ELECTRI CALLY CONDUCTI VE COMPOSI TI ONS AND METHOD OF

MANUFACTURE THEREOF CROSS- REFERENCE TO RELATED
WQR\RBENQ8T ON This application clainms benefit tPCT/USR004/026136

Provi si onal Patent Application Serial Nunber

60/ 494,678 filed August 12, 2003, which is fully

| RERCPRIGA £d YNeORDUGNIVERE ©NVERGSITI BREKCEROUME 10RO hHbF
I NVENTI ON This disclosure relates to electrically

conductive conpoMANBRSCIRRETEHRBEOTof manufacture
thereof. Articles made from organic polyners are
comonly utilized in material -handling and el ectronic
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conputers, printers an ot ocopi er conponents where
el ectrostatic dissipation or electromagnetic shielding
Thisaapplicatpor ¢laints tesefiiti to dhB nPoviskdnek Patemt/épplépadbs Sepat Nomber
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potentials by direct contact or by an induced

BAGKERIOWSDaYF ¢HE B{VENEI®et romagneti ¢ shi el di ng
(hereinafter EM shielding) effectiveness is defined as

.the ratioééln deci bel s) of the proportion of an
Thisp|disetaswiengridtes dof leqtdcdllyc Ferevetiv sAMPREtIORS eand mpalodssof

man'il?a%ﬂﬁgicﬂeﬁv 3\ through it. As electronic devices becone
smaller and faster, their sensitivity to electrostatic

charges is increased and hence it is generally
Artidies inradb lfient organic [pokyeneoy grambnnpelynigizsd tih amatbraalehahébmg and

| god.if'edto $owde |rrrrl)rg.ed Flectrostat cat %/ ¢ 4
clecypusi é(f‘ieée*“g SPerckasang i, S Fagrictsy fREYPULGTY, pynters an
photéespitR8BpdRni¥Dthdry cREGaMte ASiyRhor ¥edtitbiadnBBY skidling
provi de inproved el ectromagnetic shielding while

are spprailaphregvuengnts.e Edchpsiatics igspatonglhpregratieh&£SD) is defined as
t h ' .
the ?rg?s%‘r 81931%%2 m%% cah%egeal:lbﬁtf\)rggrp gg(ﬁl&ﬁ%’[ 81fffé:?%1§hl?c¥tgﬁpi:1%gysdlrect

comdetr dnvleyd ﬁn@dncpd temd&n amhqoﬁblylacEmbmmigniehe sihaar(ﬂmg (hereinafter
di aneters larger th meters are of

EM jshiglshing reéﬁe@taveinﬁ%Sds é?fglgﬁ.aé ﬂ“p?d???ré‘i“éieﬁléelﬁ}rﬁf%‘\?é’f?wlon of an
lecﬁhl%ﬁélgétﬁahelerlﬂpﬁéﬁt' n2fig ﬁl?éﬂ? ec}{ﬁtefg%r@ﬂﬂtt@/lthro]ygh it. As

However ecause 0 | arge size of "t hese
elecgpmip hiemei bérens, snidller amt fasten rthetlr sfmsmfvng uto relefqtltmetasc charges

is mgrega lggrgggtﬁlss agi‘engrﬂlg\ég?sslr%l? etro SIZC organlc paiymers that have
been mod1ﬁed 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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accordingly remains a need in the art for conductive
pol ynmeric conpositions, which 1while providing
wa@deguatses ESD and EM shi el di ng, can retain theP€T/US2004/026136
mechani cal properties. BRI EF DESCRI PTI ON OF THE
I NVENTI ON A nmet hod for manufacturing a conductive
whido posiingoadecoatpr ESBsaiyl diMdi sigeldingolopmeretapr ebeir smechanical
vvi%.h a single wall carbon nanotube conposition; and
Propgt$reri zi ng the pol ymer precursor to forman organic
pol ymer. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
BRIISDESSRAPTIENNG OF BHE INYEPOFON ONs conpri si ng organic
polymers and a single wall carbon nanotube (SWNT)
conmposition that are manufactured by addi ng the SWNTs
A npghedhior gy fasturipe 8 copditiye Spmesitipn FYPPRYSS Blengingiangplymer
pre&ﬁ?orp\alﬁﬁeasﬁ[ggfe fergﬂly InZ A ofbeClorh MRitRA! AR olymerizing the
precur sor. scl osed herein are conpositi ong’
polyoenpreqirsty to fgaincorpaliy pelymeand an effi ci ent anount of
single wall carbon nanotube (SWNTs). By an efficient

[.S t unt which is
DE?W@%W@N@%&M%E@O have a bul k vol une
resistivity less than or equal to about 12 ohmcm

Distélokdhétembhiydonthokieas oRbARas tdremid peRhREs hH®R Phigle wall
equal to about kil o] oul es/square neter and a C ass A

carlqyy papebibe | (RNGRD) ¢ampssdioantbaidrpraranifachisedcbrpdding it SWASTs

[ Stivity greater. n . t
o B R B B B T e B g
polyhanprecurssiu aDistlosaibiouiéin b2e ohiipesitioddidogpeibisigl cdiydnigpolymers
i npact. properties greater than or equal. to _about 5 .
andgn ﬁ?laﬁptegmewua}fén}gé% Sl garbon ranquise AS WiFFsic e Byiani efficient
amSuR RO SRR TS FOREL TR anl it W’%oﬁ'shffﬁnerﬁ?& fhe rrJTI dSifions to
ol ah Il to a oh §) gua

01 ST 1
resistivity o ess than or equa 0] out re

have ohrptiiqyolng eesistivity Vedsuthen rerseqial vo tapowtf 1QF ecttoecmt, halnile

s e SRR SRl Shb % SRR RS e e
andkd [(QhsQUA 88f e BRRNh MEhesncatidbdifdeaS ShAcSHPEHEsh hhdh Shrface
I n one enbodinent, the conppsition has inhpact

resili g pegredtesthen ogpeunl & abdvan Oophratgaiedre {hnbpandizobulk volume
s G50 SRR TR AL 0T TER s
gregier tgnial efual abasdut Kilijculdstisg uadter amitL£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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n one enbodi nment, the conposition has a bul k vol une

resistivity of less than or equal to about ' ohmcm
wokiose4865 pl ayi ng | mpact properties greater thBer/v82004/026136

equal to about 5 kil ojoul es/square neter and a Cass A

surface finish. In another 2enbodi nent, the
embpdipodi theoenresitiqnihags R Wbt yekmreeshistivip ofyless thasser ¢qualnto
sl R Sy BB A bl B PR o s
kilofdul @/ squbie shé&eraiden TREEA seffecafifikiash fetSubhas embbdiimeht, the

n yet another enbodi ment, the conposition has a Qul k
compgepitied hpeaibatk veluge gesigtivgy of fesn t Raap! tobabbl” ehm-cm
WS E R Pt sEbeBYe Pl REL pREARFRS bR R Bllel Rt
met€l @i GlasuA fsafecef fimistsh. Such conpositi ons can be

advant ageously utilized in conputers, electronic

goods sen - conduct or, conponents, .circuit bggrds,_or

Sucfi OMHORIHOoPH 461 K8 AV R EOUHY Jtbiced i CPERI ST ATt §ods,

semfRBAERRr cORBYNIRY, ALSIP BRI DF thARAREAKRAYS Ib¥ p.hﬁected from
aut onoti ve body panels both for i1 nterior and exterior

electioptptin shargenf Thay onmbilsedetisad admantégeously in automotive body

| ectrostaticall ainted if desired. In on
pane SeiP e 1. SYNFSREPE SRRRSECRS ThavpBIey that can be
eledpoS@HEIRTRINE] @dediedt he process of pol ymerization. In
anot her enbodi rent, the SWNTs are added during the

process_of polynerization of the polynmer precursors.
In qng grabodimenthdic eMEBEs Arntdded o thsBPLYMSh PEecUrREs BURITE the

pro&s§ o@ﬂ@%@gﬁ%&g{o@? 1R %éftﬁ@t"en%o%ix#%g?ﬁé FUNGS afPaddf .‘durin% ]the

proc merization, anot her proportion
protehe oSYdlysearaicadafettic tpolyintee ppaiuysver.  br getinsthes enhbodingnt, a

the proce pol rization. The pol ymer. precursors,
propgitigb} ﬁﬁé?‘ﬁ@ﬁéiaﬁ% Xf[@ﬂﬁ? F?@%ﬁ%&ﬁl@@ﬂ%@@p@gtq e prages of
pol YRR Cwhid bQ&H@I’flbr%F&&ioﬁQny[H;ErS‘WN@E‘%é’\’%&éa fAthe polymer

under go additional polynerization. The organic
preqyatoysrevrng thatprensys blepdpneizagidnf Mhmpohengypirgaveors; as dofined

of the pol [ Rrecursors are thernQRIasth .olynErs,
herdlhoSQUPTBF TERGN RoBTAS: e 51 ) Rasacicn PRgPaRtE cfpolyiere and
whitih edamifleastddditR@byfiyiBeiMatibn t her noset ti ng pol yners.

The organic polyners may al so be a bl end of polyners,

copol ymers, terpolymers, .interpenetrating networ

Therpsegiip pelygiers Bieh Mitheothiaieghipisihp gohimarieaten gh @Edsrolymer
precfulilﬁ)rg %%ﬁﬁgm@ﬁ@ﬁ&&ﬁeﬂ%%ﬂ&r &‘tl]mmsﬁé 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, polyarylsulfones, polyethersulfones, polyphenylene  sulfides,

polysulfones, polyimides, polyetherimides, polytetrafluoroethylenes,
polyetherketones, = polyether  etherketones,  polyether  ketone  ketones,
polybenzoxazoles, polyoxadiazoles, polybenzothiazinophenothiazines,
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of thernoplastic polyners include pol yacetal s,
pol yacrylics, polycarbonates, polyal kyds,

w@oiope4ssnes, pol yesters, polyam des, pol yar ap@TES2004/026136

pol yam dei m des, polyaryl ates, pol yaryl sul f ones,
pol yet her sul f ones, pol yphenyl ene sul fi des,
polpbflnysthiafzolﬂes pol p«b]mpyiezsinocpmﬂlgmﬁhani m desgolypyromellitimides,

pol (@LH {J%; Ie g %rogrg cgigsllg% L}écﬁ&g{ilg éso n espol oxo%omgg']mes

po]?&b%@&ﬁﬁ&ﬁﬁé@'p@ﬁnn%hé@%@ @37k B8, polypiperazines, polypyridines,
polybenzoth|a2|nophenot i aZi nes, polybenzothlazoles

pO]}YX@iPWﬁ@ZI nquIpﬁb’XI’aﬁZOi?@S pol yp}}’pmblm t | m demlycarboranes,

ui-noxal i nes, nldazole oxindol S
pol S LRASTET  naBRalRROh Bt <or an il Yatetals,
polycﬁih)jlﬂlrdle@Zpcblmep@thé’li@)/ﬁcbl?ﬂﬁyln@x%etmé }ﬁ@ll}ﬁz@{ﬁéld%ﬁ&s polyvinyl

polypyrl |nes ol ypi peri di nes, polytrlazoles
ketpnsy piphail eBal lfgél PEHPEOH amiédles. oPYuabi it o nehawEmnates,

polgﬁlpﬁc?e'sben?&gfglg(?&p polly @En‘?{% des pg%ﬁb%f@ﬁa@f ﬁ%s, polyureas,

anhyd yV|n &b s,

poly}iihdsﬁtahafes p@ilyaney) orahe tikglos ,comd)irmﬁblﬂbydmﬂﬂ:ﬁtsmgee& least one
yvinyl halides, polyvinyl nitriles, polyvinyl

‘ﬂwggﬁ%?%”n%ﬁﬂgw§ﬁPPBWE?%S pol ysul fi des, pol ythioesters,
pol ysul f ones, pol ysul f onam des, pol yureas,

Spdeficy QQQ%BE@Zgﬁecﬁend@obysﬂlﬂaﬁm%c BEIyhRE |1h<§§de Ofcrylonitrile-
conbi nat1ons conprising at |I'east oné of the foregdgolng
butatigenityrepeshyloer s.  Speci f mlmmme@cnﬂomﬂrémumadrbne styrene,
polg@v}lgp gl ﬁ;lt o%ﬂ%r)pxperﬁenlenc' ude Pyplhgnngnlet ril ebt er, ]gltl)lﬁamlde

polparyGatehnaker,ac rp)bly?ﬁéﬁ}ﬂéﬂee RufeapbBORfSL YI&d€, combinations
pol yphenyl ene ‘et he olystyrene pol yphenyl ene
congriEte 4 daytaarcdd thqo@r%g@mgﬂ%ﬁms(@ kgétrc polymers.
pol yphenyl ene et her/ pol yol efi n, and combi nat i ons
: | '
in EREBESINGTon e PO A0SnEPLESRLIS il s
polpoiylene retltehatThmgerﬂnepm]y(eadylelm eﬁner)cpcm;amsn trichnles saoayphenylene

eth o"};{}%yelu}ecﬂ gpﬁrg’agg{ebg t)s%;lgn%lgme M}tene grtl%%% poly(arylene
ethapleﬂ{eawdo%h@s edraeB1bcle es;sﬁlylﬁsxrssof S a?&ﬂﬁlcyé@ﬁﬁounds with
pol y(aryl ene ether) ether” iononers; "and

polyepdengregies)sofingl Memync e9TOpRdE, atndm@@(imdlﬁnwethm and the like;
p ene et her Vi n ar npo
and 8(f1¥§mat¥qnén ZOmprisi 3t geﬁat %g?]e I‘f QcE@ florelgamg on,g?llxgz{r?/lgﬂes ether)
pol aBRMesid) grediol y18@S tcompﬁsmg atphﬁalﬁ@rcﬁ‘gauagral Retydfany Femala
ether) polyners per se, are polyners conprising a
Jplurality of structural units of the formula

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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(1): - (1) wherein for each structural unit, each Qis
i ndependent |y hydrogen, hal ogen, prinmary or secondary
wo ovsn4mbky] (e.g., alkyl containing up to 7 cBeDUS2004/026136
atons), phenyl, hal oal kyl, am noal kyl, hydrocarbonoxy,
hal ohydr ocar bonoxy wherein at |east two carbon atons
hale@jogls anenedileyl haydgembamdyokylgbydratahsyoxgr whérein akdgast two

N
indBpyehaesd) Daeegén, Nal RN dNRmeRPOROXK JMIBFL 1Bwal dII8AStphenyl,

two carbon atons separate the hal ogen and oxyger
halgallsyls hyéocathendxyk balopydpearldyiopy veaetin@t lgast avéghrbon atoms

henyl ... especial Ly al kyl, an ch i.s..hydrogen.
serBa T dnRaT Rl oo o G 561 e o et REDs atit o
phedlyE ebrelalget]., alye, apdehar OBl lyarsee! ymers are those
cont ai ni ng 2, 6-di et hyl phenyl ene ether units. Suitable
opol yners incl ude, random copol yners cont ai ni ngr, for
Bothyt nolymagrcand sepplymen pelykasyisas ebsniatincluded. The preferred

honéco lﬁiut:lrsi sff@ttlﬂgge' 'ca()jn"t?i@gﬁ‘%,l@ed} eﬁlé[ ! ren#@ﬁé %tl%? units.  Suitable

pol yners derive copol'y zation o
copR]yénats natloyié phedvmh  cvipblynRy3 conthimimpt foy | ¢daemdd, . sudhsonits in
i.ncl uded. ar oly(aryl.ene ether) containin ieties .
cor ?lai}a%wgyia atf"%!’l(eﬂl%x‘\}r‘%‘?en%gﬂﬁr?é‘?eé S Y] %Pg?bgnega@%rwed
fro@S cORIYRENF RS Sof 25-UiRlckhyRsheRQURIgM 295?6-16?1%5\,%%@'!1&101. Also

. ether) in which coupling agents such as ecul ar
inclydpdrare ol yeatdsenethed , captaimogasoictiet erepeyar by gmfling vinyl

formal s _undergo reaction wth the hydrgx roups_of .
mop(RISST PERIGT TS Reryeha s Vel sprotleLrd Yy Yagcen i
whith| espliag apenhduchOAsy I8V .m&TeduAra et gib & B daiohsited, UG hiRBHes,

i ncl ude combi nations conprising at |east one of the
hetgrgeycdes pRE Fomylsanpieae wasitn) Wids the nhivdsery srewpsgef two

i ght of,_a 0] 0 3
polfBEREH S, SRSl HRLd % AL AR08, potymer
Polygirghite efhegb dutth80imdGde t @nathusion® Go@Poisiemnl Bastasne of the
ab determ ned by gel perneation chromatography. The

o361 y(aryl ene ether) may have an intrinsic viscosity of
about 0.10 to about 0.60 deciliters per gram (dl/qg),

