total weight of the polymers.

In yet another emBodiment, polyimides may be used as the organic polymers in the

composition. Useful thermoplastic polyimides have the general formula (XV1)

LA
Y

N—R
a (XVI)

wherein “a” is greater than or equal to about 1, preferably greater than or equal to
about 10, and more preferably greater than or equal to about 1000; and wherein V isa
tetravalent linker without limitation, as long as the linker does not impede synthesis or
use of the polyimide. Suitable linkers include (a) substituted or unsubstituted,
saturated, unsaturated or aromatic monocyclic and polycyclic groups having about 5

to about 50 carbon atoms, (b) substituted or unsubstituted, linear or branched,
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et hyl vi nyl benzene, divinyl benzene and nal ei ¢ anhydride, and rubber-nodified
pol ystyrenes conprising blends and grafts, wherein the rubber is a

pol ybut adyengysaissds rubbery copol ymer of about 98- 70% spyteReoaosh18o0ut

2- 30% di ene nmononer. Polystyrenes are mscible with polyphenylene ether in
all proportions, and any such blend may contain polystyrene in anounts of

about Sz Apthdndr rt@ﬁ&un%ié@@n@ipgybup%haﬁﬁ 61 hasgsbuerB(t kerboat stbmapioght of the

polymers. I'n yet another enbodiment, polyimdes may be used as the organic
pol ymer somhinatiens thergebsi Shigable wybstimntians ednelp| Brlert 1HAN4E, niugede Hitbe t he
general .fo la (XVI) O .0 AA 1NVNR I P "PefetSdgreater

t han or hga{?ﬁlf to, Sg@ffoﬁoil,ge%r%\a] F&abﬁsf/e%raengt §?1£‘§§?1{§?1°“\§¢‘?’%‘§B§| Efl‘g © about 10,

and nor gnRés i@ But areadtaimitdio tetravaline bronatiabaditald 60fyrmakdCWiBLein V is a
tetraval ent linker without Iimtation, as long as the |linker does not

i npede syohtdsesis or use of the polyimde. Suitable linkers include (a)
substituted or unsubstituted, saturated, unsaturated or aromatic
nonocycl i c and pol yeyclic _groups haviag-about 5 to about 50 carbon atons,
(b) substituted or t ut e hr or branched, 20 WD 2005/ 044865
PCT/ US2004/ 026136 satwrated or 4rat ed al kyl groups having | to about

30 carbon atons; or conbinations thereof’ Suitable substitutions and/or
| i nkers include, but_ar limted to, ethers, epoxides, am des, esters,

and conbi nations ther rred i S de but are not limted to
tetraval ent aromatic f §#&¥nul [ such as OO O and (XVII)
wherein Wis a divalent noiety selected fromth groupoé\ﬂ%i sting of -0-,
-S-, -¢(O9-, -S®-, -SO, -CyH2y- (y being an integer from1l to 5), and
hal ogengfied i d9 i Akiv YR moiety selected from the group consisting of -O-, -S-, -C(O)-,

-S0,-, -SO-, -CyH,- (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 (XVIII).
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t hereof, including perfluoroal kyl ene groups, or a group of the formula

-0 Z-0- wherein the divalent bonds of the -0- or the -O-Z-O group are in
the 3, 3" ,\wQ260s/044863' , Or the 4,4" positions, and wher ep@rgsiosbiédrs, but
is not limted, to divalent radicals of formula (XVIIl). 21 WD 2005/ 044865
PCT/ US2004/ 026136 O O O H3 OQH3C CH3 H3Coo H3 0 O, H3 CH3 H3 Br Br CH3 O

O, and H3C Br Br CH3 H3 C(CH3)2 H3CH3 (XVIIl) Rin formula (XVI)
i ncl udes substit or uns jtute ent organic radicals such as
(a) aromatic hydr bon, rad S havi out 6 to about 20 carbon atons

and hal ogenated derivatives thereof; (b) strai,ght or branched chain
al kyl ene radicals having about 2 to about 20 carbon atoms; (c)

cycl oal kyl ene radigal si ng about abo, 0 carbon atons, or (d)
di val ent radi caKg Of ‘@.-- al Q X) wherein Qincludes a
di val ent noiety & A r om’t he gr consisting of -0-, -S, - C(O-,

-S2-, -SO, -CyH2y- (y being an integer froml to 5), and hal ogenat ed
derivatives thggeof, inclugiyng perfd uoroal kyl eom, groups. Preferred cl asses

of polyimdes ind Yam~di m des (et herimdes, particularly
t hose pol yet herigf d¥ e nel =X - 22 WD 2005/ 044865
PCT/ US2004/ 02613 Pret ed pol yeth 1 ol ymers conprise nore than 1,
typically about 10 to about H, CH,
H3 Br Br CH3
Q- .
H;C Br Br CH,
Hj CH,
H;C CHj (XVII)

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

OO0~

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

derivatives thereof, including perfluoroalkylene groups.

Preferred classes of polyimides include polyamidimides and polyetherimides,

particularly those polyetherimides that are melt processable.
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1000 or nore, and nore preferably about 10 to about 500 structural units,
of the formula (XX) OO NR 00 (XX) wherein Tis -0- or a group of the
formul a -WoZe@4udssr ei n t he di val ent bonds of the -0- eCcTius®04026d30- group
are inthe 3,3, 3,4, 4,3, or the 4,4 positions, and wherein Z includes,
but is not limted, to divalent radicals of formula (XVII1) as defined

above. pldfROepQYRALiARRpoljGs BOhYBi @bl thale | NYiciEy Sbdc@ROky aBsut which, in
addition to the “etherimde units descri bed above, further contains

pol yi mi de0Gsor weerey and arsire Preferablyeabouibd fripaboxxP§O gtracturalupits, ofNhR 0 0 (XXI)
wherein R@@Previ ously defined for fornmula (XVl) and Mincludes, but is
not i F}‘?r{ ,Jradicals of formula (XXIl). Sand O (XXIl) The

pol yet heri mi de can be prepared by any of the nethods including the reaction
of an aromatic bis(ether anhydride)Qof the fornmula (XXII1) 23 WO

2005/ 044865 PCT/ US2004 6 0-T-CO0 O (XXIll) wth an organic

di ami ne of the fornmuay (X NREP-R-XXI V)

o)

© (XX)

wherein T is -O- 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 (XVIII) as defined above.

In one embodiment, the polyetherimide may be a copolymer, which, in addition to the
etherimide units described above, further contains polyimide structural units of the

formula (XXTI)

(XXT)

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

limited to, radicals of formula (XXII).

oL G+,

) s

' @ ¢ _@< (XXII)

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

an aromatic bis(ether anhydride) of the formula (XXIII)
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wherein T and R are defined as described above in formulas (XVlI) and (XX).
Il1lTustrative exanples of aromatic bis(ether anhydride)s of formula (XX I1)
i ncl ude wo2edsi0aisés (3, 4- di car boxyphenoxy) phenyl ] pr opanepgi/@apiugdoiciss
4,4' -bi s(3,4- di carboxyphenoxy)di phenyl ether dianhydride; 4,4'-bis(3,4-
di car boxyphenoxy) di phenyl sul fide di anhydride; 4,4'-bis(3,4-

di car boxyphenoxy) begzophenone di aghydri de; 4, 4'-bis(3, 4-

di car boxyphenoxy) di di anhydri de; 2, 2-bis[4-(2, 3-

di car boxyphenoxy) p di@nhydri de; 4,4 -bis(2, 3-

di car boxyphenoxy) di p anhydri de; 4, 4 bis(2 3-

di car boxyphenoxy) di sul fi de i anhydri de; @ps(z 3-

di car boxyphenoxy) benzophenone di anhydri de; 4,4 2

di car boxyphenoxy) di phenyl sul fone di anhydri de;

4- (2, 3- diithammegamid i) ofdhe fodmdla (KIVar boxyphenoxy) di phenyl - 2, 2- propane

di anhydri de; 4-(2, 3-di carboxyphenoxy)-4'- (3, 4-di carboxyphenoxy) di phenyl
et her di anhydri de; ar boxyphenoxy) - 4'

(3, 4- dlcarboxyphenoxygéqgkghﬁ sul fide dlanhdePQé

4- (2, 3-di car boxyphenoxy) -4' - (3, 4-di car boxyphenoxy) benzophenone di anhydri de
and 4- ( ghdreihh q*%aqaxyrefaeﬂ%wméscnbeaaﬂmwlﬁ%@ﬁmqm@m @ixnenyl sul fone

di anhydride, as well as various m xtures thereof. The bi s(et her

anhydride)s can be prepared by the hydrolysjs 1o ration, of
t he r eadllusontiye exaneplendf gramaticobis(gst |at1ba(% h%%mafe&% f a netal

salt of pre%gﬁﬁ a dipelygaprotic
sol vent ! 2 2%18[?'/4%35? g‘%%(pélg@g@?ﬂ%g(‘éﬂg‘t Itpgll%bl s(et ?d ar?hydrl g) S (| ncl uded by
f or mul ad(cK?deWh@bﬁy)ehphmy]udes ethﬂr i s notliahhydrided to, chApusBds wherein T

is of the formula ( WO 200 44865 PCT 04/ 026 0
( XXV) Qif@rttwléﬁnﬁé))’%?{?)hﬁﬂ ges, figs anpl e, 41 a&b‘é’%‘?ef er abﬁ%tﬁ (?’;he 3Q (!

3e?|ned a g§§&pﬁnﬁx%ﬂﬂﬂiﬁﬁ&§§§poﬁﬂg 2;§Hgﬁﬁgﬁﬁﬁgr§3f.na?ﬁtmgfggéfglfoﬁsof

t he pol dicaitsbeyphendkp)diphenyl sulfone dianhydride; 2,2-bis[4-
dicarboxyphenoxy)phenyljpropane dianhydride; 4,4'-bis(2,3-
dicarboxyphenoxy)diphenyl ether dianhydride; 4,4'-bis(2,3-
dicarboxyphenoxy)diphenyl sulfide dianhydride; 4,4'-bis(2,3-
dicarboxyphenoxy)benzophenone dianhydride; 4.4'-bis(2,3-

dicarboxyphenoxy)diphenyl sulfone dianhydride; 4-(2,3-dicarboxyphenoxy)-4'-(3,4-
dicarboxyphenoxy)diphenyl-2,2-propane dianhydride; 4-(2,3-dicarboxyphenoxy)-4'-
(3,4-dicarboxyphenoxy)diphenyl ether dianhydride; 4-(2,3-dicarboxyphenoxy)-4'-
(3,4-dicarboxyphenoxy)diphenyl sulfide dianhydride; 4-(2,3-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 (XXIII) above includes,

but is not limited to, compounds wherein T is of the formula (XXV)
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pol yet heri m des. Exanpl es of suitable conpounds are ethyl enedi am ne,
propyl enedi am ne, trimnethyl enedi am ne, diethyl enetriam ne,

triethyl apghgssigaggsne, hexanet hyl enedi am ne, hept anet hyl-eRR8403/26155

oct anet hyl enedi am ne, nonanet hyl enedi am ne, decanet hyl enedi am ne,

1, 12- dodecanedi am ne, 1, 18- octadecanedi am ne,

3- net hyl hept anet hyl enedi amd ne, 4 di net hyl hept anet hyl enedi am ne,

4- et hyl nonanet hyl W-@QTQ yHaonanet hyl enedi ami ne,

2, 5- di met hyl hexanet hyl e am ne¥>=Z, 5- di met hyl hdgXamet hyl enedi am ne, 2,
2-di met hyl propyl enedi am ne, N-nethyl-bis (3- am nopropyl) am ne,

3- net hoxyhexanet hyl enedi am ne, 1, 2-bi s(3-am nopro y) . ethane, 4

bi s( 3- aARhdpr siber Yinkages; g% e@“ﬁ%y@?ﬂé%é%&?%ﬁ?%@%b%’éi (ﬁ?’a%]er‘llbllcycl ohexyl )
met hane e Bﬁlﬁje ol dRNRRY HEHt . 4-di am not ol uene, 2, 6-
di am no? %ﬁ@%é@dn@ Xy y?feﬂr?ggglf’adrﬁﬁdne, pbgglgﬁ?gﬁgglggorn\% ne,

2-nmet hyl - 4, 6-di et hyl -1, 3- phenyl ene-di am ne, o

5- et hy Ang diamtine tthpoundmpi be ppheyed imiernseparasion iod heepol ginides and/or

di met hyl benzi di ne, 3, 3.-di et hoxyhenzi din di g -ene, bis(4-
am nophBAY eﬂ‘é‘f‘%ﬁne, %@gg%hloirgglﬁ% i r?glpg(,}u"g[sdiag%nh% en{llliafﬂl_lgréqét hane,

bi s(4- apipyRRb&BMine, PiRRARAenedidnint,s (etByleimmidmingt wijthylehetentamine,

bi s(p-b-am no-t - bpfy_l phenyl i] et her, bis(p-b-nethyl-o- alm noahen | ) benzene,
bi s( p- bhexsaniaghylenedigminepent yhyptyapthylsaediaming, g aniofBmEtdHs @M%enzene,

bi s(4-am no | ). sul fide | s A, pephenys MMnine, 1,18-

bi s(4- aﬁl"%ﬁ%@ﬂéﬁd‘%@ Rer adr? ar?{et@yl%ﬁ%c?%ilgﬁm nglﬁ%dogglﬁdl‘lﬁétaet rlgraret hyl di si | oxane.
M Xt ur egcafiedah€ligmimenpounds nap-attagihbptamethylenediamine, pref err eds4di ani no
conpounds are_aromati ¢ diam nes, especi al m an =._phenyl enedi am ne and
mi xt ur eSimpefbylbeptamethyienedia®iRg ar y en‘gﬁﬁaﬁ‘i‘%’ﬂ‘?mﬁﬁ¥%88‘ﬂl Wer i ni dgH resin
conpris | accor gisigmethylRkabiylerediantie) ei n agh Ris
indepen%ﬁ@f@%ﬁ%@@#@%&ﬁ%ﬁ’ m phenyll eng or a myxture thereof and T is a

di val endimettiylbeptamtthyleacdioming, 2, (Xivethylpropplenatianing dbmethyrbisstbos/ 026136

a8 -0 gm%o%ropyl amine, 3-methoxyhexamethylenediamine, 1,2-bis(3-aminopropoxy)

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

phenylenediamine and mixtures thereof.

