ANTI BODI ES AGAI NST HUWVAN | L-22 AND USES THEREFOR CROSS
REFERENCE TO RELATED APPLI CATI ONS TECHNI CAL FI ELD

WO ®OAY0FE s i nvention relates to anti bodi es, ePQI/PS2007/004475
human anti bodi es, and anti gen-bi nding fragnents
thereof that bind interleukin-22 (1L-22), in
particular, human IL-22, and their use in regulating
| L-22-associ ated activities. The anti bodi es discl osed
herein are useful in diagnosing, preventing, and/or
treating |IL-22 associated disorders, e.g., autoinmune
di sorders, including arthritis. BACKGROUND OF THE
I NVENTI ON [ 0002] Antigens initiate inmune responses and
activate the two largest popul ations of |ynphocytes: T

ool i Zrﬂegéﬁ%ﬁﬁ.@ei@#&eéﬁg’%ﬁ EPPImQIRIoN ' °

while B cells prolll\{ g ﬁ\%_gkﬁ(j@atelnto
I's. Thes

anti body- secretlng P asna ce e effector cells
secrete and/ or respond to cytokines, which are small
proteins (< about 30 kDa) secreted by |ynphocytes and

ot her cel fRORESEFE BB T RHTEAKED A RPILIC22)IONS a

class Il cytokine that shows sequence honDIogy to

| L-10. Its expreSS|on at ed 1 .G

This spicatian Apipn Rueneit of o b HroPsBgal S Gpmigpon No.
60/775, W@il@%n B (208 200X AN 9 incbpotdiet h&bmduyasfdname in its entirety.

shown that expression of I1L-22 nRNA is induced in vivo

in response to LPS ad”1diékfﬁ&jéﬁq and that IL-22
nodul at es paraneters indicatlve oF)an acut e phase

response (Dunoutier L. et al. (2000); Pittnman D. et distributed
Nhnoc(om@temn semandtionsin m"ftlgh ecqnmlzl}ms phpsg ha dispyrsed or distribute

in it at least tcmc: fe SAM1R0ES %DB fudi Q\E quc‘?és s b ahQOWRdre the additional

des assocrated wt h efense i ncl udi ng
constitueniefsemsion mcie JOAGhsi@L.0AB as bmethssm@k or fiplkncsy, I%Fhe nanometer or

molecu{aﬁﬁﬁﬁ B?IYge %ﬂ%&%ggo %ﬁ%@?&éﬁﬁg&%ﬁl&a gfséct%tl g@h}echa;lical properties of the
compos‘iﬂEdt is uﬁ@&(tént@c) di&ﬁé’ﬂse thege 4ig@)al cqwmmsdgguﬁb«put thq]g%lgmer in order

ser- V
to promlo}ﬁg 1118 er aﬁes( %04 en%é&eéﬁ%gfﬂp;tgé%t\ge&ytﬁﬁ Ié%cg%&l 'c@nstlrt]uents and
polymeFaIﬂtbdi adl?tedl comstitha{t33 uﬂmsa)hsp{:@@cmtqrouahomzthﬁ goly@argasgmaterial

may be, ag a8 ‘i)%ztht 0.8 I eceogres cod'g #gﬁko%t yplg aﬁeérE&?f] gffscg?eggtgg})mal

propertfea i khe {doBE@npésiiee M H et al . ( 2000) J Biol Chem
31 335-9: K ay be used as an
%??é‘gﬁ“%%% i‘rﬁ’)anﬁé%’p?z‘thn%g%'?ﬁér E{r m%iec@#ar 31%@ @%@na‘]]s tBhQh yb d

additiohsl @epitizneraie a mmmdlt@ OHustse mmmvbersyn%nb%\mﬁm hﬁ dppgsk with
conducgyg g{%)gn a}ErPéotIngg CZIISgS the %lol ar‘t{&%% bg%rnélef@ﬁile t%é@k%ﬁﬁ% o{'/ nanotubes are

onsi vet In vitro (Kotenko S.
single- @En)ﬁﬂc)arﬁyﬁ mm@e&(wsbb rRaltivelleReybenganapiss. (MY NA), and tungsten

dlsulﬁ(katt 3 1v1 éﬁ’f 2 %e Bpsnlé%/vfﬂlaﬁb&f‘ﬁm%%es exhibit high

as In diate
strengtb,&hbmﬂywcoﬁlmmoum exnd high @tenahl corAoodyitys Nameptubgs andrqres of nanotubes

may bel %eﬁﬂ o ‘(‘qj_}g }is)ns ?flgri 295[%‘8 CS:'tagE rl(')dugﬁ)'\i'/lsaleeedécf Qgroaxaﬂ'xfle as an additive
in elecBic@]ly Gbmincﬂ76 (deynﬂﬂlz Baz3¢tialy. rigs Prein cpatings. chau@ggﬁy@n c}pr Waals

attractlpg gg éent Snazgtl gg fjelnﬁ%’\% ex1LtO Q%kgﬁ?%ﬁ % ?atl\?/werhan tubes.

During Ij.ma.esa.gcto ffren bdzmﬁ@slueewah @thep rotaisie SWNTS alsp tergigo form aggregates

which F%W%m’ﬁ ixa ??Nal_tLl ﬁgelce% 0 % chb%g& t{e\(works or rheological
networkK@i hielcontpovite. ( Eﬂﬂﬂ))m@y,t amkglﬁreva&l @rles nvnsmbp@hambemﬁal potential

for en%{ufé) lgzégl)/ggggﬂgt%ﬁgﬁp %h}{esseée}te&glcal(c%gglgaés ?giﬁg%nal conductivity.

I munol ogy 4(1):63- 8; Kotenko, S.V. et al. (2003)
Nat ure | munol ogy 4(1 ):69-77). In addition to these
nmenbrane receptors, the CRF2 famly al so includes a
sol ubl e protein, IL-22 binding protein (IL-22BP)
which is specific for 1L-22 and bl ocks its activity




(Durmoutier, L. et al. (2001) J /mt/no/
166(12): 7090-5; Kotenko, S.V. et al. (2001) J frmruno
waeeiams7¥096- 103; Xu, W et al (2001) Proc NarCT/B82d7/004475

Sci USA 98(17):951 1-6; Guenberg, B.H et al. (2001 )
Genes & Imunity 2(6):329-34; Wi C-Cet al. (2003)
Cenes & Imunity 4:204-21 1). Wiile the IL-22 receptor
conplex is unique for 1L-22, each chain (i.e., IL-22R
and IL-10R2) is shared with other CRF2 nenbers to
define functional receptors for other cytokines,
including IL-20, 1L-24 (IL-2R/IL-20R2), IL-28, 1L-29
(IPFN-1R1/1L-10R2) and IL-10 (IL-10R1/1L-1 OR2)

However Duwiiixtvirigathe fitl] patentidl of (iRO@ropertics ofrgmgiefwall carbon nanotubes in

45-9 , Chem
pdymerfg’?%’ é} “%ﬂperéfi b {zgf?"lrdlﬁls}fll(;}1 ﬁ%va {Sp%%gg%aealﬁa&??ow J Biol
@bﬁma&?ei (td Plomeatd otd afBiityketvestugiangubes and the po 74 the interface

and proyt E)gﬂmw“gan gs?%rzfs %ﬁfﬁ%yéﬂ%‘%ﬁ%éﬁ@%&lﬁl ?’h ﬁ]eﬂh?luﬁe #2282 of

dispersiaRagertoopmsdidying clmmmfacacleemnswsémeylaﬁmubsﬂ gPagpersing agents such as

transduction. One ch t
surfactaso i MREURAERTS O pa oo IR AR BERE Fufa bound
polymefﬁa@*e bediNgRIto }’acﬂ&ﬁﬁdﬂaﬁﬂtubt mchr;gnhataq‘nfmm a golfrmer.tThese treatments add
1mpur1t@ﬁ &P%\&‘t‘%f‘?’}ag ategg po tlinﬁ ?&Ii]%celss \(Vglcg mcrgefse g%tka&f tﬁ@ ﬁ%}'nocomposne

or accessory
Other afp@abhediiid] g dléyférslﬂg the rfanbtublaelrx}ysoé‘mnn endymiriag this dispersion with a

polymeg& }sl_ali%?déﬁq}_/vefzﬁa sgl %@ Oﬁ'?e) %)(1)1 420 %e Jc%t%:}t)o fﬁﬁé%l@c@zmg removal

nl t y recep
of the s81RHNI Thewddhidnk} difi2sa ,udihséﬁgj entl Isqlvbmtrrdmpgaltsgep[s h@ enhance the affinity

betwee{x 22l LS Zggggﬁ%e pgfygn}q(rL g'xe_fagr ¢ ad Q O%%)n!alf}{e waste and increase the

cost of@@&%‘lodomﬂ)dkﬁter]Bﬁi‘am Oy, DIANO IRasrszzmz,]gp y9w@2 :Etate that the
lltel'atll&‘p(ép(fle%? :'\c/lla)am E%Iugéli) ggsgnlgé’\%/e c!iggvg 9%9t2e%1§8&f«%’5§§§ Br rPéoducmg hlghly
conducB¢€ filifs BetabiseSWaT b(hﬁﬁ(bsi’&s and ta thtu@&mttir-ﬁ,’d|mgotube content as the
excess %gx?(%lqlgagta;g}eggtre e’gliHPtl Fs&Be Q(‘ijhggsd‘él?ris !aéteclélm %tgedhby this method.
aiafggehﬁqw]amﬂ)s@pac pidgedskive ﬁbﬂ)vaﬁ:bnﬂmdiaa@tuhﬂ dlspersmn with mixing

antigen-binding fr t he
cycles,i 20z ﬁ’f“?rﬁ’n(s%ler@’ %ﬁ%@’fl‘é"ﬁ fp@é{ SIE &F gefﬁ‘é T8 as(zebﬁ)s ?BP 2-725)-
Haggeﬁﬁﬁll&%hﬁéﬂ a éHlﬁltlorf dSiagH\j)BIymetrl‘iheﬁ edlfverit and sippetsed SWINT$ mto it with

one enbodi nent b or fra [
sonicatiiy Mlxtprﬁﬁ wkg}'et cglst EH?(P t&ﬁ tsglé%?]t egg%orf\%HE 31% ag %\?Ig?lix/ethcg SﬁS’ films
were bafKehRfd hespreagd bisiaeld aﬁlﬁmgegpﬂa&ﬁelpl ton20 rmnerse shoveseepagted that the
I L-22- aSSOCJat I.sor ant a
dispersien }nﬂqa?e \ylﬁh Setcﬁxeagidg%g 1§1ngt aﬁk%h%&&le S. Patent
Applicafiénh Eﬁ%ﬁbaﬁ&mme 20960025408 Aixsioseathbyhigllly pase SWNIF gatriohbe separated
ant i bo lver § I
from thirogRe 4 casdy B3 lspusiep BgVig) P ey e Henlrofs Ao P me
extrusidA ipr&Red &8 nof ad dffectiny erbresking up thesafprdgaies off S¥GNEs fargied by highly

- treatin nd/ or, reventln
pure SYYREs- d%gg\ﬂago éfmer g?HxB(i) 1iﬁll'%58$8 §€0v1ékqgclude ]Ig]:vels of iron for
examplé hat Hali vagy frbﬁwr&medtm rdfb.rplefdeﬁt toj gnmen tham Wﬂéu rFmttbmd Elkovxtch et al

arthritis, [ rjatic hr i t.i ... o
(s, FayenseSon e SH0MPROD GBS praaRibN ik impyritis facilitate the
dlsper§6h er ﬂﬁ:@é Bﬁcarsdrsﬁaﬁ'fdmﬂ)eb wdthsn £ Er)étﬂibemmsngsmc iolgmer and that

compo?&?c%x; ;?ﬁm%ga%%/ ?xe ¥§nso%glzﬁs§m¥? gpy mJI t p% ?stﬁ/(i:txetflas‘}aﬁbs with the
amourfl OF BRdrkY hrﬁpaﬁﬂﬂ d%:i f8AR(te u&‘coﬁ‘tpbéﬁabh bf ﬁélynmfam h:amtldaes during mixing.

Etko St ARG, RaFaRBLhe e e A VAT potme ol
during M{¥iA0ER Ddscresadid itenaindheressedn pttehemmkity cortaining SWNT polymer
psoriasis), cardiovascular system (e.qg.,
at heroscl erosis), nervous system (e.g., Al zheiner's
di sease), liver (e.g., hepatitis), kidney (e.qg.,
nephritis) and pancreas (e.g., pancreatitis);
cardlovascular dlsorders e.g., cholesterol netabollc



enbodi nent, the |L-22-associated disorder is, an
arthritic disorder, e.g., a disorder chosen from one
w@eoonnes7df rheumatoid arthritis, juvenil e rheRe®EUS1007/004475

arthritis, osteoarthritis, psoriatic arthritis, or

ankyl osi ng spondylitis; a respiratory disorder (e.g

asthma, chronic obstructive pul nonary di sease ( COPD)

or an inflammatory condition of, e.g., the skin (e.g.,

psori asis), cardiovascul ar system

(e.g.,atheroscl erosis), nervous system (e.g.,

Al zhei mer' s di sease), liver-Ye.g., hepatitis), kidney

(e.g., nephritis), pancreas ancreatitis q?d . .
samplesgiasing mirings Smedley.dd FaRat. No. gé 93%%334 ﬁﬁ‘éoseé:?élllﬁﬁh for the purification

of as pr?dci%l\s; g% %ggl%r%?alf %l%orl DRQR 6 fe%cﬂ/g ﬁx\‘ fo hducHoPPeatd® ReFritidshe

ures an |so ted a body that binds to
D 23, (Maorqrasledules 2004, hﬂmﬂﬁ%@) Q@scnbﬁﬂ@mp&r%on of SWNTs ina

o A séived in a solven
polymer, fgbgg.ﬁégegg%’ruk{tﬁg ?n% e coa ul%g ﬂ&:ﬂ%ﬂ%o’i‘ﬁ%eﬁ@ﬁ% atv di lvent

aracterlstlcs | S
(Du et. 4 Jopowal. @lﬁJ PmBsPcsigimPhpmwmm o). Hnpp B33 % )pmﬁqunanotubes
hunma 3 A
are add tplaosg P%’c’ate{i% 55, ho%rs\?g d{sgﬁréér g{egsagggﬁ @hﬁ%olvent

polymef @ag dl,ssdlf'ahﬂgbﬁt’lSWNfD uosl&elstymixe.u'): or @ ition ormuﬁmastog [Thipsuspension
was dn?qeddpﬁ(r}asr?({xslggq n%l of eﬁggrt ﬁln rgc ?%txng%%@ﬁn&%%%nyegﬂaﬂp@h the

AN ass0C nstant o
SWNT{ @fisgreddhiedlthén Frong B)lndllingﬁgad's The precipiRatainial fidigred and dried in

vacuurr;gl 8%1 ?tgéqoljé a%ge aﬁ)? ﬂ-lagﬁan g‘e sengé‘%E té‘@n%g)u%cgnon(t?éthb& used to treat the

aSSOC|at|0n const ant
nanotubeg agdl ciAfs Mastk;solvaht. i Fitlekanofthe precipita® were lsubgequently melt spun.

aSSOCIa ant of at b the hot
PAER S SSPEVeg ‘\‘ﬂg ha 5& %S%%{%gt%?m %ﬁ gons‘%gﬂﬂ% nd grospae e e
pitch soitidre&Rl sofiibatk}l thd mbitngts Vecuuim idtillatidn wasdissd m:remquﬁolvent and

s SL AL LT b S kg st g

subseqﬁ&tlblcﬁﬂ@résﬁoh Imol@edbrt dxtanded &5 fodinat thmadc Ghs tempregfiogenolded article

or threaglzxpé)%tplergcsnflgeté\&l%ga%ﬁﬁcp tg hsqthgLangéﬁ ﬁlgseiqtleﬁtéhga(%b&%lﬁed at 1100 C.

Petrole@ gifeR GO4 rekfiug Mdaﬁ hke&&ﬁ:atrﬁéxﬁ)andi tistillatdesofl fetrdRumefiacitons. It is a
proliferation of 2 rec %?(M‘ englneered B

solid a'wopyﬁx P Eretse, 6;pns_|33tﬁ 8CoTR KGR f BuHnerous etdgm(fx?atnll;]l§/ aromatic

and alk§Lshfsathted ar@&@t@%&bch@&ﬁs iafd axleibhes beab coftereng point tange instead of
an 1C50 of 100 P Hess i n anot.her embodi

a defingg IS HPeRS0 PP FFBIIG I TSRS A4 SOV BT

dlSpOSM 16 3@ susperddi BT thdnandnibtesli Riteltlis GRURa®eptable mateﬁaldbr many high

cells with an, I C50. f 1 nMor |esgs
purity %a@qp@rﬁl Sg ﬁe(ﬁlﬁ‘ﬂ?% azsfeai ESISE0CE ?\Pcelrsegvslel’,t] glareg?rt'% éMacromol

Mater. @ﬁ%odeTQB‘V,,ppaBQS \403 J2602)) Gh@hoéfickd ofdtiear mixdsg on MWNT lengths and

i at ed Ba
ceporteg 1P TR AeETREPo (2050 SRR P CHPAPRAC TN i Rereasine
enmngm&ﬁlﬁ@Hh§nﬁﬁﬁgbﬁuﬁﬁasured as described in the

d?o" n“ﬁ'!‘égg?ﬂl (g‘glo (95 ‘{yhgp%g nizl%gt {nge)\/l?ereeer re wglﬁed nanotube

compo@ﬁés@io%;ﬂ@ssm@rﬁ&aed in pdBydatBonaté. GAlt 4 TpticenGhtiGObétween 1 and 2%
d L68,

MWNT@gqu@)tgmon i Be;st%thy %ogfsglmﬁ 109’6%%%? ab%%ﬁ &l’gﬁgn/,sq was observed. At
a frequegcgﬁ@zﬁ)out 0.3 6834 the'pol gbadiidihie had3bGBOGabout 355&&@91&@1& avhile 1% wt

" These anti hodi.es ca
N R
Sennett BOA] M. 108 S&EAYmb. PERAAQE, 7083533 lCRndZ(IBBBﬁRpareEIIMWNT and
anti bodi es of the invention i f

SWNT; ¢RMROSHES 1anoé§2:a nleap]:éy %C}rn%?] g‘ivﬁ\ ﬁcgﬁw eextll'l.fs%lnl thbeI aﬂ%o‘i‘greported that
MWNTY ek a@fpritidappicepsing tiats @eddo parti@ly ﬂ&pex@r SZWSNTGrEB@S still present).
G L68, dL92, 097D09, 062A09, 062Q(05, 087B03, 367D04,
368D04, 166B06, 166Q05, 375Q06, 376B1 0, 354A08,
355B06, 355E04, or 356Al1 1 binds to. In other
enbodi nents, the antibodies specifically bind to a
fragnent of an IL-22, e.g., a fragnent of at Ieast 10,

~ N o~ — — A NN A~ NN N .

n(%?raced t& Bg removed and

D o . S a



166B06, 166QG05, 375G06, 376B10, 354A08, 355BO06,
355E04, or 356A1 1 to its target epitope. [0010 I n one
wepdodoosent , the anti body of the present i nvene@DNS2007/004475

includes a VH domain, V L domain, or conbination
t hereof, of the Fv fragnment of G LO1 , G L16, d L45,
G L60, A L68, GAL92, 097D09, 062A09, 062@05, 087B03,
367D04, 368D04, 166B06, 166Q05, 375Q06, 376Bl0,
354A08, 355B06, 355E04, or 356A1 1. For exanple, the
anti body includes a V and/or a VL domai n havi ng am no
acid sequence as set forth-4r Tables 1 and 7 (SEQ ID
NO 5, 23, 41, 59, 77, 95, 113, 131 , 149, 167, 185

They alsBGGpor&Zi]that SZWQI,TS.&W@M@VS) bezfggre difficult tg ggpexgg ﬁ'xanj\éngTs and that

completfr5 é]é‘.berg df Sé)g]é%s wa§ éb&ﬁeveééﬁltheﬁ)gacesség fmes 3t6d1e§4 5,
Ideﬁya@@u?dﬂ ,a] QMacﬂaiazﬂql Eaﬁd Cbsonurl 620021%3 76 MGSMpargq melt blended

b8, .276, 294
MWNTﬁg)éSolxﬁrgbylggezby gi% :forgzgg a%gglp %}%genegﬁét arggt%len gc’r})tgn%_ fBFNTs. These
composi&@i‘nawm)a]s, were exalasigd dorctbeis filbs tegartieradyl y i denti cal

et o b .
SUETSL80] 3,1  54p 9  A o
coated a0 Ip@l‘yrﬁid:rf\ifrﬁpﬁe&)gingle-mrx&mbh&ns (SWNTs) st ropesiof palyinprs-coated and

SEQ I D NQ.5
polymerggrapgﬁg %Wﬁ%&sandg%rgte%a% ccirT%nsnl%_ 2\%111_[ ﬁc:co?%g% % % 12§ d‘%&losufe nanotubes
are solubfliéed &b 8uspdided, djRGonalP Bith20shirfag@it, in QBdeZﬂgass@;Gmg them robustly

with hng%;ol)%g%s céé}%hnég é\)lﬂ'égg ’hqéé Aﬂsecg ﬁfle’:xaﬁp%, pig)&m)i %&Tohdone and

polysty3d sud@ie. 4Bk witpPed datidtubks 4re #Bbved fOm scb@Pn, E@olymer wrapping
527 528 545, 546

remainsg fﬁd the,t I%efg‘?rm B aggrffgtfa En gﬁgpﬁlge? ndivi 1512;& ’tub%g Qre %@.Qtantlally

electricANf-isBRERA Bdmidne aamhs:e nI‘hd pnlmbm@mappmigsdle@md thftubes may be cross-

qnbi nat
inked 5 FERBII AP 58y TERUGE P a1 gioftpliduat.
elecmcﬁl%z&@&tem&%émhﬁbnﬂlylsﬁs@ﬁhﬁﬂlﬂ’ﬂéﬂﬂl,d drdm leked polyyeric matrix.