ThePolFRAPIERE Bther) Hab laOhhid By &b g Rfeledular ivei@htSST 0861 H0D6D to
abotu‘? 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

5



utilize a high intrinsic viscosity poly(aryl ene ether)

and a lowintrinsic viscosity poly(arylene ether) in
w@ ovbion®t3 on. Det erm ning an exact ratio, whenP€TS2004/026136

intrinsic viscosities are used, will depend sonewhat

on the exact intrinsic viscosities of the poly(arylene
leasg tone heavis edtah ndmpdneldujubh r@ taecappyns intalgarpese pe cbbatiscdnhyatund,

are. desired, The poly(arylene ether) is typically
llsuwébla@@ablwoewﬂb\@ I@af PUEr B8lspPing of at 1east one

nonohydr oxyar omati ¢ conpound such as 2, 6-xyl enol or
Pargcﬁat@y B§éfﬁ‘leﬁd“))’(lax@li@1@ Q:lt-heg@tf@} Mahy %Mﬁb@é@ax@ﬂﬁ)sg e\ﬂﬁEﬁ%ﬂﬁpnse

enpl oyed for 'such coupl ng; they typically contain

mo@pmleagravmg eatHeast Wlmlahoaiby’rr;@madnggl chd agroap. c offpeaminoalkyl

rodlfE B DR BSoBIRr Ahr ETapeitiaal il gy Saor Products

ConEHi’II]M% 3noH enegsliendpbé @maimmbynhwd@p&ﬁﬁngaa@aﬁﬂ}@ﬁeate primary
nprise nol ecul es having at” | east one

or WWB@Y Rmn%mmeawhr?g dndbyilenpne whélraeﬁlyﬂ@mlm@as one of the

contsﬁtq{ezﬁg 8f Jch% otx}/a% Q@H%hhg?&tcgglco%tﬁ% %11'551 ?re e%'tl& 89£elgt%re 4-

r oxy

hydmwbhqmwplt @urge@ilpbytyplaslw piniatd ﬂgmanaaapmrmtured @ which a by-
grlnary or secondary nonoani ne such as di-n-butyl am ne
pro

pet ginfishpgHIBRRe AR PRECGrRsPeFAlbHS AeREEY- leal@ﬁtsgccmda&yrfg tertiary
[ e
o R o & A Pt RGN T oot p SRR ety
constiuaing esdmuclo as ate@at 946 yrwei ghirod she pmlyninex: Imay doyitapr a:tde:ast one
eno none is ecially in a
of it BREEA N -FaRs sl R b PR SR sy st em A
substanti al proportion of the polyner nolecul es,
In hﬁ/dih@raélhuocﬁ@leﬁtt ithdbfA8icABolyHeh vasd aRauE 3R ;ﬁbaﬁomghbe a
of the polyne may contain at | east one o
polsgarbrawaick y ﬂ’oly@moama’mn@onamslmg ByaRasey esirpoTaEs chasm ginits include
conﬂJo%gRﬁs h% ngEk?Jcﬂﬁal @”@%‘P‘Mﬁ%ﬁm]& .organi ¢ pol ymer
sed 1n nposi t1on na polycarbonate
Polycarbonates conpr|5|ng aromati c carbonate chain
units include conpo 'tions having structural units of
t he fornula_i_h)_o O () in which the gl gr oups
are aromatic, allphatlc or alicyclic r adi(
Preferably, Rl is an aronmatic organic radical and,
in WHICE (] Rf 8fcabl ¥re a@mﬁ@tw GBphddfc drrh@‘icf/é?fcmdhi%al@' |P|réfera3\1]f ¥ is
2 (H) wherein each of A and A2 is a nobnocyclic
an gppatie prganicy pdied @pd anora meefytablys a sadieal Qﬁthngfy rmula (11I):

—Al—y!—AT— (11D)

wherein each of A' and A” is a monocyclic divalent aryl 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(O)-, -S(Oy)-, -C(O)-, methylene, cyclohexyl-methylene,
2-[2,2,1]-bicycloheptylidene, ethylidene, isopropylidene, neopentylidene,

cyclohexylidene, cyclopentadecylidene, cyclododecylidene, adamantylidene, or the



radi cal having zero, one, or two atons which separate

Al from A2. In an exenplary enbodi nent, one atom
waepanases Al from A2. |l lustrative exanpl es 0OPCT/US2004/026136

radicals of this type are -O, -S, -S(O-, -S(C)-,

-C(O -, nethylene, cyclohexyl-nethylene,
like 2The bAdgihg RPhdye hohaptylai @rear@hhybipd@nesaturated hydrocarbon

i sopropyl I dene, neopentylidene, cycl ohexylidene,
groupyseFl peietiokeay) ayalonexylidses odserenylidgehe,

adamantyl i dene, or thelike. The bridging radical can

: WALRY iRHLOGRFAObN of

LG R b S e b R n of the
carbosaip pogytsod evith. diBglryxcacdoprands.  Tayicilly, pnaduged bge sush as

Schott en-Bauman interfacial reaction of the. carbonate.
Sodlﬁwgtyl?r%ﬁie= RPERTHP Hﬂ;/g%%f?; eﬂdﬁﬂaﬁw&&m%& wﬁw; fegpined S
an cﬁgéfﬁ&%atgaﬁl%nﬁbh%tb SivaRdisHMd yeiRxNd, dslueROtcafsonUdbulfide, or

ydroxi de, calciumhydroxide, or the like, is mxed
dichierpmethang rvgaeh contaiag the dilydrexi dineposiodlv énphase sransfer agent is

benzene, ., tol.uene,, carhon di,sul f.i de,. )
een i RPN AT TWaEen Bont oL el faielf rpaleggy mey be added
eith@loﬁ]_@%wrlﬂ-in&dﬂhﬂ@@e td eRslegdtardG@RutS Banafiad byerts aldséribed
facilitate the reaction, Molecular weight regulators
forthweijh may alse b adfledengly ondl adnyKtuire admi xture to the
reactant m xture. Branching agents, described
: r : r
Ao 0 SRR ALk v oo A the fclosure
comphipd thpedof the ptrerdifemtuds (IVg: conpri se t hose of the
general formula (I1V): HO -A-OH (IV) wherein is
sel ected from dival gnt substituted and unsubstituted
aromatic radiB@r—AnsoRE enbodi nents, A2 KBS the
structure of formula (V): 0On (R)p (Y ); G (V)
wher,ei. n esent n.ar i Yy
el B rore e T D Bl N R R R e st B i
al kyl ene or al kylidene group such as net hyl ene,
In sehBym®oéimeatshnl hakethe strpstoeylf émenulp\dpy| | dene,
i sopropyl i dene, butylene, butylidene, isobutylidene,
anyl ene, anylidene, isoanylidene, etc. and may consi st
of two or npre al kyllengior |al kylJidenle groups connected
by a noiety d(Y]Serenrt n@l{rbm al kyb{e%& or

G E G'
[ 4t L Jds L Ju V)

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

7



al kyl i dene, such as an aromatic |linkage; a tertiary

am no |inkage; an ether |inkage; a carbonyl |inkage; a
wa@rlospotsexont ai ni ng | i nkage; or a sul fur-cont aP(riT/n§2004/026136

| i nkage such as sul fide, sulfoxide, sulfone, etc.; or

a phosphorus-containing |inkage such as 7phos |nyI
pll%h@@ﬂh@bgsphowl qriibe likg eln additigadi magrbe ac hblgat@ group. R'
1eplce\§&4t§) dlggg‘hblca g{o%ﬂgeg%]ﬁ it gpgcg%‘ég ﬁ;?OLE?y Q galgrlll@rl %yl aralkyl,

alk@yhldrydyc]cﬁll&@&r yVY! medy By @haabﬂg‘ﬁhlc aYomﬁHyuchE‘asahale@T ORuriae,
atom such as_hal ogen (fluorine, bromne, chlarine,
bromagg;, fpring dodingk @am%gag%grsug §edh BNIEPLAPTEHNC SFQYRriveh as

1 |

RTINStk N gy W o B 200 A

Y! bmmet't tb @and mdafieradd b}cthedeetmyantmmeaﬂtoamOadmds nsEictb ipoepare
s used par e, the The lett

the P@Qf@ge g lefigy ) bep o FpiniegRnte nﬁdpﬂadlfgrzsrq fﬁf%\gb fhe

nurh g of Hfmﬁénsocfn G0§{le¥11'a91@?010§hb§ﬂ-tu§¥1§'ﬂ RBt&edt9hn 1ntegel from and
substitution; p represents an integef from and

incjudisiguatian gmzeglothehmon@h Otf h@smomaen bavpbbie fargbgituton; ¢
avai l able fo “,, epresents i.nt
repfBily AP ifereP PR et b b it bRR RSN, Pl reﬁwms
mnmﬂkg@aﬁﬁa&gghgpany i nteger including zero. Suitable
exanpl es of E include cycl opentylidene,
cIohexylldene 3,3,5- trinmeth Icyclohex | i dene,
Smh% fenyP@yileshesdly | Eddpdude. fyzl@enf léplefycwefﬁ Bexplidgame, 3.3,5-

ene
trln@@?% ]Iekg‘?ﬁgen 1ﬁétgﬂ%§%§?%géﬁ% 2 f ]blcycloheptyhdene,
ne@mhtyhlde—ne,onycao}vﬁlrt@ebywea@eqycmdoﬂemmnd faddm,an@ljﬂézmxiette)- a
r sul fone ho or us t ai i nka such. as
sulfe SR 1fpe prhyis. SOR0b: RO g iAo R Res d BBsphorts-

con%ﬂk’lg lirka & dukR a4 }5]10%}519%”p%@‘ﬂgnyloranaether linkage; a carbonyl
i I'i con-containing |inkage such as’ silane or siloxy.

groum 1 ligrtiamonsiogen ¢rdwdooxysibomsemieningdipeandudli ks silime or

i1 1%, b L SRGTLES, Db St R ApER Y i

replchent&R bR f@lﬁmdaf(f‘fff @cﬁive When s thel age yr Lé;@bitﬁlﬁerit he pfkent,
substituent. Wiere s is zero in formul a &~ and u is
they,giay Pe tles sapieeoratifiamgnt dheisags halds taierfRiciip|R jsubsideenki Where

s 1s%rd ﬂtfgfﬁfﬁlg' W%ﬁldﬁ}’gr&‘?gﬁ o{he%trcg}ﬁ{ttlcb @gﬁe dj E&ly joined with

positions of groups an
no B]t@mmg: alﬂ{yhdie&mror ra%lmr dblmelge GIhe @nsmenswafr the dhydl_’a)xyh groups and

Y.ortr net a, ggara 0s tloni he groupi ngs can

98 § ﬁa%ﬁné‘?tWaP“C VRTHEYSS; daranype {1 jtigortho, theta, 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

“tj’ (1%
b

parameters 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-



rel ati onshi p, where two or nore ring carbon atons of

t he hydrocarbon residue are substituted with Y1 and
Wha@sox48bs gr oups. | n sone particul ar enbodi meneGT/US1964/026136

paranmeters "t", "s", and "u" are each one; both Gl

radi cal s are unsubstituted phenylene radicals; and E

hydrsx ygherpl ioydpade n@isghah A)ch, &8ss aﬂlhrroplylhydd@%heﬂyl)propane
22Eartlcular enbodi nent.s, both Gl radicals

IShHerRPShdY %ﬂxmeﬁ?yﬁp’&aﬁlﬁf may be o- or npReHgeNErR-3
metg?lglﬁglr%ﬂﬂfé) k he@i'b@s’ﬂ@ h?@l%x% t3‘5‘1s«S}Srlaﬁﬂ;lphenyl)plo(ﬁvane 2 2 bls(3 t-

. Ultab e exanpl e aromat'i’'c
but&ie‘hbulrmdﬁﬂmﬁylﬁmommba RI2Dis@rmhenyl- Mvdmmlebyl)propane 2,2-

blS(% 52d161]g1(034 &IP{FI)é ﬁﬁg g%&ZFgrhgﬁ;lP)epE 2:02ﬁ2§9%|1s(§)5 dibromo-4-
hyd?ox%/pﬁélﬁﬁ)?r&faﬁm 2% BM@J QN]EH%]%H% Pl:le r8R@Menyl)propane; 2,2-bis(3-

droxy- 3- et hyl phenyl) propane;

chlgrogl- bydgcéw hm@ﬂyh@lyl)@@pmm@yl phenyl $ Briogi Arheomo-4-hydroxy-5-

metﬁyéh%ny )%gopéﬁg%)ﬁb lzfs@y 1?06)0(yp gdﬁ c))/%/ %J—?%O%P?Pé/?phfn)él)propane 2,2-
bls(gngélgmﬂéldyd@ JOMSO@rdejhe%Wm@;ﬁwe) pr op;am@s@ t-butyl-5-chloro-4-
S

br omo hydr oxyphenyl ) pr opane
hydpoxypBenyi pranane;meb Ws(?ztbww%myé »@W,shﬁyll)pmpane 2,2-

o g e o A+
il b il e
blsé Sgd‘ é Blﬁ‘ﬁ?’@ %’S %l%r@? €4- hygr o%pﬁe%?%%?éﬁ&ﬁ’@n’l 4-

hydgoé@hélﬂﬁ%r&ﬂaﬁmﬁz blstmﬁydroﬁy %‘#Wﬁ@ﬁ% BEARRGRne; 2,2-

. 3-chl oro- 5- pheny ydr oxyphenyl ) propane;
bis(2;13<dixy¢ 233 ﬁﬁewalﬁomhehmyl)pﬁophly@r oxyphe};?yMder bphn}ey -2,3,5,6-

2 -b' 5-di sopropyl - 4- hydr ox enyl) pr.qpang; 2. 2-
w”ﬂ?é]§p§&8ﬂh¥qﬁﬁ?yl 4- hydroxyphe%gpﬁ%¥5Q§ﬂﬁgmﬂ?5dnhéhﬂ“L
hydZexdphesprépadé;phenyl - 4- - hydr oxyphenyb opiiewaes,s-dimethyl-4-

Y %%p I‘{%ﬂ%(ﬁmclroxy 3,5, 6- tetrachlorophenyH)Bropane Y
)

hydzowhmé)@mmwr dx}yblz(%h}Bh@iXP@?mﬁEb’éWb@W@ﬁyl Pphaeldoro-4-
hydg émgélygygxgé %ﬁ{of ?@?%93} (%ng(;e ﬁﬁr&‘a@%f?&%w&él%e%ﬁ@e 1,1-

bls(hyddfdwgypﬂ?ﬁmﬁiy}mreﬁﬂm}elohexane 1,1-bis(4-hydroxy-3-
2,2-bj s( ﬁ 6-% I br ono- TF qi

ISOHWEIYIBW & ?)%ﬁ‘%?parlué blS(3 -t-butyl- —hydroxyphenyl)cyclohexane 1,1-

bls(ﬁy BiRhd- I'M%r@l %ﬁ:@z )(éy)cﬁ)‘}’l&a‘?l@exane , - bi sq 315859 @citoro-4-

dr oxypheny ohexane;
hydIrQX}qabeI&(lIéyti poexané- hydr, bhysphﬁafi;hr@myé—bﬁbmméen)l)cyslohexane

1,1 %Eﬁ?ég 4:{" %VEW{;X 31)3 %‘?&m }/enw] ch])e%XnCel Oh?xlabls(B 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



I sopropyl phenyl ) cycl ohexane;

- bi s(3-t-butyl -4-hydroxyphenyl ) cycl ohexane; 1, 1-
whe@§B448henyl - 4- hydr oxyphenyl ) cycl ohexane; PCT/US2004/026136

I ,1-bis(3,5-dichloro-4- hydroxyphenyl)cycl ohexane; ,

- bi s( 3, 5-di br onp- 4- hydr oxyphenyl ) cycl ohexane;
1,14bjd(3,bids{t-BpBA-di-perdxybhdryiydeloxaxaheny| ) cycl,bbéxBbetiphenyl-4-