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

phenylene or a mixture thereof and T is a divalent radical of the formula (XXVI)
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(XXVI'). In general, the reactions can be carried out enploying solvents
sucht as (1}-9 di chl orgbenzene, m cresol /toluene, or the like, to effect a
reacti on yghyRRAMgshe anhydride of fornula (XVill) and bR f
formula (XIX), at tenperatures of about 100C to ;bout gggfg.gi%%iek?ﬁ’gti vely,
the polyetherimde can be prepared by nelt polynerization of aromatic

bi s(et her anhydride)s of formy.a [11) and diamnes of forrmula (Xl X) by
heating a m xture of arit i jals to elevated tenperatures with
concurrent stirring. Ge t polynerizations enploy tenperatures
of about 200C to about 400C. ai n stoppers. and BX¥Ydhi ng agents may al so
be enployed-in the reaction. Wen pol yetheri m de/ polyimde copolyners are

enpl oyed, a di anhydri de, such as I. O it ydi [ S, U _in

conbi na?‘? OFFRCRft H}/et HEAGPBT e‘iaﬂesea 9%&%)%lhﬁﬁg%go?§g sérglu?r%] diseg’ol yners can
opt i onalgichidishenbéfDahaSesol/RRdhea6E it 1ikk, a6 difeoirat reactiors between thmhydr i de)
with an organic diamne in which the diamne is_present in the r.eaction

mbxt ;Jr gaahydmilde reffernaiXabBend e Gignige ofderawla (XAXY 3bemRTaHISS A ess t han
about 0. _ . - . 1 _
Foss. t naho ol 38 Pt subf AR UL A SR PaRE DEPEL B 51 7 1S

groups, pauid g)@fy%{e@irzﬁi%ly dregniaiarbisemie ahByéddeds asfi tortula {XMIIE agdoups, as
shown by titration with chloroformsqglution with a solutjon (l)f 33 wei ght
percent digmines Oﬁgﬂqn@?r@ﬁixd bydieating\a grixarael the stardngapterialkdlo & "teaat abl e
groups are_essenti t Q. an ne P I : bymd
Peain: SiepaRrg, bconclSne, Qi - G HL D RT: pBppREIBAMTHREY T 0. 1 1o

about 1Qerﬁ1!t3@£‘f_§resﬂﬁ'fabﬂhﬂﬁ®(¥’d@/ dBol) 4002€. NEhsinseppbys adderamhngSgenist y f or
Testing Materials (ASTM. D1238 at_295C, using .a 6.6, Kil ogr m (kg) wei ght.
In a pr efarslsabesplnyedrin the ractioie| Yhen @olyefheaide/ polyimaide g 9@?’@%&5 aver age

nmol ecul ar_ wei ght . ( o] : ﬁl}ﬁ%‘d : ) ; I
(g/ nol e)a,re 8@})%3%1%’&?@%“%&%% H%lé rj'aggg&?%%ml% r rr%’? %’g?ggﬁgllg%?ﬁnagh e
POlt yst yrahe tsd aivlether afhipdrided! yEhe@olyeihdeinpdd \pobmsers toppi O:Iaiolny&mé?@e an
n o,
or cf er alFspUEGRemasEong! gbatge prthy Al T Erus R D5 26 wo
2005/ 04438en %@TJ]H%QQ%P@%%% the reaction mixture at no more than about 0.2 molar

excess, and preferably less than about 0.2 molar excess. Under such conditions the

polyetherimide resin has less than about 15 microequivalents per gram (neq/g) acid
titrétable groups, and preferably less than about 10 peg/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
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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In yet anot her enbodi ment, polyam des may be used as the organic polyners
in the conposition. Polyam des are generally derived fromthe

pol yner i he02iss9r gani c  lactams having from4 to 12 gafp8edbhRnss
Preferre actans are represented by the fornula (XXVII?fO(WZ)n
(XXVI'1) wherein n is about 3 to about 11. A highly preferred lactamis

epsi | on caprol acta Vi I

synt hes Eg Wﬁlr% gq}fglp ag@?% m%f uigfgy%?&ﬂ@@%%gg%%r ef erred
ani no aebeositiéh. I B@Iy@ﬁlﬁmse\de Q&heﬁeﬂb' d@maiﬁIfmr(x)(bﬁ/pb]lyjlleﬁzationl-@wrg@*l?) " C OH
(XXVIIIR wherein n is about to abog)afll Ah| g eferaﬁg mno acid

i s epsi lagkmsahavingcEpngt to %F?Hb%? PRS- &4 31“6@(53‘%& POF yerrsTRd VM%) so be

pol yner i (g,gqla[ )ﬁﬁ\,ﬁél phati c di carboxylic acids having from4 to 12 carbon
atons an {) a di am nes having from2 to 12 carbon atons. Suitable
and preferred aliphatic dicar boxyl ic acids are the same as those descri bed
above for the synt hesO*(D esters. Preferred aliphatic diamnes are
represented by the fo a (XXMX) H2N-(CH, )" NH2 (XXI X) wherein n is about
2 to about 12. A highly preferr@Hp]iphatic diamne is

hexanet hyl enedi am ne (H2 wHZ) It is preferred that the nolar ratio
of the dicarboxylic d e di am ne be abmvﬁ%% to about 1.5. Wthin
this range it is generally desirable to have lar ratio be greater
than or equal to about 0.81, preferably greater than or equal to about
0.96. AlgRrenlid ARe3 ' BHul 11, hmnglﬂggeefeﬁecamctaﬁms VRIRAQEFION4BES

PCT/ US2004/ 026136 anount of | ess than or equal to about 1.22, preferably
| ess t hhaviog negualitotSe about 1. 04.

Polyamides may also be synthesized from amino acids having from 4 to 12 carbon

atoms. Preferred amino acids are represented by the formula (XXVIII)

O

H,N—(CH,),—C—OH (XXVIID)

wherein n is about 3 to about 11. A highly preferred amino acid is epsilon-

aminocaproic acid with n equal to 5.

Polyamides may also be polymerized from aliphatic dicarboxylic acids having from 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 (XXIX)
H oN—(CHy),—NH, (XXIX)

wherein n is about 2 to about 12. A highly preferred aliphatic diamine is
hexamethylenediamine (HoN(CH2)sNHy). 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 0.31,

preferably greater than or equal to about 0.96. Also desirable within this range is an
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The preferred polyam des are nylon 6, nylon 6,6, nylon 4,6, nylon 6, 12,
nylon 10, or the |like, or conbinations conprising at |east one of the

f or egoi ngyHYhRRT4ssSY Nt hesi s of pol yam deesters may al sopBgy3sfe@iiiished
fromaliphatic |actones having from4 to 12 carbon atons and aliphatic

| actans having from4 to 12 carbon atons. The aliphatic |actones are the
sane as those described above for polyester synthesis, and the aliphatic
| act ans amoent tidesahan asequhldse@bdetst?? lpeefemblyessithan errsuakiprabpeis).84.of

pol yam des. The ratio of aliphatic l.actaone to i phati ¢,1 y vary

wi del y g‘@ﬁé’ﬁ?f?ﬁe‘{ BAYER e&lé’éﬁ"u‘fyé%f“ %n‘?%ﬂ%‘%f%;%r 8¥?°‘6f*’aér H@"ﬁiéng?’ ‘@%@W@r as wel |
as the gyl i()i’@t)lﬁﬁﬁ&‘idn‘éicbl‘ﬁ%:ﬁ&ng helch@®heBetiRMErcbiag hglsham A presently
preferred initial nolar ratio of aliphatic lactamto aliphatic |actone is

about 0.5 to about 4. Wthin this range a nplar ratiqg of greater than or
equal tSyathesis af pelyamidepsirs emanialey desiccamphishied Homppliphatic J8¢ONSt | ess

than or .egual. to about 2 T L] L nbsgdncat al yst
or an i r'ilfl gtf{)orn.1 4%8;)1 r g Oﬁ Qgrﬁig/%@%g%dt%gfig%gE]H\gir]g?x%ﬁi@g?ér Sll:li tnabl e for
t he cor pespONdhegliphaicmationel yeehe zahe e theye dderitededbovilforepolyestarel y, the

pol yneri zati on may be conducted wi thout a catgl Sf or, .initi g.to . For
exanpl e syRthesincangyihe diphaticolaciagisyaifi the $ame 3t ‘P%pﬁ*‘?ﬁ‘frft’@do"r QX 85(91‘? c acids
and ali ' Fam n 115,40 ' aliFRMtict AkNneshs of

ol yam UG SF PR AR THETR) KPR S o R P

onega- anwidelyadzipehsding on ebe desitied grotrpotitien roff tige Hpa rvedolymgdrasl welkay theact am used

in the synthesis.. Oher suitable. catalysts include tallic ] num
al kyl at é%latlmr@(ae%lwp&\m%?t%‘?%a‘lﬂefl’_&a‘a%a’ér R IRFESRYY, prefiortel iolal %‘léoqépart h
netal , angh B hisptedic febtnftdMiphatiS REidABYs about 0.5 to about 4. Within this range

di hydr obi s( 2- met hoxyet hoxy) al um nate, |ithium

di hydr ol mélaeratiomfignsejerahamerneguel, to ahputnl is desieabley | Alse desiiabledip #relafnher ei n R
is Cl-Cl12.al kyl N- sodi | actam  nmagnesi um chl ori de or brom de salt
of epsi IBH 8§%F%‘i"%‘&?%‘?ﬁ“(‘kgfégﬁ%m X=Br or ), dialkoxy aluninum
hydride. Suitable initiators include isophthal oybiscaprol actam

N acet alTRpechpssition magofythaatempiis & eatabapoolaacinitiatorad Geserslly.adngohol s

(ROH, wherein Ris C-Cl12 alkyl), diols (HO R OH erein.R.is R is Cl-Cl12
al kyl endowsrRatpysh AT H’é%?’éﬁ"r%‘i’téglééi)’dg‘? CQHGS(PQBQPP& %@?ﬂ%lmsf.m%ﬂvﬁy
2005/ 04%%65’568CTA1L(§%8W€1)9 %ﬁé‘-ﬁ@lymerization may be conducted without a catalyst or

initiator. For example, in the synthesis of polyamides from aliphatic dicarboxylic

acids and aliphatic diamines, no catalyst is required.

For the synthesis of polyamides from lactams, suitable catalysts include water and the
omega-amino acids corresponding to the ring-opened (hydrolyzed) lactam used in the
synthesis. Other suitable catalysts include metallic aluminum alkylates (MAI(OR)3H;
wherein M is an alkali metal or alkaline earth metal, and R is C;-C2 alkyl), sodium
dihydrobis(2-methoxyethoxy)aluminate, lithium dihydrobis(tert-butoxy)aluminate,
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
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;-C2 alkylene), omega-aminocaproic acids, and sodium methoxide.
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For the synthesis of polyani deesters fromlactones and | actams, suitable
catal ysts include netal hydride conpounds, such as a lithium alum num

hydri de GaHahoswlisseshaving the formula LiAI(H),(R)Yy, V\hgé@m&(j@mﬁq%ut Ito
R

about 4, y is about O to about 3, x+y is equal to 4, an is selected
fromthe group consisting of Cl1-Cl12 al kyl and C1-C12 al koxy; highly

preferr t i -l e 7N ; ki df h
B oup. o R 4 s B e eyt s
|al Al (_I-I%)(ndai(da;a&ta) ]:chydﬁlimhebmpuim(hblsmclnas al Ythiwn ahtmingin hpdridescatalytitide t hose

escri bed ., above for _t. ol.ynerj zati,on_ of .pol i Lon- d
pol y( epgﬁ“il%_ﬂ‘ecf&ﬁ}“él?a{-déﬁﬁﬁ’)& I ‘ﬁd’eé? &r'p 3%"%}@%%&53( ?g%oﬁgglgog&%%a(%t :inned
by the seantiQuuditod, hhi R PRI #6mané Fro@p}%@h&iﬁﬁfgi 6f ORCanlligl anél ect ed

from t he’ ‘group consisting of a second pol'yam de o) y(aryl ene, et her),
pol y(al Keiyh adkcoymthiighly homfepretl yeatalysts ihtiede rhbéll(ﬁi)@ﬁ{ )povherankBnyf aromati c)

resin, agrylonitrijle-butadi ene-s e B b bl ock

copol ynéeﬁ?‘“y‘ﬁg OBolrfi AR B%ISEBW?@%%ga#@m%Fgﬁg}a ielyg’?é}%%ﬁ%? S{;tollpng. The
first pﬂimm(dﬁ:&em}m S@thef SHIEMd Btalysth tafd hiktogs inoludelthose eribE R - N7- C O
(XXX) wherein i s"a branched or unbranched al kyl grouyp hla i ng nine

car bonsabdve ifﬁr ‘qhﬁePeWalﬁryathfQ-QforP&}YéeI&H@FP‘S?PTQI-aﬁéPHyIan‘g, BYYEPEME” Pol yani de
resins are ., characterized by the presence of an am de grou -C(O NH

whi ch” FPTPRREIONY ndensat i on” product of a carboxylic acigd aﬁd(aﬁ( a)rri ne? The
first polyamde is typically made by reacting one or nore di am nes

conpr i siAngreferfeid ngpecaft fadyrnsitik 38l onernbiasted by thi reactiepd S fitst polyenigle and