Smalleyger:t\ﬂi%él %bn%ﬁ&%%@q{{% gsgh;? y GOf Yvaapg & sm Iz‘éZw;{SI e?a:l‘gclr} nanotubes,

howevedr @heﬁg@rb@eﬁ(ﬂaﬂaﬁtﬂbﬁ aré Qdedrachalte cﬁelV&:Ind ommemals:bafqansesuhn golymer

the am no acid sequen e set. out in SEQ ID NO 168 or
wrappingyprey ey BErtuby §@ENeHIRS O npi n conpri si ng t he ani no
ACE S SRAUNORh 5&iot@bls dispeBEDot BishiBu24Binarcobdbuarharix avould

oot B0 ek AR, BRIy e
retarda ichtiéhdub proveisYor Arkihgsach anegiateyowddprovidSERt rfduction and an

r 617 and/.or VL domai n, conpri sing the am no
increasg i} alag\éf%a@ﬁleg t‘%‘@t‘g‘b‘m‘ TP UEREE m? Ko 204 or 618

(368D04); or [0015]a VH domal n conpri sing the am no

aci d sequence set out in r 347 or 599 and/or a

VL domai n conprising the %%Dd sequence set out

in SEQ ID NO 348 or 600 (356A1 1) . [001 6] In “anot her
i et oftﬂeemanmobodgludmmrmmglcmsvmndlﬁlera pglymer melt and an

amoung(étl(}‘ga nggx estlo gdr&ﬁ?&'n'eg i 1185]%& ?ggtécr{aﬁg{u'bg§dlspersed in

the pol%er bidlt f6:n a&6mpib€iﬂpn ﬁibﬁhaé]ﬁﬂﬂprags &;odbﬁ@ G’1tha4t is sulstantially invariant

with fu gr eéﬁgloni%gﬂpoi% l“nggggh fgmségug. Ig g(?‘rme é%n% drgrg%nts thd Q@mposmon is
substarﬁfall@aﬁvefr%t MHhrsindresfeQn Isdraga modylugand &r th a d;agreageﬂn rg:@g;lwty after

one or §5§e e%tgésmn %gés 3é7 19@611 1%,111]%5%?“%% t’he ige;s’emﬁigge’ntion can be
made i483ind®elt trBsiob 3tép vilimut sddBtiokd meltgBOusion cgAI? sfepp. In some
embod Iggr&é of gleggée% Tl oK orﬁlijeasﬁ)rﬁg l.8hdi% S%E&%gfsaéssérﬁﬁflgbfja polymer melt

ence a about % 95%
and an&?r%ungs%arﬁﬁﬁ%es extmerien ¢atapriunded tagethenithe appurief ¢he nanotubes
differs by no nore than 1, 2, 3, 6, 15, 30 or 45
nucl eotides from SEQ ID NQ@ 14, 15, 32, 33, 50, 51,




68, 69, 86, 87, 104, 105, 122, 123, 140, 141 , 158,
159, 176, 177, 194, 195, 212, 2 13, 230, 231 , 248,
wQ2071®6683 267, 284, 285, 302, 303, 320, 321 ,PGBBS2007/004475
339, 356, 357, 374, 375, 392, 393, 410, 4 11, 428,
429, 446, 447, 464, 465, 482, 483, 500, 501 , 518,
519, 536, 537, 554, 555, 572, 573, 590, 591 , 608,
609, 626, or 627). [001 7] In other enbodi nents, the
anti body includes an Fv domai n having an am no acid
sequence as set forth in Tables 1 and 7 (SEQ ID NO 7,
25, 43, 6 1, 79, 97, 115, 1398; 151 , 169, 187, 205,
223, 241 , 259, 277, 295, 313, 331 , 349, 367, 385,
dispersed(8 theqmlymerslt famy a camposiugpthathasp steroge mgdylus %tsshat can be
substant?aggf 1{19%n’t with ﬁr&lgx) extQbioft cBRPHERER: SERE aMbbaliby, in some
Ical thereto (e.g., a sequence at |east about
embodiBEAts 180%HTags WodabKdosynet inaseseadth Birthgppdrusips fompapnding.
r et £ lemeld ktrusion st
Compo§iJhy skt Be e phAER, ferfign 7R Bo paD iy plomaet rsion icp
w1thoutaad1tx¢aalanm; eTOusiOV ¢ycld Sepsl Fhe compesitiepgin vegsionsxfighe present

mventlozpd% nof{ éﬂvdlv chgdgu%g h oi ggstmgégd c%?%magg gree gﬁs;olve%g 8r process steps
such as 583¢entGOhoyalp filtGitdh, adddrzimgt her enbodi nent, the

gg%bﬁg ,fo%fortdl? rueos eor}'tﬂl;n]é Q%%n#beg th %1% %A% %l&é‘s a composition

an an osen rom
whose $80cB4 amd pﬁmx)ues 35:419@310@37@@ With m@nzcgsmgrshwﬂow @WB”GB

compo%ticg) I-I"qrﬁxam i Som ggrébocﬁlggntg %ﬁe 5o Q‘EEQ&#OIR tNQh@@r ¥e shear flow

WEr 58 I ment y 1 ncludes an .
rate of fhe nttdding prensgdbehigherthe alettwical resistivinaed angprticle molded article from
h ncheotlde sequence as set forth in Tables 1 and 7
the compBHOTp NO 16, 34, 52, 70, 88, 106, 124, 142, 160,
17 8omd BBbod@inknt 233 he RFORLEE §101di86 the3gunpositipn copprismgghe nanotubes
dispersg%al th% ggfyrrgé%%)‘m\éa 4%&8?]1 gissé}gcﬁté%aégzd %;dt rgﬁ ??gf céﬁﬁlcnwty,
surfacel ré@gtvitabr Tzdil&ﬁetremétang' of tlee za'aqllg@an be aodifaeisly qﬁgmonal flow. In

0 0 0 0 0
other e‘ngg%ilg%gt/so (89 Eeﬁﬂv(%ﬁﬁ/ é%lgg o?l;?p%ﬁleo aﬁ)ﬂfﬂ&%ﬁé gﬁloéubes dispersed
in the pb@nn&@;roﬁﬁes HartiOl that id @5mna mﬂhmelam ahesorfopn ma8EEn|if® shigpe and prevent

drlpplng:?é‘ polzsxﬁa?'z gtcl)ﬂ 2&8?1' eéggdméét% of 2"nv%r§gm %1;) din%@%’coﬁ‘liésition
compnéaag ,thé*ﬂa%mtlﬂﬁ@ dish8eked TDRe pbBher pBB/idSHH, articld thad %]e@i@lly
(fé t ot her enbodi nents, the antibody

dlsmpa%ﬁﬁ‘i %‘?eé‘?t éﬁ%t one conpl enentarity deternining

NR §bAb chfBoRmedts tH&qmeerrl naidwith dikpresed sandEdyes ermppbes, high

the antibody can in pRe, . t b
temperfltﬁxée, %Méﬂu asglﬁ pg né(r)s aié\f)s(gmgéé erﬁlgdr’]dglglenggﬁge%e Bf)lymers can be
poly ethér dtiibrlkl&t(ﬁfe (PEElKl)dlﬁﬂyl\rmﬂdfﬂ (g8 hepslgqbammekz (PEDT abéther embodiments

the pol%%a%o B sfglﬁggr ng in %tiligmgégm%%cﬁngﬁé 1}%901%& %%ﬁp%s%s PEEK; in

some embolBnert®thePolyis; cadde alflénd dfldy ol Hiigse jgfnﬁrmeisw 118,
%bodlééﬁtségﬁé T%%?ﬁonic%g co%)g;%se %gnlf]d ety é’gﬁ‘ %)gﬁ,osmon that is
electridy, dit@Qtive 08om2@fhbod@fent2@fthe i1B2BtioR 2 cad@Fise2260lded article of the
compognyxgm t]%a;r-}s el fétgx%blé)%gl%tlﬁégg’d' a %ﬁérfzs Egbggédzagggie fg%ggc?me electrically
dissipative wdthheafidg or dlebmaBcbnditidAthg oF3He $arﬁiﬂe. 333, 334, 347, :
glg%ong%%xbo%gl%le %ga aAlB_hLl%é %ggingigﬂall%g%&b%%noﬁx%%ﬁ ropes of these, or
a comﬂigﬂnon d’f&gesezl\aﬁere flamdiint of 4B8le wllBd cddbbn nadet@bes4h ﬂle polymer can be

tess trapyaous 35 YR ik sEpemEdnehEipotiiog of g Y Hane in some
embodiROnts 2B6ut 598 br ess B welghh, in Sdimie eFbOdingetes leSSihan BRIt 2% by weight, in
565, 566, 567, 568, 581 , 583, 584, 585, 586, 599,
601, 602, 603, 604, 617, 619, 620, 621 , or 622), or a
sequence substantially honol ogous thereto (e.g., a
sequence at | east about 85% 90% 95% 96% 97% 98%
99960r nor e |dent|cal thereto) In anot her enbodi nent,

o a1 e



ID NO 172 or 496 (087B03); [0019ja) SEQ I D NO 296 or
548; b) SEQ I D NO 297 or 549; and/or c) SEQ ID NG 298
wW@r0038M5(B54A08) ; [0020]a) SEQ I D NG 206 or 62PCT/D3208HWM4475
I D NO 207 or 621 ; and/or c) SEQ ID NO 208 or 622
(368D04); or [0021 Ja) SEQ ID NO 350 or 602; b) SEQ ID
NO. 351 or 603; and/or c) SEQ ID NGO 352 or 604 (356A1
1). [0022] In another enbodi ment, the anti body can
i nclude one, two, or three CDR s of the VL domain
havi ng an am no acid sequence as set forth in or
i ncluded within the sequence@ in Tables 1 and 7 (SEQ
IDNO 6, 7, 11, 12, 13, 24, 25, 29, 30, 3 1, 42, 43,
some enjtodimgnts AGs tgw, abguy 1 %dxy, weight, gyd inzgill ofaer Od%em%%“ than about
0.5% b}%?/e] gﬂ? B he entfiRimdH3 of %4nve11315n tHeldnouht Of sihglk Wallbaﬁarbon
1337 137, 138, 139, 150, 151 , 155, 156, 157, 16
nanotubs & the palymer pan 1gze fiwe 0.5¥8 10, 7%y, Weight. Ti’gémgé%ﬂfanefb%afbm

nanotul%g gt"e a; i%:st %ﬁé&“yz %%a%glzoélge’;’atgg §17 dlﬁ%ﬁ:gedzlééagneé\gg& cggxgblarezdSti their initial

state sugh zslzefomnueign 00@99““@% 300, 301 , 312, 313, 317,

ééﬁxb e%égdml%ngs of?’té% mvg%i%gl? 1r%§.gie c§7 oségﬁs gﬁgelegg&h an electrical

resistiv3® 0f 1le89than alGOR, 103,913m/341@$0mqggnpqp@g)ns492 @rtlc,hez]bave 32:531st1v1ty of less

than aba%t 0’ ﬁé%x/sq4 %ﬁd o%éemﬁé@meﬁ%@f Cﬁlgl os,lf}%gszor‘hgtgcgeé'r%g :an electrical

res1st1vx¢98f1649913n55®~lt15) th/ﬂlS 516, 517, 528, 529, 533,

%%xg,theg% bog’éaegt gé §1§ ifvthtion 5s5:2ﬁrs§§§npg’s@ﬂn c'iﬁx5pns51€g9a polymer melt as

587, 588, 589, 600, 601
a contii§®Bs pHOE and 28 anELE! oHRBOtUEY X tBIsiEEmMPoyAded @gatbérn ggeh that the

compo?leari {ngsnab %{a%% gt?q{gg% ?”qgast%sq @&t%g}fltl(i %mg%tsgxg%gég?x%trrﬂbnﬁzreease, with
further |e1dwum«>ma.’pmpd1mde’(gx)f th¢ porapesitierr Bhereamnasiiton hapan axial force measured

ina sq%‘ercl.%? ﬁr wie %B&i B{p%%?ﬁb tﬁ%\(sﬁglfehtgp LAGhUdRS f&@@meﬁé’?@ed on a second

an antib chosen
extrusibn comp&6td polydit A0S pogiSFBESNPTsinE BESHOG tyrreno ngngtubes dispersed

into ante%‘g?g & mgltt bf %he poZ)gx%rb qg¥ e & n?c{]éitgﬁfbn@of}gﬂoﬂgd&f ﬁg%&t the .

a n vari ab regi on
. nanotuB&MPE a&iaﬂgnto[ d?()@t&]ud):d &E@df Dld\ﬁplymeeat@rlogggrpn eqpalgpEr prsater than half

the len%lgé)f é‘g% r(ﬁ%gxg%j nd/ %Etbg)ﬁlséﬁgn%ggw ]Eié h% 81)%9\% EOCS tllle storage

modulﬁ@n&ﬁ@teﬂ thaﬁﬂﬁ naamlh/bes are )dispEed, DhN@sg@]_alMcogs@nt value of the storage

modul\&dél?gt%% Jaggw 5}J ?%rasrgrrga%% gggzt%%rﬁ&d %%he %}tlagggpﬁgion and or

distribt3oSd¥0Kg narmtul{e@@ﬂG]ﬂa@ p@F@et Mai@.- 353 or 605; b) SEQ ID

1 nest%:)rg‘g% 6otﬁdf e ?r{v%fm% is %QI‘A]ZB n%lgg%gﬁl Bikin Q\ o(ly?}ﬁ%el)t/ and an

rther ‘e t, The antib
amoun€ ofigingle mllad chfbofl mageisbes extrusion cvmpg@rm;qdﬁogﬁth@lg@p composmon the

T T o e

low sh3aF (&6 mo&ﬁﬁ@@ﬂqce% H0Bect3GS BSStive g DEe7 artiste Boklad from the

e.gd., an H3 agnment_h aci d sequence as
°°mp°§%‘1t%“f“6’%’f’?§ef W“%‘ ‘g‘freas“lg '%\65“% %}%E'Qﬂ%q%é 10, 28, 46, 64,
82, sot@mbbl8nents 6f the5dyentivg thel @dypaBe 001226811124430132@2 melt and an

amouni ?ghalwg%es%%gfer%g kmg% Walgeglgzar%%%ané%ges %%é‘lészl%f' gorg]?cﬁglded together

has a S@fgEeModulas bsloanfréquichyy didecomabsititethat i at éeagt aboyt 90 times the

ence east about e 20% Y Q
N I
compdshﬁml wiveeithé amoummfhmnéuubés dhepmgs;dd i éhegcompasitiande Oaﬁt%

ast § he C n m S1 ompounaing an amoun
C§ 151?8 1meé1g$% TnvEnady is rlﬁgﬂhod %quaﬁg %%@tﬂl i@ Eompounding t

aln) or can
of nanambesg grefbiabli siggle madied arbpr ngnotulapspa’ﬁh ag@é}jﬂgrﬁp fewm a gomposition.
single chain Fv




fragnent, a Fd fragnment, or a dAb fragnent). The
anti body can include a constant region, or a portion
wao b@reafs73 chosen from any of: the kappa, | anbdeCT/abmhz004475
ganma, delta, epsilon and nmu constant regi on genes.
For exanpl e, heavy chain constant regions of the
various isotypes can be used, including: 1gG, |1g&,
1gG3, 1g&A, I1gM I1gA, 1gA2, IgDh and IgE. The light
chai n constant region can be chosen from kappa or
| anbda. The anti body may be an 1gG or it may al so be
lgG@ or 1gG g. [0029] The é%Tl-IL 22 antlbody
descri bed herein can be derivat.i r Iuﬁked

The extipion|sempPURing isBersahe eall‘%“‘e%‘da 8?’“‘&3*}3?0“&%031“0“ that

hasa st&ﬁ%epﬁ@@hﬂ'uBG( ha is substaARally RGO doE@ﬁot&KﬁBﬁeewlth Murther
body of the invention can be functionally Iinked
extrusiop EogpouRing HEWF&SWP{?%}HBW ng, genetic fusion,

N%btﬁ@é%lng M pASEQeH SWIOTs At dHROEK V4 &Gﬁerﬁ@dtﬁi tohﬂ@]iigh@@ﬂ der Waal
ot her nol ecuPar entlt%/ such as another antib

interactipg bgtween thy et Fifertphavs hegn madp i PYSTeomnt eﬁ‘bgy%s by dispersion of
the nan&tglgésrhx a'sBeR AL QBEe with AlsBiible SUlyM¥d, @Wtwﬁerﬁ@ﬁﬂﬁ of solvated
nong ot hers. [ 0030 Z%n anot her aspect, the jnve d
nanotubfeeaﬂumesoraerp h%&%’é’aﬂlwm% ﬁ%@qqfvaﬁl%ah%%% H@yﬁ'ﬁf wrapping an
other mkt%@ﬁg I‘IQH%? {hkidven®dth hRAOY s@Rera aﬁh@&ﬁﬁ%ﬂtlh @étnk Yersions a
accept a rier. The pharmaceutical conposition can
continupug privesss, far fhigper Slaéélﬁ%‘l)tﬁh@ﬁ Bry aBP“SaQOIV’é‘S’é’P‘aB’r?éS to prepare compositions
with a l-?%& hlS{)éTSl%g Rt RS n 3P aRdtub R3S thedMRtihGIsqRBHh CmAGR N These
, cyt o Ine and grow h factor inhibitors,
Composutmm nmﬂum egfwark or digprsion gf Fh&rﬁ?ﬁ?fSP?P laé%f@tmuous polymer matrix
such thﬂ%é‘?&hﬁ&snmﬂ'hmé O frcr&9Ed fBrak 8 RidahhRo%er ¥ sRk@nd 1§olymer and where
cytostatic agents, or conbinations thereof,
the Stordgsmpdllded of the wompogitivn drpands e e 2R oRREnaSHeSGRoPEHREd in the
iCes@GRATy MRiridhg or d t
vt SO RE0 201 LERA I SIS0 £SO MR o
increase rviticombinned cx:tngumf cyches of theeneteral- e o9EIPESitigns i embodiments of
the 1nven%%lf|1|cg% Be H?) d&i%- tg%gl%‘f %ﬂ{cgé% a'nﬁftllug#q(y B&x@i@%om@ ‘Ai‘tﬁdlgé'b%m be varied with

rou
the shezxreﬁmpbmchtldn@mfttb@jmfdlwptdqeﬂsr Bor @@mpée it Sfan% amb@qhywafs with .

electrlcafli ggr?dsﬁ’ctlve T(m%lga Qv%lle@ ngbgg tnr.lldtm.)ésqﬁ p&%ed e %gnt‘?x{uoﬁ.lg‘ Polymer matrix,

ney, salivary
the elecgheai d¢s1mrnbew£$lmxhaldeé aduﬂmmcreaseswﬂlamrqaiﬂ@a shepr flow of the

0% tentlally activated and tissue |ocalized immune
compoYaPt-s. [0031 ]I n another aspect, the invention

Caget amtegliraerntet Iﬂminaénttqmaaldnﬁg)eeslm SB¥NTgjip p maglt processable polymer
withou é’xﬁ?ermgs 24 b%set%aﬂqaﬁ%’e Ea tcﬂﬂ)?m@écﬁ%iﬂlk%&k%ﬁ%e articles when melt

ject an anti-IL-22 antib in
processad (am:usrdn auéq‘tnoulrlecvltlmgocc)mmeml«pn mld, coiming) r‘\lédWJDW ear flow

COl’ldltl?ﬁSt |2 ]%w sfhea mggﬁglo%ﬂrl ?ntaliﬁrllgrg g\gif %Jr%ﬁ’stndepsgorf QleSWNTs in the polymer

aSSOCIat I sor i-1L-2
such thanthielsonduotance zeatwma srithrd @B@need persolaien dergphadd (reap@m@y lgps than about

10" ol-arggtg)r i Blegf%tﬁ B%%bdmléﬁl?]sé %&g Epér%lglrl ap §WI"J’FS i%glﬁ‘n‘g&yﬂ%r forms articles

erein
above therbdeiridabperelatiph threshiobl mmghmwduéoﬁ@éldﬁvntth@mlmer of 7% or

less, ma%b evcﬁ%%%rméstlgssatﬂan g /2 gy el gg%‘f 1%%?% %nﬁ)%ﬁ nt H:g.?thgﬁz % by weight, in

some ehft@idiatns tbsaﬂ;g:‘gotebrwquhu end irestrlhtetbmmqr;l?lapmh Agss ithan 0.5% by
welghtaﬁ%x %‘?I?l{e Itegl gdin] %ét:xrﬁgéecre%%%vq )J éoi' g ’10\1/ glg#ésh%géé}ghésts&gcomposmon
or artic3y 61 @midispetspd swaﬂvmln emqmgnsr is Hs\s/thasj wgaeal'te ab?‘ﬁdloo fhm/sq, in some
versml%sﬁle?sl{kzléﬁ %bsdut T‘gé &AIRIISS %%L)%%Q/%fs%&sqysts%mgt 10° ohm/sq, and in some

rmati Ing atoplic dermatiti
embodamehte teae natqub todehonn 0t dled/sq fysembleaicamgrisipgS WNTSs in " the polymer of
i nfl ammat ory bowel disease (1BD), Crohn's. di sease,
colitis, diabetes nellitus (type I'); inflammtory
conditions of, e.g., the skin (e.g., psoriasis),
cardi ovascul ar system (e.g., atherosclerosis), nervous
system (e g., AI zheiner's disease), liver (e.g.,

. a ", =



heal i ng; respiratory disorders, e.g., asthma and COPD

(e.g., cystic fibrosis); acute inflammuatory conditions
W@ 20og/190sendot oxemi a, sepsi s and septicaeni a, tPXI/US2007/004475

shock syndronme and infectious di sease); transpl ant

rejection and allergy. In one enbodi nent, the

| L- 22- associ ated disorder is, an arthritic disorder,

e.g., a disorderchosen fromone or nore of rheunatoid

arthritis, juvenile rheumatoid arthritis,

osteoarthritis, psoriatic arthritis, or ankylosing

spondylitis; a respiratory i sor der (e.g., asthma,

chroni c obstructive pul nonary di sease (! D): or an ,.
7 % by weighteiigss iwswl?chwe'atﬁ loss Yo n Sty %’é‘c}%) %éf’d“e erfibodiments less
that 1% B Cwéi Iac'ﬁd m%ﬁﬂ@ﬂ@f%ﬁﬁ@hﬁ‘ﬁmﬁé@&ﬂﬁhﬁ 0.5% by weight.

i oomsmpbodmots. bedgreronesR RN = bR FH b BomBinations or
blends o'ﬁﬂél%' &d Rl ol?ﬁ@r{é RARdihE afly of BRES B dibp e‘ialon a#ifbe processed to form

stroi ntest or gans, colltls qh | ¢
articles dbstbe ehn@xcalmrcc{lﬂmr%olaﬁé? Mestehs iRt i ol HERTs in the polymer o

less thax'l E]U eﬁgg Qi n%’ﬁ ahLULES chbBRIGHs REs Gigk Qeﬁ%y%lgﬁtnﬁl sbhiel dighodiments

acute phase response in a subj g
less thatfitfiovéistt, aubin s@@mthﬁrsanémdngertt@le@h@ag Q% &Y vigiglty 155 dispersion

of the SQVIQ?‘E F}Ethggx%i{ed p%lagner f@xrx‘né d-fidsf c@rﬂ%@&’ﬁ’é}i thht hds® Forag@fhodulus G’ that

fragment thereof as descri bed ding of th
is substmlraélwn)wanant @noamh@oqsm rr@r@ﬁ?, with fedpperdBisiqnfiempopnding of the
compos%onr eﬁ‘gec%st Hﬁnﬁgﬂf’] on iP Ql%ét%cﬁﬁ? Qgﬁiﬁtu}enwﬁélﬁnﬁwéﬂ &ch lovlf @hear molding
eSUJectlsarmrma . % b th

PTOCCSSSMfd‘ whenedhd ¢Cﬁmcﬁﬁlanh32 an agiak &Fea?’éﬁs“ﬂ?%‘&@oséh“eeze ow teSt above the
e e
a secontl legtriigioR Zompﬂlmdng palysrer cPmPaTHP A FRPRTHHE F}t?c%me)}yp"ec’ WNTs

§ Ofn AbREonA LRirEiSh bt Oitfled polymer, the
dispersEP RS B EXru R R ﬁf‘lﬁé’g&éﬁher In @eBonA Uil izh L pOiIRled polym
nanotulzsatrhaddedspioc, exgmded etz o thediohymerdgé At ogasAn 5814 §‘é gt gigater than half
the len%k Lkl uc?éf REh bl ?g fikst %9191?&1@&‘11/ Ghe lIIPERAMEOMAAESNWTs in the

fo I Cacy a vaccine fornulatfon used to inmunize a

melted @Ulg,jneattcan Bo forercd ipb evarigns articies Mithadiffenent mgps(ﬂf iptprgonnecting
networ]g%%ﬁs hil tS\’i{]@xf‘e gztlseg %n(iﬁgsﬁ%gr AGY c%h&&@fx@gseﬁqg Qf&essddﬁé dAYmixed melted

O arter I mmuni zat1on to I ncrease vaccl ne
mixturebf $Waﬂ]s addrpodwmere rtidiesrmrith, diffeent eleetripal dissinative chagpcteristics can

nt a. on Iy % dafi PSI d) gen,
be made%aseci L the r?rr% i gogagoﬁdkcl'ﬁng gll ng’ g%'siihg nrgae V?p’r%all
fﬁnﬂsc&hmahts ocﬁthetp:rmnt mventiprprovida campesitrmalstelginmeng substantially
uniform aurfa!tc% r%sél?té\alygagﬁ)%'r gtsg?xgﬂ: 3&%1&1%@9 ?‘%ﬁbﬁ’rg%ﬁén@fm? rﬁl:lteegals In some
embodinoents thecnbstaletial oqumm)snu%fcg r@ﬁs’tg@uyh)f any peint 24 @'gagjurﬁaﬁe of a sample of
anQtae) t M55 a%adtBE BOFOC A1d i

the corapec%sne oF s%%?eﬁ\sgllerd é!s%g%tlé‘gg g?& *}919171%{: I%n tnn g ngl or S F A oln some
embodﬁam:lk wthrrafy Ficroslof 46 figiohmyptbel testnopites hegampls: dbisjppdvantageous
in elecﬁgsg%tlc{ %15%%%%% 2@%1(%& %@ﬁ%ﬁeco%sﬁ%%%clé?gdaﬁ ds ERIP thSs, reticle and

I'sorder, such as an
wafer dalmm wsfeoshippears tekit sorkgtsranddhelBker i bed herein. The

g% lyank a}gegﬁ:s:,[g ?r%%bdli'rﬁill s o%ﬂé ?x‘é%iﬂ? QoiBEsiS Rl rﬁéthgds( fé)r making them

22 ant i1 body,
eliminglet Bhetdosty wastenatd tone gsfedao a;@mpvq;sp]m fweercashdispersions of nanotube in
hers 2 SeGBRhék tiall
dlssowegrﬁ? BT \?\In'Glzﬁrﬁgstenel?lé'?loq%,é nz?%}‘(is,t I C gﬁﬁmg%ﬁ{is <|Ea(li:\ ant c hangeeT no Y
free oﬂaldéntf\@la J@hicots, withokieideompl aeni rfurtthen%lmaﬁpré of BleaapiEbeser ropes, or
any corrﬂol 1tornoo|f t e%gp l’ﬁrefé &rfﬁlglitﬁ?& 4 b ForhfRA fReRYRRGUBEs drltBpes

I'n anot her aspect, the
chemwalhl\ydlmllded]t}po'mh lken, aibeh o heiEside OF ARy CRh e ‘BF BSlymes The
of IL-22 in vivo (e.g., in vivo imaging in a subject).