I, |- 3- or o- 4- hydr oxy- 5- .
I“dHBﬁmg%éaEﬁéPg??E?oheiane y’ -b!s(3-brdnﬁbﬁghpﬂﬁ8¥yzéfi6'
tetrmﬂé}ublm?myaa%%@ exane; , -bis(3-chlior e BydbexY:3%,6-

i sopropyl phenyl ) cycl ohexane;
tetrabjbm@@lﬂmbmldhehylm oxy-5- i sopropyl phénitbistdsbydhexanies,o-
5 chl or o- 4- . . :
tetrﬂ?ﬁ?%&’@ﬁ@ﬁx‘/ﬁ "Shexane; , - bl 8B sHEsr pigippthiyl-4-
1 dPMg/ﬁaﬁ Aiphdxey&l ohexane; , - b $(&(2BldB@m-Phemubthgr-4-
K o§¥gﬁgnyl)cyclohexane , - Dbi %%ﬂbronn g-ph yl-i?
hydﬁy@p @qaiyhe))@y@ ohé;baqﬁé—hydroxyphenyl) -3,3,5-trimethylcyclohexane;

. Loh
1,1 BLPS'PS (:ﬁ’lo?%géﬁ/gr%&?ﬂ en g}lf%g r’]qu:u g&g%]e n%%/a%cscﬁgﬁgg 3ﬁ‘te>r;omo—4—
hydkox}yplge@(lﬁiﬁ E Sgﬂrlm’[wf}gdycﬁyhefQMQE oxy pheny4sMedxgtenanglphenyl)-
3,3 ééfl]:nglg& %’F%ﬁ%%;xcycl ohexaln]ebls(él -hydroxy-3-isopropylphenyl)-3,3,5-

trindetylBlcidzdr 0Xy- 2, 3, 5, 6- 1 | pig(3-t-butyl-4-hydroxyphenyl)-3,3,5-
nne y Crorr%bﬁenyl)cyclohexane i5( utyl-4-hydroxyphenyl)-

trlmelhybcp}s:(oi}ehz;mbl; oxy-2, 3,5, 6- 1,1-bis(3-phenyl-4-hydroxyphenyl)-3,3,5-

tr h henyl)cyclohex - di chl or o-
trlmegT nﬁc%h X%P hydr oxyph eny ? g&’%ﬁ?’éh‘&@ 4—gygroxyphenyl)§ 3,5-
trm‘l-‘:ﬂ%’l@cﬁﬂl%xaﬁfed' br ono- 3, 5- di TRYidiy)s- d‘}bromo 4-hydroxyphenyl)-3,3,5-

r oxyphenyl ) cycl ohexane;

trlmethé%@ dhekgng oxyphenyl ) - 3L, BbB(3.pdiracthyl- 4 hpdrohpdengl)-3,3,5-
kg o & DY IBAGTA b smeniens 3.3,
trm’ﬁ:ﬁ@ﬂ@é}@ﬂéﬁm& )-3 , ,5t 11fblé’(Eﬂ)M]@—MQiy@hﬁoyaﬁlﬁ;ethylphenyl) 3,3,5-
- bi s(4- hydr oxy- 3- neth I p hen¥

trnne@ntlwcmh%neeyd ohe a]n@s@ chloro-4- hydroxy-5-isopropylphenyl)-3,3,5-

dr oxy- 34i:S he -
tmﬂte;d%y'rléi ﬁshl%)é{/]%f ohexa ] ! 199(3%811118%99/&)»(}3 5 ?Iso?)ropylphenyl) 3,3,5
trimellniheys{dhekartsut yl - 4 hy drlexiy@renyyl)5-&)18r054-hydroxyphenyl)-3,3,5-

rimet cl ohexane; _, 1-
trm}ﬁt}y(l@lc%ﬁ € 4- hydr OX)II,A%}@F](QTt)r01§o§-t5buty1-4-hydroxyphenyl)-3 3,5-

trlnkmﬂ@)lcmllefééiﬁl ohexane; bis(3-chloro-5-phenyl-4-hydroxyphenyl)-3,3,5
I bi s( 3, 5-di chl or o- 4- hyéfoxypheé§l)y y5 yphenyl)-

trlmethyr}.g{cmegwt ohexane; 1,1-bis(3-bromo-5-phenyl- -4- hydroxyphenyl) -3,3,5-

P Y G TR N

trinféyilnepeyameeanet ) - 3, 3,5 - 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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tri met hyl cycl ohexane;
, 1- bi s(3-chl oro- 4- hydr oxy- 5- net hyl phenyl ) - 3, 3, 5-

WO 005014893 cycl ohexane; | PCT/US2004/026136
, | - bi s(3-brono- 4- hydr oxy- 5- et hyl phenyl ) -3, 3, 5-
tri met hyl cycl ohexane;

1, 1-bﬂ;ﬂaenﬁ§13mlah1@rdﬂyxﬂf -3)yddionyt-b SEIRNORY, 4 hdihydrpx Aifhehylether;
trimet hyl cycl ohexane

4.4 qlhbdlgmil @Wﬁhlﬂe‘ﬁ%ﬂ&x‘?ﬂs@ “oidFoppheRdngPyeryDBenzene; 1,3-
bls(?ff%t{)ﬁsg%_k %@Swﬁ{%ﬁ)@w- ropY]OEDEDS;, | 4-bis(2: (4 hydgorgphenyD)-2-

propylibertdigl eyt |1ohbx@n@:hydroxy- 3-methy1pheny1) 2-propyl)benzene The
1- bi s(3-bronmo-5-t-butyl -4-hy roxyg?ggxg
pr eﬁeflp%m%tle)ﬁé )@ﬁ(@gyé:ﬁ)glpound 15 B]Sp neno

bi s( 3- chl or o- 5- phenyl - 4- hydr oxyphenyl ) - 3, 3, 5-

Othkf bﬂﬁlﬁéﬁék cYahohRK AR/ may be represented by formula (IV% include those
S(3- br ono- 5- phenyl - 4- hydr oxyph eny
whdrf: anlEt Oy,l- SycS@hgn(—a?rQL Some examples of such blsphenol compounds are

blSQ]Wlﬁ%}(WP%’b%%g%@ Pise 4, ép yddhy%xél)gfh ecln}}fle)lyléfh%f 4.4'-dihydroxy-3,3'-

duﬂetﬂyiﬂyeﬁﬁ%tﬁerd br e iKY bischy Bty @iarPhangdds; Such, £-4,4'-dihydroxy
trinmet ¥Ic c ohexane

diphenyl bpw{ide.5-4 whisieyoxysd Aydimstybh ey 3 sglfisle, or the  like;
h . : .
bis Y G OITIBS st o iy bonpilppy suiodes. 44-

d1hjldr'bﬂ¢-’8 [3ydiyethdhipteengl sulfoxides, or the like; bis(hydroxy diaryl)sulfones,
sucbr F‘Smﬁ ;]ﬂg%g;pgﬁégéﬁé\yl su]for?é r% 81%?/81%39%,2'3%’113&% diphenyl
sulfoille,bbls (tﬁ’ hﬂ(@lr Q)Eyco%lb?’ma%’oﬁs tRLABLENY RSNV -oF: BeSforegoing

trinmeth y cycC exane;

lnqﬂkndux@&w@ndschloro 3, 5-di net hy] - 4- hydr oxyphenyl ) - 3, 3,
- trlnEthyIcycIohexane

6-di bro dr,ox
Othgi ‘%WRH‘?&%%?PH&%P% h&% ema%r b%Z%dr oé {hl% %B@ggy%}lsa%]’oﬁ of
polﬂcaﬁlbmﬂte’w@lﬁ@wseﬁtedsym mtﬂml(vmo 1- b| phenyl ;
4, 4" -di hydroxy-3, 3" -dioctyl -1 ,1-bi phenyl;
4, 4" -di hydr oxydi phenyl et her;
4, 4' - di hydr(Bxydi phenyl t hi oet her;
3 bi s(2- (4- hydraxypie propyl)benzene , 3-
bi s(2-(4-hydrox \I hyt pﬂ nyl ) - 2-propyl ) benzene;
, 4- bi s(2- (4- hydr oxyphenyl ) -2- propyl ) bent¥bhe and
, 4- bi s(2- (4- hydr oxy- 3- nethylphenyl)-2-propy|)benzene

The referred aromat roxy c ou
Wiz Py & GEREFT HPRTH Al RS0 Htl TR gy S R0RS o
a hﬁl%@éﬁ&%@ﬁﬁx@%dhyydf&éfﬂéh arédpyh ik Behdrdnh0ge 4Mwnaq Xid & least
-S-, or - S 2-. Sone exa Ies of such

2 %l@f&ﬁhbﬁéﬁle temﬁp@rudiﬂfgmm eEzsm@plﬁwF bisphenpl pempands dhatmaisbe
repgfis?r%tf:(gbpéﬂere (8 u]ql(?/'gearllé/ k%&l} sﬁiEs‘é]t}tut‘béP E%shy%ﬁ;?ém%oﬁnds such

or t
as Bingdthyy]) reborting @scthys uedoras, Q—pﬂépyfﬂ iré\sy)dmmxy-bdiyﬂ) Inmydin 3-t-butyl

[fid 4, 4" -di hyd
resgrg}rf,:}jghela{l rteﬁglmm Qrec%)lglyl Yesorcin, rﬁe§ 4%ltetra|1 or0 %sorom 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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bi s(hydroxy diaryl) sulfoxides, such as,
4, 4" -di hydr oxy di phenyl sul foxides, 4,4'- dihydroxy-3,
wO 2abs/0e8hy|  di phenyl sul foxi des, or the |ike; PCT/US2004/026136
bi s(hydroxy di aryl)sul fones, such as 4, 4'-di hydroxy
di phenyl sul fone, 4,4'-dihydroxy-3, 3" -di nethyl
hyctjbqlhmn)el 28,4, 6-oeteymathyl t hydrdquikeme o2, Sdoﬁrrtﬂtnaatblmyishydroquinone,

2 330%% ghérﬂlg‘r%%%]%‘% pggﬁoqf te% {31?’:1 g‘% %Pgéfgggrgg% like; or
coribihAt 8 @oﬂnfh i§i08 aP1Rht ©ROEFLMS Forc AL bisPRInoe @61{5}@6[@1&1@, are
(), r (o) (V)

represented by the formula (V

wherein, RL, is a halogqn atom of a hydrocar bon rouP '
BISHHTOh OO A B o oFs o algdira.ohef § absERnGhEGL 1"
spnt&')fj [Iglgs 9?]%‘? 6%%0%?0] ga {a lé%ga Hee foll&%éfotn%yﬁ (g?g%%;ﬁaléosbe
u&ﬂf bi sphenol conpounds that may be represented by t he
formula (V), are resorcinol, substituted resorcino
conpounds such as 3-net reso¢@_ 3-ethyl resorcin,
3-propyl resorcin, 3-but 3-t-butyl
resorcin, 3-phenyl resorcin resorcin,

2,3,4,6-tetra (pro r tetrabrono
resorcin, or t oqui none,
substltuted hydro‘ ®ihyl

hydr oqui none, 3-et\Qy 4qU|none 3 propyl
hydr oqui none, 3- but Dy g ui none, 3-t-butyl
hydr oqui none, 3- phenj?thdr g@inone, 3-cunyl (VID)

11hydr oqui none, 2, 3,5,

2, ra-t-but 0 2,3,5,6-tetrafloro
Th%?ﬁpﬁﬁﬁbﬁ$ @“ﬂf°§m8x%i¥§ g%¥%25 hydrqu|none or the

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

Typies1e&@bdited b?d%tiﬁﬁf%' irfe RIIB OB dshirb IRl g/;s maﬁml 610 %@Q%arbon}/l
such as 2, 2, , 2'- tetrahydro-

chlpade Gresgepe), 1andlca-rbcgm btmmd[a,l thei bi@téhl@formate@, forgixemple, the
bis- hapoé‘ er?r%r_]?ts?cvﬂbgycfrlc phegols %uchn'gs blgphrgfj]!)]a (hydrg)qun'ggneal(ﬁ ﬁqeqeke

and the bis-haloformates of glycols such as ethylene glycol and neopentyl glycol; and

6- tetranethyl hydr oqui none,

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

12



The preferred bi sphenol conpound is bisphenol A

Typi cal carbonate precursors include the carbonyl
wh2dosdeses f or exanpl e carbonyl chl ori de (phosgeeEYS20841026136

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

t he bi s-hal of ormates of dihydric phenols such as

br: ai:ndlﬁl]i:gﬁ@’wts Aay Eumisrisgpohdiectiond] drienid edapowmids coifteining at least
hal of ormates of gly colf suc as ethylene gl.yco

thregntsamﬁfé% BeEHPSgINfEd) Madnes f arc?ﬂl' bo¥ gk saTPRKELC aBhydside,
hal@%nﬁ&lpgﬁﬁyclo 1%{a*91‘3ﬂ9t081fnp9é1£]%%|t We t GRE RANHE %)regefglg branching

(napht car bonat e prefterred carbon
ageptsecSlwesd"rc émn}:tlesemchtdertﬁmilﬁic ICﬂ!hCltllnlIﬂﬂltl(Salda/ldb'dmyﬂrime]litic

. chlqride. ]t ossible tq.e car.baonat.e
wicBBhy FRep-PYOHRY RESBU AT SBE I Brer Bl BB e G 155
trisgbfhfy&m%héﬁm}é%ﬂog theﬂalef) Or tAs-GRRRI Y MePACT  &4(4(1,1-bis(p-

| hydri ¢ phénol Y a glycol or with a hydroxy- or
hyda@iyqthtredhﬂhalt) edopediyedtyer tenzyijphkna),di dablocofauny ophthalic

wW.t.h a dr. ox cid or, wth an al iacid, i e
anich R St DERBN I ElrariPOIan 35 ot Jht vk or
conhb%n%%bre%%ﬁretnguﬁe ledsERGE aéfi Yhe po%egdfﬁg rhRBald Ggents. The

di aci ds have about 2 to about 40 carbons. A preferred

bramhnpmgan@ wiabe ddied elodsyelnefditoit 088itd . abBitah g veadght percent
B bon e I ends of. near
ot WS BERhE R et e S e B B MY il so be
used in the conposition. The branched pol ycar bonat es
In dmyenlﬂ:e)dmhapameq)ohmﬁﬂ)date Gna#y i piodideddyog efelt ;dﬂydomgensatlon
ymerization, These 12hranching agents nay conpr

rea%tﬂnﬁaﬁw %HBYdleﬁg%‘P{PEO%‘éﬁﬁ%aﬁa@owrﬂ% Hesig aﬁexalrr@éetof the
carbdHi€eid llcii'egltehot@@ﬂ mb BYBE zegnb bedﬁﬁ% R OT%be%ﬁwes are diphenyl

car boxy oXY |c an orny and
carlomrats, nhls(bhdwbbarxrmhesyh)gﬂaﬁnatee a‘BIB(QQﬁIf]é-trmthlmbphém'ﬁ)e garbogate,

h fi
bis r S AETERYIE STty TRBTY PR sy dorde: i herrbepls, m
credyli chb®bhdle, tdihgshRnly degbyndbie nyBlS(@Idﬁ@l@ﬂ) carbonate,  bis

i'sati n- bi s- phenol’, tris-phenol

(metﬂnylsadl@pl)wbm@w phethyll yarberpte @mplbeh zenbeylate,t dibytyp rerhehate,
dlc%clo]{ed'&glg bon I SO(I HHX q K QXP poenWmPgtloﬁ cO 1}%13%1& qc}eastt %Xe of the

4- ch Or of or

forégroﬁﬂgesarboraeladld arsZapPhahe r};ﬁ?efteﬁéd a@@bhmxydld Qh@@drdls diphenyl
the |ike, or_ conbinatjions conprising at |east one of

carbqqater g rhiy@hstRy RSN DeABRN¥gent s.  The branchi ng agent s
may be added at a | evel of about 0.05 to about 2.0