(1, 4-di car hoxy benzene). .V |.oyi t h di ani.ne.. i
e di af TSR TR PRR, st BOM HE BRgR: Sar i B A Pest PR e L | ng”

pol yner pé%él}g%ﬁ?t QﬁquH; lrrtﬁdﬁmﬁﬁﬂt Wk&matid)e Hoﬂidp@lt)ﬂfer,di apbee iadidiedar boxyl i ¢

acid is't y equi ar al t'hough excesses of one or the other may be
used t opolylkenyi aendtic) eesin, grolqnittilembetadinns-stysene (ABSY araft eppolyie$.eact i on

. . d oo . . . . .
chai n- s DUFsBOIHIE o Snr AL PpaRE LA ke .AE gl Smeunction as
funct i oggdtiolanlifle SAAFriRE RGN siHaving fordfila (XXX)

N—R'-N
H H § o
(XXX)

wherein R'is a branched or unbranched alkyl group having nine carbons. R is
preferably 1,9-nonane and/or 2-methyl-1,8-octane. Polyamide resins are
characterized by the presence of an amide group (-C(O)NH-) which" is the
condensation product of a carboxylic acid and an amine. The first polyamide is
typically made by reacting one or more diamines comprising a nine carbon alkyl
. moiety with terephthalic acid (1,4-dicarboxy benzene). When employing more than
one diamine the ratio of the diamines can affect some of the physical properties of the
resulting polymer such as the melt temperature. The ratio of diamine to dicarboxylic
acid is typically equimolar although excesses of one or the other may be used to
determine the end group functionality. In addition the reaction can further include
monoamines and monocarboxylic acids which function as chain stoppers and

determine, at least in part, the end group functionality. In some embodiments it is
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WO 2005/ 044865 PCT/ US2004/ 026136 preferable to have an am ne end group
content of greater than or equal to about 30 neq/g, and nore preferably
greater thgRo@lospgyal to about 40 neg/g. The second pol F%‘(ﬁl@ 0%/BIERs¢ Ses
repeating un?ts ﬁgw ng formula (XXXI) and/or fornula ( II?) NR2 NFR3 H
HO O (XXXI) 00 R-N1-RZ NHH (XXXI'1) V\/nerelnR2|sabranchedor

unbranche A rou havi ng,four to. s S a aromatic
gr oup hé?ﬁ L’é lqu‘é{ﬂ"jl fEg¢ egd lgfoélﬁc??&?lgro @Fﬁ?r ancéﬂl%f &ﬂﬁl E%Br‘%‘ﬁ%ﬁ havi ng
four tOrﬁ?&]$'&n§ﬁfo@@%er@yi%eaﬁr@ﬁa@hﬁr%uaﬂoﬁbdﬂﬁﬂem&q}’gﬂ formula XXXI and 1, 5-
pentane in tormla is preferably 1, 4-butane. The first pol yam de
has better dinmensional stability, tenperature reS| st ance S ance
moi st ur dheptesred pabieakie sompEsest: HREYIENUNIE BATIES o s(?%?gﬁ ad"ééﬁgar ed to
ot her Hence, conpositions conprising the first polyam de
exhi bi tl??’lﬁ%lgge@ggsr@) i mproved properties when conpared to conparable
conposi tions containi ng other poI yam des in place of the first pol yam de.

In sonme enbodi ments the conbi 'Ro of irst and second pol yam de

i mproves the conpatibility off fhe pgl }Em d hase w th other phases, such
as poly(arylene ether), in i phasi ® conpdgitions g%égg) i mproving the
i npact resistance. Wthout being bound by theory it i ieved that the

second pol yam de increases the anount of avail able term nal am no groups.
The terminal am no groups cang in soroa instances, react wth conponents of

ot her phases or be function Z{cit i th ot her phases, thereby
i nproving the conpatibility. ganl Ejt ynmer is generally present in
anounts of about 5 to about 9 wei ght rcent (W&WXIn t he

conposi ti on. Wthin this range |t is generally desirable wuse the organic
pol ymer

t.he ,pol c, blend i mount . of. eat e h ual to
about 10"’ YR r‘%f‘éfaé‘ﬁ ¢f %rrlﬂ’é’faéﬁcﬂﬁcfﬁg}aﬁ]tﬂpulf Bav urgﬁ) \X% l%%g}bg ﬁn@r e
pr ef er alid%is an aromatic group having six carbons or a branched or unbranched alkyl group
having four to seven carbons. R? is preferably 1,6-hexane in formula XXXI and 1,5-

pentane in formula XXXII. R? is preferably 1,4-butane.

The first polyamide has better dimensional stability, temperature resistance, resistance
to moisture uptake, abrasion resistance and chemical resistance compared to other
polyamides. Hence, compositions comprising the first polyamide exhibit these same
improved properties when compared to comparable compositions containing other
polyamides in place of the first polyamide. In some embodiments the combination of
the first and second polyamide improves the compatibility of the polyamide phase
with other phases, such as poly(arylene ether), in multiphasic compositions thereby
'improving the impact resistance. Without being bound by theory it is believed that
the second polyamide increases the amount of available terminal amino groups. The
terminal amino groups can, in some instances, react with components of other phases

or be functionalized to react with other phases, thereby improving the compatibility.

The organic polymer is generally present in amounts of about 5 to about 99.999
weight percent (wt%) in the composition. Within this range, it is generally desirable
use the organic polymer or the polymeric blend in an amount of greater than or equal

to about 10 wt%, preferably greater or equal to about 30 wt%, and more preferably
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30 WD 2005/ 044865 PCT/ US2004/ 026136 greater than or equal to about 50 wt %
of the total weight of the conposition. The organic polyners or polyneric
bl ends argohssioigsiore generally used in anounts | ess pEFisRoyERERl to
about 99.99 wt% preferably less than or equal to about 99.5 % nore
preferably | ess than or equal to about 99.3 w % of the total weight of the
conposition SWNTs used in the corrp05|t| on may be produced by

I asgr - e\&{wratﬂlamm sfuajrtaphpete30 wEarache dote! %’9#8%@75% Q??nﬁoﬁ’éloﬁ gHepr essure
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greater than or equal to about preferably ter than .or al to
about 10@0Temﬁﬁ@rﬁﬂbﬂ§saﬁiﬂl}' ogre@aﬁleﬁo ahoath 993 ¥4 P ths Welﬁ}éfoﬁpﬁ’ree

gener al | iy '1lt1o in the conpositions. Wile the SWNTs are generally

cl osed strictures haV| ng hem spherical caps at each end of the respective
tubes, it |s envi sioned that” SWNTs having a single open end or bot h open
ends rra)SWll\Hts used ts eek. coTxh‘;msSW«iTma;gbaprculub&yd by daspr- ¢@90¥i1tloem° 1ZgaPhier t i on,

which is hoI | o b fil t h
R R e e R S eéﬁFB'nSiy
is to d'(fﬂlgée:@?%t&ewen%%wms geilefaqagqm@h@n@m Wwilf e6th %ﬂﬁn@é pepherteat i 0 t hat

is as the aspect rati o of the SWNT as possi .. The ratio of the
ef f ect i wheatspidicouter caam@teraﬁﬁdbeufé)s'b tcabopp? Aolan@netewéa@mr eV Te ppying

effecti vene s of _

twi co t IPBPTRARLRS ‘g#glg%’g g or & 8%{9"3,%%}55 X ggm#?%?%rgr %} L ?rhiqu\é€%02$ that is

di amet erapelit 16 mis P@@éﬂahsr greéibxvﬂhﬁuaf e b bifxeit 1000 i @ﬁmeaﬂyluhyz@by rabl e
ue

for the average va rati o of the effectiye rati o to the aspect
ratio tdnbﬁlegﬁﬂ(éa]?@?tlonﬁhawlﬁk dguaWVN'b &E?oﬁ?n%alé’ g\sg“fém;lfﬁl?s A thalr[: or

equal t 7
0.'90, agje%rr%e) a‘%ﬁu rical “%RS 92? ecétfnrgoorfpd;ln@iéég@wv)é tgﬁééaft% efa\hﬁen&f tHRASINT about

gr aph a magni fication of greater
t Ean]c or m}g@ a singlelopeh eddoDbBoth opdamemisenaand:isxdbwemi Tthia 8 VEMAlF gemaagilsexi st i n
the formof rope-Ii re € es,are ¢ t er med
"ropes" @HPIEFE @B?*ﬁﬂ?"gg‘ &%ﬂ‘é’s‘ﬁuml gg;%mlthsaq%'ppoug cS}et Ween t he

i ndi vi dual SWNTs. The i ndi vi dual nanot ubes in the ropes
In an exemplary embodiment, the purpose of dispersion of the SWNTs in an organic

polymer is to disentangle the SWNTSs so as to obtain an effective aspect ratio that is as
close to the aspect ratio of the SWNT as possible. The ratio of the effective aspect
ratio to the aspect ratio is a measure of the effectiveness of dispersion. The effective
aspect ratio is a value that is twice the radius of gyration of a single SWNT divided by
the outer diameter of the respective individual nanotube. It is generally desirable for
the average value of ratio of the effective aspect ratio to the aspect ratio to be greater
than or equal to about 0.5, preferably greater than or equal to about 0.75, and more
preferably greater than or equal to about 0.90, as measured in a electron micrograph at

a magnification of greater than or equal to about 10,000.

In one embodiment, the SWNTSs may exist in the form of rope-like-aggregates. These
aggregates are commonly termed “ropes” and are formed as a result of Van der
Waal’s forces between the individual SWNTs. The individual nanotubes in the ropes
may slide against one another and rearrange themselves within the rope in order to

minimize the free energy. Ropes generally having between 10 and 10° nanotubes may
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may slide agai nst one another and rearrange thenselves within the rope in
order to mnimze the free energy. Ropes generally having between 10 and
105 nanotwigesysfiiiees 31 WO 2005/ 044865 PCT/ US2004/ 026136 ‘trapmgﬁﬁgo%@%t he
conpositions. Wthin this range, it is generally desirab to have ropes
havi ng greater than or equal to about 100, preferably greater than or equal
to about 500 nanotubes. Al so desirable, are ropes having | ess than or
equal t dealseditn ﬂJ64ompesmdm$bé§;thlprtb1Bealmlyls gesraliyalesiobletplave tebesbout 5, 000

nanot ubes not her desi.r e for ropes to
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in a shaphngnubkle A19PQesirbRS, Wee Ropel haRTRNEE hadf ort fipiaSWNEboEt VBT ks t o
forma 3-dimnsional network in the organic polymer matrix. A distance of

about 1@anetubes, ptsfrrably desaithanersaed so phopt SH8P apratebeshe branching points in
this type of network. It is generally desirable for the SWNTs to have an
i nherent,_th e ctiyi. thé§e| vin
(WmK) I%ﬁ’&%‘@?”?ﬁ%@%&ﬁé“\r{’%ys &fSIr ]g\lf;(ga%% Sl%ﬁ]ﬁgr g‘ﬁétsttglcg r| ca Oconduct ivity
of 104 % aherfsie &sftbramdhes aftsf fdi‘sjaersioh i Thal &sulgseneaaslhhxyngi@sflthabblsesf or the

SWNTs to have a tensile strength of at | east . gi gapascal s a) and a
sti f f nedstwenghe praches ofdhg S n?%oélﬁa@cfaﬁj’é a( ns??l%?aﬁf&f%%SI%odi ment ,

the SWN gi}ﬁ% PS&FH%F SR {ﬁ)mswn@e QF B5ItAld s BARBHUNE FnicdRfter® E’ﬂayC onducti ng

nanot ubes I ¢ nanotubes are those that display electrical
char act eepahiedse biantHing pbmtsrmttblb sypevdfinieewaerke Isisrgencraliyd desifahly fanihst ubes are

R R R R R e A Rt

hel i cal ielivMqIwmER) aga $radle @Wm%ﬁ@%hawav@a@mwm eleetmizhli dodidactiviy possi bl e
confirmations. In order to mnimze the quantity of SWNTs utilized in the

conposi tof d@’ Sltmﬁss/cgewgﬁfar (S/camdsilt Hptleo g@’@i%llyedQsﬁéblegéﬁﬁGs PV ©onpri se as
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of greatoestatr&}ﬁecaqg(myal to about | wt% pref erably greater than or equal
to about 20 W% nore preferably greater than or equal to about 30w %

f bI t t b o
even Tore b gLt by AL S han o caual 1.0, ABour S0 YAk

and semi-conducting nanotubes. Metallic nanotubes are those that display electrical

characteristics similar to metals, while the semi-conducting nanotubes are those,
which are electrically semi-conducting. In general the manner in which the graphene
sheet is rolled up produces nanotubes of various helical structures. Zigzag and
armchair nanotubes constitute two possible confirmations. In order to minimize the
quantity of SWNTs utilized in the composition, it is generally desirable to have the
composition comprise as large a fraction of metallic SWNTs. It is generally desirable
for the SWNTs used in the composition to comprise metallic nanotubes in an amount
of greater than or equal to about 1 wt%, preferably greater than or equal to about 20
wi%, more preferably greater than or equal to about 30 wt%, even more preferably
greater than or equal to about 50 wi%, and most preferably greater than or equal to
about 99.9 wt% of the total weight of the SWNTs. In certain situations, it is generally
desirable for the SWNTs used in the composition to comprise semi-conducting
nanotubes in an amount of greater than or equal to about 1 wt%, preferably greater

than or equal to about 20 wt%, more preferably greater than or equal to about 30 wt%,
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about 99.9 W% of the total weight of the SWNTs. In certain situations, it
is generally desirable for the SWNTs used in the conposition to conprise
sem - condygbhg3@iqsgenot ubes in an anount of greater thanp@f/uesdfbaeiss about |
wt% preferably greater than or equal to about 20 wt % nore preferably
greater than or equal to about 30 wt% 32 WD 2005/ 044865 PCT/ US2004/ 026136
even nore preferably greater than or equal to about 50 wt % and nost

pL ef er abéwen mprsaprsferatiiagrenteretham jor tequaljoabogb 50 Wiksoasf mew rrefesblXwei ght of
the SWNTs.
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processes, or the like. Production related inpurities are those inpurities
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inpurity that is formed naturally are catal yst particles used ipn the
product | BRPUBHIeshvVIBENTAEE  Rrogupeds Hluging eREgGHISES b arﬁlaé)‘éfué?ﬁ?tﬁ P’eltg? ed
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i mpurities, include for

def ect | vETRUNTEIOREE EPRE TR RGN AR OO PTETHEh SUoGh TRBNT S B ¢ vl |
those impurities that are either formed naturally or formed deliberately during the
production of SWNTs in the aforementioned processes or similar manufacturing
processes. A suitable example of a production related impurity that is formed
naturally are catalyst particles used in the production of the SWNTs. A suitable
example of a production related impurity that is formed deliberately is a dangling

bond formed on the surface of the SWNT by the deliberate addition of a small amount

of an oxidizing agent during the manufacturing process.