The nmet hod can be used to diagnose a disorder, e.g.,
an | L-22-associ ated di sorder as described herein. The
nmet hod i ncludes: (1) adm nistering an anti-IL-22
antlbody to a subject or a control subject under

- I e - o " g,



[ 0037] The anti body may be directly or indirectly
| abel ed wth a detectable substance to facilitate
wa@ledeaoisen of the bound or unbound anti body. SedT/EHR1007/004475
det ect abl e substances i nclude vari ous enzynes,
prosthetic groups, fluorescent materials, |um nescent
materials and radi oactive materials. [0038] |In another
aspect, the invention provides a nethod for delivering
or targeting an agent, e.g., a therapeutic or a
cytotoxic agent, to an |L-22-expressing cell in vivo.
. The method includes adninist®ring an anti-|L-22
anti body to a subject under conditions that allow
dispersiphyreiny mada fiee efffrpssdinkingpeent. theh &Y SHTBHNE FEGSisatvent
composftﬁ)lﬁp lO?qT Eﬁe&n@ GRRRS0T WA BREYNL & sfmlbﬁi YutgSedinig, ﬁﬁlcﬁ may be
039] The di scl osure provi des_nucl eic

determm@hbneﬁi@e Shtarotoraneshy e SPECURSREPHC M Ingiictively E‘i‘é}’}ed Plasma

Mass S&:}}égcgpgéggl%lfg Igggsm}%ﬁ%ggé%\g%%%n&wéo&qg?% » This can be an

importa87pRPEty 554008 magsBEOBhers BEElRNels of gontgmnatipn, fir gpmple microgram

€ 190 s of
per grarﬁeg\sfcjisg g&jaé@%gﬁﬁ?‘l%ne&q @8}515111 ﬁ&%‘ﬂﬁﬁﬁ 53 lets%@r pﬁﬁtﬂégtrﬁ%) L61'81<3s o

outgassigie POrsgBT RIS EBREY, becr@m»@talcfs PESialsgihes barsgpgspated waters,
33 A0RicoR@tand ph tical
reticles %g’g%g)g bﬂ{agg g‘%gmtAeg Zg%gﬁse ggol@g% e%?ur e al st)copr oV déls pharmagceshies
applicatienst drowearey dhpef outgdssiag op apsrnesmArPiEYCR cRUPPEtiensef the present
mventugrngg gliﬂﬂﬁa%'o%Q @feﬁ[lﬁn%ﬁéfe&@ Cale® by 365 Rig1O68 Mok limited to reticle
uci ng domai ns and functiona
haze, adﬂqmtmmf@;smh as hy@o%rbor@ronaﬁubgfqt?s@ AT adsogiion of SARAEnants which

epmins of G LO1 , G L16,
can ahifd %@,g%r, egigﬂdg’%gf A6/‘chgf °°\455°ng 097009, 062409, 06205,

PBIBOS coBpPEtens SBapiNNg dispmers, ortiutbeted §Ehg in embodiments of the

& Het OQALA bly ch
s 37 A 552 S a6ty s
with additiqpal melt NXtrheoul esdtingytyclsn, Thisds pévapiageow et peher processes where
repeateggrg% #r%cés@%gnrtgalﬁﬁaggﬁ ?F:%%Iée%ﬂthe%ro Ie%ﬁf z% Vel gol%er composite.
Embodanehtp af themnesmt invpationtcad powmidg pplmer ePraponites @mra cpﬁ%zstem electrical
and mechamca S%&f&ﬁé&&ﬁgﬁ eﬁgﬁ)lte‘}%ﬁte? gfﬁ%%%a%%%rgg?gélr mﬁdlékgsut:ﬁ‘ But not limited to
chip cad!ws,rnepd:la dnmeﬂc\lvnfdeearemmpbﬁlﬁyhfpl@m&%reﬂﬂlétcpﬁtﬁ%t“tﬂ articles.
E]ectrlcaiilrgt 1Ss] Cpea%ng %%:[y[}?% ea?‘ﬁwﬁ%sec%?ﬁ)g 'rr]ﬁla\éfériﬂng I@n&éa%in?éﬁt%ﬁh@ﬁ%esent invention
wuhouamd'pallgmm@ filhgof SWNIsIB @ ipebeera Askyentaggoushy, gompositions in
t
e B L GRH han LOBBLE e SRS P o preer
artlcles mthz alrartge ofasmimmz@@m CPTIIGUSPTOREES. FIFCG@RESP[%BWETSS“‘%
WS { Ak b oh ok ! der high
compo 5 338 SR BAFAT QL8 2S5 EUABERer nir i
shear ﬂdw ROarr ippepoo lmqiéwglpeweBB@FIbA t@@chmﬁom ipficatggagidings which are an
lmtlaIIP insu a]tnng%ytrcﬁe fhat ELPfch b8 gulﬁque‘?)ﬁg h%&tl:r&a‘ihmedté‘ﬂ tolfor electrically
conplex assay: bio binding IL-22

dISSIPam&e antodrrs doreptinex ar@E@ﬁlpﬂra@unpéthetrF'@namfaﬁ}atmeﬂ)mG e ysed to control

the eleda%{c_:al\é%gi tlx(1 oﬁh% (%?X%%E'tr\éggg IeGI A?J%t%éaohslgoem@dﬁﬁ’ments of the

presentlizvintizh ca(n e me@glt@ etpclvendces(a@;l a@d_esglpvm 3 thagkness much greater
than C%gg ngﬁt% P{‘(ﬁ{lgiélg It%ﬁﬁ&gég(rk%c QL 2:%22 né%thb%?é%je polyr)ner as
characféetzadi bpee dtgBge @B)dquvalye randl s'@@d of §&. St?regel@]odlﬂ%‘/lg Witk frequency as
desori e;elgpemes reactivity of IL-22 anti bodies by ELI SA

Tb mzed G L-19gG specifically bind to IL-22. (A)

Germ ined 1gG (B) Nongermined 1gG [0046] Figure 5.

Am no acid and nucl eoti de sequences of human |L-22.

The nucl eoti de sequence of human IL-22 is SEQ ID NGO 2

and includes a poly (A tail.




The di scl osed nucl eoti de sequence includes an open
reading frame and the am no acid sequence of
w0 eiorAbesmyt h | L- 22 protein correspondi ng to theCT/US2007/004475
foregoi ng nucl eoti de sequence is reported in SEQ ID
NO 1 . The am no acid sequence of mature |L-22
corresponds to about am no acids 34-179 of SEQ ID NO 1
. [0047] Figure 6. Am no acid and nucl eoti de sequences
of nouse IL-22. [0048] Figure 7. Am no acid and
nucl eoti de sequences of non- 8erm ined GLO1 , dL16,
G L45, A L60, A L68, A L92,'097D09, 062A09, 062105,
087B03, 367D04, 368D04, 166B06, 166¢05, 3
GwpationssmAggticlesmady romdhep A g g ‘%‘6"‘&&* %B‘g?)ﬂ?ls‘ifﬁ Rgntion may
be usedw;'a %‘lqletykaf @Q%'ﬁéé}ﬁr a@:@@h@@f&l f)i?aﬂ‘.tws HeheséBlasticsimay lm?used to make
and Fi gure 8, cg s&g nucl eoti de
elecmcadqu;@maéyeenatwlﬁfqrr?éamée@olimt @Lﬁ to gEppiyae C@"E@o*“h as but not
limited S8y b2 et ’sh%%ﬁogmglﬁ BQ6st s&@@@eacﬁﬁraﬂy%q&:ad and or
5530% 355E04, 356AL 1 68 i ncl udj n
write); fiiddeing.rebemisd commaersHompasitiops of fhepresept mé{%‘b“q_“s‘j’ay eused to
shd ATCRLAIAE i ADErIYS ibsiplide SRANADREI! from
make ﬁ['ﬁ‘gﬁdgémggglgg‘?s nonger nl1'c|1 ned LOr , Zqifn G L45,
increasIhe6al cehdeBancei(hge exgBNEDS, seoma\dght weghesutommaﬂ@ The
BOSeriatS0@Rit sBEAFOPh &ﬁm ical or mechanical
nanonutie £t L BE e g ercl G e e By
propertigh @feﬁmsme@tepﬁh_s supp as ];g not limited po elgﬁalcglse)nd/qrdb«gﬂal conductivity,
chemlcfl IEV o S%Qnedﬁg?l@ t@ﬁ%ﬁe?sn dndESHERL ISR STRERENTRScAbon nanotubes

or germine dLie, dL4s5, 4 L6O
themselgit 08} maietiol andfszmgreswsmlaosmg PedBREanqgBensich 85 I RPETs may also be

useful a?éiggg ts 13 aﬁfgl%sts %@@d"\&l 1illdus@&d 238 SR ddvidePR8d processes such as fuel

1, L2, and L3). DETAILED
cells, hmﬁsmamrn qnnnmmdwml@n& [0052] In order that the

8¢ sjpPestions wh

TSN e s

- reductioleds eliminetien af partiele shelding isimpegasutheprrobBYAT T gguld provide less

partlcleseg%VILI’? lea[nglo éx%%; Igl%oﬂﬁ 1@”% Pw low&f S tdbe 1Ming can be
| n or ragne er eo enconpasses

‘ utlllzecbnoyacb@vg/ ﬂerﬂami@re@wdpmos ﬁhgtrﬁﬁnhﬁlsﬂgétﬁ“@fﬁﬂﬁrﬁgs ?’Pda@?@ﬁmuous

process oatn Hse@ pot per%s :?re %Qﬁ%lgﬁleg QAT d1s-ég&§10tnelﬁ W {bR&] MRS oAUE irlvention,

0 pol ycl onal clonal , nonospecific,
compo:pmlsytsqb egiclésopadeoiors peen fri enbardiments o6 the presams Invention can be less
L Bolyhfes Q0RpB& RS,
exPenshveB’% Hounﬂt Fﬁxpa%@d {gyraél" mghgﬁlkngel tro geger at ed
anti bodi es. Unl ess pr eceded by the word "intact", the
term"anti bodypr %gﬁﬁ ' y}fgﬁwm(;guch as
Fab, F(ab') 2, EEIEﬁﬁ Eg%ﬁz’gﬁ and ot her anti body
fragnents that retain antigen-binding functi

Thhsi fdgof {his Batent GopkiRFAt feast g e FRFouLed 1 Hﬁ(’ﬁ’r Copies of this patent
with c@91t ﬁgﬁ@s Qm‘gé Bﬂ)vmedﬁhe b@@éﬁ}pﬂ?ﬂe&pﬁsﬂﬁnd payment of the necessary fee.

en- bi ndi ng domai n"_ and_ "antigen-bi ndin
fmg’@"'gm““ Higk P are SEMsfelrically SHOTBEG MR Ecanglespgeingle walled
nanotu% dI 1%S§s @F@Wﬁcdlﬁrsrcﬁ%ﬁ)g gsntRhBub ﬁﬁlyhl'ke pﬁ&%cdffBEEK m
% bet ween anti body and anti ge The part of th
embodancntge the Amyentigns SHENT s eriopgs ?fetbé'gmpzt@ée‘éﬁa g ft?gwmetefs are
vmble hﬁ) tHE Eéalﬂﬁg% élécﬁo%frﬁfcf@qaﬁhQSEM)t S¥r1GeRiAl SREts AP0 are shown dispersed
I ng

gen-bin domai n rm¥ nprise an_anti bod %‘grp
in the BﬁﬁKmmmqbnémpceg%ﬁEWEp aﬁlfpﬁlﬁloé‘rﬂﬂ HEMsRE #Kc [ electrically

dlsmpa\ﬁ% s?xg fe Jf%@lf?j@ct(éﬂ'%old@@‘é@%ﬁ&sxte‘ sveeeson (ﬁtonhﬁy&ltbq to about 1 micron
onpr i se

d fragnents, for exanple,
are VISWIF elle)risB ’e?r?d' SﬁMeﬂf ap glegirically fissipaty gramnle ﬁel ngo Ponmsq inustrating
SWN'Ifsulrl@tdléyérs‘%ﬁ ih e ﬁdl%ﬂ@xt to&Binh 6@ BrmBb itk oag ofithidahvention.
Exanpl es of antigen-binding fragnments of an anti body

include (1) a Fab fragnment, a nonoval ent fragment

having the VL, VH, CL and CHl domains; (2) a F(ab')2

fragnent, a bivalent fragnment having two Fab fragments

i nked by a



di sul fide bridge at the hinge region; (3) a Fd
fragnment having the two VH and CH1 domains; (4) a Fv
wo ea@gtrensv3 havi ng the VL and VH donmai ns of a siPgi/ESanTmo4475

of an antibody, (5) a dAb fragnent (Ward et al., (

1989) Nature 341 :544-546), which has a VH domain; (6)

an isolated conplenentarity determ ning region (CDR),

and (7) a single chain Fv (scFv). Although the two

domai ns of the Fv fragnment, VL and VH > are coded for

by separate genes, they can be joined, using

reconbi nant methods, by a syhthetic |inker that

enabl es themto be nade as a single proteip.chain. in )

Kiki- @tis e fablg illugirpgingthe heime Propsrties;qf ap 8%“??1‘#8@83&‘%?&““ resia.
Samples!"iq’lI SR etk BOMR identibh M@udeh@iring Ymb A1 \6F SWIE manétubes dispersed

Bird et al. (1988) Science 242:423-426; and Huston et
in the pellymef. 1988) Proc. Natl. Acad. ScL USA 85:5879-5883).

HIee S5 ToRERRIY onBltRnd BARbEERAYS hfFEet the resistivity of a solid
conventional techniqués known to those with skill_in

form of theexirusionatispersed SSYNFmimths thorgoplrstinatl bythidier Ffded gpd portions
| R 36 108 She RO End RUNThE
320 o e A B o
dissipatfveatheicgnisupéition 840 (randrdsgunlay bich is thinnge way fared gnder higher shear
flow coﬁéiﬁ%' hOLA 8 16k G RhIS ¥R RHBe O The HahE¥Rwa HREbA 10 illustrates how
|0Pog|c£I outcone, e.g., decreased T cell and/or B
the uptakerate gan pq nsed to sugshifycbe ie]@gtq(;.ﬁl mg?:@pmffﬁ)qtmded composites.
?f@pc{ § h%@icglé%' ﬂfg@ﬁl&% Amb&difehi Hhe §iventid:PRREE BRGnsulating article
erm "human ant i1 body" 1 ncludes antibodi es having
410 (can ke isalid, dapen thbeoersathenform gif 8 sempeTiieanpisrial ingn embodiment of the
, .S [ ] LaLiope | dRcti bes, f
e SR TSGR 1y AIBAGE) SPUteys s,
example BYENTslas tha mﬁmgycamesphgeq.ggnth{ be theaea Me,d i8ta sigp 420 to form an
electric%l#?é%%ig%?\%%ﬁ%t%ﬁﬁlggifve .Ig{-t?ctlgh. % ﬂ&ﬂhgm'm%lr QP4tGRlatment can Re a low shear

I'tion, partnment of Health and

flow médhod suBers\tue est, lithited PLbhdtEatss digatiient, pmpeesaipn maigiag, or other
il hut Qiantibodies of the invention may include am no
SITAL L ¥ Y esi dues not encoded by human germine .

FoGUS i glaph shoveieg tertesgé mogulus wiinandcompositasrabraaeus SWNT tube

. by random or si.te-speci.fi.c LS. ' ko °C.

oncing ARG P RS o SRR o Ll o .
Compafdiwith theaurfilied lpalym«EPREK, Thendnombres dispeisediin tha REFEpolymer in the

at | east one,. t thr faur . fiV 0
mele ShEycar eS8 e MR R i 16 708 L g abgue 90x or more
for SWINTls cH10C33d &g vimiglithef dbonaR0qararinhore fFom$WYROLH sl b by weight; of about

seguence 57 hr.ase ~i.nhi Bkt " g ®s of 5% b
sooos SERSSGE SRS TR RSB LI Db @by GRS, o 570
weight] MHdshits siaiw amabot BE+1003 er diont ingtdasnino®’ withnepetubglpading of SWNTs

JACtiVitY O =22 to .bi ndi,Ag [ dulus at 1
of 0.5 /gﬁf' "5 ,to er el %f %ﬁg’yr“é%g}c':tt %gﬁ |521 “}Se Iéia'lts it%/alé t}t?ecz)st(tﬁ%%e mo. uins at flow
frequeritdf\thd yorofosition2@hémtht heoahseisinzlo fvatl b nawtubes disphesdy in the

The actiyity. c e.ne .ed using an chni h
commporiffop o0 54 WIS AL A Lt Rl S RoT s T B M i BRYDe e
polymdrx a0§¥hesmin #0d. 9.at hitdrding ofom5%rS W Esghnsteragd owgluhistis about 20 [Pa]

necessarily i.pdicate a totgl eldi.qg ' f . 80
or morf 67§ BRIk ob DA gEaft 4 Rifnecy I SRR ot bbacits s abou

[Pa] orafibie\dt b Yregagndyefabiotatl/s2&%; a 2Q84nBE02% SOVNTS 08¢ sté@gs modulus is
0, 0, 0,

svou TSy gL oL BRI g r g s e s

modul@y/is @b ie20(0UD [Ph] oeyoleat adraqatia I IChpdlbce; asfshbwndn RYG. 17b, ata

. . to - /or _a receptar co | L-22R
toading B 445,57 Ndht Horee el 5 AE R O e site g H reauency of 0.1
rad/sed: @64 Begsency bf Odradiseaibe atiragesaqdng for FEEK isabantd-2 yPa).
occurring manmmal i an | L-22 pol ypeptide (full length or
mature form or a fragnent thereof, e.g., an am no
aci d sequence shown as SEQ ID NO 1 (human) or SEQ ID
NO 3 (nmurine) or a fragnment thereof; (2) an ami no acid
sequence substantially identical to, e.g., at |east

~Nr—nzs ~N\N 7 ~rmn s ~NSA ~ ~NNN 7 NN 7




thereof; (3) an am no acid sequence which is encoded
by a naturally occurring manmalian |L-22 nucl eotide
wG@ewareses or a fragnent thereof (e.g., SEQ | D NO/BSIN7/004475
nucl eotides 7 1 to 610 (human) or SEQ ID NO 4 (murine)
or a fragnment thereof); (4) an am no acid sequence
encoded by a nucl eoti de sequence which is
substantially identical to, e.g., at |least 85% 90%
95% 96% 97% 98% 99% identical to, a nucleotide
sequence shown as SEQ ID NO_ 2 or nucleotides 7 1 to
610 t hereof (human) or SEQ~ 18- NO 4 (nurlne) or a
fragnent thereof; (5) an am no uen enco
i 'h et e e iy (RRTBRb AP ROP RO FRAT RGeS (SWNTS 5 wt
%) and ?&lw{e& ¥mﬂk}ﬁ%2w&lé%ﬁ@h{géea&6ﬂgﬁ B6ﬁbﬁkd & t\a@rmfaw extruder (NT4).
héreo hunan) or SE ded
The graphygempares @he SQuegZg r nopeakipree with g ggeon r?ﬁiEP%B? F‘&‘EP““ €
S5 YR @k LeWNTs 988 opf ankipR1 et AL
p01ymenucleo;1:‘?Ocl@ée@\glfalc1uences Snder strlﬁggnth%gﬁgftlon

contemprghiopskt qqnﬂ:ggqq]t Ths AT 1 £oyRROSItIQILCqMPIISSS ﬁﬂ}ptﬂ?eﬁ d‘hslpsrsgd into an
extrudedl #’ne@gﬁ' tﬂ?| ?élﬁrﬁleg H'o%@@rttﬁé NSV AQE addedddB BARk tirulld&Rznelt of the

orig human or npuse. 0059 41 h
polymenajcd @eemwwhmwaéﬁmhwlﬁhéd?w}éaf@Fne?ﬁ uged to make the
Red Fr?4 1@ € shown in SEQ ID NO 2 and
compos@[o%ullgggkgg eseecli@lvel . The am no acid sequence of

FE Ut Blustraten theufregger@drrﬁ%@p%q%thﬁ StosrACTBOMIIHOr g4rysyep compounded
compos%oré'%@nlﬂ% h@ Awt o ORNS i8 PRIEK ﬁﬁ@%ferl%ﬂhechmﬁhlhles 3?1 injection

veal s 'many structural domains. (Nagem et al, Ug
moldmgtquu‘cq Uxewvith @ highsn G dlustates thpgtepge Qﬁsplpg sf ?rbﬁqu%lon lded sample

with th&-pr%e48;7§a11%£%rﬂaem [qu\%-')-h’ﬁtﬂ £1dWerld:-iddstedsitié §t}z$rage modulus of an

rs to at | east one cellular process initiated £
injectionmeded pareple agthgut themal reJpxatjongtyeagnenti Bglaeca‘noan fr @ﬁfntoqan modify

the storﬁg%gﬁlug%gsal Blibhge tﬁfee é)lé m#R and 1L-10R2 on the cell.

activities inc at |l east one of, but are no
IFIG 8 éscart SEM(df)a solididied gamplezoﬁ%\UNTa dispewpd bt a e@meé%he nanotubes

were ac?c{efi ﬁlln()?tg Iﬁneaggruldkd %ﬂggégh?e 3 @c&&l&&%%oﬁlﬁdiﬁﬁ at a location equal

out hu aSSOC|at|n gnal
to or greatangdudialfohe mg@@uﬁhesx(redeg as sohmraatipally shovat inthe armaus of FIG.
11(B). phosphoryl ati on of STAT protelns (e.g., STAT5, STATS3, '
or conbination thereof); (4) activating STAT proteins;
FG. 95 amBEM oftd sodjdifiedgampla e BHR Tsgliersgd én 2 #ehymyy: the nanotubes
and theppOQ%!‘%\fSIe é)&l‘ds% ﬁomtporlﬁde%rih'aﬂteﬁ&ﬂuaﬁy E&fttRporafidus manner as for example

cytolytic activity, cytokine secretion,
but notdimised el the proccs;rsbhmtlcsﬂz illysiptedfoy the apnsratpei EGs. 10(A-B); the finer

morphoclg %{r glad Eﬁ%ﬁ?@&ﬂﬁ&l@ldﬁ{ S W Hendifibd ocr rogﬁ' 15@1‘%£ﬂe§khe(iﬁ1pl'§ved
re not limted to, cel he skin,
dlspersglut of thi wenqtubgsdn Kiisipelymen sample Icoa@a@ﬁdmh?eﬂamlle AGreS
fl'-il IEir. z {@2%023&%%’?52 Zﬂ%slie)r'flfes %rrﬁ)nrl%gingggﬁaﬁ'c%éé @cgnazl'\(tﬂgé@s@d for dispersion
mixingqgilymgr NK OedridsnanBtubes 16@30Aqghe @ﬁﬁ@gggcanaqgur in an essentially
contem\})o anke%r %/ %%ng%hl{:}}cgl%eaﬁ:&ddv %Ea'lflg Jf dgﬁnﬁgﬁﬁkm G5k tHough hopper

recep or
1026Ai amldldoil)tmeml cagsa;zroash hesmqulﬂé@A; hw&mrr«rm exgruderg1@18A apfd 0224

extrusxon ch:fneﬁ:ertsg m%?er%%s%@%o EXQ%%%%%A% tﬂe@tlﬁ@gﬁl 050A. The extruded

eratlron assay O HP -22 act|V|ty can
compoaitlsm 1068 datae brireracvedfram dig, 1G60A. ckbmgitaidenl059Agtanhy heated above

T R —

VI @ O@mmamemcaamunmys norelimtting appartuser »prppesRefas dispersion
mnxm%&er R&{dm thd Jlal?l%tu\fl)% 'l@.’;&}? tﬁ@g*tgﬂ,lc(neco%pouﬁamb%aﬁ bp@ally use a

gener at ed non-.i nmune
pre-blqnded le@ﬁ npmptvbGtSraad pﬁlafgterdflﬁpfr %eyglea'PBP%ﬁ Wl 6ﬁ| %’38 fo Hy serew
ot her nmethod i n which candi date sequences can be
tested for their ability to bind to an antigen). This
t erm excl udes sequences generated by genomn c
rearrangenent in an imune cell. [0062] The term
"i sol at ed" refers to a nDIecuIe that |s substantlally

r Y - .

o, -



sufficiently pure for pharmaceutical conpositions; or
at least 70-80% (ww) pure; or at |east 80-90% (wW w)
wEee/1008r3 at | east 90- 95% pure; or at | east 95PGT/O8HH7/004475
97% 98% 99% or 100% (ww) pure. [0063] The phrase
"percent identical" or "percent identity" refers to
the simlarity between at |east two different
sequences. This percent identity can be determnm ned by
standard al i gnment al gorithnms, for exanple, the Basic
Local Alignnment Tool (BLAST) .described by Altshul et
al . ((1990) J. Mdl. Biol. “2%5: 403- 410) ; the
orithm of Needl enan et al

extruder@gl%l 3B and E}Q}ZB &9 extrgsion wlp{)q:.'mgag‘?atﬁ%%)% q.form rg:literiﬁl 1034B in the

extrude { J50883) THORded APRposifRbDSEISR cathbekdmb¥ed frbnsdt 1060B. The extruder
paraneters may be the Blosum 62 scoring matri x W

1050B c@@ﬁ)ed*@ﬁmdtayom thfznelgn%acbmbgfi the, aolgg}%pﬁ gope r nﬁ)ﬁ%]tleiti%g-zones or

}manng%&ﬂﬁaﬁbﬁﬁkhgaﬂ y.penal ty of 5. The percent |dent|ty
etween two am no acid or nucleotide sequencF on di q
BIG o Iféh ) dBusratgsrygled exppsion eompiuding h! SPAEC! frdpusion disperse

mlxtureacﬁqla}%tu%g ;Lrglr ?r]iglgﬁ)eat %@F’n he tatertal 1734m%dhﬂ$heb@@xﬂder 1150A

I ncor porate program (version 2.

can be qgg]owgd 41 I3RK j@m@]egﬂﬁomﬂ@g@yg%fog stogagfdﬁoqhghﬁ?q{eswnvuy and then
fed back gﬁ@ ey e)ﬁ'xtud%gasa 0% gﬁ@ ﬁ? rBY ilbﬁsﬁ‘ﬁteé'rforﬂ"@g P 8iehi@Tithe polymer 1110B

I's usua cal cul at ed aring se

from happos] Hidesnd @‘rﬁglewn coosAlTRE apeﬁﬁ?m?,ereeptv&ref IS gagrke added into

to the e;d}u@éd Aﬂl@l@%i‘ th%%l)ﬂﬂ&l B8hB4s: SRAMANCRnPRuhIRE anh ‘Iﬂclaﬁoxobf hopper
tially fromat [east one sequence encodin