PrefRAINIhPRIGBEL 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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(WM%, based upon the total weight of the
pol ycarbonate in a given |layer. |In one enbodi nent, the
w@ologoatshdonat e may be produced by a nelt PCT/US2004/026136
pol ycondensati on reacti on between a di hydroxy conpound
and a carbonic acid diester. Exanples of the carbonic
Cycamih@lmnoemlgarssem gt gmmlgallp@rman dd etearitoppbadind withea dibasic
acigpr. %e%%r&t?gqn f%glg hlé%ﬁ g%é%%%{r 1oorr]1aotfethe cycloaliphatic polyester
polﬁhéﬁ %ré"st@a'lél{t'&ﬂ no Bﬁ]ﬂbl@d&ly oy c?@é@%@ﬁ@ preferably straight chain or
s( -cyanophenyl) carbonate, bis(o- nltrophenyI%
br arwhrscﬂ) elranediolsi arsl mby eentdio figre? to 1Zeasken atemsbonat e,
dlnaphthyl carbonat e, bis(di phenyl) carbonate, bis
th ' di. get;hy|
sui BN G eETrOR0e et bl BRERERE kol L8RS
1 3-@foptylwle| glk@l Blitaigo toll,nicd. | 0,8s and Mpt-bstang dadl; dietwytene rycol,

of the foregoin carbon c acid diest Th fe d_-
2,2-QHPEBFE b3 FEsRIngl sk Gre, g @}%@dﬁ: 3Gt Wobr 1.1 gnd 155-

pengag@tchg Soérj:é)rjo Eﬁlégfﬁ%a{]ﬁmﬂ?[ ?fS @Rn¥: dibel AUBRRE diol, 1,4-

average wel ght po ycar BoRate i s abouf
cycBhedhetdimathond! andortdoRrly ntarms# and erafgisooles) triediydrierglycol,
is range, it is des r abl o .have a er,
1,16 Gt B et ket §F BV F et e ety Bt Fed is
dlm%@}aggloblc%l%f SEAR! Wi EBRM R R Pleylabidihati® BEHIOBE chemical
0,000, and nore preferably greater than or equal to

equabtd;ﬁmts zlﬁr@ﬁoalgﬂl mﬂ@ulaﬂys b4dyglohg7mn§ digneghangleerits chemical

Iar welj. 0
equh\@gqjl?sg OE rio% %}eé?.%e i tth Ce)lslg %?:’ %atrlllrs]%fase%qagi { Omgg%el?tt’ it is
gen@ﬁllggﬂefeﬁ@d ® e afhneikaipd yf dlﬁSS tlah@softerssig wadle tamoabﬁattout 1:4

and nost preferably | ess than or equal to
to apeBut:135Withmothis THBES it 1B REPRBRIRHFSP ISP Al r9%1§tr%t|‘% ofpig- to

Um%%ggﬁ@hhxhg&ﬁgaged by reaction of a diol with a

asic acid or derivative. The diols useful in the
preparati on of the cycloaliphatic pol yester polyners
Thﬁd&wﬁkh&b@mﬁndhamﬁmamnamcﬁed¢CSﬂO@&@MﬁQHﬁﬁh@@i@“Yme are
rably str hai.n or. anch d al kane
i G soRR e e saoany s S50 hRMER o ShEE ol gach of
wlli%ﬁwlaﬁ&h@ﬁ tQ'a%a@urht@@ |chfhen ah hydenated | 0! Su1ﬁb¢&3¥ia&lﬁ1ﬂes of
gl ycol, i.e. 1,2- and 1, 3-propyl ene glycol; butane
cycitiaibhatic, ecids 1nqkudeadvzpah>4drbuta@h@1a ng| dicagb@iyhig acpd norbornene

dlcg:gépﬂiﬂ acgdfzglg%r 3 B%t)é%e dic rbgﬁ)?f%?l?dsd gﬁ%feggd g}wf%/alhﬁhatg: fu‘:ids
aredi @fczg¥gﬁgﬁg?g?tbmlyllz%mm&|tidlwﬁ-@eyd]alﬁ‘ﬂe:aﬁhdﬂdarboxyhc acids.
Lmear 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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cycl ohexane di net hanol and particularly its cis- and
trans-isoners, triethylene glycol, ,10-decane diol,
w@nasioa4esur es of any of the foregoing. Parti cuP@r/iug2004/026136
preferred is dinmethanol bicyclo octane, dinethano
decalin, a cycloaliphatic diol or chem cal equivalents
usingheuitable @llﬂiyspasltthaslrhodiiymlsu@pmy@i mhaa)sajmﬂ)hjbara'bhahmrbmr or
its em cal U|val -C . .
aluigihi S AEREH oL RISP-CbeY e whal i Jera et pperein an
acid&NAN&dst Yah By §61081E uh@erhREctonMonliHibRs Qlﬁd & b§talyEPof palladium
trans-isoners in nole ratios of about :4 to about 4:1.
or iwhehium hdagbonamgdicaisused. general |y desired to use a
nole ratio of cis- to trans- isoners of about :3. The
e reparatio
Typg!):/a? qu%i‘r%g 1#&0;%:11 yoenS ttgvr golnglol{% r1ssonge%rse AT 19 F]aé?qd wherein the
carlsbadic dgid patips aed mdetheanoxyl of trasd ﬁ@snlitmsl Mghd ¥e-and trans-
. carbox¥ groups_each of which are attached to a
1SOI&HS | FAR éée%@t%hy crystpllization atdorryithput ssplvam) Er example, n-
o] C r -
hep R B &7 AIRNELPDALAP e SBRbAS IR, WO RIS B B s
isomel biss, hlg]nc:rynélt)n@em@m@/stdllrzaﬁcbmleyﬂpemtmIadsl s Perekalty @dferred.

clo hati c diacids are cIohe ne boxyllc
MR B, i S S RO A PO EleGERag nth Sich o
mlﬁm@%hs@i RNAHsGs @Gl HSprafetatd SAnpSRl dilieadh8ut P wit% and

pol yester has at | east one nononer containing a
the @ysalS@abn whbednaprist tg. remlainglst based ve textatabWetgho df ¢is-naelrtrans-
i nic acid

sofatRyt e st vt Sniude gt bl ofs fRtRue wro -

copdiy@stetlodthiciel t\ﬂaléo@bﬁ@rsbﬁayl&elﬁeﬂ @s Rk cloR®phatic polyester
cycl oal i phatic polyesters. Cyclohexanedi carboxylic

IeSi¥ci ds and their chem cal equival ents can be prepared,
for exanple, by the hydrogenation of cycl oaromati c
| r (0] t :
Ot ERUPNGERIT FERODALTY HFLUNE (RS AT TBg dicd,in the
prepayhtion f ahs wyt]a;bh@aﬂolp:ﬁyﬁstermat&mable amai]jles atithe ahemical
roomte rature and af atnospheric._p sure 14usi
b1 Dokt 4135056 5y A RSTROAF Gm QS s ofiaRy Osters,
anh%@h@l&b h&d Q:ﬂfo"n'd@sf afd B?@l"n%@ & thahiwe] &%omﬂﬁﬁ%oﬂ?}éoﬁbﬁﬁng at
e prepared by the use of an inert liquid nedium
leasionr @if theaferegsing ¢henaeal qualytalepﬁr tﬂmlpryfeggcﬂ ah¢reicalneimivalents
cor RehP I RI ebRaT 8PSt eRRI biables ", RELIT Cprefomed
chegii¢d] RQuIVRhOGENRIdeO the EMRRLIRN IRS Of KIRO0ITRd ﬁaa@tﬁ@llﬁm ilnieish]-

wherein the
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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carboxylic acid groups are in either the cis- or
trans-positions. The cis-and transi sonmers can be
waepanamesl by crystallization with or w thout BCT/US2004/026136
sol vent, for exanple, nheptane, or by distillation.
VWhile the cis-isoner tends to blend better, the
The tgoRSies POBImIa sard iggh@hllyr@btaimd tpchgbr thst @dnldezatioonr ester
~ tenperature and is generally preferred. Mxtures of
interchange nolyragrizatipn 9é 1hes giek 0 dind\chamis! peuiyalgpt coppppnent with
the (?155‘1‘5 B %Palc;/d (\Mégﬂfzﬁ légltﬁv et Plyjro%ellltsanﬂsh%@infgtrggurring upits of the
rans- i somer w refera conprise at [ east about
formia (M1¥H)aNnd the cis-isomer will conprise the renainder
based on the total weight of cis- and transisomers
conbi ned. When a m xture of iOsorrers or nore than one
diacid is used, a cop Iyester| or a mxture of two
pol yest er 48 mou_s_e ag4thelcycl oal i phatic pol yester
resin. Chem cal equival ents of/ these di aci(q,g Bncl udi ng
esters may al so be used in the preparation % t he
cycloaliphatic-polyesters. Suitable exanples of the
whefdie R Gapreétitd ¥lagt Ak e ort Aelchiliae irskiicarehiah Ky theesstidus of a
e.g.,.dlalkgl esters, diaryl esters, anhydride?, a?id
straight Jieitd deanched, @1 Brcbedliphatic akaneriol|qrighemisal eqilends thervel
o . : _
and EIF UL g E35010R ot ) MICROS LB R resduc
derigﬁ’rﬁbiéﬁze dtaosl, aiidl thylpredsetinmt of lehdtene yfIRTabi Rhat & cycloalkyl
lacids, and the nost preferred chem.cal ui val ent
grotpo mdiei ¥gragigals maﬁfé’ﬁﬁwsl%é‘ét?‘g?ry fadf%gsn%g‘?sdr,eggart icularly
di met h?/l trans- , 4-cycl ohexanedi car boxyl ate. D net hyl -
A plreyel Qhenanadiicapbgisbatie paR(ecphbiaixagd Rmeihngl-1,4-
Rydr oge%gti oﬂgof dlbgrrlglt hyl.tergp %hal g?e, wher ei n t\j\m%
cyclobomeedicirhux ylgte) hayinguepoxipk voitaef @rguledps) i n the cis-
and trans-positions are obtained. The isoners can be
separated, the trans-isomerpbeing espegially

preflferred. M es of the lsong nayllahso be used as
det g PedlzAbo k&poiQes meksJare general |y
obt a¥ ned t hrotigh’ t he condensati oh—or ester inter®ange
pol yneri zation of the diol or diol chem cal equivalent
conmponent with t diaci.d or diacid chem cal .4
whegef Waﬂ@nfor%]ﬂapéggl% lgﬁbs ﬁa@fcﬂ‘ﬁ’ef‘@@uFlpghan%n\?'lil%el?}f Ri g 2
cycloBERHEAid/ibfiVed 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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- R- CR (MIl) wherein R3 represents an aryl, alkyl
or cycloal kyl radical which is the residue of a

W@ eoaiogisss chai n, branched, or cycl oal i phatic aP&ENS2004/026136
di ol or chem cal equivalents thereof; and R4 is an
aryl, alkyl or a cycloaliphatic radical which is the

equﬂ&@&b&ﬂ@é{l(ﬂl()eginfoibési Alse ddeirdviets 4 nanba aveage tholeduldr wdight
provi so that at | east one of RBor RAis a cl.oa

of ]c@s,s éh@é‘l omqgéa]at,qubopfabqoe(}:g pﬁség;alblé( lessay ?lu?oé’&i:g?r %out l%/ bOO

morégaqéf&"ﬁb lels MG 'of ﬁual'%b BEGT S0I008, SYE o) ﬁl@f&?&ﬂl\‘} legs than or

yest I's poly 4-cycl ohekane- di net'hanol - -

equmyohmhezénmnlghmhnxylate) havi ng recurring unlts of

formula (IX) 4-0 - HC- - ¢c-4-\ \ /[ \ /| | whereinin

Ancilig, BRTFTRH PUYEEY i oh BRI g FAGHT UaG: Fgetly refers 10

pol fe¥fetObe xRnad CatRBsMlRt Ridr arld Bﬂaﬁﬁen@m palyhMadteRbpolymers
thereof and is selected fromthe cis- or trans-isoner

thatoinchidericrthgnateolinksiges impdditipariei the rmsylsesigieligigges, are termed

pol)%%r-car o hegst Iﬁ“ﬁ% E@alﬁgeg?ooﬁé g@\gall}}/%g%f e}g 1 tl%% ylgt%pg urﬂ'#uyes The

pol}taeylﬁtaé 2212 b8 Yrepgrgady In) ddlditeonabieby e mekyiol aidrezatdom wiitaromatic
pically about 50 to 400 ppm of t.itanium based upon
dlcqr%@(yihgt aq q,\,@rgmelrofest@qq dommiRg| d‘?ﬂ"’@ﬂﬁ@t with bisphenols "or their
denB%ﬁ%%l 4- cycl ohexanedi et hanol -
ycl ohexanedi car boxyl ate) generally fornms a
SU|tabIe blend with the polycarbonate. Preferably, the
In geucrbb it iapefagd fonthe polyarylstes g)monu:frlst: la,‘eleast one diphenol residue

co est er.car ates or t ster. abo
in ORRGR "HUDG0OT TS HOPELe NeRRR it il The Prefeiea
dipltigl Fealiug, M1AsthavEirpfontiTRerx)aederged Hﬁ‘bhﬁ@ubaﬂlhz@dogmen%ne
greater than or equal to about 0, 000, preferabl

moigtye aeferred htaﬁlrgvglmumls SPECHERILIPN 20, TOBTCINGInef Wé@rémol moiety.
Res%?cﬂ)c] roarlbr orgl ges iet ePaﬁ]leJe %gﬁgggﬁbbgtf?ut@@ ql'g dl;x)l?dr%gz?benzene

I'ra er averag ecu
muMﬁbghﬁm@ﬂ3hﬁﬁﬁﬁbhﬁﬁn@ﬁmaqual t o about 100 000,
preferably | ess than or equal to about 75,000, nore

preferably | ess than or equal %o about 50, 000, and

nost preferably | esgpt han _or | to about 35, 000
g/ nol e. | X
//

R, X)

In formula (X), R is at least one of C).i; alkyl or halogen, and n is 0 to 3. Suitable
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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Anot her preferred polyester is a polyarylate.
Pol yaryl ates generally refers to polyesters of
W@e@sni4865 di car boxyl i ¢ aci ds and bi sphenols. PCT/US2004/026136
Pol yaryl ate copol yners that include carbonate |inkages
in addition to the aryl ester linkages, are terned
PrefePa‘B )?/ et %Olﬁ@tﬁ@@ﬁ@?&ﬁ(yha@dldmld@b§ Qrddedebdanbagedxstes of
i zed he m xtures. The Polyarylates can be
1s0phgiraépané’él teme}élﬁladwraelrds oy eanprallydllyssiated p fgrmmna &40 on of
aromati c di carboxylic acids or their ester formng
derivatives with bisphenols or thein derivatives. n
general, it is preferred for thellpol pyarylates to
conpri se at Ieast{gne(mrph \\r €siue in conbination

with at | east one arboxy)ic acid residue.
The preferred di phenol , Illustrated in formula
(X), is derived froma , 3- ydr oxybenzene noi
referred to throughout this specification as
resor.ci nol [ I
Ther GR0pEPRor e B R R e i TR e polvesters
asﬂh@hd%dtmdbﬁmybenﬂyne and substituted
, 3-di hydr oxybenzenes. \ R (X) In formula (X), Ris at

| east one of al kyl or | ogen, and n_is 0 to 3.

Sui tabl e di carboxylic agid residues iiclude aromatic
di car boxyl icpacid € e m nonocyclic
noi eti es, f erab I sopht hglicjaci g, terephthalic
acid, or ur es Ej I sopht ha)ieg’and trer epht hal i c

acids, or fyom potycyclic nmijeties such as diphgg%j
di carboxylic acid, diphenylether dicarboxylic acid,
and napht hal ene- 2, 6-di carboxylic acid, and the |ike,
wher@f R&$ ht @8st @aslf Tt i kg o defopesimy Gito 3, @adtm orad lesist abprant

foregO|ng pol y ¥clrc nnle%ﬁg The . referred out 10 and
8. ThisInyelperd Eomi |t% ¢ hiydrogem nPreAPals. 121 2cHP @31 B F5°8
abou‘rfl%'()g ThéRh&hLE gaglkr%l Jf 1s$ﬂ}§ha"}’aﬁ9 AR tdr&p1ih BB BOXYdut ©.2561 € about

ési dues are ived fromm xtures of isophthalic
40Jand/or terephthalic acids as generally illustrated in
formula (XI). (XI) Therefore, in one enbodi nent the

In alPotflér en¥bo%tn%g’nt R pollyarylgrt% %8111%%96%' th@lrn%h@ts‘:r‘ab%) [ 6= Arylate
polyesters that have polycyclic aromatic radicals as shown in formula (XIII)

@)

I

<:@ Ei:][::]//c—{L:I;:;I/Ot>;

wherein R is at least one of C;.12 alkyl or halogen, n is 0 to3, and m is at least about 8.