Production related impurities include for example, carbonaceous reaction by-products
. such as defective SWNTSs, multiwall carbon nanotubes, branched or coiled multiwall
carbon nanotubes, amorphous carbon, soot, nano-onions, nanohorns, coke, or the like;
catalytic residues from the catalysts utilized in the production process such as metals,
metal oxides, metal carbides, metal nitrides or the like, or combinations comprising at
least one of the foregoing reaction byproducts. A process that is substantially related
to the production of SWNTs is one in which the fraction of SWNTs is larger when

compared with any other fraction of production related impurities. In order for a
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carbon nanot ubes, anorphous carbon, soot, nano-onions, nanohorns, coke, or
the like; <catalytic residues fromthe catalysts utilized in the production

process sp§hoRpadREal s, netal oxides, netal carbides, ﬁ@;’f@bzoﬂbﬁfdﬁes or

the Iike, or conpbinations conprising at |east one of t or egol ng
reaction byproducts. A process that is substantially related to the
production of SWNTs is one in which the fraction of SWNTs is | arger when
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rel at ed %&K\Aﬁﬁé ‘159‘683’@%’? dt bsr srepifiTthang 4 draction of 3RY gme dviky bavallistefave to be

greater bdafod b§1}5r§8ﬁét9 Br Qtal Y reflGef E%xrh?aﬁ] RY fhe! ﬂ@h%ﬁﬁﬂﬁ‘% @&l]ﬁy products

or catalytic residues. For exanple, t raction o s woul ave to be
gr eat er thAwnto bregreatac thao theofractiohtafwailtiwal metetblss, oothe tfiaetifir addogrorof soot ,

or the fragtion rbon bl ack.. The f .on of SVWNTs wou| d not have to
be great &° ﬁ?ﬁﬁ’ﬁ’ (ﬁﬁf?@ agl 3 ﬁ‘é fiartion Pf)g@}% s &’ﬁkﬂdc%ﬂ?d}aﬁ%utq g?l.gfﬁateﬁr oduct i on
rel ated kKERURE biBS of Bl frdcHEnEHYTONTLehalsn %@gﬁaﬁ&ﬁ&%ﬁi@ﬁh@ﬁhh@é foy directed
to the production of SWNTs. In general, the SWNTs used 1 n the conposition

may conpihesEoesss imbrieansisieredisybstargiaily directad tauthe peodncton of SWNTises. Wt hin
this range, the SWNTs may have an inpurity content greater than or equal

t o about f t.er Qﬁg . to about 7

preferab ygegl{r%%t @% t a%ggrge%elgﬁlé% o%@ggjﬁﬂ%l ‘\:/ﬁl%n%ian_taﬁédu%%%o%@ght of the
SWNTs. Al abaleS0r witheémputitiesn Wiihén tdpggnge] thea8WINTRURAY YiaROst ahgurty | ess

t han of equal out 50, preferably |ess than or equal to about 45, and

to a
more pr eFEEH) gredtesthan o sava! to abem 3, wicfarbin sragenthon o eawd to gbeut Taei ght  of
the SWNT i @gw ifa, t ;;Plog. ' y
conpri seag(;\h%rrr%gﬁe{&g?gd%%mgﬁtth?ﬁ ?Iete aboilt %‘&w%ﬁ)éggtpgﬁy [ cél%}ét(s)(lﬂc ues. Wthin
t hi s r an§®NTheABondEsirahly withabisaange, & ant inpuritys cahtient of tdse than @f eqiabr t han or

equal to, ahou , ef er abl reate han, or ual t out 7, and nore
pret er abl G ane A0SR B Yahar Bl st 45 apdghoct preferebly Bsaftanar ght —of

t he SWNTequaltssboies xad of thd fobl Velght 6F R/UPNTES @ catal ytic residue

content of |ess than of equal to about 50, preferably |less than or equal to

about 45, and nore preferably less than or equal to about 40 w % of the
total welwpie wbq%@emw@ sed taihp sAmpesidenumey comptiscan amouitwél | car bon

nanot ubeg, fMINTE) aBRH S6F% catalytic residues. Within this range, the SWNTs may
have a catalytic residue content greater than or equal to about 3, preferably greater
than or equal to about 7, and more preferably greater than or equal to about 8 wt%, of
the total weight of the SWNTs. Also desirable within this range, is a catalytic residue
content of less than of equal to about 50, preferably less than or equal to about 45, and

more preferably less than or equal to about 40 wt% of the total weight of the SWNTs.

Other carbon nanotubes such as multiwall carbon nanotubes (MWNTs) and VGCF
may also be added to the compositions during the polymerization of the polymeric
precursor. The MWNTs and VGCF that are added to the composition are not
considered impurities since these are not produced during the production of the
SWNTs. MWNTs derived from processes such as laser ablation and carbon arc
synthesis, which is not directed at the production of SWNTs, may also be used in the
compositions. MWNTs have at least two graphene layers bound around an inner
hollow core. Hemispherical caps generally close both ends of the MWNTSs, but it
may desirable to use MWNTSs having only one hemispherical cap or MWNTSs, which
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may al so be added to the conpositions during the polynerization of the
polynmeric precursor. The MANTs and VGCF that are added to the conposition
are not d inpurities since these are not prodﬂgﬁﬁ t he
producti on 89?’5{3%@ SWNTs. MANTs derived from processes suc SEH‘{/ iggsgr

abl ation and carbon arc synthesis, V\:hl ch is not directed at the production
of SWNTs, may al so be used in the ositions. MANTs have_ at CJ%Qeast t wo
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I's preferr have an avefage aspect ratio
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about 100, nore preferably greater than or equal to about 1000. MMWTs are
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conductive fillers suc a 0 rbon fiber bl ack,
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option e used in the conpositions. Vapor grown carbon fibers or small
graphitic or partially graphitic carbon fibers, also_ referred to as vapor
grown c@thisoporfdulstivesillarssmn aShwpngromrma@h@rfébm catheutblarks conducipout 2000

A oo, pentelly Pl ECeIERERG Fo i E TR, of Wedlie”H orb it 500 m

are comprising at least one of the foregoing may optionally be used in the compositions.

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

than or equal to about 1000.

VGCEF are generally used in amounts of about 0.001 to about 50 wt% of the total
weight of the composition when desirable. Within this range, VGCF 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. VGCF are furthermore generally used in amounts less

35




preferred, with dianeters of about 3.5 to about 100 nm bei ng nore
preferred, and dianeters of about 3.5 to about 50 nm nost preferred. It is

al so prefphahlsRilsgs have average aspect ratios greater ¢ SR04/6RRl to
about 100 agﬁiarmre preferably greater than or equal to about 1000. VGCF

are generally used in anounts of about 0.001 to about 50 wm % of the total
wei ght of the conposition when desirable. Wthin this range, VGCF are
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L is a nunber less than 0.1n, mis a nunber |less than 0.5n, and wherein

each of Ris the sane aifd, Hgts®, ect ed fromoéggm -NH2, -OH, -C(OH) R,
-CHO, -CN, -C(Od, -C(OSH, -C(OR, -SR, -Si Ry , -Si(OR)YR (3'y), -R',
-AlR2',  halide, ethylenically unsaturated functionalities, epoxide

f unct i ondterdin @ss antintegee, Liike,numblee tess thap 0.5n,am i amagber kgudantler | ess

than 3, R, is hydr alkyl - aryl, .cvcloal Kyl afaal kil oaryl,
pol y( ai 9H R coch ot s B e R et G S RER 1O (BYpRS
fI'uor ocyglenl kXl .c(0)epr-efOMIKYIC(OYOR!, 03R'y LSIRGY -3i(@R)Rey), Rie -&Bkhon at ons,
C ,, are surface carbons of a carbon nanotube. In both, uni fohg y and
non- uni fhelidd, \ethydenieatlyt unsa@rabsiiznctiornlisien cipog e HYRCPRABHSHH 85 e HSur f ace
atoms C' are reacted, Non-unifor ustd SYRITS adkyelolRiy1, car bon
nanot ub&@HEY VP %%‘rg%geﬁ‘;&%%fﬂiqﬁ of Rsfin 31RO tydh tn RIS Rl

araalkyl, cycloaryl, poly(alkylether), 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 SWNTSs and other carbon nanotubes, the surface atoms C, are reacted.

Non-uniformly substituted SWNTs and other carbon nanotubes may also be used in
the composition. These include compositions of the formula (I) shown above wherein
n, L, m, R and the SWNT itself are as defined above, provided that each of R does not

contain oxygen, or, if each of R is an oxygen-containing group, COOH is not present.

" Also included are functionalized SWNTs and other carbon nanotubes having the

formula (XXXIV)
[Co HLTR"R]n (XXXIV)

where n, L, m, R’ and R have the same meaning as above. Most carbon atoms in the

surface layer of a carbon nanotube are basal plane carbons. Basal plane carbons are
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t he conposition. These include conpositions of the formula (1) shown above
wherein n, L, m R and the SWNT itself are as defined above, provided that

each of Ry@96s03ffs contain oxygen, or, if each of R isp@fjus2004/026136
oxygen-contal ning group, COOH is not present. Also included are

functionalized SWNTs and ot her carbon nanotubes having the formula (XXX V)
[Ch HLj--ER'-Rlm (XXXI'V) where -n, L, in, R and R have the same neaning as
above. Whsivelydn&oto dicmsaliatatlheAt defettasites) whar, b esanplebba grphdicube are

basal plane carbons. Basal pl ane.carbons are . 36.WD 2005/ 044
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wher e, &f&[o&%ﬁ%%’ltﬁ chife bR Mdh€ of Bl 8Rghit@ipide! OTRXle@fél chibohy ase ound t he
car bon nanct ube, t%er are carbon atons™ anal ogous to the edge carbon atons

of a grmpiiveengnasecontiie sewlgbeicmatponer groep to saishy cagbaale®g¥t contai n sone
het eroat om or group to satisfy carbon val ency. The substituted SWNTs and

ot her carbon_nanot.u escrib abgye a sl e t her
functi ondf i Si‘é’ﬁ&“%ﬂcm%ﬁogﬂ i ?e)tﬂ iAcild E%tﬁg%ssﬁe?%ﬁogaoﬁ Mm’%éherB%&{)r mul a
(XXXV)  dddantabeousAbe fd funbiedmalized. Buéinebrhpositichs dsclulissenipositioabolie, A is
selected from-0OY, -NHY, -CR 2-0Y, - C(OOY, -C(CONRY, -C(OSY, or -C(OY,
wher ei nthy fomnla (8¥ZEMopri ate functional group of a protein, a peptide, an
enzyme, an anti body, a nucleotide, an oligonucleotide, an antigen, or an

enzynme substrate, enzy ignhihist or or the t i{tion state analog of an
2y R, D G
enzynme substrate or is selected from-R OH 2 , -RSH - RCHO -RCN,

“RX, -RSIR3, -RSi-(0R)y-R(3y), -R Si-(0SiIR2-OR, -R-R', -R -
NCO, ( ChiéreQ), I atid m efe3sGioritled 266&RHAGY WelBited frof3I0B0)-NITR -CRAEOR; ; wherein w

is an integer greater than one and | ess than 200. The fungti onaL SWNTs and

ot her cE(@XNY ndHOUNBES, SHOWRY Lt (@)Y Xykeign Yalf 20 PPrPEIatG REEPBhal i zed to
%g?gcﬁg%@gpgﬁt 5::%81% eig,ak' g)%g{ig‘eg %‘gr%ﬁ‘e( XMkt Al nheleBtide) B ( XXXVI)

an f above. . -
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"),-R'(3.4), -R' Si-(0-SiR"2)-OR, .-R'-R”, -R'’-
NCO, (CoH, 0)yY, -(C3H0),H, -(C,HsO)wR', -(C3HgO)wR' and R", wherein w is an

integer greater than one and less than 200.

The functional SWNTs and other carbon nanotubes of structure (XXXIV) may also be

functionalized to produce compositions having the formula (XXXVI)
[Co HoHR-Aln (XXXVI)
wheren, L, m, R’ and A are as defined above.