11268 ml nergreetenihan half thmlength (DEHOE @8 extrgerdd 58% r?g “A‘tggba)) to form

matenap¥ %@%@ﬁ%&mtreﬂnﬂvé’d %01 140MLas\malriaeNd2B, segnent s

eavy chal ns, and V and J segnents of |ight
EhGi Hilluairates mviemr«;parqdrfeory aghendiqs yensiiyetsgmposition of nanotubes

dlspersgc? H‘leé{ gtgl of f) D Audi& Lorhﬁbdhﬁﬁn%qg SHbbRintdlt$ Bf the invention. The articles

occurs, e.g., Invitro stimnulation.
are preléﬂrbé nm@ndwféd:rynt ghaart ﬂQw cgmdm@fs (ph@pgeéﬂg@ mg.}@@i)) de@and hand

drawn. Oglsm ve %X OPSOQ{ %ﬁy 4o gLVGeO élgﬁicsﬁf@stlﬁﬁﬁ’t'y%jf 10° ohms/sq;

nut agenes: s, er netho see Patent .
nondisSp&b/s, pzmonsman equéudednané dnmyn pmuou da2e ml& iace egisErige 10
ohms/s§ {1 o Ve Ssggngrg%edte?c R ﬂ{ g gB@Beﬁrlage I ?{g%ﬁ?gﬁﬁk)ﬁg\}gggjtﬁ furface resistivity
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Exenpl ary nethods for generating humani zed anti bodi es

or fragnents thereof are provided by Mrrison ( 1985)
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; US 5,693, 762; US 5, 859, 205; and US 6, 407, 213. Those
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can control several immune functions of the antibody
such as effector cell activity, lysis,
wae eovplhiensent - nedi ated activity, antibody cl ear aPCEUSENT004475
anti body half-life. Typical Fc receptors that bind to
an Fc region of an antibody (e.g., an 1gG anti body)
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including allelic variants and alternatively spliced
forms of these receptors. Fg¢ receptors are reviewed in

Ravet ch and Ki net, Annu. Red "I mmunol 9: 457-92, 1991
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st R R o EAPOTR R rls y 9 B  FR5Ehn nc
by the pk&R&dldeario afte rm@dmpo@mompmmnmbﬁﬂmuodnnmc laxtnqieé fkqss than five
see Anti bodies: A Laborator%PNhg* 4 . cons of the
timos e PreEsEHSp AR SISt DY e SR TRE SPRE
present ifVeRASA A2 sLiBstRallfaRASRAL folan ihér@hdeaf tHieOstaxfa}ge ﬂﬁi‘dhlus ahdibor to a
source, nethod of praoduction, or other a f% o rantiall
decrease hiesistieity of the somposiHOBWIhHBUYCTBERIPARYYBhdH T 1§ pustantially
invaria Q@ W iR Seds OTHRR U RAY thoduluPdRl dridRbfeadd v rEﬁ§tE\afym'elcQuse no
gl ycosyl at ed proteins conposed of two I| ?éﬁ chai S Without
improvanons pp e JiFREFDY Wb RS CERBHOBARCESFES 0) BhRgTYrg: Withou
w1sh1ngotfﬁ HRAYLAS bYRARLY, RdndlEutash pro-E\é@sn{Q’@ﬁﬁe @f)mbbgfétreduces G' because
terned |ambda and kappa, oung
the dlsmrﬁtlfprbmdy dsteripeaebreient Bh erq%plarher% %rargél& ggemesgeregation.
Embodﬁth&tﬁ%& @Qﬁ'xpgﬁ%ﬁeﬁil dt %@Wn&'tﬁﬂﬂ 'SWNT'H:WE‘ %k:ﬁélﬂﬂhh Rfxima for the
ed

can pe assi gn five or cl asses:

storage hodaies e PTET SN B \PLgEs, rlrﬁc%lﬁéersﬂar r}?fdeas %crvouqd be known
to one s?&'lp&ll 1ﬂ§ﬁ§§n (the %eﬁpﬁx%hulug cin alsJ) 86k efelr@3, asltB&stordgl @mddulus.
, and 1'gA2. Each light chain includes an "
: Mﬂvéer eHmRASitiogs jaR® Methods arrgras eV fer i Pl a Cuppdsing: Varieps
compox %@e&tépgh;MerFﬁe?&eﬂgﬁ%)ﬁgﬁé:%gIg%ﬂ%! lﬁg %(StCIH—lgl)lt,Bh t(f!'?j Jthéé@dmpbsitions and
methodiicany elsp Segnstst esrptiatly ofo Aal'sPreissef” Shovarioas C?@Pwrﬂt%and steps, such”
termm?qg@ AL ﬁ?er?éie asmﬁm\ﬂ RGNy SRR -ARnbRA gloabs. Of

regli ons o atlve conserved sequences cal | ed
fBnzhralw ends pé@egn‘gen(apmnclu nopqhgs, fﬁ‘h?i‘aFRJS so%yefﬁons include

SWNT£ 81E mn%téoceé 8191 gflfngre VVIQ(F@ Q;hgtﬁgﬁtgag‘n Qt'neﬁ}y&%é{‘ﬁ{dp%{l@that forms an

ences ntarity determning regions, CDRs)
elecmc"a'ng cmtlae At serpaRSSE Makerioh EOPESR AL sl isifeatione Iy @F case of

SWNTSR}%(%ééS orI S8 591@ & of a0k e gantmu%g%ﬁ@se of the polymer; this

are re erred to as
contras@RBh ik eidnali pedyryer o@aﬁdcsaﬁws pERpaas Wyre Meerrdémyldeﬁ%% SWNTs in
a solveﬁ{ Sod SEEGLGD thom ﬁ_% H3 whi | e CDR
onstituents on the chaln are referred to as
pna_enbcamen@f t{z@oesl]xt@ms 2jcoMPPPItien |°Pylpflﬁleggrf€ew§%astw polymer,
the polgx%tlé{: %q]é)(eg fgﬂa SF &) @fastg{n\éﬁ ra%littﬁ{e WetRbladidSolymer includes a network of

H3, for exanple, can be as
single whibed cabon wnoarHien dlsaersqd inethp thrsmoplastiy pelyeer-t frdfelbey non-solid
heated 3P (g“shﬁjlscom %tl%Hl?lH?bgtO%J YRS HI1ESprdPéttional to frequency according to

thre i mensi confrgurations of different classes
the relaﬂfonlslmmfh e@qoufbwhcmsx racproportiohalByusonsiant e isthe fraggency between 0.01

u LESrbdn nanotube in th
and 1 rfg)lé?fr’gf’gz /° %ﬁnua op%g%/aéﬁosi r%ﬁgﬁg“‘f} @%éo?g?or vooeds o e n the
compols-bibh @M/g&ttteal'ha,n 01988% a@deheosrtosgc modthStahe fixed figiphgncy can be

ni ze bunl b

substa loy%, va atﬁ_:Fge %ﬁ?rueéi u?18n Lot h‘pﬁ&lsyégggg cgrn ?’ggﬁgrn %Qg e
substamagly, mtr:hﬁmpm‘ 4 fiotheofnctdase M—ditoﬂa!ge mriums)ﬁnﬂuﬁummt extiysion
compOf.mdmﬁetIr? sgrgg er%%uhgnee@lt%the gr(x)lﬂutrt:}ﬁ' s%%’glé ﬂgpegf}aﬂg Ipuﬂalnotubes tls between
0.5 andil s dnanuicmmtediments the cogpgsitiop Jogscnqt sepyprig? adgdsd/caron powders.

conpl enment. The CDRs typically refer to the Kabat

CDRs, as described in Sequences of Proteins of

i mrunol ogi cal Interest, US Departnent of Health and

Human Servi ces (1991), eds. Kabat etal. Another

standard for characterrzrng the antrgen brndrng srte

.




Sequence and Structure Analysis of Antibody Variable
Domai ns. In: Antibody Engi neering Lab Manual (Ed.:
woeebedos75. and Kontermann, R, Springer-Ver| apCT/US2007/004475
Hei del berg). Enbodi nents described with respect to
Kabat CDRs can alternatively be inplenented using
simlar described relationships with respect to
Chot hi a hypervari able | oops or to the AbM defi ned
| oops. [0084] The Fab fragnent (Fragnent
anti gen-bi ndi ng) consists of VH CRI and VL-CL domai ns
covalently linked by a di sul'fide bond bet ween the
constant regions. The Fv fr i s _smal
FomSIRbaGiR R Sircroe! SRR RotheSUPRNERy® [iohien 200

micro ngﬁ’x/ SRR ak RBttBARENS Yackf dl@éﬁﬁoﬁ oY ﬂie&i&ﬂppsitioﬂk dnlsome
donmai ns to dissociate, a S|n%@e chain Fv frgqgg In some

embodipsatE e vugle Halled Aabpn apRAfuberliave BEGSRERITREP 74 1]V or more-

embodxHeﬁt’é'ﬂpé E/ﬂ@iryﬁkemdod& h&RtwitH dikSefedd oft 118, 5Gmh 6f mhﬂﬂ@olﬁﬁg) and

he N-term nus of VL, or (2) the C-ternjnus
Lengihs VE 1609 rimer Recrer R GEBRSiN is Rt By mprAGE 1 ERariple an extrusion

fo di epxtdaxetuﬂ 5 BkRy & satve th
processl%ﬁtaa%t@ﬁleﬁg létjﬁgéj%%%%\%?weﬁgg qou e1 %s of ant |eb 0 % s ©
polymegf Uederas@@mgsswwoeéw$ theFRPREFIPAN PYtERsGhISS (PO
per gra%?)? flba afts Hé}fﬂlﬁgnqu of QE&v%tﬂaﬂ&tﬁﬁerE ﬂueed%mels]&é%at can dissolve

nt ‘ant I ecul es (I mmunogl obulin Ge
the polymer asdhat vag sediirfiogming the nanoehefEfRCES P eHsSOmE™ n‘?ﬂ“é‘ﬁ%“‘s the

compos%’ou%g%%&% 1esh BORA. 64 nﬁél‘%@ﬁ?ﬂ/ vafn of@hmpl B44BE bh eHtAdest method FGTM-
I's an artificral hybrid antibody havin é& ho

1350. Bhd ¢lég@ﬁltﬂg o6 &oWAPP$ite10f ShpaTrsep hinventignAnd, {B0SE pds Ry gotvent casting or

other sx%hﬁg Iithodt L&F als§'b§ Q@ﬁ:hfﬂn‘éd @Ptﬂhl? QiR rdhe RRtHYde discREed by Zabka et

a variety of nethods inc fusion of hybridoma

al in U§r Pati Akpliptioh Pphbcat@xé‘@m%@@oo%%o @l Octgaeﬁglg 2001 apd ;&lbhshed
o e £ ity A 5 o

Iln sane embb(bmen@mf the pemposiirmsiof e lahtﬂt@@d%‘@éﬁﬁo %f@@leaﬁmons from
the sanj;pllé Sin a%%}xpgkdjrgéfg 1,0 1R20LY RS m‘rﬁ} fleg&féﬁtk @Siofls fiefr the sample can be

Ia an I'n constant reqgion
about mgg snekcmdtncnﬂlen@hablﬁmﬂalsrfmry sprampde cqngpaaiostdl ¢ ng/g or less and

outgassgr)l(%%ﬁgrrucl THNR0 %&Qﬁ%ecléh'b%%s? bl dbio Hﬁ&tsggﬁ sﬁgt

a varl ol ecul e conprising a br ndi
dodvantgpeisipbpsingts walddRerzchanhbibes s cgmgosition are not polymer

TR et B

the memm/seﬂsmwa;c, 2605¢ BG4 o @m@mm@p@f such single walled carbon

e e R———

- the corﬁﬁkﬁh’ﬁﬁ(ﬁﬂ% @46rfacendsistiviay tads fhan daat’ @(rgbodlments less than 10"
h 603hnh/8 °f &Hb&ﬂ ts of th
oh/sd BB éreg’fb°w‘s’m%%g$thgﬁtl|8r%ﬁ“e§ [008BTA SMBLtm .
compotsrylpnga’etaycd wiidar yatyingshyian 8pwgodditiehh thayalamg revitiivity or surface
n_py a binding donain
fes‘s“v‘a Cfne)e?ie%g% ag%lg?ﬂealftuse‘g&gl? ot herw se connected to an
[ Im*sume@lrrﬂiodime:mhtmg@t\mrkhs plupracieried dyracsiprgge modulus that is at least 800
times %8%1%1[3 tEnFré TS torags WOL Gl LR rﬂoiyrhétsa?g é‘f%gu@ﬁ 4 138/sec or less when the

t0 a-reglon conprising on re native or
amount bsingle verlied ocadba manotegesola benwe@rrﬂaimd i7iYo dh @Bher embodiments the

netwo%_gvr%re\étﬁg di’sg?rstjlg%r ggﬁte ti by st&)é oﬁulu@ Ieae % 186150 times

reg i ons
greatei)ﬁn kcgEe éaseeilmogumeig@ateﬂ omﬁl tﬂ& 3@@@9 rmdu_remfetbt: eplymyr at a frequency

of 0.1 rad/selc Whe\xq'glln Cznnl)&nt o@g pe_ol_\%gﬁ %?cgﬂ%/or?grﬁgg&%@&ﬁ grée@ér tHad P 8%,

ete descri t|on
donalnlnnunoglobulln f usi on protein can further
include a region that includes a native or engineered
i mmunogl obul i n heavy chain CH2 constant region
pol ypeptide (or CH3 in the case of a construct derived
in whole or in part fromlIgE) that is fused or
othermnse connected to the hlnge reglon polypeptlde

rmcro grams

j—pen |




of a construct derived in whole or in part fromlgE)
that is fused or otherw se connected to the CH2

W@ oov3tiensv3 r egi on pol ypeptide (or CH3 in the caBer/v§20a7/004475
construct derived in whole or in part fromlgE)
Typi cal Iy, such bi ndi ng domai ni mmunogl obul i n fusi on
proteins are capable of at |east one inmunol ogi ca
activity selected fromthe group consisting of
anti body dependent cell-nedi ated cytotoxicity,
conpl enent fixation, and/or .Rinding to a target, for
exanple a target antigen,'suéh as human |L-22.

0089 rapeuti tejns,.i.e [
{‘ }Pn&aatbs g?lgléq% i \éa&ou% ﬁrti’acl es efgg)él’ fgl%lﬂlhgn(?a egp g Q%]Lrg? for various
substrat@sﬂhmﬁﬂ%rsi tetittd Magkis, a1d fnisledi giodofike beniraerychaps audi d)ﬂc drive and
other snfn&larr tS(P noa% ?e fa ]aéa?iﬁ\eg gwg{gﬁ{rgﬁgy %} ??{g onentsaflor Qanout% dlélnces such as

ap eut’r c pro
membr#dn@FilieRS haldes, Re Pbivdnioles) cs. M nmetics are

ept i de- cont ai ni n nol ecul es that, m el enen
Ewgpéwn&e%fdhaaﬁeg@w‘tfeflml gan @8@' ﬂ%%%ls a“‘fm °m%°sq‘r?§‘8 fhat
compn&tlfllAcﬁh ersiom 8PS WIET s-ﬂﬂrarthéﬂnliﬁiﬂamﬁ mdltrhsleﬁ'ﬂﬁﬁkdﬂ(ﬂm slapiPof the storage

N s N = T T AT
SWNTHERES oiRged! B dtREntbJaahbme tHe TEWHER fofm peptwalk in the thermoplastic.

mmetics is that the pepti de b%Ckbo%_ﬁ% @H%]te ir
In somegapkediments dhg Retierkyef ORISR F4 8¢ 334, “°h° opic
orientatiEF e ¥AYoR fakdtutld G SWRTE bl %Lﬁnﬂ{r ndtier Botriopieembodiments of
such as those of antibody an

n. A pepti.de

the pressmi B PRIGR B BRTGATPGSHEPHT AER KT Y REGIeA e ogganotubes
becauséih@lécﬁfoptc%otxﬂ%sﬁ@hbl G thB kR vBight Pasent PE cardbp Inmotﬂm;; in the

be used to engi neer second generati g nol ecul.es ql ng
polymerhaye whighereshaanmpdiupoped ernsallya saller Yplysof fign the expression
G'=KaeP. e@)tnl sgﬁﬁ fﬁ@hﬁ&{ e e SlldbecBite WdchBlagtid RERHaRRAAd may also be or

otentla y inproved characteristics. [0090] & her
becomeﬂb@dpﬂbmlssnmnvpmtgp@a Wil gpithomhBiTiheE freaimept M egrol ding under
vanouspsjixggreflglf ondiESE, 1 t%?qn’?e?it RNemg! J)tyarﬂ%‘()%l'ﬁ‘xlldnoﬂrof #hese. In some

Pt portio a targeting péptide, fo

embodiaxentythe ¢l chtricabarshrhaglogiee] propersies hBGQWPOFlFlﬁR%Gf $YNTs dispersed
in the tﬂerlmoslasgg Hg‘iyﬁ%? %xpﬁlec‘mohfﬁfﬂlﬂy }%tlﬁ% portion of a second

e’or proteln. For “exanpl'e, fusions may
émeISOyN[Te aué polyeten erecdendeddngashdtdp yiskbe pempetesaslhpqmposition that

can be ﬁno?dedel %”%E‘l@ﬂ&r %&kﬁﬁé‘ s WhRe Qfegltrﬁhf‘rels@tlﬁty depends on the molding
ogous ot her useful fusion includes the

shear flsidedridiions for drawingroeslivesisc fucl cemppsidorfieaibg madgerheggthe polymer

and na?or{ug&talrg 9 %%&H{dgﬁ) P%etﬂe? aI 9 8%5 alnEéa Tegs ﬁ'&ﬁ Iaf)é)lﬁqj/ Q%ﬂg exﬁﬁ@er SCrew

ron pr usi on eavage site at or
length mare B fietht beigtnof tha cxiredersitew lfsaé 9 make a disparsiom ofgke SNWTs in the
melted! %<r tpaﬂriﬁg Y3 ré%ﬂ&ﬂh é ﬁ'ra'i ?srsuB%‘(Eﬁtﬁdl@alB{/é}fbm @-h&forage modulus
$ usi ons [ 'ud uncti"onal domai ns,
that dossmbt insresset with flsrrﬂn@@xmmm emywsimgg@%e §9TRe§iteR and where the
' &y Jis@pathk %@é&@%@ﬂ%ld dinal
disper Gy RE AN Bl S RO 1 e DEAR Folpay Vo APRLE TR BRI ded n a low
shear moﬂdurgmoaﬁedsuqit @mepdsitisine naprlee b madas! h@ﬂ éhﬁ:lgﬁtlwﬁfa‘ﬂdc“ammbes are
compo§ ? L El DSkl 1P1quE} 18 or BIG; ARL pf?&séx%nﬁ%e Ime?'etxtruder can have
i 85 geni c agents or nones, cytoki nes, growh
length béiabart 95- 1|@9rml arel mb@%;n thn rarge oif eBOUtBRLAZ 1 agnment s of
Libadi e 0 FoHRa into stock d
ebPE AR <2B P NG MG plelprBhBL Sy BPRYES into stock picces an
amclebhmdng]g thiclotess msch bteateo d&naafastg'dn@rvdtlleﬂgtaﬁm% the network structure of
the na:% eeslurl]ﬁ-t 3{0?%1-\4@1] ds Q&\éﬂe Bp %%t&ggégxloh{ﬂuk DailiB@n@Etorage modulus
ro can be pro uce for exangw by
slope wiik lﬁneqmncat Velitentbete ane hotjntiiafiomcen Bigahicknpess of P?‘HR?SHQOHS or portions
reagents, by de novo synthesis of the conplete fusion
protein, or by attachnent of a DNA sequence encodi ng
the targeting peptide to a DNA sequence encodi ng the
second peptide or protein, followed by expression of
the |ntact fu3|on proteln [0091 ]In one enbodlnent

T .

- o ~ o



i ncorporated herein by reference). The Fc regi on may
be a naturally occurring Fc region, or nay be altered

W@ 007sex/e certain qualities, such as therapeR€T/US2007/004475
qualities, circulation tinme, reduced aggregation, etc.
Peptides and proteins fused to an Fc region typically
exhibit a greater half-life in vivo than the unfused
counterpart. Al so,a fusion to an Fc region pernmits
di meri zation/multinerization of the fusion
pol ypepti de. [0092] VHH nolé gles (or nanobodies), as

known to the skilled artisa are heavy chain vari abl e
donai

BT e e R
embodi@entd @RS EdRpshitidh NERHAE MaWeﬁWﬂhBﬁmﬂnd‘lm of mt}mgkness of greater

ref erence. Such VHH nol ecu
than sy B LR PR AR o Gt i E,“““’fa‘é‘?i K Q%‘r%?mb"d‘mems
greater £RHA0.cnh bAHBre. ArRoRSA %Mpoéiﬁ&@%d&ﬁdcl&lmammsah fbrisgructural
sonet ones called a canelid or ca i zed

spplica GUTFAP A SSE B0 LRSI ARSI G AL By~ Abbipe: Sler
housmg mZﬁ‘lf(ﬁhs , b ey bIdkS) WAt RdRIdehele Qhﬁheb yu;fpeﬁe r Thee thick materials

her species besi des Canel i dae gpg ro ucez%§_ﬁ% sin
asc morg WPV e FOSTRHES Iy T PSIREYOV BB MAY TGRETCANG P2 Rjgeessne
steps sd@HlaQ QHJc Fres _[%cﬁpﬁl%ﬁ pikled tb@&ﬁerst@ﬁbhﬁ thit iR pidegds
nol ecul es. are single ti des and verg
Epﬁv@ﬂeneqt@gf%.pﬁ@eawv nj3fe %ﬂfaéﬁ%oaﬁmaébm owder or other filler
based p%ﬁ}?gér coRPpdsitdIrARWANTs WhieH caf BreaRSoshavith high khear &Ct‘nleq:mymer
proteases which is not the case for .conventi hich is
SWNT &ﬁmPBE}EﬁSé’@, comppsiteRs e Preseny iR eRteX PRUBRt R S ORERs™ ¢
advanta%regﬁié"ﬁ)?% Blisthh MaQxEhusiBh aiofdihY bEauge thefpisuetd mdle r\(i'rllalslower
d|t|on ant i bodi es generated in Canmelids, wi
temperattece@ g pighepFheap s Teareased PRRAHCE PBY: YIS %be‘t?ﬁgy savings.

Rft&dnicthbbliinkéhtd b 1B Gk chiign biEfbiOTmique rheologmal
ant 1 body Ilbrarles or via_inmmunization of manma

mal
and eleotrisel prohemiesdheir behsvios éea cHomoBBRYN hATiENation in the continuous
polymér '?r‘faQﬁQ Ol S NREER R RYschFErBl BRE Mhen ORE 3hbB&namRaFex@lsion

present invention conprises antibodies and antige
compomnctad.mgxprom@mér&wNﬁh and pithpgmpplastc offtie PERSER! 1BGRfIgn are formed into

artlclesgéﬁﬁlrk?ig%nqg VBliord BRI x%te kHaY Bftst hRTAdIUTRA éﬁﬂ}'&@ﬂisﬁmﬂ{'é Behavior and

raries. The ructure for carrying
then u@arh@mmg Yecomemsieqitiend gonrbigiiye.oVithoyhvishing tA b& rbobraﬁ 'PY gigory, this
behavibi¥ih uf B a rmﬁrcﬁ alrBfix _Iﬁh%n!)&@ﬁ;r?gl th® SWVNIBLEMBbdite. In the high shear

occurring CDR region. The structures and | ocations
flow m@édﬂd@bﬂl@edbmeﬂsilmyseé SVRIT én el ymer wagtsrieabiy glign Shch that they
are notKﬂQQﬁta@ttwﬂll) eachm{'%ﬂﬁ &fe AHhE QLS k}féﬁnﬁlflm{xmcﬁm}e@gh:ﬁ&hce about 5 nm,

No. 2, National Institutes of Health
to achxmlp@apalmscolmb@@ah elgesren bopping | Hpomhesingsih mayhepgme possible
for the%ﬁ*’ﬂ'f(té‘%%&e&gﬁ Bﬁ%? otolfocétle |ai£"§ tifsfink¥ fes§ ARGk BB $o Souk Beim from
ant 1 bodi es of this invention, including

each othigetorcrsatEan leatyiveHy §°f°\#‘ltla& #atariddomai ns, and CDRs are

Sﬂ;da %%rf]tgrs'}ﬁvg L3y’ @%n&nél }Ddlé’&@exeeﬁtfﬁﬁﬁﬁ%l@ dlltatiRAl Rfotubes dispersed

y specific érbodi ments of
or distributed) iy thieipobnerrin epbadisents f thejiryention thas ghegrigytption of the SWNTs
may b e B s Pt St A oo condueivityof
the resBRﬁ@)ﬁQld&Y ﬁBl@lal 3@%@531915 sRided @sBEEshan Fondeaivity while injection
molded Qaﬁné@B L Qeﬁﬁe Rinl e mYFE &@fiu\/& ogﬂﬁﬁl'aﬁé% &gsﬁx BRludes dispersed or
ernfine ant| g‘es are listed In

distribfiefl nenotubgreivi the polymsowhareriheresin lswbaf@étﬁﬁﬁdr@ba low slope shear

angibodi es a Eﬁ%ﬁéﬂ fu{ ?gacgée gnliQn:l- Qcé:sl@ bk b45rad/sec of ®* fo
moduliy itéBWd"lEﬁT‘ggg’?& L6927 U62R00, 087803, 166806, 166G05 "
less tha5 4508 1.735FBeGONIBBENY, SUFBENESIELVIAh@PT YoBDIAesiayiEy qflectrically

Am no acid and Nucl eoti de Sequences of VH and VL

Domai ns, Fvland CDRs of Non-germined Antibodies

Orabl e 1B: Am no acid and Nucl eoti de Sequences of VH

and VL Domains, Fv, and CDRs of Nongerm i ned

AntlbodleSNANOTUBE POLYMER COVPOSI TE COVPOSI TI ONS AND

R A==t 17N\ 7~~~ R R 1IN NS N ™\ [\ = e gy g | g s g g g A e g—p—



60/ 775,569, filed on February 22, 2006 which is

i ncorporated herein by reference inits entirety.
WBACKBREUND Nanoconposites are conpositions i nPEIUSIN0Z004475

conti nuous phase has dispersed or distributed in it at

| east one additional constituent such as particles,

rods, or tubes where the additional constituent has

one or nore dinensions, such as length, width or

t hi ckness, in the nanoneter or nol ecul ar size range.