(XIID)

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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as illustrated in formula (XI1) (XIl) wherein Ris at
| east one of 1-1 alkyl or halogen, nis 0 to 3, and m
WO 200a0448emst about 8. It is preferred for R toP@EUS2004/026136
hydrogen. Preferably, n is zero and mis about 10 and
about 300. The nolar ratio of isophthalate to
terephthal ate ;s about O. gﬁ 1 to about 4.0:1. n
Iy

anot her odn%g he._p %lf)H' at e .conpLi ses

t her nmal Orsec \s % ters that
have pol yeyclic ara @ adlcals h in formula
(XI11) R (XI11) whereMr Ris at t ohé of aMdY) or
hal ogen, nis 0O t03 and is at Ieast about 8. In

R R STRRLTEL AR REL IR TR iR et

abouf &7 BRAGE ﬂ{@?é}{dﬂt‘w £ dRlaRGK 8y aﬁ—f&%(dl'cﬂc hattle ipallymesisout 4.
cohprising structural units of the fornul a qSXIV%P
B

Prefawlxm\a atleast ebout d AchoRIprefsrabhieieast alrut v0 gad Bigstpreferably

BN TR E A e
10 aﬁ(ﬁ‘%&t T?ef@ttablly%‘éﬁt ahavtibsut Jonef arabéientpliny eatbddanastt m is

about 10, nore preferably at |east about 20 and nost
preseprteti@mambyntaﬁ@mm@@atl@ﬁgbout 150. Preferably mis at
| east about 3, nore preferably at |east about 10 and
. Nost
tvis GRS, ERARE 1 B0RMerE R e Ky B YRIREALY v
be aboutSSQIEﬁl@rahblhtyl d@@O@(akgkz&nsf/leet teEmukz).g hin eweercmgedlment the

LTI . AR TR ERA e

/m&EPOH BENher dhiGodRRktARRE I Rayli GBighaves ol
S ecu%%r? E\3/1\/L=.\(% ght of abou?éﬁ%@g%% tao abotgt 206@%#6810 s

weigt roflaboun3 G0l epbaniiodione r&/mOtEBh elrpmty%WWate@bﬁQ@le@t the
ht avera nol ecul we
oIyl 480 R groae ook E b iins BhaRg b og s ou 320,000
g/m(ﬂ@l Yl %la"ﬂi arafoleculv \g&%htaﬁée fags] yaleeubtdizedw ghtcapflayer
about 50,000 to about 120,000 g/nole. An exenplary

is 6(y0and h?rOQ)Oe@l&jmtﬂefor the polyarylate utilized in the
cap | ayer

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.

19



is 60,000 and 120,000 g/ nole. In one enbodi nent, the
pol ymer precursor conprises an ethylenically
wap®anuses ed group. The et hyl eni cal | y unsat ur ap@mUS2004/026136
groups used can be any ethyl enically unsaturated
functional group capable of polynerization. Suitable
The ?H}Ryélﬁﬁiaﬁ@ﬁésﬁls RS Alett @81 ¢ defiviick ora palyintey prddatsdgiedat contain
unctionalization that can be pol ynerized through
at leasndiS¢aby podighteofi starcivod witscderivedh fionp s yeROMEF &fi tg‘?l formula
Speci fic exanpl es of suitable ethylenic unsaturation
(XVire groups containing acrylate, nethacrylate, vinyl
aromati c polymers such as styrene; vinyl ether, vinyl
ester, N-substitugedcacgyl amde, N-vinyl am de,
mal eate esters, funmarate ésters, and the |ike.
Preferably, the eth ic unsaturation is provided by
a group contai ni ng gfu net hacryl ate, or styrene
functionality, and e?%rably styrene, 19The
vinyl aromatic resins”are preferably der i V&) r om
pol ynmer precursors that contain at |east 25% by wei ght

of skructur LdSpd8rd Oopn A N3 fort 1:
whegein %Jllsa ﬁv&i@?én, @%:aggﬁ (di\{\)}%\ﬁfﬁé’rg? 1‘;&‘ Jé%mﬂg@%%e%r%glgﬁ/’er alkyl;
and lpovefroal Kyto ebothad.ofesse phlymesrsvinclyte hoalopglymens of agene,

alkyl; and p is fromO to aboRE S.HEhfse oLﬁﬁers ‘e
chlopqsgireitfe ARG EHBIOIFES sTAGAOB SRPOREDETS 1 & %5?65 rereOh gt Mo
monbhi®¥ t Ql1iA&R%d T@Pdogéﬁfbﬂﬁh}é?er@utﬁierﬂ yreﬁ?@ W-hRtMeyefe,

nore nononers ilfustrated by acrylonitrile, butadiene,
ethyilipyihenzent, hyhstylvenene emdy invdleig| beydede, and rubber-modified

di vi nyl benzene.  and mal ei ¢ anhydri.de .
polyE Y SHOATTEADE Jut Pranadromst woRY tyeeshbugipne or s
rub‘&f')afcbﬁolym%? i Shouh ®8LUbaftyrese and adbpbiuRasliop e nfonomer.

rubbery copol ymer of about 98-709§stirene and about
PolyBty30%s dire nusaila iy pol pRhopstepe eHEs imple PFRROE BIseaRg f1py such

ol yphenyl ene et her. i 19Q9s ¢ SHe 25-
bler Irg%gc?f‘%m é)n’fS?lr%neplg I a)rl/]ré )llllrtse(ﬁl{a%%ﬂ{ gr%ggn%nsda]g Sabout
7595 9&WaNnHe MMgtwaglite tahmlymas: 75% based on the total
wei ght of the polynmers. n yet another enbodi nent,

ol yi m des be used as the organi ol ymers.in the
In y%t a1¥other emborgl?l%ent, ch)I]yl%ndes may%e used as (f‘heporngC polymers in the

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

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 is a
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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conposition. Useful thernoplastic polyimdes have the
general formula (XVI) (XVI) wherein "a" is greater
wao basooseequal to about , preferably greater tPEIUS2004/026136
equal to about , and nore preferably greater than or
equal to about 000; and wherein tetraval ent |inker
saturddet! het tunkdtiatedt bibay] gamﬁsohug/i]aag It he dbonk&f deoben myems; or
npede synt hesjs, use  .of | yimide. Sujt b e
combinpRs TRl adsie SUBSRient caipr ket ATl dit Bre not
llmlé@ttHr @{h@g g@ﬁ@&yra"ﬂl@& Qktefy, QifBt écﬁnmﬁ’ﬁ%}lq}lér‘éoﬂnd’refened
pol ycyclic group$ having about 5 to about 50 carb
hnkem ortude (W) aseuias flintiteded tgravaksobareimetie eadlicaly plefprmegla (XVH)
branched, 20saturated or unsaturated al kyl groups
suchidsying 1 to about 30 carbon atoms: or combinations
t her eof . SU|tabIe substltutlons and/or i nkers

i ncl ude, i ted to, ethers, epoxides,
am des, st and :ﬂl ons thereof. Preferred
I|nkers i A gle~but ~are-no rmted to tetraval ent

aromati c radl cals of formula (XVII) such as , and

(XVI1) wh dlval nt ie selected from
the group c -SOZ- - SO,
(y being rddWi £2 @g%ﬁ
derivatives thereof i ncl udi ng perfluoroalky &

groups, or a group of the formula - O Z- Oaherein the

wheﬂén’{ W’ Of dlbéleﬁitsmé‘i%t)é R cte@Hfrod tHe"g?ouﬁchs?cmg BOLP-, %-e Co)-,
ositjans,

3, t 4
-SOM e$(é1, nCﬁhyﬂ éy lbg@g anbm?ergprs frgm Lite r#it @y hal 6ged’|a§F§| dsgivatives
| -
tergurgetfies rrel  SHuBY R et Sl bishb] oG IR (8-

whefdif @ Givdladivealisostie h0-as tha@)O-&-0nptoup ahyidrtbe 33H 8, 4,3', or
radi cal s havi ng about, 6 to about ZET]arbon atPnE %ndl £
the A4l B@Gétﬁfmse@lmhé’ Pieat £\iBgugese Priow: nof hynitedy Iy giyplegt radicals o
ﬁnn%L g@ chai n al kyl ene radi cal s having about 2 to
out "carbon atons; (c) cycloal kyl ene radical s
havi ng about 3 to about 20 carbon atons, or (d)
di val ent radicals of the general fornula (Xl X)
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(XI'X) wherein Qincludes a divalent noiety sel ected
fromthe group consisting of -G, -S, - C(O-, -SQCa-,

WO B05/0448¢5 bei ng an integer from1 to 5), and PCT/US2004/026136
hal ogenat ed derivatives thereof, including
perfluoroalkylene gr oups. Preferred cl asses of

pol yami desCind pol yet heri m des,
y t hos (j yet he es that are nelt
. 22Pr ed . pol rimde pol yners

conprise nore than 1, typically about 10 to about 1000
or nore, and nore preferably about 10 to about 500
struct pra of the | a (XX) wherein T
is -© ~dr oyp—of the CR O wherein the

sf the -O or the -OZ-O group are in
the 3,3, 3,4, 4,3, or the 4,4' positions, and

: j , to dival ent

ned above. In one
e~ a copol yner,
e uni'ts descri bed
above, further containspyol yi mde stedgctural units of
the formula (XXI') - M erein Ris as previously
defined for f&b B %s- f%g Mincludes, but is not
limted to, radi mula (XXI1). and (XXI1I)
The pol yetherim an S preparéﬂiby any of the
met hods i ncl uding t é“ ‘é n of an aromatic
bi s(et her anh |def”o the fornmula (XXII1) 23(XXII1)
with an organi c diam ne of thecfiprmula (XIV)

’©— C(CHs), @

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

(XVIID)

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; (¢) cycloalkylene radicals having about 3to

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

00~

wherein Q includes a divalent moiety selected from the group consisting of -O-, -S-, -
C(0)-, -SO-, -SO-, -CyHa,- (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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HNRNH (XXIV) wherein T and R are defined as
descri bed above in fornulas (XVl) and (XX).
WO bdosss4ses i ve exanpl es of aromatic bis(ether PCT/US2004/026136
anhydride)s of fornmula (XXII1) include
2, 2-bi s[ 4- (3, 4-di car boxyphenoxy) phenyl ] pr opane
Preféiife%rﬂ?ﬂ}%“[lhé?ﬁndé péIyn‘IéJrs%&n}ﬂfrse dmamﬁmxu Py cadbyyabdinp hie tyydbout
et her di anhydride; 4,4'-bis ﬁ@
1000dmc am@xwh@mpl)eéqrﬁﬂmbputs 9 @bowi ingienchyel units, of the
for I s(3,4- dicarboxyphenoxy)benzophenone
O““BIa dride; 4,4'-bis(3,4- dicarboxyphenoxy)di phenyl
ul fone di anhydride; 2,2-bis[4-(2, 3-
di car boxyphenoxy) phenyl | pr®pane di anhydri de;
4,4'-bis(2,3 Lear b oxy) di phenyl ether
di anhydri deN 4, T NgiRcar boxyphenoxy) di phenyl
sul fide di anlydryde; 474" \bi s(2, 3-
di car boxyphe oxy)benzophen@ne dlanhydrlggX?
4,4' -bis(2, 3- dlcarboxyphenoxy)dlphenyl su fone
dlanhydr|de 4- (2, 3-di car boxyphenoxy) a%
wheﬁaun:anb@y@mmuypﬂﬂm@mmla2021 &@ﬁ@rﬁen dhe ha,l@ntub@@ds of the

-O- ?13‘5]% § gl car bo;%g %;&eﬁ ’pzhzé’ny’ﬁ gt he 4,4' omho%sr a%d wherein Z

mchﬂi’eﬁ P ish %hﬁfé&ﬁ RENQH kadicals of formula (XVIII) as deﬁned above.
(3,’4- di car boxyphenoxy) di phenyl sul fide dianhydri de;

4- (2 3-di car boxyphenoxy) - 4" -

In oygembeflimgnt§ ;@M@Wgﬂ}lé@ Y 5R @rroRel YRR ebiip addifign to the
phsR0 nits of the

eﬂw?gﬁi g“@%? 8§§ enoxyﬁghwﬁggylns %Iﬁ%@%ﬁgﬁﬁ§§r?de, as
formn@d (X €9 various mixtures thereof. The bis(ether

anhydride)s can be prepared by the hydrol ysis,

foll owed by dehydration, of the reaction product of a

nitro substituted phgnylj dinitrile with a netal salt

of dihydric phenol g 1 Ln the presence of a

di pol ar, aprotic solyent/ A preferred class of

aromati c bis(ether amhydride)s incluq§§§ﬁy formul a
(XXI'l1'l) above includes, but is not Ii dto,

compounds wherein T is of the formula (XXV) 24 and the

Whe%lﬂq{ 1& a8l W&Aslyf @éﬁl@ﬂaﬂﬁw@mmﬂﬁ exXpiehad abliycludest bat is not
4,4'" positions, and m xtures

llmltdﬂépe@ﬂlcabr@(ﬁfmﬂ%()@ql% as defined above.

JOoC 1ol ,

3

j©— : —@< (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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Any di ami no conpound may be enployed in the
preparation of the polyimdes and/ or pol yetherim des.
wex@spkasss of sui tabl e conmpounds are et hyl enedi BaN/N82004/026136
propyl enedi am ne, trinethyl enedi am ne,
di et hyl enetri am ne, tr| et hyl enet ert r am ne,
hexanet hy<Dened| ani ne, ' gpt anet hyl enedi ami ne,
. “onanet hyl enedi am ne,
decanet hyj en Ty 1.92- dodecanedi ani ne, 1, 18-
oct adecanepi ar ne - med hyl hept anet hyl enedi ani ne, 4, 4-
di met hyl hept anet hyl enedPani ne, (XXIID)
4- et hyl nonanet hyl enedi am ne, 5-
met hyl nonamet hyl enedi ami ne,
wnhzn@rgammdlhmnlw@félmﬁonym@rﬁ&i‘vam ne, 2,5-
di net hyl hept anet hyl enedi am ne, 2,
2- di met hyl %’k ﬁpledl am ne, N-nethyl B3 (3-
am nopropyl)“am ne;” 3-nmet hoxyhexanet hyl enedi am ne,
|, 2- bi s(3-am nopropoxy) ethane, bis(3-am nopropyl)
wheei Tiafdé R dke defiyed|as descaibedl hlzovierie formulas (XVI) and (XX).

bi s- (4-am nocycl ohexyl) net hane, m phenyl enedi am ne,
phenyl e edi m ne,

Illilsgptﬂﬁ BERTER ﬁ%ﬁ aloma)wzli)f(g 183:111&1}%%%2&% &e fi Hnlugan{eXdXH% include

eh Hengtipiepaiey| enearﬂh 4.4 bis(3,4-
22@S@Whlf%ng}?h JRXJ[)p eng I hgn | ene- zjl am({ew benzi ojbi; n

d1caﬂ>03ypheahpm)ﬁhylblm§én2| di nethes 3 di teahsigsenzi di rfed
amn al ene, 4- am nmet -
dlcaﬁi%@he@ﬂf‘&%gﬁﬁw m no- BSung&i(jl et hy|d&1%@2y| %/é Znet ha h@memsa 4
dlcaﬁﬁoigrﬁenéﬂ%)b@mweﬂohe pr opane, axaﬂhjzﬂrfd(eb am no- t 45;(11%13;11;()3,4-

t ol uene am no- tbutyl phenyl ) her .
dicaffioxphdsond nf§h|enbd am népryl ) b 2,2-bis[4-(2,3-

pentyl) 4,4'-bis(2,3-

d1ca§> g&ghm ng%ﬂg@o@?(g]p benzene, QE%]feh gﬁgem nophenyl )’ 15t
dlcaﬂidxfyplﬁhixoxb)&ph(eﬂylam nopkgiey| ) sul fliankydride; 4,4'-bis(2,3-
bi s(4- am nophen et her nd , 3-bj.s(3-am nopr opyl,) _
dlcaf‘zaxefaheépw) q? %oxane S‘M fures 0‘1“ rl(hﬁ'g corrpou%é 2 23
dlca%og(%gﬁc%oa URRERphenthie Preferredi@hpdide compounds, 43]51@(2 3-

tic diamnes, especially m and pphenyl enedi am ne
dicagimek yphetony liphchplr swd fone ndiawhyskidep i 2x- <§%B@F$WB?HOXY) Ae(3:4-

| yet h )
e B ShRSE Fieal 00 b S5 AR SLEahcBothenony--
G, 4Ld39§‘9@f34ﬂ€ﬁdx}pd3pm9nyémae danhypheny leaes- mcalaomyphenme/) -4

thereof ‘and T is a divalent radical of the f
(3, 4¢darbyxyphenogyidiphenyl sulfide dianhydride; 4-(2,3- diarbox mll'lenoxy) 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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In general, the reactions can be carried out enploying

sol vents such as odi chl orobenzene, mcresol/tol uene,
w@erooshetshs ke, to effect a reaction between thePCT/US2004/026136

anhydride of formula (XVII1) and the di am ne of

formula (XIX), at tenperatures of about 100 C to about

250 C. Alterngtryely, pol yet heri m de can be
prepared by ®1ton of aronmtic bis(ether
anhydride)s o ormul a [11) and di afff&d of. fornul a