The compositions also include SWNTs and other carbon nanotubes upon which
certain cyclic compounds are adsorbed. These include compositions of matter of the

formula (XXXVII)

[Cy HH1X-Ry I (XXXVID

where n is an integer, L is a number less than 0.1n, m is less than 0. 5n, a is zero or a

number less than 10, X is a polynuclear aromatic, polyheteronuclear aromatic or
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The conpositions al so include SWNTs and ot her carbon nanot ubes upon which
certain cyclic conpounds are adsorbed. These include conpositions of matter
of the fypoAsAadsEdXVIT) [Cn HL-]1- fX-Ra ] m (XXXVII) whgefuscoHoRise Nt eger,
L is a nunber less than 0.1n, inis less than 0. 5n, a is zero or a nunber
| ess than 10, X is a polynuclear aromatic, polyheteronuclear aromatic or
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noi ety an as recited above referred cyclic conpounds are planar
macr ocy compownds hregdarrae nporoghsies nishand phphainsepd phivelocyameesadsor bed cyclic
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or am ne rou opded d to t I
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outer surfaces with a_reac sui.,table f ddi t I
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nmet al es are sodi um chlorate or "potassium
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.

Functional groups may generally be introduced onto the outer surface of the SWNTs
and the other carbon nanotubes by contacting the respective outer surfaces with a
strong oxidizing agent for a period of time sufficient to oxidize the surface of the
SWNTs and other carbon nanotubes and further contacting the respective outer
surfaces with a reactant suitable for adding a functional group to the oxidized surface.
Preferred oxidizing agents are comprised of a solution of an alkali metal chlorate in a
strong acid. Preferred alkali metal chlorates are sodium chlorate or potassium
chlorate. A preferred strong acid used is sulfuric acid. Periods of time sufficient for

oxidation are about 0. 5 hours to about 24 hours.

Carbon black may also be optionally used in the compositions. Preferred carbon
blacks are those having average particle sizes less than about 200 nm, preferably less
than about 100 nm, more preferably less than about 50 nm. Preferred conductive

carbon blacks may also have surface areas greater than about 200 square meter per
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chlorate. A preferred strong acid used is sulfuric acid. Periods of tine
sufficient for oxidation are about 0. 5 hours to about 24 hours. Carbon
bl ack mawy@h&@okgesopt i onal |y used in the conpositions. Pegtgiofeheesr bon

bl acks are those having average particle sizes |ess than about 200 nm
preferably I ess than about 100 nm nore preferably |less than about 50 nm
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intermetaltic chemc conpounds Such as borides, carbides, and the |ike,
of t hesandetcahditiofisusgd in incomuirating them into the organic polymer, and fabricating

finished articles therefrom. Metals such as aluminum, copper, magnesium,
chromium, tin, nickel, silver, iron, titanium, and mixtures comprising any one of the
foregoing metals can be incorporated into the organic polymer as conductive fillers.
Physical mixtures and true alloys such as stainless steels, bronzes, and the like, may
also serve as conductive filler particles. In addition, a few intermetallic chemical
compounds such as borides, carbides, and the like, of these metals, (e.g., titanium
diboride) may also serve as conductive filler particles. Solid non-metallic, conductive
filler particles such as tin-oxide, indium tin oxide, and the like may also optionally be
added to render the organic polymer conductive. The solid metallic and non-metallic
conductive fillers may exist in the form of powder, drawn wires, strands, fibers, tubes,
nanotubes, flakes, laminates, platelets, ellipsoids, discs, and other commercially

available geometries.

Non-conductive, non-metallic fillers that have been coated over a substantial portion
of their surface with a coherent layer of solid conductive metal may also optionally be
used in the conductive compositions. The non-conductive, non-metallic fillers are
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include silica powder, such.as fysed. silica and_.crystalline silica,

bor on- i ERERCD G o BRI ML 5o aukEns St N RelFeSHln oxi de (or
magnesi aijciuhp! duiBfeOtas s hﬂ?hﬁdé N@ihgHfakACR- hﬂg@k&@b veldiaat ebdiite, cal ci um
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comprising any one of the foregoing. All of the above substrates may be coated with a

layer of metallic material for use in the conductive compositions.

Regardless of the exact size, shape and composition of the solid metallic and non-
metallic conductive filler particles, they may be dispersed into the organic polymer at
loadings of about 0.001 to about 50 wt% of the total weight of the composition when
desired. Within this range it is generally desirable to have the solid metallic and non-
metallic conductive filler particles in an amount of greater than or equal to about 1
wit%, preferably greater than or equal to about 1.5 wt% and more preferably greater
than or equal to about 2 wi% of the total weight of the composition. The loadings of
the solid metallic and non-metallic conductive filler particles may be less than or
equal to 40 wt%, preferably less than or equal to about 30 wt%, more preferably less

than or equal to about 25 wt% of the total weight of the composition.

In one embodiment, in one method of manufacturing the composition, the polymeric

precursor in the form of a monomer, oligomer, or polymer is added to a reaction
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during rization of the polyneric precursor, I'n one enbodi nent,
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vessel during the p

nmerization of the p recuy sor. et anot her
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yet ano}t)ﬂ)%gﬂ%gbof tLQEV\}NTst Qn% gt c?rcctoln Qct%%sasn non—c\éng %%t\,g Iﬁ €rs Jhrﬁ’lE the
initial stages of the polymerization process in order to adjust the viscosity in the
reaction to vessel to be effective to facilitate the disentangling of the SWNTs and
other fillers. After agitating the reaction solution for a desired period of time,
additional polymer precursors are added to the reaction vessel to continue the

polymerization process.

In one embodiment, the SWNTs together with other conductive and non-conductive
fillers may be added to the reaction vessel in the form of a masterbatch. In another
embodiment, related to the use of masterbatches, a first masterbatch comprising the
SWNTs may be added to the reaction vessel at a first time, while the second
masterbatch comprising the other non-conductive fillers may be added to the reaction
vessel at a second time during the process of polymerization of the polymer

precursors.
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the af withrins rdlsetrnsphelisal soterschalfles @r gomymaf @W&%aﬂfﬂ PHie screws,
[ nterrregp@hggoreé;&ﬁ otating or counter rotating screws, non-interneshing
co-rotating or-counter rotating screws, reciprocating screws, screws with
pins, screws with screens, barrels wth pins, rolls, ranms, helical rotors,
baf f | esIn ome enbdlimant, olssenpnérgy mpyabe idlizsd to disperse thee SMNEYoilRGy. 1 n one
enbodi nent, ultrasonic ener Ve tilid t Q. dis . WTs. The
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pol ymer {Jﬁr%tsclmcl)@ati%]rl%a%is Be «L;éntﬂﬁéél ﬁﬁlqng mepolymerization process if desired. The

ultrasonic energy may be applied to the different reaction vessels such as kettles,

extruders, and the like, in which the polymerization may be carried out.

Melt reacting involving the aforementioned forces may be conducted in machines
such as, but not limited to single or multiple screw extruders, Buss kneader, Henschel,
helicones, Ross mixer, Banbury, roll mills, molding machines such as injection
molding machines, vacuum forming machines, blow molding machine, or then like,
or combinations comprising at least one of the foregoing machines. Solution reacting

is generally conducted in a vessel such as a kettle.

. In one embodiment, the polymer precursor in powder form, pellet form, sheet form, or
the like, may be first dry blended with the SWNTs and other optional fillers if desired
in a Henschel or a roll mill, prior to being fed into a reaction vessel such as an
extruder or Buss kneader. While it is generally desirable for the shear forces in the
reaction vessel to generally cause a dispersion of the SWNTs in the polymer
precursor, it is also desired to preserve the aspect ratio of the SWNTs during the

reaction. In order to do so, it may be desirable to introduce the SWNTs into the
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preferable for the organic 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.

The composition may also be used as a masterbatch if desired. When the composition
is used as a masterbatch, the SWNTs may be present in the masterbatch in an amount
of about 0.01 to about 50 wt%. Within this range, it is generally desirable to use
SWNTSs in an amount of greater than or equal to about 0.1 wt%, preferably greater or
equal to about 0.2 wt%, more preferably greater than or equal to about 0.5 wt% of the
total weight of the masterbatch. Also desirable are SWNTSs in an amount of less than
or equal to about 30 wt%, preferably less than or equal to about 10 wt%, more

preferably less than or equal to about 5 wt% of the total weight of the masterbatch.
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be desi fChblcompositioe comprging shecoragnie pplyaes iind dhgp P WY Tigmay be subject to

multiple blending and forming steps if desirable. For example, the composition may

first be extruded and formed into pellets. The pellets may then be fed into a molding
machine where it may be formed into other desirable shapes such as housing for
computers, automotive panels that can be electrostatically painted, or the like.
Alternatively, the composition emanating from a single melt blender may be formed
into sheets or strands and subjected to post-extrusion processes such as annealing,

uniaxial or biaxial orientation.

In one embodiment, the organic polymer precursor may be first mixed with the
SWNT’s in a reaction vessel such as a kettle, and subsequently polymerized in a
device where a combination of shear, extension and/or elongational forces are used
during the polymerization. Suitable devices for conducting the polymerization are
those having 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, screws with screens, barrels with pins, rolls,
rams, helical rotors, baffles, or combinations comprising at least one of the foregoing.
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opti.agnal ly be introduced into the sonicator with the
as a SOlp\e/r%lr}Es fh8%eo pomgon to ydevelop electrical conductivity at lower loading of the

SWNTs.

In general, it is desirable to sonicate the mixture of organic polymer, organic polymer
precursor, fluid and/or the SWNTs a period of about 1 minute to about 24 hours.
Within this range, it is desirable to sonicate the mixture for a period of greater than or
equal to about 5 minutes, preferably greater than or equal to about 10 minutes and
more preferably greater than or equal to about 15 minutes. Also desirable within this
range is a time period of less than or equal to about 15 hours, preferably less than or

equal to about 10 hours, and more preferably less than or equal to about 5 hours.

In one embodiment, related to the dispersion of the SWNTs having production related
impurities, the SWNT compositions having a higher fraction of impurities may be
dispersed using less energy than SWNT compositions having a lower fraction of
impurities. Without being limited by theory, it is believed that in certain organic
polymers, the impurities interact to promote a reduction in the Van der Waal’s forces

thereby facilitating an easier dispersion of the nanotubes within the organic polymer.
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SWNTs and the organic polymer precursor. The tine period for the sonication
is generally an anmount effective to pronote di spersion and/or

encapsul aybosspiusehie SWNTs by the organic pol ymer precyes@ko08bicess t he
encapsul ation, the organic polyner precursor is then polynerized to form
an organic polynmer wthin which is dispersed the SWNTs. This nethod of

di sper sj . i r L& WIE tiberdpteser vati on
of the g{s)%eog{el %@tg?@s%gf’ ri:l gaggvﬁ%s?%#% &ﬁlerefsgragﬁl%ggﬁ]icts t he conposition
t o develmyuriescthei SWNTE cotpositions yhauving| ohegher ofsatitiog of impwitieSWRAS. | n

eneral, it is desirable_.to sonjcate the m xture of organi r,
grgani cT4981TS Aed oA RumE QBP’,‘W’EE"%F%HWQS)F“HOH mMﬂ.\gn%a&gﬁrggacg&é out 1
mnute [RnaRRLt HedvelOU e conidsitidh Hahing the SYENTS withsthel sidralicdod of soni cat e

the mxture for a period of greater than or equal to about 5 mnutes,
pr ef er abhyurijies generaliy doseorledtjoall canduetiyityt uprn 2dditianat minge, while e ef er abl y

greater than.or ual to about .15.mM nut&s- . jr iLhin this
range i SOHPGSItHR gg\llfl%dﬁlgfﬁllgge sﬁi]aﬁté T 8? %@?ﬁﬁ @g)ugg%éulg%?%allﬂ# Js;llI thr eferably
| ess t hgRct@ical RAGRtIvIt) agBRUHMARt bPMbERg Riifcreazed. Thedeaboaipoyitibsimay han or
equal to about 5 hours. I n one enbodinent, related to t di spersion of the

SWNTs hbeusrg iprapalieations whereathere isiaeas ifen @ supcrine bajppee "(‘ﬁvslf’{)ﬂaﬁtns havi ng a
hi gher | 00 i ri-5d o j ghgy than SWNT
conposi FTEEdRBofty," TRhky R, BBikedFin GhARRIRE Y RAARE BRBTEY 11T ted
by t heouie,uséd andswhakinehe doiduativé mateeinks possess yapismall polelsndicopduckige i npuriti es
interact_to pronpte a redyction.n the Van der Wal' s forces thereby
facili tgilP‘i*@‘Cgﬁs weyelgelly; ‘ffé‘}"éﬁaﬂﬁp@f’t“?gﬁpﬂ]ﬂﬁﬁ%‘?ﬁb@t\lRfPIﬁ?'n t he organic

pol ymer. 45 WO 2005/ 044865 PCT/US2004/026136 | n another enbodi ment,

rel at edhe bhposiiisRe BsdcABe® abNNIRy RVIRA I & Hiaé ivaretyedBédtimedctapuri ti es,
the SWNT conpositions having a hi g%er fraction of inpurities may require a
| ar ger applisationsf Tieyimay bhadvantagseusbonitlirsdtas diss Her packaging slREWOHE act i on of
inmpurities. However, th WY [ .t | wer

fracti OHOIBPonePﬁ%&?? P? 8(’5&%@%%?%?{:@&?%%%%%1 %g‘l r@ggﬁ%%ﬁ Ci %‘?‘3}%’? ;?/r c{ljlgon

addi t i oB@irdgliofitiglikaMhiat Seddhte begromesd floanelbaristgictdiwipatigheThéy mayi on of

SWNT inpurities generally gainin electrical condyctivity as the anount of
m xi ng Bkoibem djernaihs daside) ROBPHETD @ad nqg;er 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
body panels both for interior and exterior components of automobiles that can be

electrostatically painted if desired.