In order to effectively |npr?ve the physical or

nmechani cal properties of t hé conp03|te it is inportant

bR RSB FERTo BRI SRR i
1l]ustrat§ﬂ|ﬂ5l1‘IGe 12 Rthedd thkrkiriddagiotgenot the nMcd‘laﬂ ihﬁma’surface resistivity of about
constituents and pol Lf the added €9 nstit 1,33
> oh 6y G TR AT VR PBUE BES £ A BO GHRI | oL 10° ohmisa
The surﬂ@é BlsisBVityRY tHieeabsiB G chtow i o difiea b9 APesi 18 obmrgao &i dthen

W thout adversely affectin hysi ca ertles of
e o o i B o L 3P OREH 8 2 o
or irratiO} @ AIRLEF ofbokiPl @6+ledd. Whee tH'é&bﬁibleal's Se-hb@éd toaiys elt uswsbrature, the

as an additional constituent. in aﬁoco osi te.

conducOELEES TH§ PP gbbe HIdn A1 BROIR TS iston molding o
maintaih &Mﬁu&ﬁﬁ@%ﬁsﬂﬁ Q@Rﬁﬁfe%bfﬁiﬁ‘in?ﬁlglﬂﬁb%s tisudhphie. Coining is process

| es of "nanot ubes are singl e-wal

d argon b terial ¢
where thewmateaisbis eSS ORAITHFIaeaf AEPns BIGH RAKE BBl the materia to

reduce 4}1%&)1 éth%ﬁﬁioééég 851 s usdh Sl nhicE R nBeyp ek dib@fevel ddddidtiitglin injection
ropes of single-wall carbon nanotubes exhibit
rnddedmﬁgﬁ strength netal lic conductivity, and high thernmal
FROAKREIIY bF the DN RBS natuieaR@Sp&fofMaAGtubEaRayTBY cliacterized by
useful in applications where an electrical condUﬁ}or

the degfes of, disgrlptionefispseaiop) A dniloRmiy iff theseter of rigingthigpplput the

continuGRHASE bngerPQ! TH@ hinbuffef ik AlgSor dipertich 6fthé ﬂarﬁﬁﬂidsﬁfg»s example

Because of van der Waal s attraction between na d
SWNT swieF and apertibessan depensl upgg thgylerelofsheqr gpplded tgrt %PO&tyﬂlgh an
nanotuﬁeH bgge d@[g&feb A df%'b&‘%ﬁﬁ%'aﬂ §e GetehRINEY QM@IW ifb &k aMipl SthHtIBM of FIG 9

terirals, SWNTs also tend to form agg ates which
ﬂlustrat@aheﬁtqﬂmammbp Hispersiondearon 1B6- 81 dbe drgar Pgdléﬁﬁa‘&w% glso be
determﬂ@cﬁ] Bg ltjlpeeloqﬁfrmeh% 95?5 beg! ngrgé\lenef (PR KRhiaPpiodhes zero as the
Ssite si ngl e-wal1 carbon nanot ubes
dlspersfma\lecmmbsbmt Alddpwem,ladtlghf@rtherﬁm@f Goatlpw fpsiugpashs gspecially
compare{lI t§ B}%t(g' otitgtl;‘I gm%%us ﬁbl%'é{' bﬁ:é%L: afeROiaichies Eﬁbett@rrtﬁspersmn of
conductivit wever, achieving the ful
nanotulmstm ma aintiphonsphags. épsrqrseésnaof»tubfzm@ RelXAR¢TE Ht:@trlb%cttmems of the
mventlcal:ﬁEl Pe?érlé Q? %oﬂng?gghrysr@ﬂéc G@rﬁ Dee kAP @hﬁﬁe@lyol%@r the nanotubes
I Sper si ng Phe nanot ubes. Appt oaches to ,

disperspd onthe epolmmar intld melt or hen-epdidhforasbew B@S“%Yﬁ%?etlh ghe storage modulus G
at low %Qi&énc aBlve tHE nLemr% 36% @Qs Waﬁé’?tlgﬁte@n;}éﬂtﬁx@rsﬂbh as O 1 érad/s) of

I 'on o €s Within the pol yner_ incl

about 9t0h®r mswre Gr SVIPEsrof 0o Ryarrightoef shoyt +9GxRy raore f§U$Wé\E'%9 of 1% by
wetght cbfe a?;'oué %)8)]: of P8 'RP §W§ of f‘%‘%lg/e\[/ecigﬂtg of"mtt 509864 oPfore for

or nanot surfacés nodified W th
SWNTs af B%M iweightiat WasigrtedjsE1Co 5, eV cabobb L0 grfegrs for SWNTS of
7 e JE R B RAECTRRIUNE RS e et
at low ﬁ'é@heﬁlb?ﬂﬁf]low tabpst It wdfsbe of b dasslenhtbain abaws Peimswmermbodiments less
than ab&ugi)%r o (Hbert eﬂlrélba n érﬁgl?t? ge S h}a agogtg{ aR ?x{ 8%?&%% érﬂgédilﬁl@nts the low
frequelﬁﬂy&ﬂkﬂi’e&b dm;s wharntabaup@by Fbe highat G snéths:dowtelsﬂag ISWQ indicaging a better
dlspersl)cgh%étgF ng?o g essolnglltne{/]? Yl%@ﬁl E%oﬁ%sermﬂom er&é ]-E%tctrgéel ﬂ%ﬁgs curve of

he addi tional di spersa
the polgast hloge isctdrairistinof a birneddl distepyionef emfleniéas weights. Compositions
affinity between the nanotubes and the polyner at the
interface add tine, generate waste, and increase the
cost of such nanoconposite. Barraza et al, NANO
Letters, vol. 2, pp. 797-802 state that the literature
dlscloses that solutlon castlng nethods have I|n1ted

N




Application Publication No.: 20050029498 di scl oses
that highly pure SWNT cannot be separated fromthe
WO 020133 easi |y as | ess pure SWNT and that thRCEHOSHN7/004475
forces devel oped during the extrusion process are not
as effective at breaking up the aggregates of SWNTs
formed by highly pure SWNTs. SWNT pol yner conpositions
di scl osed by El kovitch include I evels of iron for
exanpl e that can vary froma few tenths of a percent
to greater than 1096 Further, Elkovitch et al (U S
Pat. Publication No. 20050@%9498) di scl ose that
roduction related inmpurities faciljtate the
of SWNFS eI BiC radas%xmg? Shgons e At B R o he invention can

result il B inkreaf in@Y BF SRMotnpdRitioiRhat dgredtbbthas e iknalsne. In some
prepared wi th carbon nangtubes, have. a Slirf ace

embodiresisstifi-6% STAYTefmers AIRETFe HEO AR ROTSFCE Y giplue at 0.1 radises

can be d03RAEH ffhed tet' 'dﬁn&r@ fhafk HERGSiok tHpodfmEcdlyme I'In&iﬁldar embodiments,
nanot ubes duri m xi ng. El kovitch obse vedcg cr easi &/ hat
a dispersipnrafd s SWT%/OITTQWGS‘BWQ‘S“P% BPImET CEh eI ihE eatU.1 rad/sec tha

can be ﬁ%by*?@fméégma{%? &%Mégthah i 118 BB goRnite ﬁfdﬁés &n 810 ofhBLémbodiments,
an I ncrease 1 n Ot er |n‘%ur|t cont ai nln

a dispersioyatat BRPY ESoxmPTagtaRR PR ESAHN Tesylts 1) o o a1 radsco hat
can be %é)%g So?tmed };1%9169 Stﬁ@nﬁ’e nhhed f6Qhe bOISTIRY hiohEC %b&l’boﬁ‘fposnes can be

produced-si ngl e wall carbon nanofubes to renpv , .
charactgnizedze hirving zef, abg@ Q. %gﬂe@q fog thestprage mpdulus fit to functxon G'=Ko". In

some ex& $ Fn%ml tf& %Wbe 3 blenfl Bf ﬁgl@@ers‘j@?ﬂ; aiffgedthBolecular weight
I Spersion In a poly forned
dlstnbvdnoag uCampand té thetsteragomgdilas fareither ofdhe aolpm%@épnff 3t 0.1 radss,

SWNT%&%%&%&PS tbﬁ );J%Iyix?éf\é)g%gd &tméln’tagt the ﬂ{ethjod eP 9' rﬁﬂbnﬁg ;henenP @nltresult in an

increaspim Gf caadparatrh tt tis@olyamers aline or t}@lf:bl@@l \Ié ﬁPm& ﬁalbOdlmentS a composite
n| C h
with 2. §‘% ?rg %XVIQIFF %ﬂéggrgg\g gh %Plgg% Fipgﬂ?x%elts ﬁ‘e %e&% n%tte{ﬁ?nge from about
1,000 ommctrel teatmut é@,IOQO pomons cauppehis tha G Toi the seaimolyners algas or the G”
for thei Hség‘aed into a non-solvent in a blender, the
f) I'pitating polyner chains entr apped the SWNTs and
) eumusechhtddaneﬁts tre shoragd imedulag edthbe Mkesupecdeen piample of the material

ed and. dr | C
in the rg?rﬁ%t %tﬁlg? progessing osrgﬁ% icl\{er%/% 1# g@s]'g]l %e?%ﬂg%‘ﬁlégﬁ t&'make the
compomt aerisise dhd exttudent Int sogneasminiditbenys mempelams regulis i a melt flow
rate thaﬁgin%/ ?arllltse frlc:>lmbaebr it gfto Qoutg{ogggplsf ?&cﬁm%ﬁ%tﬁéllgﬁ'ﬁ)%uﬁﬂédty the

Hens’ drSso in a solvent, added
temperatuee chnsrpmhsmdl mpelt ifibireef fnemebersd$-20(glthimhot  pi t ch
2—?' ucg 11?121{1@ ng theolpllrenq glq?éltl&e 5@ Vtglrﬂ\;’rfgia \?gﬁlﬁ@g < dspersed and or distributed in
a polymempenarrmust mfd @V\Nfsne that saglies the theelpeivsl mcfdémrdthb??hold This

|
B
frequerdy, belb& about hraidseyeint foen loxitdatabuel 3 At thiv athowd OﬁgllSpersed
th b tL
SWN’Ih[get? 02\9}?1 tl? e S u S}?a%'l e n 1¥ (%f}n %ﬁ/gféefz 8 ??%g?ﬁa%%mgﬁ% Materials at

5K
this thidbisdid bf SWNITs mfulqbbé frmilchaalnnformctlbs)mful Ifor fixe ratasdunk thaterials. While

roomt.e atu nsi st . 0
there i R BTG o DY T AR R g EbBE fthe gyruder
togeth@&to o memmaremajebmk of SVINEX fmi thlettmrmoblaeacd irshbatiinaggs of the

oi nt ran inst defi ned i.n ' .
inventfog, BisolE o TGS T GRS, DS R eh CAb B st pdftmutes, n
other dhﬂmﬂ‘l/rﬁéhtamé residpes eiin®bf the nhmtihes s feresiwder @h tetess than about 2

ot ube Ritch n_unaccent a

minuich B EPT ) SBU T PR ERoTHags PETGTbEL e aRiike rom abou
1 to aboas3 sﬁﬁmee in gorde embodimeats lesspbart aiovh e m)matles (Wﬁ énB) and in still other

Eng. Vol . 287, pp. 395-403, (2002)) on the effect of

shear m xing on MANT | engths and reported that tube

| engt h decreases from about 20 micron to about 5

mcrons with increasing energy input into the mxing

system Pot schke et aI (Pol yner, voI 43 pp.

NN A NN VA Y.V
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MANTs i n pol ypropylene by first formng a

pol ypropyl ene nelt and then addi ng MANTs. These
w@ovpoesiste materials were eval uated for their PECT/ES2007/004475

retardency. Smalley et al. U S. Patent Application

Publ i cati on No. 2002/ 0046872 di scl oses pol yner coat ed

and pol yner w apped singl e-wall nanotubes (SWTs),

smal | ropes of pol yner-coated and pol yner-w apped

SWNTs, and materials conprising them According to the

dlsclosure nanot ubes are solgblllzed or suspended,

optionally with a surfactan@ in a I|qU|d by

R T T TR S A—
reduces Y Mq\éhglé/for m{ﬂhﬁ%é iodh8 goB/iitr raaha/rf&itn;Heenel S uI f onat e. The
W appe nanot ubes are rerTD rom.sol uti an :
Bl et P A 7 B SPRI (1B PR conduetve fbers,
conductﬁ&%fa@!gﬁése rc.:»p{és Whlhﬁhoxt ﬁh@re% Mid\iétdlba{angﬂu]?eﬁ irdieidual conductive
substanti a yeeCtrlca I so| at e ro
nanotubeReOT gBY FABPIELGR ahibr S i anal ety sehichye BRRMEY tirough the
contmuStEsoﬁtﬁinh&Kﬁgtrimbf 1t é&ﬂp&fsﬁticﬁﬂ ber eRarhplBkion § WASES the percolation
formng a different naterl ﬁé?lch |nd|V|d ithin a
thresholgl ragy b WheTe\R- e TR %‘&P&S FroAE PR %&*ﬁ ged”
dlstancé fbr @hé%é 'ch‘éfs‘ﬁShé $RE tdPRoYEBT leSporBé td an apiimiaﬂ leRytrietfield. In some
No.: 7,008, 563 aﬂlsclo poI gglgslnnor
embod@eng!hé dWéqqce bEISSR SHRRBPH PossiREeEp Wﬁ’b gg>°

less. Nnanotubes are used to nake dielectric materials -

because t he pol yner w appi ng prev nano

Flacticabe dissiprirs of ROdBRPESE ?‘-‘F ol ‘W"Bﬁg Efo‘g%m compositions in
embodﬁjrle%Eé‘E‘tff':‘tf'i?éjpr%en‘fzI iVehii DY HVRE sufface @SB Vil b egiRthiin Xbobd wb'¥ ohm/sq, in

provide conpositg materials with [nproved el ectri cab less than
some cahedinivat 1667 thet 8l ORI | y0 STRe EPD9 TS th LESHRIEY canpe fess

about l@n&grh)ggoiﬂ%oﬂl%%%ﬁ)%anﬁa{ts %Kéﬁﬁnﬁ#‘-‘oﬁn 15311&_5 klﬂJnSab)Miui(ﬂ ohm/sq; in some
rovi de cost reduction and an | §

se in ,
embodipmsmis the £RSISHNGY CAf Be lfﬁ‘bﬂtanfab?utsllﬁ)c AP GAoin sgrme eragdimeRys the sucface
resmtlv 28 bORAL ﬁlaﬁfabéllileld“ BM@Agl on i ncl ude conpositions
nprising a polynmer nmelt and an anpunt of nanotubes d
MPU@P-‘DWS@OWEWHEM nERgREISERT MpleeulanHER Matsrialyihat may be used as a
consthEEﬁ@ af ﬁ‘@%ﬁm@bﬁﬁ@ﬁsﬂ%@nﬁ%dﬁxﬂ@nt@ 8f heRkesb® ihvd@ioM) These nanotubes may be
onposi tion that has a storage nodulus G that .is h
may besiiped afits anilyctiveREIE AR SHIPE FaseR therflopardy f’ralys‘?edﬁslde the tube or the

dopant§ ﬂﬂg%\é@%ﬂ&d%ltﬁ R cEONAR8A birPltes. IHXafRIeR of ﬂibﬂ&uﬁ@’ﬁré single-walled
conposition is substantially invarjan

an
carbonmne@teb@e(SW&)omgéNﬁMmad@ndﬁa%‘Pe% Bt @alieyep disuiice

nanotuf)gss | Iﬁtsb%@e}ﬁb%aﬁﬁé'ntm‘é cBpBREi6n BXhplisds PanéMBésthat are SWNTS or ropes
Conpositions in enbodinents of the present |n

of theng disperecdrimdbe polyenes Miiheararapt f"éﬁ‘f‘?‘l?r&?"cﬂw‘“s‘%"é 't ﬂ‘bﬁﬂme embodiments

the corﬁ%ﬁﬁt‘id%&s@%’s&nﬁéﬁi HEhAdbES tHfat %WNTIslbrSz@f& of them dispersed in
di ments of the 1nvention the caonp ltlo‘ﬂ%con&séa T
the polymeg ohsaom@r@h@erﬁﬁmamew%mpogltmlcyﬁ%ﬁts pgnof tare s ot

ropes cﬁ'IHé{H tdlsgfersﬁ@ﬂ%g BEFmRF! %&@eﬁ@é@%ﬁﬂ&ﬂe Swrthﬁxﬁy cblhﬁnse other
t he nanot'ubesdi spersed in the

nanotubos, e xSRI NG CERerIsaBETEE BRAGES RIS rer (R gpme

compogfri’]%np qhé%hﬁﬁg 'cﬁl by uée@%’iﬂ&? Q‘ur\’He} PufifiédifoR! 1@ $thetl &inBEdiments the
conpoundi ng of the conposition; in some enbodi nme WB di
nanotubpemey be ageﬁwbmewve delsterions metaleandeeaylyss thatcppid be extracted in

some a?ﬁLEMﬁJnQ B FRTRAUNGE180f 0 EPR%%&A OSsobe &M&lﬁiﬁ@ tife dlmposition of
resent invention can be made in a single pelt

SWNT@mn;iu)gim\ergQ elsent IR oTsatal st GHRPOTHRY dnYSoiRatipn oé‘);l&qsg from the

SWNT& R Syoul feall %TE%A&AHP&SW iy BloSitnsorAhe ddneplPbE gﬁater than about 2000
i nvention do not involve coagul atl on or CaStI n

ng (metaligom ofsample) eEmefalsbistodin Tadle Ay igsare eg%b@f}gn@ﬂ% fPS%\Q‘a“ 200 pg Fe/g
solvent renoval, filtration, and drying. The
di spersion or distribution of t he nanotubes in the
pol ymer provides a conposition whose structure and
properties can be nodified with the nolding shear flow
rate of the conp03|t|on For exanple |n sone




dripping of polynmer. In still other enbodi ments of the

i nvention, nolding the conposition conprising the
wmanotuises di spersed in the pol ynmer provides aPCHUS1007/@)4475

that is electrically dissipative and flanme retardant.

In some enbodi nents the polynmer nmelt with dispersed

nanot ubes conprises high tenperature, high strength

t hernopl astic polymers. In some enbodi ments these

pol ymers can be poly ether ether ketone (PEEK),

polyi mides (Pl), or polyetheyinide (PEI); in other

enbodi nents the pol yner conprises PEEK or PEl; in

ti ot her odi NENLS, L ol PREK; it
of Sampi% nJleh e?FB%‘i‘ﬂtr?g nk’%o m‘ftﬁe caLPs ﬁ%tr? p"é é%ggg aa%brtpéésg £ any OS?BSI ©
composithesteviey t&tHﬂEﬁotulEﬁTﬂl@phrmdnh $ha)<fonlt1heomsmﬁﬂm¢mha§<aas described in

embodlaeggtaf%lg%?qeggna ?rgvgp éﬁ :ﬁ?lesgmgg n;brt])e %Sel imfs P%tnot oxidized and are
absent suffse@fiiretiofdzrepspri se a nol ded art| cI e of the

conposi tjion t ectri caII Jnsu at d.
RRERaPts e trdrtes af v erecgan Wueh e BrEa Ry idual woes,
aggtegzﬁldzsstﬁ1 t@l@ésl AR 1etdrivdieas idpgs, o atcbﬁtbﬁl’aitton(mﬁdlem o’ﬁhmq&tnfsxon
I n some .enbodi nent

BSRLIE EMINC I RN e ——

individed 'I%bdg b1l 10 BarPorthH08 Bt OF ndiviGud rﬁﬂﬁ’standfro;ﬁ:lsn dite apatdagated
car

a otubes in.t
nanot g gt ERGH o8 S B FEER D /e s HaRy of the
]xﬂwnaWHﬁﬂ& in some enbodi nents about 5% or | ess by
.. 1n some _enbodi nents | ess than %Hg .ZWb?y or matrix in
A d‘SP%EP@ Hf disjriputigg gfpa i WEFT & PRSI RBSUT 2 PO B
ernbodi\ﬁ%n&h&f thélﬁfbsbrﬁ ifiédnkibn Gdrhed c@ﬁﬁ@ﬁiﬂcﬁfﬁﬂhﬁsel semstuidicem &hlhlatactenzed by

5% hy MEI I n some erpbodi.nen i nv nt
the som RO e L PP A B B e palgier gives an
approx PRty FBJ’velCﬁW feRitigAsHip 6f1he -sﬁ)%ée%&%lbs/G\?\mngfﬁ'equﬁi@ of the approximate
sing wal | ed car bon nanot ubes tg‘lre at | east parti al.l

form o5 BAGE ONBFELERD BT SBEFSEl 1P WA 8PSk B FRFERIgHbly less than
0.5. Atjiﬁ%errsxb 'ol" hﬁjmb?ﬂleﬁ %f ﬁ&m% opgé Egat@s)@fr H4bRBes gives a value of G’ that

oun Sone enbodi nents he i nvention incl ude
is greateofgo ¢ha vaineo%@ fortthemess cwttnﬁoeﬁpleasecq highey value of G indicating a
better cft%% i ¥ t¥ BhothiBaSwhd@BiRROMHrackiFstRE BT &1 coﬁ%ﬁtlon such as but not

mposi tions or articles have a resistivit | ess
limitedith appegbtaiio, 10Ptdteiregih, adpobrpamelspies Weig lvﬂsarsﬁbout the same. A

dlspers?métkbgp&t na%BEu*bQé £5 PRAVR cAhathEnldnbodiments of the invention forms
resistivity of |ess than about 104 ohni sq. Another
a componitiotithathes astorsgs medrdet Gothat i sybstantipllydayasat with further extrusion

compoﬁﬁ)&m% bf tt@%oﬂaﬁ@it%ﬁ%ﬁt smetenﬁ)%dﬁn&ﬁﬁiﬂeré&ﬁ?e BB&Res &M dodhot increase,
t ubes extrusion conpounded toget her,

rather ig éeﬁee@atwtm@r&emﬂqwmn@ngt orage modul us G
th ?‘Lea t Qx?s'icﬁ-l;;%ﬂo@idleé' a HENERF hé%rk of th@ P8t ih W&ﬁ%ﬁuous phase
ur

rusi on conpound |ng of the COHDOSItI
which ilfhEartf:Gmm%\rqdl fndeseardancss e cPBTRoBIivR 28 MekEd Jigle, the aiticle exhibits

less dr@%g%e%tﬁ)og&ﬁ%t‘l Jn?shtas Qlord & noRHRAASAd WRBn bXji)sed B £118@E,2Ind also provides

| force measured on a second ext rusi on

reduceé shsbisatizdisivity Aelowepngnesite leading mpishaedeces festsane

rp&n‘i’s%K exﬂﬁ&‘dlhféﬁ%%hé’h%%b%@ drd ML PwiRo@ddabdl exbniBitfudtionalizaton on

e pol yner. the second extrusion conpounded
the encbcﬂnylrms sides n’éthe tn‘emotlty pihst embodiggats. hsrgnaybespy, e ghemically

Aidg0Rispedh, 6:0ai %be&ﬂirﬁh 1

ety B0 081yl Sl Pty Susghon e pobms
matrixf {Themagonbesingy dhsomehembiditents COBPHFC ﬁéxeteo?fafgectlonahzed and un-

funan}ﬁﬁHéd#%noﬂﬁJeQ ahE i @hbddifena ARt M8 8RS 8o Qbﬁlﬂﬂﬁﬁ@ Gr are free from
e essenti al fy constant value of the stora ﬁﬁ i
functiqnaligreapesrewnsforned bonanesibepidation; and jgpagis 3 8&%&‘“53/‘%‘““‘0“‘1‘
the initial dispersion and or distribution of the :
nanot ubes into the polyner matri x. One enbodi nent of
the invention is a conposition conprising a pol yner
nmelt and an anount of single walled carbon nanotubes
extru3|on conpounded together |n the conp03|t|on t he

Y a1 .