(XI'X) by heating a m xture of the starting materials
V eppe e i r feNt 28ty 1 Ung. or 4.4'
ot 8 S8 T SUSL PSR A RO LTy T o
positaneind20R tEed the@bf)ahd 406re@ iCisalefingt dpper s and

\%anchi Ing a%ents (rjray al so be enployed in the reaction.

hen pol yet heri m de | yimd |y

ny G e S Bl e SRBRR MR R IR Yy
poly%g?‘ﬁﬁfﬁ@é.nat IBanMdsh sheshiasleet Bafipsunby datgle thylbhediamine,

yetherim de polynmers can optionally be prepared .
propflenediareimet i tomedfylenedamonat distibilenctianune, aHisaylprRSTaINg,

an._organi c.diamne_in ich the diam ne_j .
e 3Rt o cp S Bl ool mBhSRRlghte
nona@efiffshedARAnAr eliesadyylteifantinan abiQudodecahedipbane, 1,18-

excess. Under such conditions the pol yetherimde resi
octadrggngdéasminghan about 1sneidhesgustidrestianiser gram 43

. / i I abl e gr Bl €ss -
dlm%@ﬁ?@%%%ﬁy@ﬁéd&%éﬁé’ acid t4i ltﬂrggl{y 1&1@ e %?%EISJS a%le’shovvn °
meti¥hdnainettiyiepadisinide, chl or hf-dimethplhetanosthylétedianisel ut i 0A,>-

st SRR o DRI R el 1%

amh%é?%pﬁrg aiine eNfeMoRVRSamBiHy @ edahuRl hepivii(@dantigsirbpoxy)
n I Iy, Useful pofyetherim des have a nelt index of
ethamd) d»liﬂ(3@rrﬂ1;3¢pmomﬂ)kmﬂﬁ@; Arfscysbaheninediagiyy }oiﬁ-(ﬂ)e}mlggcyclohexyl)
neasur e ri can Society f JTesti . '
Ty B e e
diamBét8lene, N nRx P RIBAIRAEheS NPaiyIREaminte Paleyiglles-tiviige-1,3-

resin has a wei ght average nol ecul ar wei ght (

pherafiengtdiai0ing0 05-testhibdhi-diEdy]-d dopknalene-gwming | @eMév;inI e¥3-
am By ERTaRe SFandnat LAl ol paR R LAR L, QbR
amifiopPeSd) | ifethane BiS(2ididrbasimingi 3 cHeictlylgjreast) emethann bis(4-
R e
butylphenyl) ether, bis(p-b-methyl-o-aminophenyl) benzene, bis(p-b-methyl-o-
aminopentyl) benzene, 1, 3-diamino-4-isopropylbenzene, bis(4-aminophenyl) sulfide,
bis (4-aminophenyl) sulfone, bis(4-aminophenyl) ether and 1,3-bis(3-aminopropyl)
tetramethyldisiloxane. Mixtures of these compounds may also be present. The
preferred diamino compounds are aromatic diamines, especially m- and p-

phenylenediamine and mixtures thereof.

In an 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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26l n yet anot her enbodi nent, polyam des nmay be used as

the organic polyners in the conposition. Polyam des
wae@sgenss al |y derived fromthe pol yneri zati onP@f/US2004/026136

organi c lactans having from4 to 12 carbon atons.

Preferred | actans are represented by the fornmul a

(XXVI1) (CH ) £LXXVIOHy sherein n is about 3 to about

A hi ghl'y -poekg¢ / @ ics—epsi | on- caprol act am
having n equal=tho gy, ReFyani des may al Yla)

synt hesi zed from am no aci ds having fr@ng to 12
carbon atons. Preferred am no acids are represented by

In gel&rafl OffRUk&clidnVIdah ) bd MikddHolt mpPbliXOAB1Vdnks vehueln edsn o-

~ nis about 3 to about . A highly preferred anmino acid
dichlosotepeérieo marviasotimpieot.c omdhed like+ ko eflggfual ropesian between the

Pol yam_.des 0 ' ' '
SR L RS 50 4 SRR Pt s o
abodNdoad P ABG It sP@M Mesndipxiynthd ?@?&tﬁeﬁrﬁidﬁ 2aa deb@apared by

atons. Suitable and preferred aliphatic dicarboxylic
meltapplysiesizatiathof sammatie Heher gabydridsey Oib@\‘i]é‘u}aoﬁxpllr}é) and

. synt i s _of esters. Pr r ' ic_.diani
s e T L ST R
temp¥IRGRE Nwithi ookt RirtiagabGaherdRy, felti ghlyynepizatiensr edploy

al i phatic diam ne is hexanet hyl enedianmine It is_.
temperasfiess rd dboita? 00° Retorpbpal 4G0SET Clsin s10EPers @A (s3arhing agents

agid to the di.am , e [ 114
may s o% SRGESED I peRara 1) e op e Anfdeynidy cHdphts
are EBbloPed)® GhERIdRIHe 3R a®pyReneditid mingtinde, ® udd in combination

_preferably greater th . t 0.96.
wittlds: PbtbiatmOdEn o TGl ee B PaaTR BF omsCuily be

th 0 . r . . .
sk SR A L B e
whi€ly {h@LtlizﬁninByi presént6n tieyleantiod mBixtury homo Gord than rapbeir0.4 molar

or the lik [ ' i si
eXCR$P, atqq]eprp%,‘lrgabﬁ% q[}?rag}b%)rggg IO.%nnSiOI%P g}?c!elss?’.l r[B%d?:lrt sdcgac%tndf?ilggs the

polyetherimide resin has less than about 15 microequivalents per gram (neq/g) acid
titratable groups, and preferably less than about 10 peq/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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Synt hesi s of polyam deesters may al so be acconpli shed
fromaliphatic | actones having from4 to 12 carbon
wartese4@etl al i phatic |actanms having from 4 to BRI/Us2000026136
atons. The aliphatic |lactones are the sane as those
descri bed above for polyester synthesis, and the
In yétlanbihet b@bbdsicatHoBamiddiensabe ussi dshihs erghescpdljpedrs in the
above for the synthesis of polyamdes. The ratio of .
compgsitpat Pelyiatdep e eencklllypteatved Toge P oheperztion if REpipic
dependi n ' 0 e d he
A PleaforR 2oy, AASeT e TRERITL PRl ) R esBed by
formhacCOOEIIpNd the |actam A presently preferred initial
nolar ratio of aliphatic lactamto aliphatic |actone
is about 0.5 to abhout 4. Wthin this range a nol ar
rati o of gr thah, or equal to about 1 is
desirable. Alsoydesirable is a nolar ratio of |ess
than or equal tlo abouft2h The conposition may further
conprise a cg;ﬁﬂxfiﬁpf an initiator. Generally, any
known catal yst or—Tmitiator suitabl gxboyiry he
correspondi ng thernmal polymerization may be used.
Alternatively, the polynerization may be conducted
whewitt hdboat & &t @lopsi1.0A highly preferred Ipegfpmdx epfpe-capiplaciian
h .Séntheaissof pol yam des from ali phatic di carboxylic
aviRE N §EUYAY 2al i phati ¢ di amines, no catalyst is required.
For the synthesis of polyam des fromlactans, suitable
Polyaati@lsyighy alsd Peugathesital framdarhine avitsgevary fiomakiad$2 carbon
corresponding to the ring-o ened:égﬁgrzg%§ﬁai | act am
atomyps difeferred RBIO A ¢HEs EPrasPHey P Hie a 8t s
i nclude netallic alum num al kyl ates (MAL( OR) 3H;
wherein Mis an alkali petal or alkaline earth netal,

and R is alkyl), sodiung1x

di hydr obi s(2-ne et hoxy) al,ummate, |ithium

dihydrobis(ﬁgg?b§3¥0xy) un?hgte, al @Rt \idkbh al kyl at es

(Al (OR*R, wherein Ris alkyl), N-sodiumcaprol actam

magnesi.um chl or i or, ,ur.gm f oo o
Wheéeﬁlginll%ﬁbo 5311%?%%?2% %g&%@ﬁ%&ﬁ%&l %@%P acidigy s)s,ﬂogi al koxy
amifbdaptdidineidwaihindeuaSeis abl e initiators include

I sopht hal oybi scaprol actam N-acetal caprol actam

I socyanat e, epsi |l on-capr gl act am adduct s, .al cohaql s. X
Polygrfes maralse %epobﬂaquﬁvi %Pm(ﬁl’cmwé‘f“‘( &l@f@-"@ﬂﬁc wﬁé&\é‘ivﬁégg?j@ 4

f3 | bEPehd QNRYA: VUHBEAMEGING RGIndS  toar c&®dh Litbms.
to %@fﬁ%@#gg. gg%or gﬁ% synthesis.ofgpolyanideesters from
Suithblet axdesre fondd | ddiphativs dicatbpx disl ecidnnarg| hgtseme as those described
above for the synthesis of polyesters. Preferred aliphatic diamines are represented by

the formula (XXIX)

H,N—(CH,),—NH, (XXIX)

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

preferably greater than or equal to about 0.96. Also desirable within this range is an
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i nclude nmetal hydride conpounds, such as a lithium
al um num hydri de catal ysts having the fornmula Li Al (H)
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prefera 1, 9-nonane and/or 2-ne oct ane.
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n amd rou - C(O)NH-) i.ch s e ngden I,
R T s Rl S A e L
ratiP&f ¥ &S ot SqublPibahi 3 nade by reacting one or nore

di am nes conprising a nine carbon alkyl noiety with

terephthalic acid ( ,4-dicarboxy benzene). Wen
Theepgsnespiting woy dUFthancORRIIY arpirlyst Re 3P aitBLess Ogerally, any

di_am 1. af f ec f ' i o
ol AE8 o S P BN DS o Gy
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.. equinpolar althaou excesses . of t he.. J be.
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aci(ﬁdagﬂ taliﬁﬁhtfchﬁarﬁﬁ@é} thb Qﬁtagﬁf‘isfr_éﬂlﬁlké&r i ncl ude nmonoami nes

and nonhocar boxylic acids which function as chain

st oppers and
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;-C; alkyl), sodium
dihydrobis(2-methoxyethoxy)aluminate, lithium dihydrobis(tert-butoxy)aluminate,
aluminum alkylates (AI(OR);R; wherein R is Ci-C)2 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 isR

is C;-C12 alkylene), omega-aminocaproic acids, and sodium methoxide.
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determne, at least in part, the end group
functionality. In sone enbodinents it is 29preferable
W o00havs6m anmi ne end group content of greater PEEDSING/026136
equal to about 30 neq/g, and nore preferably greater
than or equal to about 40 neq/g. The second pol yan de
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colnt ai _n:jng ot her polyam des in place of the first
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polyiéai‘llgllegda)é etmsﬁ)g opblygrlkdngl .b apacatic) ediogopelyamer,W vhber medifigd
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~ Instances, react with components of other phases or be
firstfpohyeiidnednprésds tapeatgomituharing forerlpies€s,  t her eby
i mproving the conpatibility. The organic polymer is
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99. 999 wei ght_fer geny onposition. Wthin
this range, it{js gepeniall si flabl e use the organic

pol ymer or the\pol yrrer& bl end i @ an anoun reater
t han or equal t(XS)(fX)g

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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to about 10 wt% preferably greater or equal to about
30 % and nore preferably 30greater than or equal to
W@bwan44865 wt % of the total weight of the conpoBCT/USI004/026136
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greater than Qr ggual t.0. about
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ref r abl rea
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with o}[he asesI suchhaes pfo (ary ene e(%ll?e?; ﬂq lﬁﬁulag}gi’sfcg@&n%sﬂm?%ﬁereby

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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aggregates are comonly terned "ropes” and are forned
as a result of Van der Waal's forces between the
w0 pabseigeml SWNTs. The individual nanotubes i nP@T1ES2004/026136
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sent conducti ng nanotubes are those, which are
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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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of greater than or equal to about 1 wt% preferably
greater than or equal to about 20 wt% nore preferably

w@e@anerses han or equal to about 30 wt % even nRCEUS2004/026136
preferably greater than or equal to about 50 wt % and
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i mpurities present in s as defined herein are
0.5 tamapsecalnfdifie)-t i es, which are produced during processes
substantially related to the production of SWNTs. As
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inmpurity that is formed deli beratel\xy i s a dangli %

composition comprise as large a fraction of metallic SWNTs. It is generally esirable
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
wit%, more preferably greater than or equal to about 30 wt%, even more preferably
greater than or equal to about 50 wt%, and most preferably greater than or equal to
about 99.9 wt% of the total weight of the SWNTs. In certain 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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bond fornmed on the surface of the SWNT by the
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Production related impurities include for example, carbonaceous reaction by-products
~ such as defective SWNTs, 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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than or equal to about 7, and nore preferably greater
than or equal to about 8 wt% of the total weight of
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vapor grown carbon fibers, carbon black, conductive

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 MWNTs, but it
may desirable to use MWNTs having only one hemispherical cap or MWNTSs, which
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VGCF 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
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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)

[C, HLT—R"-R];, (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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The functional SWNTs and other carbon nanotubes of structure (XXXIV) may also be

functionalized to produce compositions having the formula (XXXVI)
[C, HOFR-An (XXXVI)
where n, 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)

[Ch HHTX-Ry | (XXXVII)

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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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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diboride) may also serve as conductive filler particles. Sohd non-metalhc 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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metallic con uctlve iller parficles in an amount of greater than or equal to about 1
wt%, preferably greater than or equal to about 1.5 wt% and more preferably greater
than or equal to about 2 wit% 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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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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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 SWNTSs during the

reaction. In order to do so, it may be desirable to introduce the SWNTSs into the
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Thet c%map%gilt)i%n %a@ a o%‘)’eone(ﬁ B€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
SWNTs 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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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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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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the electrically conductive compositions described herein.
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mmﬂhdﬁn ﬁhmnSOSmnnute& Kmamuﬂsrahmnqmnhmbn used0 angms of

iR B RS OIS RS B % L4 cmot o

BMIdBY Qﬁb]abﬁ BIPAC &r p@ﬁ)a(w%f@ adRQ Q)nﬁls érsmn and SWNT the reaction
bi s( met hy Isallcy car bonat e 0. 3467 gns of

mlxtbﬁemag@m SAH(CB#E oy ?rﬁ)llmrm’tGSBl\B@ S/onmtedoﬁasmwas trang@yed mto
a gla\é\gs{egct%g %gch %a hfs? eESiV%Pﬁ‘élg)y MSOREH gétﬁe ﬁf:ﬁgtogm | gzgtpgaﬁ( Ly

gdi n sonica

1 mdl‘ﬁ&thé@.ﬁ&fy&fdcﬁlﬂ)rlb Atid sel@oaFsr 2EREHO Foll oMYy MBSotd figding
passi vated by soaking the reactor in a bath containin

with fejopizgh Vetfiie Js SRYYEROEH Biqddovaktating drauglpwiescier 194 00°C in
presdgd! B?ﬂEQ/Lng ?%/mﬁt dexgglre Agél oﬁgat‘é”a%u 61‘03% é%g solution
glass

wat er ent wa eati ng
was theaattordutel ib@Othe rbattqanfsﬁ”%rmeyrmfgef Mhadan@uni st cagdyst adnsists

or 4.3 0T RN ARGt Bchels 6 BFAG-CHBE IF ey bEEgr gty

h d&h abyBPAGBRSh&ios A9f 4. 5x 10 6 nol es of
PHos mnﬁggr rrtg eergl%l tF)>A§ang {SZSEI&)(I Oﬁsrml es of TBPA

(tetrabutyl phosphonium acetate) per nole of BPA
The e‘m%ph@“ﬁdns@e theTisactart WS phesy evacnated eisinigen wwonmommsand

purgé&@ﬂh%‘{t?ocglé %ﬂlst@cl{ég}vas rglg‘ealtje%@ ngq% Cﬁ?r. v% gl?ﬁ@ pte - Eﬁhe

ogen e was' fepea
reactbh eve@® Nheapdds t@fmélhehé aasi@herwatigule abRhnétayl E@ic&l)&eﬁhﬁonate