The following examples, which are meant to be exemplary, not limiting, illustrate
compositions and methods of manufacturing of some of the various embodiments of

the electrically conductive compositions described herein.
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be used in applications where there is a need for a superior bal ance of
flow, inpact, and conductivity. They nay al so be used in applications

wher e conglgabiswaqggiterials are used and wherein the copgdpetiosgostaseeri al s
possess very small |evels of conductive filler such as in fuel cells,

el ectrostatic painting applications, and the |ike. The conpositions

descri bgd }ﬁpg:?e may be used in a wde variety of commercial applications.
They may % vantageously utilized as filnms for packaging electronic
conponents such as conputers, electronic goods, sem -conductor conmponents,
ci rcui t Thisexeniple was widertakick do ﬂismrsmsWT@nﬁmlwadiomteG(ECj siehtoadrestd r ost at i ¢

di t t d t d oth
el oct ropiimsybeie of nds at B B mnlgnets ed ot uy oohped ol and
ot her eCefohQinetechRfiedi8nestheiatal \Mheﬁrsf'@ig?éﬁé?lr ind%0 ‘fﬁfhlhtéi‘;’rgg QfRrPt ect

ext e ect ronagn

i nternal_computer conponents from ot her rnal etic
i nt er f eflishlpscetiTngybynusingaanseltrasnimatian énduafuré!@enmsteﬁ iThe alttasomitihoen  body

panel s f nterior teri,or ut ono es t hat can be
el ectr os%gi%nclgfr?gomca}?rﬂfeéﬁma? s?r?@&“der&@()@?& ‘ﬂ?f (g% %fls ST ch are
meant t@vdﬂablexerﬁdnar ySoied |&m MArialé | |Hﬁbﬂ)%}a<%ed)00”po§0t' grRg apf nethods
of manufacturi ng of sone of the various enbodi nents of the electrically

conduct Pisanet ybrahenaedBYIP B anth2.3467 gms of\bispaw] A4BPe8 (mol of
PCT/ US28 @gql'llgp mal FP@ ;I;)g}e ?ga%%n%né’§§€§‘BUHd r% torq%'ﬁ erse SWNTs

i n polycarbonate and crea 250

m | | i gregutermgs agalrﬁébhﬁﬁatedbbmmmﬁtéso rﬂ“he%hib@fédh&@d&@m@ hagdfastEmto
I ncorporated was first di ﬁpersed in 120 mlliliter % of 1,2
di chl or bEIBASTFACHRY, Wibrh yas Hrsh pessialnd; byataakmerihe rearior me,@ sthcontgmingrhe

ul trason hfoquﬂeodﬁgﬁrn%%%Hlog\%tgFl@%QHitﬁn%Pf@ﬁélﬁﬁ fcﬂfgv%gw&ﬁ#%gs %00 Vatts,

probe di aneter from Soni cs orated).
30 grs With dblog(métwmrséﬂhc(sylvywmmxmeﬁﬁg tlengla@Qe4di o §08°@in bi sphenol
A (BPA) _( wer e added. to_di %ger sion and

SWNT 't h% i eac? f gﬂWH}%l&(ﬂtﬁeg a\?\/%’é” Brﬁﬁﬁ“ﬁe séﬁ?‘)é’ﬂf’@ta amouniey catalyst slutioph e

soni catwek 1A $ntvéhicéd RRSTHETERDrIRER a @rﬁﬂg@s ThE GAfUAT of ARy cHRsstd | 7 St
passi vat ed b){ soaking the reactor in bat cont ai ni ng
0™ moles of NaOH per mole of BPA and 3 OXIO moles of TBPA (tetrabutyl

phosphonium acetate) per mole of BPA (bisphenol A).

The atmosphere inside the reactor was then evacuated using a vacuum source and
purged with nitrogen. This cycle was repeated 3 times after which the contents of the
reactor were heated to melt the monomer mixture (bis(methylsalicyl)carbonate
(BMSC) and bisphenol A (BPA)). When the temperature of the mixture reached
about 180°C, the stirrer in the reactor was turned on and adjusted to about 60
revolutions per minute (rpm) to ensure that the entire solid mass fully melted, a
process that usually took about 15 to about 20 minutes. Next, the reaction mixture
was heated to about 220°C, while the pressure inside the reactor was adjusted slowly
to about 100 millibar using a vacuum source. After stirring the reaction mass at this
condition for about 15 minutes, the reaction temperature was raised to about 280°C
while readjusting the pressure to around 20 millibar. After being maintained at this
condition for about 10 minutes, the temperature of the reaction mixture was raised to
300°C while bringing the pressure down to about 1.5 millibar. After allowing the
reaction to proceed under these conditions for about 2 to about 5 minutes, the pressure
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1 nol ar aqueous hydrochloric acid solution for 24 hours foll owed by
vigorous rinsing wth deionized water. The solvent was dried by heating

t he gl asswoesgiodssss0 100C in presence of flow ng nitrogequdbook@¥isy essure.
Appropriate amount of catal yst solution was then introduced into the
reactor using a syri nge. The anount of catal yst consists of 4.5x 10-6

Bﬁggzhgaﬁsﬂ% a%e 2 g&ageb?éur%?&b %g&g?éﬁéssﬁﬁlnﬁlﬂ t% r&?ﬁ@xﬁs%@%ﬁggl i nsi de

the reagdifehe \my dxbess YRoteat codust fuglasion avasusacemplisiedalyd breakingettie wi t h

nitrogen. This cycle was repeated 3 tlmfs after whi, (‘IhTtlhe contents of the
react or st @Pﬁ@a’f‘ﬁ&f hodtopepl the Feacies s epllering fhegnaterial. The glass reactor

(bi s(methyl BiYRe: b 30hE88ihArchBBAube, When the

t enper a%gﬁgﬁhﬁ%e%@égﬁggﬁé}g% “%83%1@1800 the sti rrerel n the reactor
was turned on and adjusted to about 60 revolutions per mnute (rpm to
ensur e {Toamebdvee ¢int imadecidri weight stheutesylting [polyarbanater wee slisselved sual |y

t ook ab 5 to. ab t t heat ed
to abouticlaie R oiievet hESGPReEr Lot e BRI PomR i THE s ot
to abOUHnol&Q]delzélg}E%Tth@?agm%r WS WUiRiiaed 69 gePbdriieatidrl ElirbMgtogh@hy eact i on

mass at this condi tion about 15 mnutes the reaction te erature was
rai sed wothesenect RFODstkHe standerehiThe tweight evrsagsraalecitlar weighi WasP726 ni | | i bar .

After bein La ned t hi o 0 t he

t enper atgﬁpgl h@ ?é%‘giao Br?v%%ﬁ?urggeig%\lgésr leggégg?%%%oémvﬁ?l%abr%ngl ng the
pressur @obdivpessily aldlexitvad 2:32m | | i bar. After allowing the reaction to
proceed under these conditions for about 2 to about 5 m nutes, the-pressure
47 WD 2005/ 044865 PCT/ US2004/ 026136 inside the reactor was br ought to

at nosphéP@BPlressure and the reactor was vented to relieve any excess
pressure. Product isolation was acconplished by breaking the glass nipple

at the beid omnfiic Wag uh8&edken t@%‘s;ﬁﬂ;%'SWN’lﬂgn PTEDRpE(1M-cyclbtexghass react or

was di smantled and the rest of the polynmer was taken our fromthe reactor
t ube. Talimethenold 4—mlmmmsﬂncarqueda@)tpolymer prk i craste porgeapaishaile was

poi yner SYNERRECRRhoft® e ieuvivar ilhented B BefPoBib RS, 0% i nea
by gel ReéseRat dfEWHNITS ObRiRG RORYCarbér Nafictemaoclogies Inayatiedenesiatrgndar d.  The

wei ght average nol ecul ar wei ght was 55756
J of SWT%TS (0.24 gm, 1 wt%) \gas prepared by mixing the SWNTs with 1,4-dimethyl

cyclohexane dicarboxylate (14.01 gm, 0.07 moles) (DMCD), 1,4-cyclohexane
dimethanol (10.09 gm, 0.07 moles) (CHDM) and 1,2-dichloroethane (50 mL) under
high stirring. The slurry was transferred to the glass reactor tube. The reactor tube
was mounted to the melt polycondensation reactor equipped with side arm, a
mechanical stirrer driven by an overhead stirring motor and a side arm with a stop-
cock. The side arm is used to purge nitrogen gas as well as for applying vacuum.
Initially, the reactor tube was heated under nitrogen to remove the 1,2-dichloroethane
and cooled to room temperature. The contents in the reactor were evacuated and
purged with nitrogen three times to remove any traces of oxygen. The reactor was
purged with nitrogen and brought to atmospheric pressure and the contents of the
reaction mixture were heated to 200°C with constant stirring (100 rpm). Through the
side arm 400 parts per million (ppm) of titanium (IV) isopropoxide was added as a
catalyst and the ester interchange reaction proceeded with the distillation of methanol

which was collected through the side arm in the measuring cylinder (receiver). The
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g/ nol e, while the nunber average nol ecul ar wei ght was 23,938 g/ nole and the
pol ydi spersity index was 2.32. Exanple 2 This exanple was undertaken to

di sper se pMies/dalissECCD (pol y( 1, 4-cycl ohexane- di met hanolprr/us2004/026136

1, 4- cycl ohexanedi car boxyl ate) polyner and to create a nmasterbatch of SWTs
in PCCD. The PCCD pol ymer was synthesized by nelt polycondensation in

t ai.ned f o t echnol qqgi [ ted. A
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driven lpphaneriratiodeads stontinued @t B0 amthudessi deARérmevinpletian SbPpthecock. The

side arm |ls used to gur e ni.trogen gas as well as for applying vacuum
Ini tial IRPYReEetendhe pressige de Hisaragion, wae bronght fyaimospheris A5e88 T ene
1,2-dic ;i r 0 in the
reactor o RERuaR, pARRR ARy B bR R e o] Bl e o v any
traces dfibeoxydbe. polimmer emast clissokysd ipudipdorainiethane t fopgableauddr bveigight t o

at m)sphe({x}c Prﬁssure ant? t.he. content s of th?aﬁ B,act' on m xture were heated
to 200C WEHRERLT FHPE ST APEHC YBEPsHE njrethpy o gﬁ SoHion YI8FOsity #3800 part s

per m | IdeRfm{rieAh pAbndi/tétRRhlofddihad (h SRRIRP Batiodsr 18%: 2948 ofitiod angat al yst
and the ester interchange reaction proceeded wth the di'stillation of

met hanolWaswiouef teake doid deeiliterigrans (gh/g)havhidhd eomesppids tohhenwissesityng
cyli nderav%fa@@%'oi’e%ﬁl)ar WE@E‘&Ofg()’g@)g@‘%% 044865 PCT/ US2004/ 026136 tenperature

of the nmelt~was 1 ncrea and stirred for 1 hour under nitrogen.
The pol ycondensati on was conducted by reducing the pressure in the reactor

in stepihesmasteibatcB&O prapatdd ino EXiples 00 and 00, wet® Gherb thelt2blendeddwit mm
mer cury Il vacuumof 0.5 to 0.1 pbar was ied to the

. .Finally, . ! appl
react or _péiﬁgzeﬁlé“ ap%‘?%ﬁr/réﬁ’afez %P@_FP%IXE%%% tnolding lm@bmﬁ] ta Lﬂeé@?seA&Fer
conpl et u@amixg{ ot h€ SWRITY "Biid &Rnd® rond B MERAREHIASWIR Atk f AL Was
brought to atnpspheric pressure

liquid nitrogen and the exposed ends were painted with conductive silver paint to

make the conductivity measurements. The conductivity values are shown in the Table

1 below.
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by purging with nitrogen and the pol ymer conposite was renoved fromthe

react or
wei ght

Vi scosity was
2:3 at 25C) solution and was found to be 0.58 deciliter/gram (dL/g),
aver age nol ecul ar wei ght of 50,000 g/ nole.
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Exanpl e

S 11 Cangoe

0.5 wt% SWNT in PCCD/PC
(50/50 by weight)

10.0

0.3 wt% SWNT in PCCD/PC 275

(30/70 by weight)

M t he

As may be seen from the above table, Samples 2 — 4 were manufactured from PC
masterbatches of Example 1 (sample # 1), while Samples 6-9 were manufactured
from the masterbatches of Example 2 (sample# 5). From the Examples it can be
clearly seen that as the level of the SWNTs is increased, the resistivity is decreased.
Further it can be seen that the masterbatches may be advantageously used to disperse
the SWNT’s in the polymer.

Example 3

This example was used to prepared a masterbatch of SWNTs in Nylon 6 during the
polymerization of the polyamide. 24.8 gm of e—caprolactam was taken in a beaker
and heated to 90°C. After compound has melted, 250 milligrams (mg) of SWNTs
containing about 10 wt% impurities (commercially available from Carbon
Nanotechnologies Incorporated) was added to the g~caprolactam. The mixture was
ultrasonicated at the same temperture for half an hour using an ultrasonic processor at
80% amplitude (600 Watts, probe diameter of 13 mm available from Sonics &
Materials Incorporated). The dispersion of SWNTs in the molten €—caprolactam was
then transferred to a reactor tube and was kept overnight to allow the SWNT ropes to

gel (forming a network). 1.5 gm of aminocaproic acid was then added to the reactor
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clearly seen that as the level of the SWNTs is increased, the resistivity
is decreased. Further it can be seen that the masterbatches nay be

advant agepygshosossgs to disperse the SWNT's in the pol yperasksagihss 3 This
exanpl e was used to prepared a masterbatch of SWNTs in Nylon 6 during the
pol ymeri zati on of the polyam de. 24.8 gm of E-caprolactamwas taken in a

beaker I 0 s . nelted, 250 m|liagrans (ng)
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an uItralgoni(i %)rocessor at 80% anplitude (600 Watts, probe dianeter of 13
nm avai | $¥om Sonics & Materials | ncor porated). The di spersion of
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of SWNT kNI akou 0.1 § fJ nerci all ailable from
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overnight to. allow the SWNT ropes to gel ormng a networ
ver e t héHowplhe yWWINT; sebes otopgd(fomning 4 metveakp [ihecewnomeaswenr fheanpl e 2.

polymerized to PCCD using the same procedure as in Example 2.