storage nodul us at |ow frequency of the polynmer in a

liquid, non-solid, or nelted state of the conposition
wab@n/10d3e3 anount of nanot ubes di spersed i n thePCT/US2007/004475

conposition is 0.5% wt. One enbodi nent of the

invention is method conprising extrusion conmpoundi ng

an anount of nanotubes, preferably single walled

carbon nanotubes, with a polyner to forma

conposi tion. The extrusion conpoundi ng di sperses the

nanot ubes in the pol yner for$1ng a conposition that

has a storage nodulus G t hA? i s substantially

groups, Iélgt(/a %d&%?fbg% S ntgglsp?ﬁ}?gx%ég%gs 1£ %&Eg{] t]oue l(jgsts of the
nanotub@8énd Sorppéditierisl rideIWIN theat i1 athbddimernhts of thedinggngiose due

to the hi gh van der Waal .i.ntera on b
NwuberEr BPES IERSoTLQT MG B0 FEORE LR srppsgitons i

various R¥bEEFREHS b Oihe Avehfion. NEIROletth enﬁnd)tﬂbtacaiodeﬁ&?md) agydf these, ropes, tubes,

or their g g]% %i n Sylmﬁtalqu?é ‘faﬁ géel%?% fﬁnﬁﬁ%%,%?dne 5 féﬁ F%/\ rp%lﬁ W 2fer to ropes,

tubes, ofl b SBRIbHPdn off s Gailk USBIND Atlel’Z Relfdr® Bnly(1o |s§‘pimated nanotubes.
ing and ot her pethods. Sur

NanotubyuARRPRH Y Lt Bk el b et 1l gago Consihdiameter.
As shoWR (IS FIRDN$ ASar OB Hle BN sI@E asj2s Sf tHed cali Ipve &g of several tens of

nanot ubes i n var.i ous Yy tric t
nanom QR SERS R AL RBOTGR, e Bt reh Bt R misrogy may be
used. ’I"lfé'lﬁirﬂ&@ﬁ; dafl He%?)ﬁtgﬁﬁairbﬂ@th& f@? WmEIrdtuﬁsa:t andlargEh ésgopes of tubes.
OSItIOhS I NCl ude net wor or 1S st on .o
High a%ﬁ’ﬁﬁdf‘%‘b gatstipls gan W$ nw?epw‘gﬂ?é‘?e‘h’g?’?e %?P%‘iféﬁea{“’ﬁ %'{"““ about 25, in
other elnBEdiGRAROSEAtePihEN BBYIR 180, dntGii €AK @thes em)a@mammgrbmr than about 250.
over the_ starting pol nd wher

A high@rsapfl §ats 18@!4@&%%‘8% beceit a%sp‘@ﬁ?agi%s 5 BBtip bpsed. Carbon
: nanotul?@&q{aﬂgﬁfbeg hSdRAiRE tb 1h8 phdaent TR dritdon kb Eéﬂheitellytbefmﬁglé}mﬂ carbon

QRN R YT NI T T pe—

: buckyt@gsré!ﬁb&pﬁﬁﬁﬁl £ MmBiRRionBHRkéE Sua'ﬂ earﬁﬁﬂ'ﬁﬂﬁdtﬁbe@ kan bé&made by any
nbodi nent s Of t he |nvent|0n ca

B}l Rafbn: Such carvon
. Known genisEcEHACY FEh b SR LB SRoL) RETEPDIYOY a0t gidafon: Such car
nanotu@ dafl (ii)c\%zlitgllit‘:lﬂ‘&n%?@rﬁfucﬂq R \berb BRGth T OX &fmﬂlhﬁldﬂiﬁ tgkir .
process. For exanple, in sone enbodlnent% u the ol b
dn seme cadiorimensntheammopat < gPRReRgr P diFRsEipd in the polymer can be
an amddaN@hHRR s Al RS 6 RES thd nahofi®BS in ke @Snﬁkﬁlo)ﬁﬁ?ﬁasmitmlb Xigtwork can be a
the electrical resistance of the | ded articl
rhedogm@r“@&%‘éfé( {rieprampleras 5§1dﬁ§°e§1ﬁ’é’aar PeRMeR éompos‘te material having a

low freBBRISEIKPP deffdMBe R P OHINE Blo @%l&rﬂekmwﬂj HBWNT polymer composite
i spérsion of SWNTs in a neF

materiglith#idias a@iwperved ariahinara %S\}B%Sttfa%f ‘gg‘iﬁ‘ag QSC&X?%{X‘%?W&“"S

materifl! &Cgr{yl Sbivatisst ekl ve articles when nelt pr ocessed
extruasion, injection m)ldln&’,b g& si on_nol
EHYY 5

dBeoansegof tbﬁla emajl sigestraan gang Ae agalﬂléxefa&wvhen dispersed in a

polymélihel%ﬁmc 98 ‘%Bie@@ ?o&@ﬂl’ébl%gﬁaﬂaﬂaﬁirvmdmﬁl pEbpeAREShH @ Bombosne uniform
in the mer such that the conduct ance, i
dlSPer%%V%thF h’én@‘l“bést ey rea?s (ﬁé]i’% maiiin th BRHIpYx 18 beneﬁma] The better

the uni(f&'?rﬁg%f Mk ¥splRich dfhiRRot@b&Uh tﬂ@ccﬂrﬁm@hﬁﬁ Stthke, th@lon@ﬂﬁe slope of the
ments, the dispersion of t he ngl £
storag¢ mogslusy Fnethers thehsiter thp anderaity, |ﬂ&‘°a owﬁéf df‘%ﬁs|°6 eight percent o
nanotutl)P§ %@%rﬁ?@ﬁse@ 1¥aLIBYe PENELHbraat nDMNTS dritldchecapodnanetivity. Lower
%or less, in sone versions |ess than 5 % by
IOadmwaglrhe used t@ FreucR MARhENISs | ess than 2 % by wei ght
?Q%rﬁl@%ﬁn%@ﬁﬁn'sﬁ@& WAada éb%cbl)/ndheh.@e& beo’i[lda- énitanglement of the
stl ot her enbodi ments | ess than 5% b % d%dsﬁmwndo
tubes GprmECWBUUTE RANPOIEHEO Ry ERapaPBers PF D PRos s ant 59 ng
fl ow shear processed conposition or article of the
di spersed SWNT in the polyner is less than of equal to
about 109 ohmisg, in sone versions |less than about 106
ohm'sqg, in some versions |ess than about 105 ohnt sq,
and |n sone enbodlnents Iess or equal to about 104

s o o . =~y AN T g —



process, and where the conposition has an axial force
neasured in a squeeze flow test above the gl ass

W@ e@ngoasron or mel ting point of the conpositi oPCT/OS1007/604475
greater than an axial force nmeasured on a second
extrusi on conpounded pol yner conposition conprising
the sane type of SWNTs di spersed into an extruded nelt
of the polynmer. In the second extrusion conpounded
pol yner, the nanotubes are added into an extruded nelt
of the polyner at a Iocatigg equal to or greater than
hal f the Iength of an extruder used to make the first

C osi tion. di spersi o
thom ax TG B R e BB I 0 Sios bt SR g of I difhe: 8 singie
walled cditfohaiasibeegideehicot compemnmrveow thg rhedlogicidsindfor felpstrical

perors SR BIEE G Rl b N b obfly assomerin

of the mﬂﬁtltl}HEE tan ¥¢ pd:rfdrﬁ&d\ihlytdandzatfuﬁre ceatingg bleaticaldadatment, or other known

di ssipative characteristics can be nade based on the
methodsgppog tBFT‘W‘%ﬁW?‘?‘Hﬁé“gJ&%SOTBorber“gCess the mel ted

%rﬁ@@rhﬁbd—iﬂmenﬁ@@ﬂé i’ﬁﬁ@ﬁﬁorﬂfsetrnhﬁotplﬁ@&hﬂtconm‘ste nd)ms:m essentially of, or
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onposSi tions of e present invention will have a | ow
EnghﬂébWV@ﬁPU%ﬁF§§§§¢ﬁg““ﬁhlch may be deternined by Gas

OB L OMORER B BAES AP Gy B 8HRRY nngtMPlisul fidby bbiovelityide, SiC, and
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other mgteaiplsRapRblE of fRuIjas §a%%beéfM%°%3 TAFSE oapotyResqf ditterent
compo$ifiBRY dr8RhoWh ABEE MY ark Bl PhrifTBdtRin| FISInglb VAl Calloh depbubes:
of contanination, for example mcro ran1P%4Fgran1or

Process, Rseduchaiid Chspctgtizations Hor 1 Rigler, Gk S5 2067, p- 29 (1998);

"Surfade99iFusdh BWih RES Sabillt) MR isth %ngaﬁ’éth%%&bﬂ@:ed by Laser Beam
ors can adsorb onto and be detri nent al mat erj al %
Heating LiHenSunsaEh Rrsstrenl G Ankpastsys PBPHE] %*s‘/ﬂqs terspf 1, - 3522 (1997);
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i n reduci ng defects caus or exanpl e but not

limted to reticle haze, adsorptlon of gases such as

hydr ocar bons on substrates, or adsorption of

contam nants which can alter the refractive index of

opti cal conponents. Polynmer conpositions conprising

di spersed or distributed SWNTs in enbodi nents of the

present |nvent|on have a storage nDdqus and
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conposi tions of SWNT conprising material dispersed in

an extrusion nelted pol ynmer under high shear flow in
wW@eoornpeses i on nol di ng process can be used to fPRPCTUS2007/004475

intricate noldings which are an initially insulating

article that can then be subsequently heat relaxation

treated to formelectrically dissipative articles. The

time and tenperature of the relaxation treatnment may

be used to control the electrical resistivity of the

rel axation treated sanple. Advantageously, enbodi nents

of the present invention cad’be forned into stock
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flow conditions and is less electrically conducti ve.
The hand drawn portion 310 illustrates how t he uptake
w0 2002/1e8m be used to nodify the el ectrical propPeEr/US®E7/004475

of extruded conposites. FIG 4 Schematically

il lustrates an enbodi nent of the invention where an
insulating article 410 (can be solid, tape, tube, or
other formof a conposite material in an enbodi nent of
the invention) formed by high shear flow processing of

t he dispersion of conductive nanotubes, for exanple
SWNTs, in the polymer can sébsequently be thermally
treated in a step 420 to forman electrically

than abotlt $50p atei/svef total orstaleiet $nemplifieil by anefzly in Tﬁ‘ée?hgﬁ?ﬁltmofﬂakes’
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nmol di ng; curve (A) with a higher G illustrates the
storage nodul us of an injection nolded sanple with
thermal relaxation treatnent; curve (B) with a | owner
G |Ilustrates the storage nDdqus of an |nject|on

o o 1. . "

- . T



but not limted to the process schematically
illustrated by the apparatus in FIG. 10(A-B); the

wo powenoasos phol ogy and absence of individual SVWIT/US2007/004475
nanot ube or ropes indicates the inproved dispersion of
the nanotubes in this polyner sanple conpared to the
sanple of FIG 8. FIG 10(A) schematically illustrates
a non-limting apparatus for a processes for

di spersion m xi ng polymer 10O OA and nanot ubes 1030A;
t he extrusion can occur in an essentially
cont enpor aneous manner whi cB%can be fl ood feedi ng of
dry nanot ubes 1030A t hrough hopper 1026A and oll}/rrer
and PEFIQ lan@4n still Grtfier koppdimengiaidend (AF abostt 1@ §p #hauf a%é»r 1 and about 70 to

n e materials to
sbout sV RERIE WARE Aehies KRR fORE Y %ﬂggr 1050A The
Esormedesicunihe polyimoms 1G38Acawsidredispares be PpRYHPEH age high

emperaﬁge,ﬂ? ﬁlé -srtrlleen %%(I[ %?ﬂa&%&%% &8 r?g%&g arRRRY thetlBset or solution cast

I usl one or nore heati ng
polymer?so mﬁmﬂeshﬂ"élhgm@n@mdueﬂngl( stoengéththermoplpstic pol gy that can be used

in versrcbx}so ?ggé iglgv%rlatégn ape Sl n eepex%e%t]ﬂ?&]%étﬂér&l}h@ﬂccﬁ)% 8PEEK®)f or a

SI on
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| yzed for storage nodulus or resistivity and
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(i ve EX Q tri
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SWNTs in PEEK a curve fit between 0.1 and 1 rad/sec of
the data to the function G =K wz gives K =28630 and z
wWE2@74@50 th R2 = 0.99. FIG 15a detail s rheol pgi/vsi007/004475

measurenents, the shear dependent viscosity and

storage nodul us, as a function of frequency [rad/s]

for polyether imde (PElI)/SWT conposites dispersed

with 0.5 wm % 1Iwm% and 2 wt % SVWNTs i n enbodi nents of

the invention. The storage nodul us curves for the

(PEl')/ SWNT conposites for the 0.5 % 1 wt% and 2

Wt % SWNTs are given by the-80rves 1510, 1520, and 1530

respectlvely the viscosity curves for the (PElI)/SWNT

removed:oBpbsiinests afith¢ tyettich nclulty thosarpaiads whigh opsgriastrally

th r 1540, 1550, and 1560 respectively.
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720 a | ott
Thscrmeivost. apd RETorRA SRS AT R B Y= SPgre
distribhior] Elﬁgtﬁﬁgﬁb&aﬂ&nﬁmli&w&ﬁcgolﬂg tlﬁ:tpo&lyrgag Infkoie $sbolaimenis the SWNTs in
m is a._plot of_storage nodu
the poly sz baye 47 149UPE SiENRRL L TRRNFO %’8&‘5?95’3‘7 ot Bier an exial force,

preferdBWa §&l{s|téi|m§ﬂ§fﬁi>rﬁstéﬂt aZiM PorSANNT ustratEdEIg, a Kueereitow tdst lof the non-
hi s data between

. d1lf]r
limiting REwPBHER OKT &k%ﬂﬁeé A s gty RS ot o prferaly SWNTS, can
solxdlfg £ tHe mélt tol @%léJtﬁ@HlW%l&tﬂ/e kolid & 4 Bwadledt flow molding process.
000[ Pa]. FIG. 18 shows pl }%S of .strai

thmlvmﬂ it ydthdisppread pROWPes PRIGOGIM g Gf H? edppygraop jp free of

solvenP'%Eﬁec\Mlt A ﬁ’é'nleclfﬁlli};%.%d @fsol;]weﬁﬁé‘asflﬁg, csagulaticn, (i‘xﬁiﬁtf@@anpodb'me"zatmn
raphs illustrate that t e I

monoa SRR VBT h SRy et pyenion domot
outgastobrenh@afor af MoukRMsgNpect:d Hdnapelyh8RA0lisstl clisoiveats that have been used

i ncreased at higher tenperatures 1820 (380 0C)

conpared to 1810 at (360 0C). Scans 1830 (360 0OC, no

pre-shear), 1840 (380 0C, no pre-shear), and air 1850

are al so showmn. FIG 19a shows a plot of strain and

permtt|V|ty as a function of tlrre at 3800C
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permttivity of the sanple decreases when the strain
is increased at the point, for exanple (s2), and then
WO e@onerss3 when the strain is rel eased (one rotBCT/O82007/004475

rheoneter plates). Wth sufficient tine, the recovery

is substantially the starting permttivity val ue,

especially for higher anbunts of SWNTs such as 2w % or

greater. FIG 20a is an overlay plot of storage

nmodulus G at 380 OC for SWNT 2wt % in PEEK with

di fferent shear histories, passes or cycles, through

the extruder with 1.8 nmin résrdence tinme in the

extruder. The shear history included 1 cycle (2010),
to cast ch:e;petsema(mmi@éﬂ; SW@NTsyotoe@ptélm@t)) Outpgssinamay eget&wmeéhbj thermal
aravimefio FHDATF it ety (i GOPG TR ek imE e DR
atmosp}&:hneajreshmst ardths predetersiitehapplicitinn dondition) Qutgarsing AR be an

lmpoﬂapt:;g%tge%g/ {%gclfigsu €Oal’{1 nsn\{\%g go%tsﬁi H%B?ﬁlefpro%g‘%va d‘?s%e{%e& nanotubes

especialf) inl dpphEdt(an &htr@lbwﬂsvﬂh ef cdsrangmatlﬂn sted:eagﬁclﬁb dBxaysples of articles

preparei gg |“é°§ ing Pgﬁogﬁg?sfcfl Shefae Fl sed i gger;negq o%?rﬁet?ggfgé Pdsent invention
can includéBubisttatelearrizxy (rretdﬂe of mafei) C\ycuilg V@Ms,le@x)i otlger dlpad @(gltactmg

2130
sucturg) Bettepy i Eo-Bing sy mblot Syfi P oo 1 PIRE R tevelsof
microgradRB3 Pt glﬁiﬁﬂdir léfssbarm}baﬁtxmll(oh- (&)lessnpaj‘tss}m billiou omlges, T parts per trillion.

recta 220 FIL G, r
Other VARQIS §?rg 8&0&?? mwga (t In}a(t: % B*Pd r# B%éég a"ﬁ%ﬁ fh sremlconductor and
phanna@étamale@pﬁaét&nét ri angl es) nol ded from5 w % SWNTsS in

R0 TakEReaPRRENPE o gobsgpry SR SRR G n

embodlhﬁﬁtssdfaIiEﬂhvéxﬁidn ineladt tis: stars obattYoSMNpersing MESMbEIB(, continuous

Smal | error bars .represent 3 standar i afj .
poymeEPi S RSP BE T o AR S5 LI rrsion
compoutiifgarPREo bf naroddilgs veith @ polyates o fwirtie) cqnams'eismn {The extrusion

compoE eSS U Pl bl on TR B by n e oty
such thSEHB L6mp Ssif@shdsiasicraje HddnEairtbaras mﬁispmsaliy uwausntrvgth further

e ORI AR B R Bl Rk, vith aisposion of
the nan8fibesin MO b6lyidee thad kivat hawrivi drksaaétateofabe namtmsamh the polymer

enracis B R b e GBS o B A i ey
of the a%ﬁ%mhﬁqgﬁn aF &heas£isi1B®dhar 4bous 211&3&&1&? ket anatontHal, and more
is invention is not I|n1tgd to ggrtlcular £ b
preferal Be NS0 ScosbRrETare; ShEPHGRbY el o6 OffHsE iRl o anotubes
gives ad:%%%bf@@%m}ﬁ)%lﬁdﬁ%ﬁosﬁ%ldéaffﬁ’ ib grdaﬁer #anahé ealbe of G* for the neat
understood that the term . nolo

continypus 9 WF‘(H%‘*‘F% tlpebpar{oﬂ.g)eﬁ G}SB%QX mtia ggb?'l?aéllﬁ Hletcr%nposne composition
can be Eﬁé&ét@ﬁie@rby\/zﬁf iatRhs iathesbage lﬂiﬁmﬁlﬂls((maylowaﬁdquﬁcyl @ich as 0.1 (rad/s)

intended tg limt the scope o i nve o
of abouH0siorapare s WIS 020 TPy et ARPETBPTare s SWATs of 1% by
welght”b‘isibo%k ) @OQ@thﬂbﬁdfof Ra¥NES oﬂﬁ%d)yhﬁﬁghtn of\stsbuit BOIOD&X or more for
pended clai ns, the S|n&$Iar fo

SWNTS R85 brierishbarn] thoat 130 Paimrmor ipeS YN Freol b Rfeieht or more in the

polym&! Sl fetflb S & RheH iRkt BR: acTsrUi'Sst?fs@f nRI@EAR Ites composxte composition
reference to a "nanotube" is a referenc

et
into anpgtielerragTtRRIoRAY Gy incbrledht AU BETRTRARTA Botgdhs molded
article %‘hllolvﬁﬂj: d preddi&mdhda ordidirs @ sirpice rl‘esﬂtjﬁzllt@%ir veﬁfrﬂld’\&dlstlvxty In other

erw se, all technical and scientific terns (9 t of

embodfyaersp theraTEOY AP CIPRYISTEAR PRBRCAS Y T BHPYD ﬁﬂ‘iﬁ'@?‘é‘% gofyAn ameunt ot a
cornpobfﬁoﬁﬂ:@rr@f’lsﬁi@@[r@w walsdd ddrbdindnaeutes tvithAl pdipmghtodioym a composition.

nmet hods and materials simlar or equivalent to those

descri bed herein can be used in the practice or

testing of enbodi nents of the present invention, the

preferred nmethods, devices, and materials are now

descrlbed AII publlcatlons nentloned hereln are
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enbodi nents the term "about" refers to 10% of the
stated value, in other enbodinents the term "about"
w0 edoeneostd 2% of the stated value. I n other enpOOUSENT/E04475
of the invention essentially or substantially
invariant resistivity and or storage nodulus G
i ncl udes changes of less than 40 %, in sone
enbodi nments | ess than 25%, in sone enbodi nents | ess
than 10%, and in still other enbodi ments |ess than
5% of G and or resistivity as neasured on a sanple of
t he conposite of pol yner and3®BWNTs. | n sone enbodi nents
the sanpl e may have been extruded nore than once by
The extrirbion pompesmilug élstrtb@tmk%smﬂe verdleg Gatbon Fanotybes in r'ihesléﬂ%me" and the

compos:Slpg 2‘83 a S{E)trae% x?&{ullllgsk tsi§ shgﬁghtfa'l :{rQn\'}drﬂFi@ opﬁeér&f‘ses with further

e conposi t sone
extrusmﬁﬁfbmﬂbﬂmhhgof:mﬁpomlpmmm of "the present invention are

1t3 3681tﬁgqagiam§xr1t Q?Eﬁe mg Aliidls 3MdiiSd gia&gdﬁd?n%&? ar%‘éf}rcﬁ'gﬁ)ck pieces or

ecrease In resistivit
pellets df@lmﬁﬁiokit@mmpdsihdm,mteh"éilodm(ttTﬁS,lef the inyeotiew., Tmhee@od jngay comprise

substantially invariant t an I di ts of
wanstersg e PO RGN PO ReE TP BrarE ST o Bali Sig cABBdiments o
the presbRih @H@ITR AL alpbwtdbf;‘ pelilapersi sckbillvtsio raeloe@uomfslr ssHing molded

ess C Q es |18 i S.0ob
arictes RO GAEONy b A1y [TRATHE! ATy o oiinsp Rt botp g ol
compostthﬁ 18OYTPE fiiol dedrird aeixdeGit th)eeloaamn foln eclting p@ﬂ@ﬁd@ﬂfﬂﬁwa the
composmeﬁ%l:r v at gec aallé ! oron%n% e ac{ {;'Fhegﬂ}gﬁga ?%ﬁ%g% ?rhcles The
method ﬁiﬁiyeﬁlrtabr mﬁluﬂe theraet omebsﬁﬂdisdmaﬂmgrfe‘at preducty comprising articles

AT TR TR G
material3Bat3te hbebnpositheompdsitidref ﬁifeiabsemb thyentors din sansenthediments the

referred t e storage |
composiiTHEERBGe 105 (RSAPPLG PRCE BIsies B e o B b 108 surface
remstwitﬁﬁh@bﬁm@ﬁﬁﬁﬁiﬁ&ﬂfa&toﬂbf Baepsl 1(1|snimervm}en edacder wfé&ﬁongvo or more

measurﬂlg?r%lagglpg r;gl:)i’aB | m t d et C%ﬁ% ﬁ'irrr]%e/th ?%1 %ﬁ;&sstc?cﬁk iece or the
like. MRldddhetimag ay %&wmﬁm Eﬂ:hfot éhlﬂdteﬂtte psrtichs ohall ef retinlsl cogyers as

s G158 B TS R EPRR B sy 05 Bt N

4,557,380 Gha 82 581381 &1ap Srayd wlnamml i Y@rPav dlos 6,@53 5Rychafdecarriers as

s (8 AR KB B8R ot AR N a2 33

whereif St these réflerent&io Qio@ﬁﬁdrﬁte&hb&in By re‘femmd lhetsrmtltetx)mto the present
solidification, .In_t

es. 0
applicaf e ATFYFHISHRETR ST PRSI T 1R EOF RO hegsent
inventi®h maf®eRky i’i‘ﬁfrocésbctsSfoﬁﬁiakfngsteﬁuwnﬂhctbnv&afﬂmj tlady mpay lyen'med in

dellver]cnl%atgggsgg% °§Wb‘%§é§gtﬂ“¥‘{ }'aeﬁggrt or}dslerrl]m on u(I:tXr &}@aﬁ%ﬁcal

manufaQlriHEe the dnepositions bfMmbe rasknt 1heentmnmnﬁ|auml¢ssmade from them can be used

in procB%ﬂgglé :ﬂgaitg&ﬂ%? n@; alﬁxﬂged %: rmggettearﬁtgng ﬂg nﬁ{)l’lerg t‘\Ellves tubing,
heat extRATFRIRY RS, ifiteP BO YIRS, dtr[&ﬂlhid&'ﬁtlﬂgsnﬁei‘ m’rﬂect‘mﬁg m tng:mg

| I'ed b t ub d t
\él%eﬂ,e&me(r:s?&l o a{:l%n e%dﬁesfg F}P W s 1(51 a m%l,gﬁdt ep Ip m%? 1&}9 extruding
dry pol?ﬁfw afd hhyluthed Sogetisdr Qh&gﬁxermﬂimkihﬁerps opmurs eseaaialltyclmultaneously For
re

guency, accor nshi
electriqally copdugitiyg 6???"%% P'F%fa‘gx &R‘Zﬁ , (S RiogesEoan rg‘é@aﬁ‘“&%wlw
compopiﬁbiﬁ@%ogb Sdctaed dissfpadﬁéﬁtbpeﬂi&d ad s&rdgesmcmﬂusrdomot substantially
-Il— ampunt £ of sl ptgse 8 1@1837'5013 h an extruder as