(BM§8) an blsrghé(lgolilr Y (glb’lzéx%)( nev{]}i;g{ll ‘?h%l tleg%}/)lega%irg bo%nt%é ?nlxtule 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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(BMSC) and bi sphenol A (BPA)). Wien the tenperature of
the m xture reached about 180 C, the stirrer in the
Wo eashonsas turned on and adjusted to about 6BCT/US2004/026136
revol utions per minute (rpnm to ensure that the entire
solid mass fully nelted, a process that usually took
insid@RRYfeadtor Was BRAKt #PatHoRIpHEIS pré¥ete, antl Nge FeRa0F WaB vented to
~hmixture was heated to about 220 C, while the pressure
relievnshylextdse presaeeor Pidsctagplator dvas| asapyppkished foyubrealgog the
m.lib si.n vacuum sour ge. .. Af L er A
R e S R
was BRAGHIQNaHd@NPRE B IURE pY¥Bel das el Ourtibat the2Bactér wbe.l e
Leadjustlng the pressure to around 20 mllibar. After
ei ng mai ntained at, this condition for about m nputes, .
To mpesuice e Melerular opveighe the Jetylibne @p%gﬁ)@n%g@ap%@v% m
g i nging. the .
met 0l R b RS B Pt ek e
moldchbs evetgin dif theopdyher wab detern@nedbp igeluperBeatianuthegmatopraphy
.. pressure 47inside the actor was brought to.
withgsReEih B DEDBES TS R BE R BAEHEs, M Eany Qg s 55756
g/méiE] WBHE ROMyRIEL SFeREES ISHEG arPOGHE wak B, 98RI Mndd@Snd the
acconpli shed by breaking the glass nipple at the
polydspersiy ofdex as E8dct or and collecting the material. The
gl ass reactor was dismantled and the rest of the
0 r was taken our fromthe reactor tube. To
Exmﬁgggﬁfe the nol ecul ar weight, the resulting
pol ycar bonate was di ssolved in nethylene chloride
Thisf @lalgml\e r:ilabymd&tdkele ¢d dispatse GWNTs il @ 6D Yy d ,4-cyorohexane-
~ nmethanol. The nol ecuyl ar i ght of the pol yner S
dlmﬁé%r@#ﬁ%@éflwxa&dlcﬁ%%ﬁ%d??lléfﬂ?roﬁ‘&F By iy 2 9erbateh of
SWRES REFECHY PR e, SteRd3hhesiZhenyRled HolRYEdRERion i
nn?ecu ar me?g%t sm§%756 g?ﬁofg, mﬁ*ﬁ% ?%génunbermnln
presancer cfgEW Nl ebulized fveh dParbaml ax8edBglogieadheorparated hed slurry

or SRRV b Rt B TR S T SRRy

cycloRAa¥é | didarbyelinbexangri it han?! moles) (DMCD), 1,4-cyclohexane
|, 4- cycl ohexanedi car boxyl at e) ner and to create a

I
dimeths1d1bRDB o {0 EKPes) (DM, arth b e peih it Ovial) under

. synt.hesi-zed, b ﬁa ' | e

o BYRRIES TS NBY L RO AGROEE S Ol e oo
was| RRAARAET R @k nAlts pulyeyndehsdBdhTaltor 24uipppd Iwith %jderasn, a

?repared by .mi xing the SWNTs with ,4-%{ne&pyl .

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.
Initjally, 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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cycl ohexane di carboxylate (14.01 gm 0.07 nol es)
(DMCD), , 4-cycl ohexane di net hanol (10.09 gm 0.07
woRi0e®)486CHDNV) and , 2- di chl or oet hane (50 nL) uPdEUSIWOYGHR6136
stirring. The slurry was transferred to the gl ass
reactor tube. The reactor tube was nounted to the nelt
temRPAURATARNSRE vRR if @&REST PANMRRHstMdd oS | A8uAlfier Mtrogen.
nmechani cal stirrer driven by an overhead stirring
The msdysondengatiors ivde eondietid fpyaresiioipg ctbe kpresshves &1 the eeastor gn

oS PR AL PR o Sl AR v

Finafly} GO@8N viQheMBVE S t1ae0.1 2nbhe MAar galikane aRdraewel eddt@e
roomtenperature. The contents in the reactor were
polygeaigatiaredvaindegptinged fort ROnintingigen t Wiee eomplstiony of the
q - o, T o) .
pobyGRFEE e COERS nlasT R Eor PR RRRE T AP S Phbagere
by pubhging evithemtrsgaf andtheraahéroddntipositel fneis werhevddemsadhé eeactor
200_C with constant Stiiﬁj ng_%loo rpm . Through the |
tubes BN RADE pust SERIVediin fishlopgpeipatst fon raelPamdr( mgjeht
detetRRRGAROULAE H@Inddedy; St i
eefnte#chanéégﬁeac?ion S?%%@@%gg&ﬁk?h ¥ﬁ£§op§§?ﬁﬁ%§§gh“ms
detephing@ tith ahexlol Attiachlowmshace (4 ecluett tahip a3 &h2s5°€l) deludipmand

in the a [ .cylinder (recejver). The . :
was Gpiia i B SibifbuRE (0RE iR ety Jeote Wigpsity
averfid mbRAuhOHeikhNORB0,00008mod. t rogen. The

pol ycondensati on was conducted by reducing the

pressure in the reactor in stepwi se from 900 mMm to
The 7pgsterhaiohes3pigparedon Exampdes laped Lowern thencmely Wleggded with

' , f ul ..0. 5 10 [ L]

polsfishin isg dsale MEGHHEY Blixthe2aiCnbidhnd BAEHIET, ARLE ne
loadfnyl or3fbe IBIWINT e ST’ heﬁs;t]ﬁaﬁds ﬁonmﬂhehah@iﬂingfmﬁdrl:@le were fractured under
. polynerization, the pressure .inside the yeactor was,
hqu‘lS‘r‘H{F@ETn e Henoonet PedespW%@smﬁl%ter&u F@Iﬂ\l@uw giliver paint to
makB itd QUIBRANY b BSuRAHIEThE OBRARLY Ry YATed £EDVRE h'tREMrable

the reactor "tube. The polyner was dissolved In
1 belbivehl or onet hane for nol ecul ar wei ght deterni nations

using the intrinsic viscosity nethod. The sol ution

viscosity was determ ned in phenol/tetrachl oroet hane

(a volune ratio of 2:3 at 25C) solution and was found

to be 0.58 deciliter/gram (dL/g), which corresponds to

the viscosity average nol ecul ar wei ght of 50, 000

g/ nol e. The masterbatches prepared in Exanples 1 and 2

were then nelt bl ended with
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polymers in a small scale |aboratory mxing and

nmol di ng machi ne to decrease the | oading or the SWNT.
wab@sst4sehds fromthe nol di ng machi ne were fraPCT/U8I04/026136

under liquid nitrogen and the exposed ends were

painted with conductive silver paint to neke the
Taldemductivity nmeasurenments. The conductivity val ues are

shown—in the Table 1 below 49Table 1 Sanple # Final

Conesnle fon Resi st i Bimycqmmwmm 1 [1. RewstyiSUNDHE-8mS
Wt % S inpci‘é‘% % SWNT in PCCD 47.5 6
In P L, 100 &

0.5 w% SWNT i noRGLD; §WT%§CV\(% _
0.5 W% SWNT_in PCCD PC_ 10 Q (50/50 |by weight) 9 0.3
|ght) As hi&gy be

Wt % SANT i n Pab@ﬁm%zsfwmem/l’m by we

seen fronTthe— e 4—per-e

manuf gct ur ed fm?%‘ﬁc‘? mfrgggphes gf ExarrpI]égs_LO0

(sanmplse # 1), whiilweS8MAUEs PcBpWer § manuf actyred from
the masterbatches of Fxanple 2 (sa

( | e# 5). Fromthe
Exarrpl6es it canOBeviéh QWN?imB@GDt hat as the |ggel of
[lle SWNTsS I_S I

R VA
IFy

er bat che

o Hanroncorl
Further it can

B R FHEDms:

E ﬂ%y be'

advangageously
pol ynmer. Exanp
mast er bat ch of

0386t% SWNBREPSEDIPE

e 3 This exanple was

@Nﬁlﬂsby Welmi)on 6 duri

SYWNT S T glf1e
used to prepared a
ng t he

ch

o

Y

potymgrization 8

275

e- cap?ol act am ng WtﬁéW%r&P@@Q@’

(30/70 by weight)

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 e~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 e—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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and heated to 90 C. After conpound has nelted, 250
mlligranms (ng) of SWNTs contai ni ng about 10 wt %

w0 pani4sses (commerci al ly avail abl e from Car boPCT/US2004/026136
Nanot echnol ogi es | ncor porated) was added to the
e-caprol actam The m xture was ultrasonicated at the

andsap®eldcemp et poBniaizedad hyan- &@}d[m Bﬂnéﬁo%{&@m @nder
oce at. 80% anpl i tude probe di aneter

’
nitr enl"é"h%i?‘éi\?'ﬁm%f% Sthoyis %éﬁg@s & I\/at er| al s A
I ncorporated). The dispersion of SWNTs in the nolten
Exa® rol actamwas then transferred to a reactor tube
and was kept overnight to allow the SWT ropes to gel
(formng a network). 1.5 gm of am nocaproic acid was
Thig ernsrimgdiewas wndengkeretacprepars @arsowua?puompmmm P@GSD by in-situ

porfieiRG] PR e Pollar | o BB el L i otod -
cychhe;@ﬁ@ fich®odylhid, 94 03 Rals d}qrﬂ c%@hé&ﬂﬁ@ﬁﬁ)ﬁlﬂ%ﬂof RaPhBRA dnd

SWNJ conposite in PCCD by 1n-situ polynerization
melwdtf’ﬁ&ﬁ?tc a%@n‘gea&ers gBvmatof $W Thp@lt@nmgmbept 10 v2% gmpdrities

0
(coﬂ:'nzférmacl:lryy“41 gg%gri} aﬁgﬁ% Eﬂg?lgglgs i%cgr%?t{a@dw% adgdgdto
the bdfakar b@bé(ﬁnxtuﬁﬁwls @I&ram‘c&bzﬁﬁ Bk Bhmg taRurel forWalban hour
usml %url ties (commercially available from Carbon

OHERRAE Bgresen #ciPpormiisyle %48 Watterabs ditmeter 13mm,
SonR€ ak NiaterfNE IHE&JRHJ{ Fed l LERS A GALRd PEW]Q i W€ molten

tenperture f ur USi ng an ultrasonie
monpm@c sgsore ags 39 mm:fartedde d ffaBtoV\iiiesandpwaoRepd i B €t to

cS & Mat al s. I ncorporated, USA). The
anmgl \gﬁ{gﬂn QRS ARST] ({OTNBE b PERYP %3 r MATIINELS eV Rigsthen
polyﬁﬂ'lﬁﬁed forst® ru%fh% th@sadnd 18640 ke 1URT AR 16"@5 kept

overnight to all'ow the SWNT ropes to (formng a
net wor k The nononers were then pol yrrerl zed to PCCD
A poriopTtthe cemmesifs breaaad @baxe was Eb@amlfer gne howotot 2408Cofor

R T T
the RECDI crgnpmnatofcﬁxahl;ﬂl@n B3peatite]¥30TKe Etipdshte wasGhen cooled

osi‘te of npl.e 4 respectively. The conposite was
Slowﬁ% @Oe%ﬁee’@eﬂﬂgwapd e ?Q?éﬁ?ttvéﬁ‘p‘é?saﬁﬂg%sémérﬁé shwén in Table 2.

SimBARAWEL tdhpdsi a2 RRASHLAME AR I%MLCP{ n !

Si [I’%lﬂ larly, f)t he c%rrposflilt e rrat Foé}n-&%? rﬁelﬁe n‘glth
additjongh polpghere endripxesdednitlitbugh in a small scale laboratory mlxmg 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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addi ti onal

pol ymer and pressed through in a small

scal e laboratory m xi ng and nol di ng machine to form

wareoandsemhi ch were then used to nake conduct i RET/YS2004/026136

nmeasurenents as detailed in Exanple 2. These results
are al so shown in Table 4. 51Table 4 Sanple # Fi nal

SWNT in PCCD

f -

Table@nposition Resistivity (kOhmcrn) (S. D.*) 10 0.1 wt%
Exanple 4 11 0.1 wt % SWNT in PCCD of

105@8plefxanpl €

4 (WinahCampesitibing) 1

(13) Exanple 3 13 1 w

P IRaststy YWD m-cm)
% SWNTI (8. My)on 6

Nylon 6 of 33
of 240(14) Exg

"Rl @18 SWINTHn ROTERbS N

o) 14 0.5 .wt % SVWNT

in Nylon 6 14715,63886) (melt m Xing; sanpl e#12 used
as terbatch)y f2:92-\y bbf‘ fon 6 (q (ddBU)
(rrelt rri xi ng u%ﬁgﬁ% %;L sterbatc ?l %

w356 W1 |\|y atre—arneal

t he F% d) *S. ?ﬁém .

pers |n
par ent hesij S,

%U VJQF’@?EPR 5 %5 ‘#ﬁn
i vORYVINE inBalenitheli | he sanpPeeldhat
di>epipde/ twithupeerling) el

ectrical properties

the dBove dat
wer e anneal ed

t han 1#those san
enabl es the SV
matri x and i ng

. £ 9/t % IB8WNBen & ydeme al
Nheltopgigt Sanfgerlnange
R8s &Smh&baich)

ed. AnhEALI(BEL6)
in the pol yner

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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rej oi ni ng/ sharing of the SWNT rope-branches, creating
an extensive |ong range networked norphol ogy, which in
W0 e005/0448eRds t o hi gher conductivity of the conpOBUSHE4/026136
VWil e the invention has been described with reference
to exenplary enbodi nents, it will be understood by
cLARpse skilled in the art that various changes nay be
nmade and equi val ents may be substituted for el enents
thereof w thout departing fromthe scope of the |
i ndent i dnmethad detdhanvdactuningrg candupthiecamiPOsIE oRBYIIREISHR e
to adapt a particular situation or nmaterial to the

teachi.ngs of. the invent| it [ r t

o ST a Blalse" pirairant el G SFRRS bk 3eld AFH Efon
nandtisd cdnfiRsitidviemtd on not be limted to the particular
enbodi nent di scl osed as the best node contenpl ated for
carrying out this invention. 52CLAIMS:, . met hod for
mafQiyRetigneihe ROlYBIRHOCETHE L dMiFdar PieBN P8R T si ng:

bl endi ng a pol ymer precursor with an efficient anmount

Of RS & @rhpdsRIAGRs RARRICHRS] BRARRRSInd RBistidid less than or
pol'Vieri zing the pol ymer precursor to form an organic

equalab ybmrt ;1 0Yhdmeim, tida cotehek]zoil dmp#ch strengtle Brseter Flaa or equal

ul k vol u resistivity less than or equal to about 12
to aﬁ‘?ﬂ’r}%éﬁmo /sQUASMSEd 1 zod i npact strength greater

than or equal to about 5 kil ojoul es/square neter. 2.
The net hod @Ethéd af @1dim Whehedehh theecfBEibntcirenint afosingleokall

single wal | carbon nanotube conposition conpri s‘%ﬁ 1t
cartio HRNYhaNCOMBESIHPT | COTRREBHN NAndPhed Wt/o TRSIGEE heRjdon

nang@b&ny of Clains 1 - 3, wherein the efficient anount

of 'single wall carbon nanotube conposition conprises 1
to about 99 wt % sem conducting carbon nanot ubes. 4.
Thes. met Mgt roéthadpf ahy Of &ilamosl] - 33 whatest dieneffinisnt amount of

. CO ition has an el ectr,ical f i St tV.ol .
v et R T
con@finlcaBoAinARotdbes. 4. Wherein the conposition conprises

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

electrical surface resistivity less than or equal to about 10" ohm/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):
O_.
Q Q' )