A portion of the composite prepared above was heated for one hour to 240°C for
Nylon 6 composite of Example 3 (above the melting point of Nylon 6) and 230°C for
the PCCD composite of Example 4 respectively. The composite was then cooled
slowly to roo:ﬁ temperature and the conductivity was measured as shown in Table 2.
Similarly, the composite material from Examples 3 and 4 was melted mixed with
additional polymer and pressed through in a small scale laboratory mixing and
molding machine to form strands which were then used to make conductivity

measurements as detailed in Example 2. These results are also shown in Table 4.
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A portion of the conposite prepared above was heated for one hour to 240C
for Nylon 6 conposite of Exanple 3 (above the nelting point of Nylon 6)
and 230C wohoosicagsePCCD conposi te of Exanple 4 respecti velbywsifdosasposi te
was then cooled slowy to roomtenperature and the conductivity was
measured as shown in Table 2. Simlarly, the conposite material from
Exanpl esr. B alpd 4 was nelted mxed wth additional polyner and pressed
through in a small scale | aboratory m xing and nolding machine to form
strandg whi cBamples? t hen used anallmhg)ogm@ﬁuctl | t ResistBASYkOMMYA) as| det ai | ed
in Exanple 2. These resu ts are al so shown |n Tabl e 4¢g PL+AO 2005/ P44865
PCT/ USZ0U047 026436 Tabl € 2% \m\ﬁllﬁl osi rion Resistivity [ kOhmcm

(S Dj) 10 0.1 wt % SWNT] e41101Wt%SV\NT n PCCD
of 10, %——&afm—e_'&_(‘W’ SN |0 or—6—of—33 (13)
Exanpl ¢ 3 13 1 ‘Wt % SWNT & Exarrplé §%PWI th anngal i ng)
14 0.5 bwt 9% SWNTin Nvlon Q&(Wﬁh)ﬂmeah ol § mixing, sanple#12 used as

mast er bat ch) 1520. 5 vvt%Sl/\Nf%lWIIBN}/@Om@)‘PB 2390) B#é1D ni xi ng lisi ng
sanpl e [#13 as mast er bat chExam@l©35 wt % SWNT in]Nylon 6 702 (nelt nj xed and

anneal ¢d i n t hd3nol d) 1 wt% SWNT in Nylon 6 of 24 (14)
Example 3 (with annealing)
14 0.5 wt% SWNT in Nylon 6 14715 (3986)

(melt mixing; sample#12
used as masterbatch)

15 0.5 wt% SWNT in Nylon 6 4075 (2390)
(melt mixing using sample
#13 as masterbatch)

16 0.5 wt% SWNT in Nylon 6 702
(melt mixed and annealed in
the mold)

*S. D. represents the numbers in the parenthesis, which are the standard deviations.

From the above data it may be seen that the samples that were annealed displayed
superior electrical properties than those samples that were annealed. Annealing
enables the SWNT ropes to rearrange in the polymer matrix and increases the
rejoining/sharing of the SWNT rope-branches, creating an extensive long range

networked morphology, which in turn, leads to higher conductivity of the composites.

While the invention has been described with reference to exemplary embodiments, it
will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope
of the invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from the
essential scope thereof. Therefore, it is intended that the invention not be limited to
the particular embodiment disclosed as the best mode contemplated for carrying out

this invention.
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*S. D. represents the nunbers in the parenthesis, which are the standard
deviations. Fromthe above data it may be seen that the sanples that were
anneal ed di spl ayed superior electrical properties than those sanples that
wer e anneal ed. Annealing enables the SWNT ropes to rearrange in the
pol ymer matrix and increases the rejoining/sharing of the SWT
rope- branches, creating an extensive |ong range networked norphol ogy,
whi ch i tAIMB: | eads to -hi gher conductivity of the conposites. Wile the
i nvention has been described with reference to exenplary enbodi nents, it
wi |l be understood by those skilled in the art that, various, changes may be
made and eqdi val &rigthed oryaanyfaciiring 2 senqusHVEIERISIIONCABRIIEING t hout
departing fromthe scope of the invention. In addition, many nodifications
may be nade i 8 i t @k achi ngs
of the invenFﬁﬁﬁggﬁﬁﬁ%E?éggggﬁbﬁﬁﬁ” r%ﬁ?@%gﬂt%éggﬁfﬁgkﬁgébggr?ﬁgéﬁof.
Ther ef omanotube ¢dnpositengdast t hat the invention not be linmted to the
particul ar enbodi nent di sclosed as the best node contenplated for carrying
out this inventiaon, 5% Q§§%%§: 1. A method for, manufacturing a conductive
conposition &8 1Zingghe p HPﬁﬁuﬁobEﬁ§ﬁ§PnBﬁ@BUH§’ % th an efficient
~amount of single wall carbon nanotube conposition; and pol ynerizing the
pol ymer precyhain e {dMigBsMdn @R MhicctRA! ¥ORIng MREMeHIBtiOS HaPeIEei on af ter
injection nolding has an electrical pulk volume resistivity |less than or
equal t eesitivity l¢81thamlomegnyl @ alwueHOJ ohm¢m, mpaeichest Ized gmpactgitsagtBr t han or
equal to_about 5 kil e}o finish. 2.
The. met MEA"B LSt HicE S RIBH G Bk ne R T NI RABEAANE |1 ™ 32 o
ranot ube conposition conprises 1 to about 99 wt% netal lic carbon
nanot ubes. V23. ThHaerméthod offClainy 1piwheied the dfficient mheurgiof sihgleeddll ci ent

amount of single _wall carhon nanotube conposition rises 1 to about 99
wt % senmiCAORCIRICNIRG CAMBBHLUOM AFRTRRTEES . 1 4t shat 87 h%@gg%%@cofaf Binms 1 -
3, wher gl o, conposi tion has an _

3. The method of any of Claims 1 — 2, wherein the efficient amount of single
wall carbon nanotube composition comprises 1 to about 99 wt% semi-conducting carbon

nanotubes.

4. The method of any of Claims 1 - 3, wherein the composition has an

electrical surface resistivity less than or equal to about 10'? chm/square.

5. The method of any of Claims 1 - 4, wherein the composition comprises

a polymer precursor is selected from the group of:

a) a polymer precursor of the structure (I):

¢ « @

wherein for each structural unit, each Q' is independently hydrogen, halogen, primary

or secondary lower alkyl, phenyl, haloalkyl, aminoalkyl, hydrocarbonoxy,

53




el ectrical surface resistivity less than or equal to about 1012 ohm square.
5. The nethod of any of Cains 1 - 4, wherein the conposition conprises a
pol yner pweeuésintissss sel ected fromthe group of: a) a peloty®predregide sor of
“the structure (1): @ QL Q- @ QL (1) wherein for each structural unit,
each QL is independently hydrogen, halogen, primary or secondary | ower

bt 200X aRers oAy Syl B Ky CHEDCRARP SRty i HAfRseR i 00000
separ at eoxylgen hhagamnd el dex jigeperdeniphydogene (hah)gQ?, pranargcbe pmdémyl

hydrogen hal ogen, primary qor, secondary |ower_ alk enyl IoaI kyl,
hydr ocar B&Yﬁb?{@‘}’l WhF@ﬂy]éﬁf] o pisiasarhamex s hplehy drecas 0“°E‘§0Vl@éer"6%]ae ftoms

separ at I i met hyl phenol and

2,3, 6- t?ﬁ&nertﬁﬁg@eﬁeno @ﬂ}%tgﬁ%%ﬁgﬁﬁ%ﬁ@)ﬁl %5?1’5 unsat urated nononer. 6. The
rret hod of any of Claims 1 - 5, wherein the conmposition conprises an

organi ¢ pol ynter i s2,§elimeﬂaghbhémband B3, @trongthyphergl; endol yneri zati on product
of carbonyl conpounds and di hydroxy conpounds, mherein t he di hydr oxy
conpounds hav t he ormul a I wherein A2 has the
structure of ‘forrru‘l“g ‘gie"}fm"‘ “I)Sflr‘iufaf-‘\é‘%%)c’f’?mﬁ’% 111 I( V)G EGt u (V) wherein
G represents an aromatic group, E represents an al kyl ene, al kylidene group
or a cycl oal i @hat i Th@fethdd oRany GPTREEN S 5yHERGEtheWontpoBition caingrites

hydr ocarbon grou iS an inorganic atom mrepresents any integer from
and i nclaerggnis @pgrmer is selected from the group of:
a) a polymerization product of carbony! compounds and dihydroxy

compounds, wherein the dihydroxy compounds have the general formula (IV)
HO—A?—OH )

wherein A? has the structure of formula (V):

prae — ™ =

o), ®", (YDm

G E G!

e \)

wherein G' represents an aromatic group, E represents an alkylene, alkylidene group
or a cycloaliphatic group, R! represents hydrogen or a monovalent hydrocarbon
group, Y' is an inorganic atom, m represents any integer from and including zero
through the number of positions on G' available for substitution; p represents an
integer from and including zero through the number of positions on E available for
substitution; t represents an integer equal to at least one; s is either zero or one; and u

represents any integer including zero;

b) a polyester polymer having recurring units of the formula (VIII):
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t hrough the nunber of positions on G available for substitution; p
represents an integer fromand including zero through the nunber of

posi ti onsy@nods/ayses! abl e for substitution; t represent $cgrishétuReREs equal
to at least one; s is either zero or one; and u represents any integer

i ncluding zero; b) a polyester polynmer having recurring units of the
formula (M 11): 54 WO 2005/ 044865 PCEIS/ US2004A026136 o ~O-R O CR4- C-
(VIT1) wherein R3 represents an aryl jj al kyl oty cycl oal kyl radical having
greater than or equal @boy2csar pdtonstand which is the residue of
a straight chain, branched; or cycloaliphatic/alkanegiyg); and R4 is an
aryl, alkyl or a cycloaliphatic radical. c) a polynerization product of a
diol or diol chem cal equivalent with a diacid or diacid chem cal

equi val ewhereid)R’aepebontslamanyl; allofhex apeealkyl radical having greater than or equal

di met hanol - 1, 4: cycl ohexanedi car.hoxyl.ate).. haying recurring units of fornmula
(I1X O ae a&)@utﬁ.c %oﬁf@lﬁ-lﬁng}‘%“%l é%/ thy rﬁ%ﬁ?ﬁr@%tiaz%fqléﬁ ‘6138{13)5%“(%}?3’@?{ aromatic
di car boxéjclo%li 1 alllahB afl; DHaTPNe AR arylfAlkAldr Qrcg_/%IUaﬁ%H&iCYrﬁ&TcalﬁiO”p“ si ng
structural units of the fornmula (XI% ~ (R)p 11 OR-~-00CC M

(XI'V) wherein each R is independently halogen or C1-12 alkyl, mis at
least 1, p isc)up taopolsmetizatdn madwctrd 4 dol orodind rhemiqa) equipiplonl With 2or gani ¢

radical, ;204 oP dladidthen 3Pl A0RE. 4

d) a poly(l,4-cyclohexane- dimethanol-1,4-cyclohexanedicarboxylate)

having recurring units of formula (IX)

9 i
)

e) a polymerization product of an aromatic dicarboxylic acid with a
bisphenol.
) an organic polymer comprising structural units of the formula (XIV)

0 ®H, O 5
ol |,

wherein each R' is independently halogen or C).;; alkyl, m is at least 1, p is up to

about 3, each R? is independently a divalent organic radical, and n is at least about 4.

g) a polymerization product of a polymer precursor of the formula (XV):
R—C=CH,
@
(XV)
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g) a polynerization product of a polyner precursor of the formula (XV): RS
C=CH., 6-(Z])P (XV) 55 WD 2005/044865 PCT/ US2004/ 026136 wherein R5 is
hydr ogen,wbowssosasedsyl or hal ogen; Z' is vinyl, hal ogen ecrwsersyoaéisy!; and
pis fromO to about 5. h) a copolymer of styrene; i) a polyimde having
the general formula (XVI) (O O, /V "NR Y OO0 a (XVl) wherein ais
great er tflareif R 88 Uddiro ; .6)1 | etraval ent..|jnker
conprising (a) subs it%%éggg%ﬂ%}gu%ggﬁggg{éz qg}'ffﬁt}ﬁ’a e(rS ,enu \5/18}”8? ﬁltké( or
aronat i ¢ 20BAdEYPE G © abaut ol ycycl i c groups having about 5 to about 50
carbon atons, (b) substituted or unsubstituted, |inear or branched,
saturated or sat yr .. groups having 1 to about 30 carbon atons;
or conbi nati olrllllz of %t°§é&9'6‘r%le§%%%“gn?»et ravalent linkers: Ris a substituted
or unsubstituted dival ent aromati c hydrocarbon radical having about 6 to

about 20 carbdn at epelyimidethaainglite gendtapeMaR (m?” al kyl ene radi cal

havi ng about 2 to about 20 carbon atons, a cycloal kyl ene radi cal havi ng
about 3 to about 20 carbon atons, or a_divalent radicals of the general
formula (XIX) (XIX) wherein Q igclgdes di val ent noiety selected fromthe
group consisting of -0-, -S-,] - -, -s@2-, -SO, -CyH2y- or its

hal ogenat ed derivatives an y -8 aROuin-gr about 5; j) a polyamde that is
t he pol ynerizati on product of| of aﬁirc | actanms represented by the fornula