Char‘gen‘ﬁﬁlbf ?Pﬁétefi A HBRSIeR ST wHoRs d’r e er Pﬁ Wt 9%
illustradi0int 6. $1 A dhesenmajosite admpoditiorsdn fenbgdiomays efthe miyentlon may be

substantially invariant with further extrusion

conpoundi ng of the conposition or can be substantially

invariant to a further increase in storage nodul us

with further extrusion conmpounding. In sone

enbodlnents the anDunt of S|ngle malled carbon
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conposite outgasses | ess than 0.01 m crogram gram of
sanpl e based on the test nethod FGTM 1350. The
wouiogassrng of conposites of the present i nvene@DOSBENT004475

t hose made by sol vent casting or other simlar nethods

can al so be determned by this nethod or the nethods

di scl osed by Zabka et al in U S Pat. Application

Publ i cati on No.: 20030066780, filed October 4, 2001

and published . April 10, 2003, the contents of which

are incorporated herein by reference in their

entirety. In sone enbodi menB3-of the conpositions of

the invention, aqueous |eachable anions fromthe .
charactegaerpbxe an amabﬁorafbmmsufﬁﬁon rgapese flogstestfdh ea%ﬂi%‘tfé‘e composition that
is greater ?h x?alggxt AN ml'ét}@ccﬁ@rg%ln%s{éﬁ%o ?o@\ﬁéﬂtpoﬁgndi}%ﬁlposmon

ess an eachable metals fromthe sanple can
The secdﬁﬁi mtommngemmmsmammxsgea@g mﬁ@orebegmteéutﬁﬁl gHp an

extrudeci)\alelt ag e%oliﬁer,k?ﬁ Jxa%%ﬁlb'ep %heﬁqﬂlg)tto Oh OdQrudb & hRSTRR Sblymer at a

e single wal carbon nanot ubes in
locatxontdqaalctomn(gse:ate:rdharalnaéf thetengti gihas extrudeneatrades grrewahnged o make an

electnczg]gl gsgﬁ)a?%ré%t L’Bo%s erf-pyfﬁxe % %@ﬁe &P‘ﬁ?% P&r e‘iétctﬂcally conductive

I'ons an ['ows t sem - net al
nanotubee rpre&mbdbu SWIVEs, tisis peoeysscenibic nla@d torpreparg 9‘@#“@?%#’@511’3‘“"3

R rflow conditions. In
matena15 8 }boSF a%s?er%lv(i)t& gflm%rg&ygeeds?eﬁgn&ﬁg_gb@ﬂ tﬂ?el rﬁ&lh{ﬂg%ﬁjaal Y1 diti I

part1culanthe$ﬁ commiasitt hemposiforsican cﬁmrhalscialcsldu’ fhas}eatrv(sgnetamml}en formed
L 0 d ce
under lo_l_vbslge Bﬁc%p%éons xg'us%lf’ %angre%%] 36 md ngl*ﬁg é(ﬁﬁﬁé als %?e%sﬁx@ Planced

er e |nents ess
injectio @1ding) aefl cdmfoso iesudatinganatenls wien formed sngerdigh @War conditions

(m_]ectus}bﬁngﬁ g%e g}qgs Ir \e/::é{a}{/ dﬂx%n‘?ﬁﬁﬂla&&%ﬂa&%g'ttf'n‘i’éasundtepﬁxgh shear flow can

or surface resistivity can
be therrdl&ity edaed tohah Ieldnea;hlly dissipatevet statla m@orl’eateﬁrbodl me nts the

twork i s charac zed b tohﬁ hase
g‘?”q“eaa%(fly@ﬁf) trf“rzﬁgé e é?é{?%a e ét or aS’LTH odul us of s phas
and thetrﬁﬁouaaésme nhamsperﬁerdqqmm c\yhe:fe t]he namb!tslm; amcdnensisremmgle molecules,

nt I L]
the nanagg g?ﬁ{r Itn gﬁl%\g ﬁlsg'fdnn o e kj ﬁtsch gﬁ)rl]réattlv%l of dispersed
and dlsﬁfbumu’ﬁﬁ)eﬁi uspeicentiiuous pbeh;a cag hksp |exﬂd Thy nanoduhs sae f01’m a

lus_that .is at | eas .
dxscretecggaég 1@%0:0{41%%}15 ér[)aéxa ‘e e mtemﬁt% og { o?iésgmlr?gg%lﬁ ngi‘?%t}lbes can exist
as indiviliéa] Peeydrathe ibed rrfalyeﬂlaggl@meﬁite@tdgeﬁmd tcsfeun\m;em of ebes. The
extrusu?rggq%{l]]tim{%d@; lcﬁ%x&& <? F}g:earlg bgpalg‘gp?,ggggg c?ftﬂés@aﬁxg rnanotubes in the

%8n oF med 1Nt o Var |
continudik pelyafer phbsel | ThHedxiasidh cogpoundieg cdneedfarthe sie¢ gﬁ@e agglomerated

substrates |.i ke wafer retic
tubes i 1@8@&% o? Pwt%lbeﬁﬁa\{lvapsg%ﬁs'gersgﬁd dgm@§§§1 (ergr]%n uEHn%H%‘i‘ these types of
mixingofihd @dnotytes $n efe doadaudve phsse malymensmmglxo r body or

SRR e 8 B SPT P RIREER e xpsion

compotitRedpy g5 ﬁ{btpdlmatﬂammpnomm b’eodeagglomﬁ'ééﬂd by suchradts such as sonication,

nposi tions t. IS L [ f
T e
embodﬁﬁ@ft@Gﬁﬂaﬁqﬂbﬁddg thd SWNETmrquBIﬁanmmbm cangisofinclgdeopsional dispersion

(bel ow about éﬂlad/ In some enbodi ments the SWNTs
additivegpr payespriant Bctienp 16? % enbodi nents the SWNTs form a
NBlHRIdh dompdidineTipashecand congsisdioadoogrisiagrgnetube can occur in

net wor k of carbon nanotubes C a
an apPRSUPHSI! TS PRRRT B el APRSh st b atd §1C s Te polymer

and coi'rﬁ.‘)o&'ﬁ%n RemypfRingThé ﬁairx)tubles ,Piréfepibly e rtmmgosisant e:om;fnslntESmgle walled
resent invention

di f t o
Ca’b°“r‘e*‘r‘8‘t“|b%|a§e ﬁ%’}’ ouqde%ﬁ Z:rouI { Orpar%g qmesfn tkg sth\ﬁlI S{lﬁiclel‘ﬁ amount of -

B SR RaRot Ubes  bacause
nanotub&indicngh enpreyi(tarquesapbted tdhide senevsivbiegthendpiime gigsidggce time) to
carbon nanotubes in the polynmer have a higher shear
nmodul us G and generally a smaller value of z in the
expression G =K wz. On solidification, these materials
beconme vi scoelastic materials and may al so be or
becone electrlcally d|SS|pat|ve naterlals mnth or

1. . .



nel ted pol yner that has a storage nodulus G that is
substantially invariant, or a storage nodul us that
waQ@lo®g/100673 | ncrease, With further extrusi on conpounsiony004475

of the conposition and where the di spersion of SWNTs
and polynmer fornms an electrically dissipative article
when nolded in a | ow shear nol ding process. Such
conpositions can al so be nade when the pol yner and
nanot ubes are conpounded together as illustrated in
FIG 10A or FIG 10B. For exanple, the extruder can
have | ength of about 95-1003%m and an L/D in the range
of about 32-42. Enbodi nents of conpositions in, the

form anpxgssion compewtdedvopwositiens Fheeempefitonsaaeribss disgdbusgipnd or

disperseﬁ i%’linﬂgfl: gﬂﬂt@y hi\g, ﬁoxta%la GIAGRR PUARR i958RIRHallP #vafidgtwith further

e retarnifig the network structure of the
extrusionaronipobeding of theecopgiopition. For eorapesitiensivigta pyilicicat amount of
stora nodul l I gd'gnyﬁnﬁfr@ . tstr&ra e modulus
°°nducwee’aaﬁ‘gﬁué)§§ g\ﬂﬁ?rl%%&/’{% Hg?léa%ggééélegylsi rﬁle{ggt i ons on ?lﬁeél% %
behavidrhircikoesss infmaldingobidr fhovs rate ofibecomnegifion inciraser the elgptrical

. . articles jncludi co itions in enbodi nents of the
resistivity oE ?%ﬁi,e figded by ﬂéerr%"g‘f%ﬁ%iﬁ)?' $ the conposition or _
Tht baloantoafmahambesb g welghtaid ghlymashoweight ean b vatigd 4@ obtain

of qgreater .than about. 1nm_.i ' LSt IF &G ple high
Compos(‘tﬁ%f% a&@éﬁ?‘dicga‘?h%{%s g’ﬁ‘(ﬁmfgﬁ dgflﬁgehrggﬁg%rg rreg% éﬁgr eat er _ P ()j 8 ?r
amounts 0@ Bled@ically conduptiee naiviutics sudoasFONNTis gas be tekdatetobidin materials with

an.be used.fqgr structur i ' A terial costs.
lower e%ﬁﬁ‘iaffeéﬁgv“%a%”? ) n&?‘)’/n%%?g%%ﬁglhlleg ?%s?@?saegg‘?g? ory mﬁoe_gl g oo
Higher &t 01 nhikthibey, cahibletvsed fombgain dighenstbrigd spodudis\fer dgiygn polymer or
. bl.ock wafer .and reticl.e ¢ ' oa eS8 t of
comnghSE UL 0 SRR S0 pAUBRTEl aeE B
nanotulbds|dah bashogey tofornha chmpesjtisrewhdseshaardirtsiayage modulus is at or above the

rocessi eps such, as ho r ' ' ' h
eto i ST e BT Bl BB AR 58 Sur when
the nanPtBSE fthpédevd friodion af ehegulantrafetssndwery tealebaminpdigesudden change
. or other filler base ol vmer conposite " .
st i eSO PP SRR s gor embodiens
the amSWIbf 6onGOISIstcas be Rhewnpo $orri @ oempdsitidrewhosesderitrical, magnetic, or other

i nvention mnim.ze this bl em whi is _ad t
measu B Fopea P o Ve 7 PRED BLOHT N -8 S B SHARERY et amount o
nanotuBéTIGABS tHeARoplastic bl Ahed i ubsuttiOnper latsbryeweight il sgheembodiments the

shear for [ncrease roduct, out put, .recycl.i ° . :
amoun PG BEY1TIGE D PYOT i OGTEieEie Bls uags by weight, in
some fboiiBerit 188 tHaa 3 %6 ¥R mkzight Unisqoe enfbvedinpgitckebs tian 2% by weight, in
el.ectrical propersies;.their .behavior i UNchi A
BCICE AR S L e e S LR
where 3 percoRiieR tiReshdid seacilieved g teckxtiaionwheposudipg. In some embodiments
enbodi nents of extrysio onpounded .c it f
o e SR e SRR BEERSTPBR B san snge om
0.5% tb geaBYl wielh oy Shesnthly between shese Imyoatt énalppdimieuts thy, amount of
) t hat  these nol ded.arti.cl es exhibit insulative 9L 204 394
single 04 FRSHon BOTPUOELD - BB 1 gory faHbt Ty B2 196, 20, 3%

4%, 5% §%08i 794 ¥ Rbdd@ntsLAISWNTE betwegn ahe of thes¢.hi s behavi or
e a result of a rel

may he ¢ f xation nonenon in th
Bty bt isaryitinRE B Rp ol e Ry £F ppifocy Yih the
dispers¥ll lan8iu BEESEenSMTmi abobhE2 painyr®rabowt In4 @/chenbh dtber embodiments the
~align such that theyréare ﬁot i g cobnt §r?nt3 W, t hs each
densitpph B cQRROSSS PRI TR A #HE IR AOHO PR ¢ ed
dinsdoRtC@ubaibhts Sadding $ Wi irevieer@heathbéscald polymer together at the

‘ percol ati on through el ectron h i Upon ' '
same {135 LG GO PUS BB BT HES SORIETE % SURROdane Pt bt
nanotles,| ettt digsiphtblegnogertiesthrdughrimproved dispetstoradfde n@potubes. This
nm from each other to create an electrically
percolating material. The inventors have al so
surprisingly discovered for single wall carbon
nanot ubes di spersed or distributed in the polyner in
enbodi nents of the invention, that the orientation of
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enbodi nents the surface resistivity can be nodified by
a factor of 10", where n can be a rational or
WO peoattdodmal nunber of about 10 or |ess. Wen tPET/ES2vpT/en4475

is re-heated to its nelt tenperature, the conductivity

returns. This property can be used in a process |like

coining for injection nolding to maintain the

conductivity of sanples while obtaining high process

t hroughput. Coining is process where the material is

shot into an open nold and then the nold is cl osed

onto the material to reduce ¥hear flow (the process

can be used to make | enses) and achi eve conductivity .
can be battet thapatidiop SNNTe dr pthet sanoTikhes teametted Belypies apgd iiep gompounding.
his is Soxir o SPRORH o ek AGE A8 1 BRAG PRGNS Mhich can results i clumps
of SWNIT'sipehspalpmenrathen thadnor dispersion. The invengtogehaye digcryergd that once the

{ hoyt th ti h
v R GOB E RBRIEL TR e IR 10 o
not impBYWTihe dppersivncr dissipatibe prapartied op drecouppositivh @r heickis npgde from

.Shear appl.ied to th | ymer, and_nano,
them, i3 por CRBPUTGH OB HE SORE PR ISEa o Sar P ES gl de pReau or
steady $the valolaekhdWSiOFIG. 1206t r at es bett er nanot ube

ispersion than in FLG 8 The degree 1 [ .
PP Sl AP Sy YR ST Gu s B o P EROL A p hermoplasic
the thefopléstit cegbeictie fodm vha pbwagppdietHds, fiben onsthehtorm, to form an
extrudgis ersji on becones better. Additionally, a higher the

OG®Ooste-G at | ow frequency, especially conpared to
tihigpeRioN tart B uE Gdihg Bteltsscpol gxmeudep Has erchiden kpeading, shearing, and

.. ind.cates a better di rsion nanot u i
mixing G S0 SpiRle Sbost 2pl 6 PR 220 OERE ARG il can be the anerey
supplie?\;]fb@ﬁﬁ é&ﬁdﬂﬁw@n‘gh bﬁleﬁﬁwfb\/hﬁnh'g?_mf lrabglﬁl%l dmambarpﬁé]) of ghsit 38 to about
ere conpared with the unfilled. mer e .
42; othAL YNHIBE TSR RENTS TPy e sp PRTAEd e il gptymer composites

of the Pe&kmS MvietidrOw ith 8 RE3a @ mbaGlnS 8B dbe3 rohincedass vith fomblerl exrusion

G at |ow frequency above the nelting poi nt fﬁ %Jﬁ%%lenumﬁzone
compoppdifg e FtEUdrh AR eETE RE PUE IFPETATIEHLETS: of "AB B Ut P '
can be A@¥mPératitd Baf REulBbTsc18hg 6f B¥PBYym&iag dispefsicabsfithe Adidrubes such as

or nore for SWNTs of 1% by meight;lof %fgut OOQ% Ol o initial
SWNTgip thefralyraganrrddgfonsd heafingezog it Candte ¢t Iy yoese By
zone. KREfafiodly 2V Serafurd §abienirgbY foahied hloHg tHeadx@thden The Gmount of

5, of up tg _about 150, 0Q0x or mor & for SWNTs of 7% Qg d form a
enereyg5F GREIOS of MATSTTLERPS Foprrio BFFBde HBESIBpaune bRt an

compoditidA WIRYE stBrdee WheduDiRedoeh @at indRdsd with edpehtewektragioleofthe material and
bel ow about  Irad/ sec,

N a of for ess t ) “about 2 . .
whosevalus R YR Pempaotpesart Aisnerash e popntislly deriian Of non-inoreasing
value SFHORtABRHHRr b&spoldimy abihdivnlin RGA21 thdidatdslthartthepolymer matrix is not

enbodi nents the | ow frequency., sl | es

ope.is t.han . about )
degradgd iy U nehRBH: 1 ISP 18 F G O e BB Bt S pRfymer matex.
ExtrusforP&Intpdunding RE iifd ehofibetWith 1haRehtiliRas phask igerpoiplasEe or polymer
_I.n sone enbodi nents the_stqrage dul us .curve of th§ £ tub
a3 oSS 3 1% SRS TR S (SRS Sl of mnotues
and diéfle?dek bg&k{rﬂﬂté@féhéfﬁhx@ﬂwhrﬂﬁm%: ghts. E_olrrposi ti ?Esof
VWTs di spersed in such a po r.utilizin e .\
bbadiod e RHITSF Fghadeghe e Cmel g s BT Slouped composition
of polj?xﬂeti DA BASEDES Yo Porrh VaribRiLarfiGIeR OFhé artiblel bl bé solill; epeptube,
han the pol yner alone. In _sone eppodj.nents w.th 0.5%6
membeyyiTer GSherBrRPIFPERSPSER oAby e ERILOTRF-y e mglded article can be flame

resistatileHR 1) dibsipBEV & fecERAND gnsahRbk, SQinlyicohbigitieatofthesar Molding

st e e B St eC B 476! PR bl monain
rotatichHCRoRINY kyipressian nmc@ink| injddtian Holdiag,uktrasiof, dr atbet/ms@ding methods.
that can be about 70 tinmes greater, or nore, than G
for the polyner alone. In still other enbodinents, a
di spersion of 2% SWNTs or nore into the polyner can
results in a G value at 0.1 rad/sec that can be about
800 tines greater, or nore, than G for the pol yner
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in the rheoneter at the processing or the average

processing tenperature used to nake the conposite
woraioenodwri3 i n t he extruder. I n sonme enbodi ment SPETIES2007/004475

tenperature results in a nelt flow rate that can range

fromabout 3 to about 60 (g/mn) and in still other

enbodi nents the tenperature can result in a nelt flow

of from about 16-20 (g/mn). Enbodi nents of the

i nvention include or conprise SWNTs di spersed and or

distributed in a polyner in an anount and for a tine

that reaches the rheol ogi cal®®percol ation threshol d.

This threshold capn be characterized by the storag bes i

Motling §herafiomy(sac chn b oped toraediDheraignirel the ofigyjation of nanotubes in

molded taﬁﬁ%e WGntlkﬂE lﬂ%W APYLLurlin186/ 864 floW mGkEng 8nditidiR$Hd can be used
than about 2” At this anount of dispersed SWNTs, the
to improwstthe noca:ferzttfve infotaptien ofthginAotybes in ﬁgfe@ehiesﬁﬂtq%% The Gooperative

mteract%ﬁﬁ;?[:&@ge{:}?ﬁ%ﬁt%&?ﬁpatﬁ@&rlhﬁlleﬁlr%tpr&hérﬁest J}ftﬁép&bﬁ!)epf:omposﬁe but

coul Into articles useful for fire i
may alsp gaclndtamagietic or pptieal pyyriertiestof heenangtubs. reRtng flogys can be used to

align co%-tﬁm:t \%tﬂag 1805 &l xhgﬁlr{ ﬁwlﬁsﬁﬂ doRBbYARE c6ﬂﬁo§lﬁoﬁ1§ b modify or

xtru er toget er to formthe di sperse networKk
reduce @W@hmal péreoletien thogshakt ina mﬁldé%’éﬁi%érﬂ‘% shypr iy can be used to

prepare e\é:%li]ga{ll?'r&l r\ﬂtlég E%neﬁgigghmfv% sgﬁﬁleﬁ)eﬁbrq%ﬂﬁﬁmt)h B&mpSunded

can ut m nutes,” 1 n ot
polymee adb I WAER t@ntsh'eluteetsgmmeartﬂqvemfdw&@mla%ts J%@e S#OE FRsin can be

used tof c@xcg g%c c%ﬂcc%?-ln J:t%rciéfr Q@eé fog WAt B otub8br S¥AIPISding.

oth nts t e resi dence tine
taw shauxg@ovfr pmu’oetimactqmed baztc@mp@swmmtrégsfet moldipgprocesses.

nts.d Al tub
Compresn% (I[’Tﬁmgt(ﬁgrgéﬁn%odl rreﬁ(?'&sqﬁteggg Qgiﬁ&gsb‘gﬁ% Q?Lnéi uEan ‘rlleut estu es

embodlstmtst dithppeses sivegtion peyidegondvetivetaniceggipen ngpefube loadings (7%
wt or less gpc% @o&@% %\9 @ﬁ&rf @’orrg:@ (}rQraBQf@r ﬁgl&{ﬁ@farogﬁces material at shear

I ectri cal at| Qn threshold for a
flow rawamﬁ Iﬁem abamti 560 snce ro ammﬂioﬁﬂt(gﬁ%} Ioethecmbodimengphthe present
mventl {]0 ear ﬁO&art %g ’tha \é@l or nore CondUCt I ve
?1ano dual Con uct [ ve nanot ubes, or any

Obmiableeﬂ_hemﬂqﬁ catrhl%zgzhte{yeﬂ by rextmsieh owiding. a]l‘ht;/ variable shear flow rate
can be ﬁ%{]%UCtJd¥fe etd%at tpxm@a\((e s rgt%%a (I%? (go)%qg%{ HBQI? glr;)l%\y HEe, or other
materigde rTiod amwmnmtémg@hehrrﬁqw fre pdmcheused soifrodifl e cmm@@ve

s of, nan t Efh Be used fi K
B
high vd’lmp pnsiuctsand il pr tapes.dhaisionsheardlogy ratgs cgpmenge from about 500 sec
1 b ihhe, di thé Q hear flow rat

to abglat ] Cdédqs {g egn %c%rﬁér %%ggdlgge%\[%oq’rth%%&gnt e%rg shear flow rate can

be less }Bhaﬁr:atuouc a,loog (@cSsi Patt ¢xtvisipm qvumundqd\mlyreﬁeansl SWNTs in embodiments
L 8EdALS o L AR SteRbl (see FIG. 3,

of the ip Henqloﬁn e&EN Smlnnc\?élrlftelug%}ﬁ {v%\i }%Fﬁgsur?gggtﬁr%g?g? ?{\I}l P eangpel (see
FIG. 12,e3d 1talbtenl)about 10 14 ohm' sqg, in some enbodi ment | ess

th-El%H éeqr X o, SD% c e?f%gd Sﬂ%ﬁ g&tl@x%&ldg—%‘e Iﬁﬁ&xocﬁ tnwcfxﬁ/g can be used

ah a mbodi ment s

for makiing hi gswﬂtnme Iptqductsrfrd:m Cbmsgsmhmpfatb@ptesm mﬂﬂlﬂlgq Injeption molding
can be 35%& gh‘ §ur£? n anoaﬁ‘r{é&% nb%g%{cr?% ﬁ@g&ﬁwg%gurr g rates typically
range ﬁr@ﬁlabbutva(lw seahtotféaohekﬁ)(lor(m about 104 ohn sq.

re._an a

Jrretin ey g el AR Sy e A ARARREhe Bin BPLERL Riduce e
interactibg betw’aéﬁﬁﬁslpemaé nanptebresoul theenokled Articlrs comperadito a compression molded
article Iﬂ%\r/rlemelsgrr}xe cQ gﬁﬁn&?”ﬁ Sy&%ﬁlgrgi)(;vl'g?e Hx%)ﬁag&ug&oﬁg eTM:tHEally conductive

conductive a sonme cases the dopants
like SWhglisdimjdchien mgiding an ehzusion eernpoynggd Belywp pnd §8%tm°ﬁmposmon of the

functionalized surfaces. Exanples of nanotubes are

singl e-wal I ed carbon nanotubes (SWNTs) nul tiwall ed

car bon nanot ubes (MANTs), or tungsten disulfide

nanot ubes. In sone enbodi nents the conposition

conprlses nanotubes that are SWNTS or ropes of them
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SWNTs and pol ynmer is absent or free of catal yst,
support or any conbination of these fromthe SWNTs
wo bav/1010d d | ead to extractabl es by aci d di gese¢DOSIN7/004475

the sanple of greater than about 2000 ng (netal/gram

of sanple) of nmetals listed in Table 2; in sone

enbodi nents | ess than 200 ng Fe/ gof sanple. The anount

of the netals can be determ ned by acid digestion of

t he conposite conposition having the nanot ube

di spersed in the continuousﬁsolyner phase as described

in enbodi nents of the prese i nvention. In sone

enbodi nents the SWNTs are not_ oxidjzed and are % lar articl
present H\YeRBQIETPWHRCH A5 7AlIClg M@ﬁggh%}%mt’?ﬂsﬂ"‘é%ﬁ?}m’ %‘f‘“ ararhele
made b)% &gmgﬂ'egs?&phdﬂmg nfﬂeq{i%l%fi‘ R1ebB{c8T rekBtiPiRy 13 théebsilit dDehle high flow and

aggregates of tubes also referred to as ropes,

high shegr raje @6r¥b¢%’@@1| rapldise compated trrempIsssigr B8 npoundi ng

ﬁEﬁ Hif sl 09 LHPES i SARtAL SPieTes $ha30 B SHRESSH ﬁﬁldﬁkﬁg'l@ﬂdélﬂq&sxtxons of