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

or secondary lower alkyl, phenyl, haloalkyl, aminoalkyl, hydrocarbonoxy,
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a polymer precursor is selected fromthe group of: a)

a pol ynmer precursor of the structure (I): - - (I)
wob@sei4s63 or each structural unit, each QL i s PCT/US2004/026136

i ndependent |y hydrogen, hal ogen, primary or secondary

| ower al kyl, phenyl, hal oal kyl, am noal kyl,
haloﬂWQ%EQW WererS B8y HF P AHBR R Ms WRBE At tIRE hdl688&T and

t carbon-atons separate the hal ogen and oxygen
oxygenoatems;zand et @ndependrddiydiydegen,yhaiggimogemarher ssgenlary

rijary, or_secopndary.l ower al kyl., en hal oal kyl

tow B o SR P AL U B B Pbo N By e e PO Gt ekl et teast
twotc%oﬁ%E&%e@&ﬁféﬁh@@ﬂ@%e@%@ldb&?gé?ﬁdt&gﬁﬂ and oxygen

atons; b) 2, 6-di nethyl phenol and

2,3,6-trinmethyl phenol; and c) an ethylenically

undat ur & edimehdpiano! g1d 2rhé-tHeeyipksmobMidof O ai s 1

- 5, wherein the conposition conprises an organic

pol ymer j p of: a) a

pol nerf@%ﬁ%@%ﬁgﬁﬁgﬁ%#&%#hgg? onyl conpounds and

di hydroxy conpounds, wherein the di hydroxy conpounds

hawe t hellganethed off amyrmfiClaifris\l) - HOh&rein-tiHc§mpgsitigreeanprises

A has the struttu? of fornul?_(V): (Y) (RO)= (Y )r -
an of23111¢ RRIYREEISFITCed TPBPE SPL an aromatic group, E

represents an al kyl ene, al kylidene group or a

cycdyoal i PhlykerBh@MD préthuct effr e586iyE kyipogeds and adihydroxy

nmonoval ent hydrocarbon group, Y1 is an inorganic_atom
componngs, adereins thejhydrpagemppradn have thaemsm! dgrmua gV)

t hrough the nunber of positions on GL avail able for

substitution; pr esenbs_anp. . nteger from and
i ncludi ng zero th?@ gh ?he ngﬁ£er of positions oA
avai | abl e for substitution; t represents an integer

whé& G2 R 1 sthRASd 00BBnuld (V§ €l ther zero or one; and u

(YI)J R, (Ym

G E G!
| Jt L _s|, Ju

wherein G' represents an aromatic group, E represents an alkylene, alkylidene group

V)

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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represents any integer including zero; b) a polyester

pol ynmer having recurring units of the fornmula (M I1):
WGAR5044868 C (VI11) wherein R3 represents an arRCT/Usiokyd26136

or cycloal kyl radical having greater than or equal to

about 2 carbon atons and which is the residue of a

strai ght chain, branched, q§ cyclo@iphatic al kane

diol; and R4 is,an aryl, aljkyl or a/\cycl o aliphatic

r adi cal . C) a—peo}‘yﬁﬁﬁr—z@h—c(h—p Rodu€tof a diol or diol

chem cal equivalent with a diacid or diacid(¢igm cal

equi valent. d) a poly(l, 4-cycl ohexane-

di methanol -1, 4- cyclohexanedlcarboxylate) havi n

wherein i rremgseum angaripls akkgyh prgyslqaikyg ragl @al-haying %?atsr Pthan or equal
Y. t f bidnched,

to a’lggut df?\ﬁﬁxjtbéﬁ altcgﬁ]s Qx?}c? %Fcth 1? thgﬁesgciuggﬁt ('g}csrt)%? ch%}’ ched, or

cycloanfiatis alkgns tholeint RAlis amary} afifyl oihe c&dloaiulb}mtlc Xadial( R1)

9 (XI'V) wherein each Rl is independently hal ogen or

.. alkyl, mis at oabou 3. each .

R2 9s i rdeP¥nadtop Bodes aﬁeol&fg‘ilﬁ Endingit equivaf o 2

$i8RREmARBOMuivhlend) @ pol ymerization product of a
dladléoian%rl prelgursorlofent he formula (XV): R5-C=CH (X\/)
55wherein R5 is hydrogen, |ower alkmd.or hal oge

i's dinyla pelydgeaydehdxener dEmRpnoly ?YCi@emrtﬁﬁC@rttoefylate)
5. | f st | d
o R SRR EELCE Sh ey POl YIm e

frae OOy,

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

(R )p O
O R*>-C—0 ——I:::j n?}
>§(j G

wherein each R' is independently halogen or Cy.;» 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):
5 —
R—C=CH,
@
(XV)
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wherein a is greater than or equal to about 1; and
wherein Vis a tetravalent |inker conprising (a)
W@ adpsoi4ses ed or unsubstituted, saturated, unsapPCF/aBm®A4/026136
or aromatic nonocyclic and pol ycyclic groups having
about 5 to about 50 carbon atons, (b) substituted or
whereauRS tis hydregkn, lowealkydloriagipehed! isSahyr AhRded br lobwer alkyl;

nsat urat ed al kyl groups having 1 to about 30 carbon
ancﬁ?bﬁ%"mgrto%‘%ﬁnati ons of the foregoing tetraval ent

linkers; Ris a substituted or unsubstituted dival ent
aropntic @%&gﬁ &R Ladi cal having about 6 to about
20 Iggr bo% to}?rs, a gltrrr%i’ght or branched chai n al kyl ene
radi cal having about 2 to about 20 carbon atoms, a
cycioal kypenidaticnag theaganempl arautla 8KV about 20
carbon atons, or a divalent radicals of the general

formula (XI X) (X X)-wherein i ncl udes a dival ent
noi ety selected fr mji-ue roup consisting of -O, -S-,
, or

- ¢O9-, -SO-, -S ts hal ogenated derivatives
an y is about 1 to 0 N—R a polyamde that is
t he pol yneri zati on |pr ddu of |organi c | act ans
represented by the |fobnula ( 11): (CU (XXVII
56wherein n i s about 3 to abodt Hand ani no(&¥illds
represented b y the formula (XXVI11) HNOCH),! C OH

whérgiX\ I greaBetah brRqhd dbMdut 3; bad 3R ;Vléﬁ) a Fetravalent linker
am de that i s the polynerization product of

pol y ) :
coniirispigat(tlc Sepstifttiesh x| Mesubstitigedh asdtmgtedy omsdtutased 2or aromatic
sahben [ tie diamn having.from2 to
mo 1(%510ar ggcg] %gﬁrg?rglﬁ ohgg]gq&v§/n£ﬁ%%uttﬁz? a]%gutt g% ca? on atoms, (b)
subgidthrieder iupaibisomtedy Hokae or Grarehtd,f Siturbel Yamhsuricd 1By groups
havS el nd olelgm de;, wherein the first polyam de
avwmg riP SR8UT AP TR AIOMPE & rraMbiRptioas mfl the (oegpingNetrRvalent
linkel; 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)

@Q C (XIX)

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

C(0O)-, -SO;y-, -SO-, -CyHyy~ or its halogenated derivatives an y 18 about 1 to about 5;

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

H (XXVID)
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KJ (XXX) wherein R 1li s a branched or unbranched al kyl
group havi ng nine carbons; and wherein the second
w@ologamse® conprises repeating units having foPOTIUS2004/026136
(XXXI) and/or formula (XXXIl) -N- R-NHH(XXXI) R-N
L-R -N (XXXI'I') wherein R 2 is a branched or unbranched

al kyl gr@URihavisngholiPrtot ébo‘é?‘l%h&é‘rhﬁféna(ﬁdﬁfﬁi’oﬁj&a%ed&@ the
annarr oommmuat t g| ricr OCOUUphpaaVV| I.Nng SIX car bons or a

br dorohdal 20X Vllhbr anched al kyl group having four to
seven carbons. 5 77. The nethod of any of Clains 1 -
6, wherein the conposition congrises an organic

pol ymer that conprises a polyi e having the general
!!et

formula (XVI) and ]gf@gthe l ent |inker
conprises aronati cie¥dlcdrs of a ( XVI (XX Vany

(XVIl) wherein Wis -0, - S, C(O) , -SM2-, -SO, or

hal ogenat ri |vesthereof wherein y is from1
Whef%ngqsg?’o ggé??e)lﬁfﬁ"gé ‘the formula -0-Z-O wherein the

di val ent bonds of the -O or the -0-Z-0- group are in

the)3, 3'a, pbivhmidd, 3hat a5 tie doldmengionl Qﬁsduoan@f aliphatic
V\,herel n Zis a divalent radical of fornmula (XVII
dicaghapylic atide haeingcliomfd hy2 sarbopaitems gnd alzph%&lémﬁleﬁ thaving
rises an organi c polyner, and wherein
fror?gqp?fcéarh{?@a%%{gp is a polyacetal, a polyacrylic, a
58pol yal kyd, a pol yacr yl ate, a pol ycarbonate, a
pollyst yraep@yaraida:oﬂmei;&t dre p@lypmtiy&tmmmodactp@ﬂ‘ yeﬁratrm@iyaraide

. pol yam a oI | at e, sul f one
withe Yevkbrebionise. "ot Jimakol eRaBglr rts Fepeatle wits
haviR! ¥t eRjx)a pol yi m de, a polyetherimde, a

N—R -N

o)
(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—R2-N R
CRE R
(XXXI)

Al REN | R2-N~>
\ H H (XXXID)

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.
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pol yt etraf | uor oet hyl ene, a pol yet her ket one, a
pol yet her et herketone, a pol yether ketone ketone, a
w@ologloensebxazol e, a pol yoxadi azole, a PCT/US2004/026136
pol ybenzot hi azi nophenot hi azi ne, a pol ybenzot hi azole, a
pol ypyrazi noqui noxal i ne, a polypyronellitimde, a
pobyqui pRXAlliG iaarﬂf@fmﬁl'ﬂ?s‘ M dagRdr€in the &ﬁhﬁ(&&hd?ﬁd&lﬁjrlses
a polyox0|50|ndo?|ne a pol ydi oxoi soi ndol i ne,
an orgahigtpolyazérileat abrp}m%epymomlmwlavng@lb)gsn% élrfazmh]é (X¥1) and

whefg) i ret i FgeyBaReup it s AR Ry hane.

a pol ydi benzof uran, a polyphthallde a polyacetal, a

polyanhydrld a pol yvi nyl
t hi oet her, p nyI
pol yvi nyl hal4

8 pol yvinyl ketone, a
ile, a polyvinyl
ester, a polysulfonate a polysulfide, a
polythloester, sul fone, a-polysul fonanm de, a
pol yurea, a pol sharene, éégiégl or a
conbi nati on coft i at_ | e¥St

reg
t her nopl astic polynmers. 9. The net hod of any of @*gﬂhs
1 - 8, further conprising carbon nanotubes, wherein

wheldd® Walsban, nanotalss, age,-MukbivwatH, ngabb@alo@amwbleﬁvaﬁves
vapor gromn carbon fibers, or a co nati on conpri Si

ng
therextf, Wharsin prie femt héo ﬁopé@ogrﬁgp tof phe formuda rgohrO- wherein the

tu 10. The o) 0 ‘
PR o THGTEDIEY, ool FAI> 4 4 0or the 4
positiBhk heNivhekR € rik @alﬁva(l‘fﬁ’iﬂ ediddl of formola @OVIIL): 4

Si enens/ centinmeter. . The method of any of Cains 1 -
10, wherein the single wall carbon nanotube
Sitio npris ¢hgle wal | carbon nanot ubes
ted f he gr of : a) single wall carbon

nanot ubes in the form'of ropes prior to processing and
said single wall carbon nanotubes are in the formof a
singl ol | carbggggjp_é etwork in three
e S after es b) netallic carbon
nanot ubes, sem -conducting carbon nanotubes, or a

HLC conblnatlon conprésing at I st _one of the fore90|ng

*single 4 car bé\ nanot *59c) arncthair nanot ubes,
t ubes

tion corrprl Si ng at

(XVIID).

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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| east one of the foregoi ng nanotubes; d) single wall

carbon nanotubes derivatized with functional groups;
we@oosiomgb® wal | carbon nanot ubes derivati zed W€TIUS2004/026136

functional groups either on a side-wall or on a

hem spherical end; f ) single wall carbon nanotubes
polﬁﬂeydng gegralaﬁnaté @s&z@ﬁbor%@% ysaahed at eyt @fsomzamae a

east ‘oné hem spherical end attache ereto; and

poly@)armdcwblmandmmldﬁo ol ysirylgteas pbleralgiﬂsua)ﬁ@eem pqlméhersulfone a

tub 12.. The
polypﬁ_%ri glleﬁqgns@? o’t ﬁ%eﬁﬂ"&ﬁa}fﬂ@eu S agglo% Shed ‘%Weogﬂfg orfe

poly¥trdfiiRrdcthyion, ng Spol Pth&RE0A&! anpblyaheﬂ RttRriGEdne} i 0Molyether
conprlsmgasolvent ‘% inanelt form dgusmg of

ketoghear keipne, extensi MY enggxazele, conpr essiPPEyoRadia®le,

om C eI £

poly";éﬁnzo 1azmog %)EIQX%m dnsﬁg r%p&?z%@ﬁ%ﬂé)‘f%edqﬁ[)%?lra%%gﬁ%f?&xaﬁme

pol}fp@'f‘(ﬁﬁﬂﬂlﬁﬁllﬂ@r & esolpuin@tng| eSpaylbienlzﬁnldaitdeLChepblym(mdole
processi ng equi pnment wherejn the a}f or epent i on 8r ces

polypxgiseisioliag By Palydioygiseingdeliagy, 2 nbt VI BERes & PY“ azine,

pol}%?%eqﬁﬂﬁ %&%H&aﬁ/rlﬁﬁﬁsaﬁ' }?@HSHEG&QHQH? bolyidldld1% $ElyBYazole,

g co-ro g or ‘count’er rotatln
poly&@fhﬂnﬁm r@cp(ﬂymhtcycﬂgnelmney\& psbfdé:wszwﬁltdm o7} rpglyphthahde

b th h
polagrahes ppleh By ey o PSS REE: o Rl Sy BB AP B!
alco@lgmrﬂoﬁyﬂﬁqugetér%a%ﬁao%ﬁly@Bal‘id&e afp@Ierﬂﬁll ﬁiﬁr11e1§ polkeyl ester, a

wherein the
polysoHpoates aopplywlﬁ@ﬁ teh @DIYltihleqrﬁd@d avpaliiswfoart pardysubfpaaride. 2

polﬁlrrla%ﬁi H:o'lgg] érr[l]e a%‘é 3%5 o 30g, 0 bﬁ%gﬂ%ﬁlﬁﬂt%ﬁﬁkl@lnﬁaﬁeast one

oftE@f&?@éhﬁgﬂ{énhs%laﬁmpcﬁymsﬂsal i ne or anorphous and has a
nol ecul ar wei ght of about | OOg/ nol eto about 1, 000, 000
g/ nmole. 15. The net hod of a{]y of C

[ 1 - 14, ..
whetei n The THBRRIAfIB AlhEIMBApbsi £ GRS EaRiRiEgorbon
nangﬁlb@s,kgﬁltﬂleﬁl ahich 8ok henBRIETEEL ZAlHRAI SN dbedi@sds) Papor

grown carbon fibers, or a combination comprising at least one of the foregoing types

)

o

o

)

)

o

of carbon nanotubes.

10. The method of any of Claims 1 - 10, 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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device having a single screw, multiple screws,

i ntermeshing co-rotating or counter rotating screws,
woensiontses meshi ng co-rotati ng or counter rotatPeIUS2004/026136
screws, reciprocating screws, screws with pins, screws

with screens, barrels with pins, rolls, ranms, helical

rotgys, Ql%ﬁcfhlaﬁ'%an%b@s %%I@%ﬁ@ﬁdt%s C&@édn&blﬁzﬁloﬁtcohﬁﬁﬁlng at
one ‘of the foregoing. conducti ve conposition

leastenafohthedoregoing nanetubres;hod of any of dains 1 - 15,
wherein said conposition is used as a masterbatch. 17.

th egj;re It ﬁlggxg carlI) nrglﬁn%?ub%g ?H?\ﬁah%é@gf?m%{lgﬁél lé{'cﬁl%sb y

e) single wall carbon nanotubes derivatized with functional groups either

on a side-wall or on a hemispherical end;

f) single wall carbon nanotubes having no hemispherical ends attached

thereto or have at least one hemispherical end attached thereto; and
g) a combination comprising at least one of the foregoing nanotubes.

12.  The method of any of Claims 1 - 11, wherein the blending is

accomplished through one of the followings:

a) sonicating;

b) in a solution comprising a solvent;

c) in a melt form;

d) using of shear force, extensional force, compressive force, ultrasonic

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

any of Claims 1 - 16.
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