(XXVI1): C(CHD)1T H OV | 6 o
- a (XVD)

wherein a is greater than or equal to about 1; and wherein V is a tetravalent linker
comprising (a) substituted or unsubstituted, saturated, unsaturated or aromatic
monocyclic and polycyclic groups having about 5 to about 50 carbon atoms, (b)
substituted or unsubstituted, linear or branched, saturated or unsaturated alkyl groups
having 1 to about 30 carbon atoms; or combinations of the foregoing tetravalent
linkers; R is a substituted or unsubstituted divalent aromatic hydrocarbon radical
having about 6 to about 20 carbon atoms, a straight or branched chain alkylene radical
having about 2 to about 20 carbon atoms, a cycloalkylene radical having about 3 to

about 20 carbon atoms, or a divalent radicals of the general formula (XIX)

OO0

wherein Q includes a divalent moiety selected from the group consisting of -O-, -S-, -

C(0)-, ~80,-, -SO-, -CyH,,~ or its halogenated derivatives an y is about 1 to about 5;

J) a polyamide that is the polymerization product of organic lactams
represented by the formula (XX VII):

]\|] (CHZ)n

~
H (XX VI
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56 WD 2005/ 044865 PCT/ US2004/ 026136 wherein n is about 3 to about 1l and
am no acids represented by the formula (XXVill) 0 11 H2ZN-(CH2)" C OH

(XXVI11) weohessaised | S about 3 to about 11; k) a pol yamipde ddigdsohéizé he
pol ymeri zati on product of aliphatic dicarboxylic acids having from4 to 12

carbon atons and aliphatic diamnes having from2 to 12 carbon atons; 1) a
pol yam de that is the polynmeri i, on, pr.ogduc . firs ] wth a
second pol yani de; %P‘leé?l irh¥§ ﬁém%[?gr gf agglftyglr?‘i“éea%%gﬁﬁrc {ldgersprrggé[%%ﬂgwuni ts

havi ng for mul R X XONIRIN -0-T H H O O (XXX) wherein Rlis a branched or
unbranched al kyl group having ni ne carbons; and wherein the second

pol yam de conprises repeating units havi formula (XXXI') and/or fornula
(XXVI'1) NRR -NFRBHHOO (XXXI) 0O R2 NN-1L-R2 N H H (XXXI'1)
wherein R2 is a branched or unbranched allkyl group having four to seven

carbons and R3 is an aromati ¢LJdGlhavitig—siQHcar bongxoevanbr anched or
unbranched al kyl group having four to seven carbons. 57

wherein n is about 3 to about 11;

k) a polyamide that is the polymerization product of aliphatic
dicarboxylic acids having from 4 to 12 carbon atoms and aliphatic diamines having

from 2 to 12 carbon atoms;

1) a polyamide that is the polymerization product of a first polyamide
with a second polyamide; wherein the first polyamide comprises repeating units
having formula (XXX)

N—R!-N
H HJ o
A (XXX)

wherein R'is a branched or unbranched alkyl group having nine carbons; and
wherein the second polyamide comprises repeating units having formula (XXXI)
and/or formula (XXXII)

N—R?-N—r—R?
CRE TR

(XXXD)
0

0
‘é“—R:Z—N—“—Rz —Nar
H H (XXXIT)

wherein R? is a branched or unbranched alkyl group having four to seven
carbons and R® is an aromatic group having six carbons or a branched or unbranched

alkyl group having four to seven carbons.

57




WO 2005/ 044865 PCT/ 1JS2004/ 026136 7. The nethod of any of Cains 1 - 6,
wherein the conposition conprises an organic polyner that conprises a

pol yi m deybavisngsdebe general forrmula (XVI) and wher ei npichasb@lafodsids ent
| i nker conprises aromatic radicals of formula (Xvil), 0 00 . and w- ~ aD
(XVI'1) wherein Wis -0-, -S, -¢(O-, -S&-, -SO, -CyH2y- or hal ogenated

derivatives .theregf i formul a
-0 Z-0O vvhergi’ nt em}"@gﬁgiﬁ?n% lafn'h thémﬁ%%g{etc%ngb%ﬂ%lgmgﬁ%ap are in
the 3, 3'an ogahic patyder that cbﬂilpriéesda polpﬁuslld'e ihaniag thagenatad femmlZ(X€l)andi val ent

radical of formula (XVIlL]): H3 X00'" , 0.0 04 - - CCH3 H3C- 30
o CH3 P@emmﬂwt@@/abnél 8 CQIPRTISSS apgmatigya ésefgg"%é%@g‘iﬂgfo H3C CH3

(XVi1l). 8. The method of any of Clalms | - 7, wherein the conposition
conprises an organic ps Rr ,~ ano S e organic polyner is a

pol yacetal, a polyacryli 8 pol / a polyacrylate, a

pol ycarbonate, a pol yst yrewg;~a polysst ™~ pol yam de, a polyaramd, a

pol yam dei mi de, a polyarylate, a polyaryl sul fene, a pol yethersul fone, a

pol yphenyl ene sul fi de, ﬁsulfﬁ a po% a polyetherimde, a .

(XVID)

wherein W is -O-, -S-, -C(O)-, -SO;-, -SO-, -CyH,,~ or halogenated derivatives
thereof, wherein y is from 1 to 5, or a group of the formula -O-Z-O- wherein the
divalent bbnds 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 is a divalent radical of formula (XVIII):

oo e
00O~ . OO

H,C CH, HiG
Hj
Br Br
, and
Br Br
@’ C(CHa), @7
(XVII).
8. The method of any of Claims 1 - 7, wherein the composition comprises

an organic polymer, and wherein the organic polymer is a polyacetal, a polyacrylic, a
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pol ytetrafl uoroet hyl ene, a pol yet herketone, a pol yether etherketone, a

pol yet her ketone ketone, a pol ybenzoxazol e, a pol yoxadi azole, a

pol ybenzot hi azi nophenot hi azi ne, a pol ybenzot hi azole, a

pol ypyrazi noqui noxal ine, a polypyronellitimde, a polyquinoxaline, a

pol ybenzi m dazol e, a pol yoxi ndol e, a pol yoxoi soi ndoline, a

pol ydi oxoi soi ndol i ne, a polytriazine, a polypyridazine, a polypiperazine,

a pol ypgéiﬂim; a PoBRIHIABES peliyagrboRatBOd M&l&ét?kﬁ{:,&a pélygsdry pybBamide, aa _
pol ycar borané, "a pol yoxabi cycl ononane, a pol ydi benzofuran, a polyghthallde,

a  pol ynobremidaa polypandsiridel e pelyaslajs amplyastlsdfoneqa polyshemylioncnt oet her, a

ol yvi nyl | cqhol , ol yvi nyl one, .a yyvinyl_  halsi - a: 0ol yvi nyl
R
pol yt hi pepjt@tafidra@hyisne,! @ngolyéethpeishe] faggamd@r aheretbiye)r @ apolyether

pol yphosphazene, a polysilazane, or a conbination conprisjn% at | east one
of the ketomgoi ngketane.mopl ast i cPplybgnaexezole. The metRAPXGHIaEMG: of & ains 1 -

8, furth i si b ' t yb
il 1 vePPDOER RO BB R e B R e B taRE o) Bl ERcRBRoRAe KOs on
conpris Eﬂgrﬁiorhélﬁﬁhxi@é}ea oﬁow?ﬂnémmpiangotyw%midafzolearabpulyumindcﬂu,bes. 10.

0 -

The net of any of Clainms 1 - 9, wherein the single |1 carbon
nanot ub@elyeaeisoidolinpe e pelydicisdirdgling o ad pebinazing, ot RAIARIrIdEgRS, 2

Si emens/ cent | Nej-er . . et.h 0 L 5 gxaﬂg eehn the
single \R/éf 1%%%%% a#é%‘bé&gc?n‘gglﬁﬁegﬁ%gbg ﬂ@ggﬁg%’naglpé I I_glc’ar bon
nanot ubgslywatteciey 4 rwiyéiubicyglonopams :a glolyditeyzefuad, | 2 cpolyphthalidaorubes in
the formof ropes prio Q. processin and said .si,ngl.e wall carho

nanot ubé’?lié?rc%taﬁna PR Y‘itlﬁ“éﬁ’ & Pe yﬂb‘?}g skt 2 RalyRy! HeRiGna B kK in

three diag%ﬁlﬂ,%g%l?\fihﬂrké?&% 891Nyl MalifE aldivinyl 4te) alplinglRter, a
sem -conducti'ng car bon nanot ube€s, or a conbi nati on conprising, at | east one
of the fpotwytfonatesanpplysulfidé, &pohhionstenytaipelysulfmeve poys/inansk, a

PCT/ US2004/ 026136 hai 10t ub i gz.aq.
Conbi nadebrTeoALaT R iaER e ARARE 8 SRR R MR ot lstone

of the foregoing thermoplastic polymers.

9. The method of any of Claims 1 - 8, further comprising carbon
nanotubes, wherein the carbon nanotubes are multiwall carbon nanotubes, vapor
grown carbon fibers, or a combination comprising at least one of the foregoing types

of carbon nanotubes.

10.  The method of any of Claims 1 -9, wherein the single wall carbon

nanotubes have an inherent electrical conductivity of about 10* Siemens/centimeter.

11. The method of any of Claims 1 - 10, wherein the single wall carbon
nanotube composition comprises single wall carbon nanotubes selected from the

group of:

a) single wall carbon nanotubes in the form of ropes prior to processing
and said single wall carbon nanotubes are in the form of a single wall carbon

nanotube network in three dimensions after processing;

b) metallic carbon nanotubes, semi-conducting carbon nanotubes, or a

combination comprising at least one of the foregoing single wall carbon nanotubes;
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d) single wall carbon nanotubes derivatized with functional groups; e)
single wall carbon nanotubes derivatized with functional groups either on
a si de- walb 2005/0a868 hem spherical end; f) single wall cachas0@meidbes
havi ng no hem spherical ends attached thereto or have at |east one

hem spherical end attached thereto; and g) a combination conprising at

| east one of e f t mn 1 -
11, wherein ttﬁg bl gigr? ?lﬁdépgaéﬁ%%%% B@rgﬁgsﬁamg%?é’ggr?t}%ﬁlerﬁé?ﬁeﬁmﬁ’? Sl% g%/\ll ngs: a)
soni cat ilegst dje ofthaferedoihg namotwbdsy i Sing a solvent; c¢) in a nmelt form d)
usi ng of shear force, extensional force conpressive force, ultrasonic
energy, electr gnet e ther ne arconbi nati ons conprising
at | east one%f tﬁ@gh"’o}”@ Slﬂénflﬁ’t’% aﬁ?ﬂ‘v ﬁl%}/ig}ﬁlg’sﬁﬁﬁbf’qa EeBPHuct ed in
processing equi pnent wherein the aforenentioned forces are exerted by a
single screw, ejul tisplge §/a11R%¥Ebon HaRbRILEE 8 VAAzEPWItR fidictiogal ProgRUHher
rotating screws, non-1nterneshing co-rotating or counter rotating screws,
reci promamgiesmlémong@pmh@mag epiins, barrels with pins, screen packs,
rolls, ranms, helical rotors, baffles, ultrasonicator; and e) a conbination

corrpri sing at J east_ I ] gCains 1
- 12, wherein'the cs%)n %ggili%ag?iﬂgfogﬁe{%g}avh lﬁ%egm&pé‘% ldgﬁqsﬁ%%ag organi c
pol yner .theetd4r hdveatitedshone Rémisphdrivalléhd asfaehied thertetogand gani ¢ pol yner to be
further bl ended vvith the conposition is sem -crystalline or anmorphous and

has a nol ecul a t .of , about 100g/nole to 000, O /ol e. 15.
The method. of Biny " GretesbiRgHion EomprREH P8 oo 0t SRR AP oDRE
conposition is conducted in a kettle, while the polymerization is conducted
in a device havingiR siedide of CaiSWof "Tlalrhd| 1€ -S €1, Wherein RS BRI is
co-rotating or counter rotating.screws, non-intermeshing co- rotat| ng or
count er amplwge%av@v@one@éh@gdl@mmgfg screws, screws With pins, screws
with screens, barrels with pins, rolls,

a) sonicating;

b) in a solution comprising a solvent;

c) in a melt form;

d) using of shear force, extensional forc.e, compressive force, ultrasonic

energy, electromagnetic energy, thermal energy or combinations comprising at least
one of the foregoing forces and energies and is conducted in processing equipment
wherein the aforementioned forces are exerted by a single screw, multiple screws,
intermeshing co-rotating or counter rotating screws, non-intermeshing co-rotating or
counter rotating screws, reciprocating screws, screws with pins, barrels with pins,

screen packs, rolls, rams, helical rotors, baffles, ultrasonicator; and
e) a combination comprising at least one of the foregoing.

13.  The method of any of Claims 1 - 12, wherein the composition is

further blended with additional organic polymer.
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rams, helical rotors, baffles, or a conbination conprising at |east one of
the foregoing. 16. A conductive conposition manufactured by the nethod of
any of Cdains 1 - 15, wherein said conposition is used as a mast erbat ch.
17. An article conprising the conposition of Claim116. 61

14.  The method of Claim 13, wherein the organic polymer to be further
blended with the composition is semi-‘crystalline or amorphous and has a molecular

weight of about 100g/mole to about 1,000,000 g/mole.

15.  The method of any of Claims 1 - 14, wherein the blending of the
composition is conducted in a kettle, while the polymerization is conducted in a
device having 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, screws with screens, barrels with pins, rolls,
rams, helical rotors, baffles, or a combination comprising at least one of the

foregoing.

16. A conductive composition manufactured by the method of any of

Claims 1 - 15, wherein said composition is used as a masterbatch.

17.  An article comprising the composition of Claim 16.

61