0. smal | er aggregates, into individual tubes, 5 1

the presentrinfationzanibetsubseauentiyherier dnd besqme Bosn elesHFUY lf’f%léa"“’e or 1ess
reSlstlvgggreagated nanot ubes and i ndi vi dual tubes can be

di stributed or dispersed in the continuous phase i

Thenpotmbediment of the mplding pracsssothedpiegtian mokting BARY gF modified to
reduce g},%nP hyvgeﬁxd by rr%ﬂg:% artitle ﬁ-ﬁ;ﬂ%@ &1 HopkhieR beflyedn RMpY¥EBA nanotubes in

ment s resent invention forma
the mold@cmmslet T cxhvosts e polyTeT end B OBbEHEEED epmppdgg composition

can be 1tn]] e%% %tlﬁ{oazgggé}f@%i&& artlienﬁ/ d})gmﬁﬁﬁﬂ td RRAucSHLSASK $h@hen perform a
e nanot ubes e polyner gives an_approxi mate h
Subseqm‘&\mmpwmle meidiogonemptio (thi@rencst eagcbarsiieddo & cefpipg) to form the
n% BRdf $WND Ym &€ céinh éaﬂa&wer electrical
mndetﬁ ?ﬂ%ﬁi‘%mhgﬁgﬁgfgﬁfh | ess t han ab%%? cfnﬁgd
resistivigy ef schdsidyarticles cetpared tosinjeation Syeiding o HMGFEPRGIBERS Qfﬁhls coining
process %he%?ﬁgwgﬁlt%’ns 3HPLERSS fan OLR%WOL(@&?" U\Vﬁﬁlaﬁvé’l@al&unter flow or
I's greater than the val ue of G for the
pressur efbeateh gamde lptlra@?ed anth p Jeted inipeiongnold apd gpre B perg to reduce
fstt EnQlHg at h h tub
the shea a?vgl ((:)?er | So?fmetsxlla?q% d'i @rsg)gflqﬁ\’gﬁgs d%ﬁnﬁ ﬂ% a igh nanotube
loadmg Jenels €817%4) cas pemliucﬂ atepmcalﬂnaﬂn@slpwel rapigripls, tag élabét yﬁ!@ht fraction of
cul a ht same. A dispersion or
nanomgos??)f B‘u{(l gg%s% aﬁeélr?ost ug %{@gv pol yner matrix in
elrrbmde rETbbdinaénts, e mnmedtcamﬁarﬁv@r n'@haiedbm@if moelrfymsatbe electrical
st Y t 11l
o5 S0 TP 2o SRl B At s v
stretchmgmf olsd tiatenial.i Forsommplrtho domperits cowosition Ay tmmtcbgd by but not
11m1tedfcio 1?§ nOtthexn neﬂﬁa al rvgltugt? bt fté oggﬁgledﬂﬁl%ﬁsmwh{ e stretching direction.
& Exirusl on I ng. t er di spersion
Relaxapbﬂ‘ﬂﬂedtasanaoﬂhtwsheareftqmmhldgﬂ artfrdesrendnelbéesthie gots|9f heating the article .
GoaL 8 b Soth DY ¥Rk alif BR: pol f the article.
to a terRyraY thiuf a{rﬁ%?p%%afshe co e!?%ls)fq}t%l on %tr nol %ﬁ% arlt i cl pe0 yr??]r o e s
This temptera:ﬁre RN ﬂmebwt bsnd:aeslse gladspranpigion teARATHIRES, abprcheaptheanelting
temperg{u?g tg rangll Q%f WREDr ?BW s $Ph8inidrfiBus 288 OnRlafithe regions.
488Y rd elec trica esistivity at | ower
The tempematurb end Uarh ﬁoghwmnghs sufficientsodndice moyemephend relaxation of the chains
Rfks Wi RHd8dint or glass transiti
to forng ﬁ%%f%%’lcg]?% als ﬁ’gﬁ@{%‘%&)" gﬁ Tgﬁﬁf %e ends g}%% or g? g Cof e ansition
tempeiahee bribisse clan betused todmistod threnslasatioprasesso tlighwsratirgs below the
chen1ca| 0 n EHSien d
mtin B bty TG LA B Bl L R s
integripo| Forexamptler élzctridily inaratingresmpiesofiertysine celma@!md?é FEEK and
SWN’ICs,Qc oy Srg 1r?‘ %ﬁ %Eﬁegfcoélg%%H—élg%ldnzt?éité%qg a temperature range of from
Unct all z nanot u I'n some enbodi nents the
nanotubes do not include or are free fromfunctiona
groups, groups forned by nanotube oxidation, and in
particul ar organic functional groups, |inked or bonded
to carbon atons of the nanotubes. This reduces the
costs of the nanotubes and conpositions nmade fromthem
|n enbodlnents of the |nvent|on hbnotubes as ropes,
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ot her enbodi nents greater than about 100, and in stil
ot her enbodi nents greater than about 250. A hi gher
W@s@eaoosrati o i s advant ageous because | ess nanPCTD82007/004475
material need's to be used. Carbon nanotube or
nanot ubes according to the present invention can
separately be single-wall carbon nanotubes (SWNTs),
mul ti-wall carbon nanot ubes (MANTS), doubl e-wal l
car bon. nanot ubes, buckytubes, carbon fibrils, and
conbi nations thereof. Such carbon nanotubes can be
made by any known technique38and they can be
tionally purified, preferably.wthout oxi
sbout 3485390 Hafasinb miNGR ESESSIEaHOD JHEBAYE S CRIGRPERGow with

optlonalsl?eghg@ £l bd Gsedad the QB iRatLiaNSH m&ﬁﬁcallb{mﬁip’mve molded articles.
ments the anmobunt of nanot ubes extr.usi

Bxtgysigrseinpanndpd pplymprand paetuhe camPamti it © olinpeis,f the present

1nventlo%q{aWQ b iﬁtrgétuI'ehﬁam%%ﬁécieﬁz&my ﬂféﬂ&héﬁl@g&ﬁalﬁﬁaﬁﬁnes—rﬂﬁe extrusion
twork can be a rheologlcal network, fo

as
compovedingaliedbugy T TUMLPOIY HE POl BT 6R1 Ve HEPSTRAR DY Figpes modulus

G’ that & %ugWalﬁtﬁfﬁlg'qﬁo&%n%@}gsﬁéts@%iﬁ&g%tw1@ﬁ fuMhbheansidn@niouliding of the
nmer conposite materi al

hat .
composham dirienpnpleees @%Ftaate$) ssemaealD| I (36r hAck FAPIHP exjruded material
1138A %s%l&‘ﬁt Iilef 3t g df %xﬂ%’h\é§d@(@eﬂ&éd bP I 1 B as being fed back into the

natlon of these. Because of their small size,

extrudec é}m andrihe rasisgvity ppd f}@ﬁ’dmpé‘ﬂ&@é}l o e Pmnlf wAs measured. There was
essentla Flél.%gse' i s@orQég %B@&lhgoﬁ g8l dtrudQl Y16V &n 98RH embodiments of the
eol oglca or electrical propertles In a ,
mventlmap@maﬂle or Lanbiﬁarﬁwilm iimygeipaf rerisHintand araksegREedyps G includes
change%_ﬁipl@%s Bin L8689 Wirf fih& dnhiRdRRLYEIRe BBthEd thollS1ub ﬁ@&@és@b &) within a
tter the uniformty of the dispersion of
factor of 2refen Bestrision Rrcles ot Aeaenses iotasteadyistte Veite withina eyt about 5
S. Further, the better the
or less glf th%: Iaﬂﬁ']ﬁmtapgt@'&%e%& S

wer the mass or wei ght percent of
Batm’u@egeqth@nt elanghly resigtiyetos uasgmrg\pétugevgmg]@ dFqm ag@nductlve

nanotul%e [Dghy L%elég o{? in& ggfé&ﬂeelr GlerGP %}F%H Hb@%roéc@é’\ﬁrshbﬁﬁ@&%gﬁﬁﬂ of FIG. 7.

mat er | cost | onerati on _can
Samplaxmmdusmnplq@)evmﬁbmhe amemdranepmées F9edatige Sample (B) storage

rnodulus% 209l§ Eﬁ)%‘é PEeﬁﬁ%c%Ppﬁ&/ S0t P TN wiHS h&fe@WRE ltlkhemeltmg or glass
WE R K| conposi tions and net hods for
trans1tmmhamrglrdtem ofithe sdyhdlet Sampler(dd storaarcnodtu wandsterminpd #f the same
temper&u? SGu AR, 2 E‘«g atxogrtglf“ &L a 23081 HRGROITIRI Afpfe Y dt&idge modulus
carbon nanot ubes an I eve conpositions above the
showed fremicogieal thandlugof 6’ edtehi wdicajss pr dnardves disppBigidhgpanotube in
the sanl.dﬁgvaﬁfﬂ% p@gxgtl{gﬂg#eggﬁetabout 7 W% or less. Opti onal ly

ner at1 on nanot ubes can be Perforned .
%ml”mm S EIG: @atlistepteschasrhigher loading Imesls of disp@sefeb WNTs in the

polymgr in %@tr&@%ﬁ]g%%ddgﬁ cr)lgpggfﬁéﬁésdfqﬂe ﬁx@@l@ Mhﬂgn tda81ts in lowering the

onen ments of t invention use
crystalhmtwom;e sompasitassngipsted te Gregiodymers dasyrring) the heat of fiysion compared to
; ol Pl ipdmufer adiBliveeng ARMAO6T

mepoﬁggggééﬁggﬁ%g&%tn ?:ﬁ%elpregght |nv%nt|on P%clude
mymdﬁhukm di sclosed in U S. Patent Application Publication

As 11 %Q&{%é %ﬁZﬁxb@?&ts#réd rumn c@m%%@n&ﬁ%  the Bl%rage modulus plot

eac ings of eac ese being incorporated herein
in FIG b§/ ilhsfretes tiee G’nis alnsist mémemdetty)f cslrpdsiscratrlaw freguendyzas shown by

nanotu 6 ot ﬁtbges(ssllﬁg{ %?‘églg\ﬁﬁ wg I'}o aé ‘VB 23 qu Lei'gllsF?on ast? Eo th&apprommate o
dependen€é Rl thépslyndr afil withewsaikhiag so bé Bdn.}mi tq,aiheﬁtyopmyumchsate a transition

from I%E}@%%S%%?b%? 3 b S il)ﬂler%ﬁhcﬂ&ci %tlg %e% qutﬂfgqg the nanotubes

disperddd\ia foasblMater Fla’ﬂse;r, tBis npn-tépﬁﬁm(lﬂﬁgﬁ\)lot may be d@ﬁl‘ﬂeﬁ'g}é ofyf nanotube
t.hese incorporated herein by reference in their
entirety. Nanotubes useful in this invention can
include, e.g., straight and bent nulti-wall nanotubes,
strai ght and bent single wall nanotubes, and various
conp03|t|ons of these nanotube forns and comon
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ot her material s capabl e of form ng nanotubes. Mt hods
of maki ng nanotubes of different conpositions are

wop@anoos(Bee "Large Scal e Purification of SingPE&r/véion7/004475
Car bon Nanot ubes: Process, Product and

Characterization," AL G Rinzler, et. al., Applied

Physics A 67, p. 29 (1998); "Surface D ffusion Gowth

and Stability Mechani sm of BN Nanot ubes produced by

Laser Beam Heati ng Under Superhigh Pressures,” O A

Louchev, Applied Physics Letters, 71, p. 3522 (1997);

"Boron Nitride Nanotube G owPh Defects and Their

Anneal i ng- Qut Under Electron Irradia
networkcsmﬂmamlgr%ee@at weptraiv ficileng-rapgg Flovon 0 if%@&%ﬁ“ﬁ%ﬁ’amﬁ FIG. 14
illustratdsthis 1693 RGhendy wRAL Bé&ﬂdéﬁt beRdvaorSE (eshanarior sr piefdratsdpdiess than 1,

e 02 SR Lot St 08 s e .
Curve ﬁlt{'n%uéa %Ml&k&oft Ex a0 O£ §RBageIn&iidus/aid, fréquéincy, il@&rates that the storage

roved net hod of produci.n

|
modulup BSRBESi% 38690+ BoaWH P Hia s MRBHNAI38 Mpgiienty ccording fo
the relaﬁé&s‘h{ﬂ ﬁd— (‘Bb et Rfis Qa/?{ﬁéaﬁﬁld?\‘aﬁ@%oﬂgtalﬁl (88l7emialge3Gagshedtively for

i ncor por herein by reference in its
the 0.5vent4 aret Z/Wt PhiSSVNTs hoBEGE2sandicnisdhe fequency fereg (0.46 and 0.16

ZaLlon r better than 0.95,
respectltvglgg gc?r re@hlex}%/t aeltwe%:o(?ng {] a}rl)cr? 1e Y %% %rhg r%@ﬁ@% tLIJQZ lS, ettert an
in somegenibodimests bhesrehdn 0.8, gmddd sl otlien gﬂllbod@ehtsd:mngﬁhan 0. 99 For PEEK,

a curveg'a:} tﬁbgs L ng?l% 4 dSOVP % 0% ta% Z%QO{ ﬁf axtnbﬁz 896 @9 Q'§Ieﬁiequenc1es

nano és produced by t
betweenro1hmd ldred/su shnﬁnrcmrmjﬁs cbtnldrbetrhasb@pﬂlsmaa@y]eﬁ e FIG. 5.

?FFBU? }lﬁy‘sgg r ?ﬁ’ axe ti' go(rjag gg@é&?ﬁ gggg%?gggf??ﬁgp&ftmns comprising

nanotubtaratruties compaotdei ih pblystr hetdtbe presebrsevesp added to the polymer at

L

sample$ eaugl lﬁCle 5 eaPbSWNBnad nimetibes cerabiakd eithAHER pelets using a starve

*teed ot g Rt NPT mrt b py ol 86, Enfifcpeousy ar

ompour@iﬁéJGflthEIMS' and IPREK k¢ mm&m@hepmumc@ame NT1 was made with

“side slih?tgné urﬂtt)’egﬁgilgg %é %gg 8@1 1306 419 r%% aél?e% p%\{’e)frﬁsf 0(2 i ?fﬂg)e T bxtrusion

compoéntifg fOprepdte $1&Qﬁ‘fnﬁidsftg>nr1ﬁ114) btdmied@pastemidw itlma i4p @9ir highgynormal

m.chem ca erivatization
force (0 188 *BHe RGP HER GPE Rt i Hat Ralid st EheSitle sav
(~1mm)E I thsofabldweraxpadt sdﬂﬂar\k&ha\nat with otifer nfaterisilsimadgby the methods and

matema&ﬁys?}%g%ﬁrfgglg,a q’gl% tlt# belgce.air i mo%cg l s%%grg Ia ng'tuctgaafl Idlffere?ce in the network
of nano'ihﬂfgsl tﬁtWénl thmmdmmpmmss ssoshBavmi yi the liffeSeiogdn igam force. As
shown iR E[}(ﬁ angfgaal'ﬁgrc%%g %ﬁwg‘or g%%%}%h“ Q&gﬁn 5\%1"}] QWNTs is about 1000 g
or mork Ebrer debeu 1.2 enhi AethowrOptRIGNAV4, yhe gnp ﬂq»acrmfmo%%EEéiWNT

f [ con sensi t Qk 1.2
°°mp°§'l5‘8EtVY‘Q’tJé 6§t6ﬂ8 %@@ ?rorﬁéée ft)lvg i{é %%% Uctor or
Embocﬁhﬂﬁﬁ&ﬂ'e}tﬂ meainoappéludathosmsompcmpmnstolf §§VI§1] @hd @elymar where the gap

tr.act abl t al t of
force ip greaisraRABdop P DY e SR GY IERE o I {5 bt MBI ne amount o
SWNTGGYPOLIH i n@h\mhipoatxpﬂd ysmbbut S_%arrpioes of contam nants
t enoyv ncI i St d twork
g‘?f‘o&iﬁér%e‘} ngg JE ﬂ{u@tépcg% tr e glr;Fntx catna yas tenser networ
of dispRisdd pkhenbes d\zﬂatmkai tarNﬂ‘ysSnschof nenwmdct eftenptubg gan provide improved
rhe()loalé;?}g?rfsﬁ)tr]elgs Inrr]1p§:)0| g %icf:l;[? duEt?\g{)}h ?‘g:gké@ﬂma%ﬁgl%scephb]hty, or
lmprowdaﬁmlretah;anhwpcmgs (Ilmstmatletmll dsipisiecRng arqeatw@@é&m@mg*dﬂy) compared
anal ysis by ICP-M5. One enbodinent is a conposite with
| ess than about 2,000 ng/g of total netals as
exenplified by metals Table 2; in other enbodi nents

the conposite includes | ess than about 1,000 ng/g of
total netal s as exenpllfled by the rretals Table 2; 1in
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pol ymer and di spersed nanotubes in the extrusion
conpounded conposition forns an electrically
waele@sipard ve article in a nolding process, andPCT/US2007/004475
preferably in a | ow shear flow nol ding process
(extrudi ng, conpression nolding, coining, etc).
Pol ynmers that can be used as the continuous phase in
extrusi on conpounded nanot ube conpositions of the
present invention can include high tenperature, high
strength polyner. These polygers have hi gh resistance
to heat and chem cals. The p 'ymer is preferably
ri|idone,

resistant to the chemical solvent N-ne
to a matgrak Witk 2 VrakerisiRoTk, Ry YATKEE %8’ g \V/fé %6*?‘40 AnglibeS pr extrusion
combm@cﬁ%ﬁltﬁé Ny#ier, QO@rsRYRABEA0RA Dyths oxiBl by f thelmanotube network
about 500C, or in sone cases bel ow about 100 C. A high
can be medifigdat ure, high strength polyner is one that has a

] &3 LhBOBINchQRF HRITRGERIoR! Brofiitl Ble cBBIpbbifign [aﬂﬂnphsmg the nanotubes
hi gher than about 1500C. Further the_high,stren

dispersqq lgﬁh? BRiyEIAPIRVEes 8N pHSIe fabisdiat ftaRdpnt And 637y ‘Flﬁl%iaé"‘ {gp sbape and

preventéﬁnbﬁiﬂ?tor 1’ of co@%@'ﬁé 8Sarfit1eh caipti AP @Vl pokdddb a flame.
streng ners for extrusion conpounded

These ceppp8siss WWY p epﬁ@dlﬁ}%qﬁth? W@th‘?rb?fe %ful for fire and flame retardant

structur'ap%@x%gﬁggléétl@@ﬁééﬁﬁb%ﬂﬂ%ﬁfb@lsp&aﬂges thHWndrcﬁﬁipﬁhg of the molten

resin lon 6

resin, aronati ﬁ@ﬁ é% {3 a
plastic qtréisprﬁwdﬁ@py@qp% H@p@lt sﬁ@pgtg(g@f ar mob%|a§bl efl by the squeeze flow
results SHFIG. &€ KRR, and WithBhi W sREIB!tEBE bossd By (h-EM:)’R)he sohd like behavior, for

po Iyetheretherketone ( PEEK) polyeth 3 S Q
examplg ghe/platens ieG( F’@P)V sweney (glpak Oﬁ’f] ﬁ‘f indicates tifat the composites
would FeL;EP&x‘PﬁJxKQ Sy &k RY PSSR ééJﬁBEec(tBFa/ﬂamep OTW@lhbﬁb&.hhfrﬂﬂEStrengﬂq
so referred to as pol yaryl sul f one PASg%
translatn$ @ﬁeqtb/rmé@ reyPRticarRfrthh BURPing éPﬂn% HPARTYBE PERCRSY | R gpeoparison,
51m11arl§ypﬁgaare bﬂdjiegte)g PE$RAbr IMOE N WRth 3680 fibdR® kot diythe defgal force decay to
de ,

["'uor | ethylene/tetrafluoroethxlene 4 aoplied
about zgrep dhssasrple E]qrgg,ed out from test pads, under similar heating conditions and apphe

axial fo%gé E{F; S OBE W $BREER 8% A Mb YO RBLR BY §8HSn S ONR! eki@Eion compounding

of nanctehes ahtluay bitiey limifed KRS U Tovhrdlaycanierdret prlypies sk melded into
a varie %f'&%&@set g%gﬂh%@ﬁéﬁt(fﬁ?rgkmpm flabife rlaﬂak(fanc?/l)f( sndvefmproved structural
| ends, copol yners that include the polyners
propertikssit hng@etaxmexramrn fregh astiglss pan inghde wafercgrrier Hipid dnbingt water
shlppelts h@mnélg&s $b ﬁf@gﬁ&ls 'ﬂbﬁh:xt: F RilbteC pROSTRES fa¥ Bndpaters and
PEEK,” PES,  PEI FA, FEP HTA, LCP and the
monitors, netongata'ﬁ@pnlsca@mm gh t errper ature, high strength
Bl RAErs3h EnfBbahdts/§Nhl Bre-fdrd £t 3RS Ebe-polSmeP @bmposne of the
Nos. b5, 240, 753; 4, 757,126; 4,816, 556; 5,767, 198, q
inventign freasapicireclt steomsthed the polgmys ompRFiPCPMBETRY)1o Sspplymer thereby
reducn{é/{? e Q343349 th%bxﬁboﬁfeewlﬂ@ﬁ 80¢ed REAERA6 Rlcdingd) €6 aiip ob¥ag. The
e

rence.” I'n some enbodi ments the bl end may i ncl ude

nanotubgroan Brdded HhmAMBEYEEECPIER ingrRass SiemeltsBERgtR At BopfEed ina

A R 3HofREE can¥hdisa i dn Am&iiﬂff&ed'xample in the
Squeezpﬁwtleﬁtré egq%n of a(k))out 1%1 to about 20% PElI _and

range offfoam ABout 2 g §0 95 HEERS i $1 HEDOHMSTISEERU TR Wi or higher; in
some elﬁﬁaotdﬂﬁelpcg LBRG]: wioh 03@1@16}‘ 65 ShPR SnibdQinktyA8us 3 wa s ok Righer; in

extrusion di sperse the nanotubes are_high tenperatu .
some emibygidirents AbRY S HHEP rﬁi@llﬁ}:%sl ig spaeypmbedimeteiipm abaRt 3 Witedo about 10%
by wel%ﬂlt I’lﬁ DSEIPS6bdiBlenB RbMLALBNE §.8%8 abtt YIEE P welph@HRles sol other

tenperature, high strength, thernDpIastlc p Iy
embodiihents o& frobTahestf 2ith Ab@H0HNEY BRISHCLPWGHRIBHS of We SWNTs reduce
ol yet her et her ket one (PEEK(r)),

meCO#Qﬁﬁggﬁg%Ek%gﬁgketone (PEKK), polyetherketone (PEK),

poly ether imde (PElI), polyimde (Pl), perfluoro

pol yners |ike Teflon(r) FEP (copol yner of

tetrafl uoroet hyl ene with. Hexafl uoropropyl ene), PFA (a

copol ymer of tetrafl uoroethyl ene and

per fl uoro-propyl vinylether), MA (a copolyner of TFE

and perfluoro nethyIV|nerther) Polybutylene
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In sonme enbodi nents the polyner that is extrusion
conpounded with the nanotubes is not solution castable
w@roognbasnd e i n a sol vent. For exanpl e nanot ubeRCHUS200D004475
suspended in a solvent with dissolved pol ymer and cast

into afilmthat is subsequently extruded. In sone
enbodi nents the nanotubes are dispersed in a

t hernopl astic, for exanple a master batch with a high
concentration of nanotubes in the polynmer, where the
pol ynmer is characterized by not being solution
castable. As used herein,"f8am' refers to an article
or conposition that i ncl udes a

Eq{gmg@rfgattc&an@p usg tosform fame; rgtaFcEagg Xﬁé rleﬂgtaaterﬂgﬁeﬁ%) \f/hlch can

optionafly ﬁe PRLY BNy BREiphXve E&ﬂﬁc]uw@mﬁlﬁmﬁﬁe (JSIEruhDyEIBI (Uitem) and
I'ncl ude those ose density_ i s abaout

{
mixturesg yane it TG G5B D1 ShHANG "L IR I BGRs g Gpdiments the

thermo;ﬁﬁsrtl‘c! %ééf &rh Athdhel EHPRosphEn AL Bifait sy sélﬂeiﬂiwgulsmngan that they
nbodi nents of conpositions and articles

lmmedlgtlebrsﬁém by v hefhreggy ob SR RARE e ARY SlORS PPN %é( e these
branchetd %l}rofﬁlogﬁlﬂﬂlafys i9h ¥ hetihadiitlyiskdP? HuekiRe Eiﬂ& 46 aot ;Bl’ﬁﬁagate fire to any
itions and articles resist elong %41 | Hiceable
surroundimnatantlon MaeRYerdhew raIched PSLYBRsPPRRAL QR gV Y motices
smoke @P&Vﬁ 18mk RS ENRMAAL & ER iy hesd %H@Iéd%lﬁiho@ﬁfdﬁﬁﬁ&tdrﬂlﬁb used as
e conposition remains after the external forc
additivasdin eamEw ;o8 ABFBECT B BT BTG TTRTG S e RoIStance without

severelgl Bg H&8 Rﬁ@ﬁ&h@%x%béﬁlesq sWEH £NodgimebPér Iﬁjoa@hln@&hhmctenstlcs The
reSS| le or el astlcally ext ensi bl e.

thermopltSisci A MASpeRdeat HHIRF A CARTOGHE mlwlrfﬁpgﬂ}%@?d pier polyesters
useful %Eh&%e&&%é%%teﬁ%% ek'h%&eﬁlﬁfés %‘9‘ iRAuE BatRé n&tl‘lﬂﬂlted to those

n sone dinents, the nDIe

disclosegeing - BateﬂhTQOp@B?l}réW b ?%ﬂﬁé“q Soredd30H0 - GRHt N p#350,793; and

[IS]%@QﬂQQp4@@T@I4 I'n sone enbodi nents the nol ecul ar melght
or nol ecul ar ME|8 range of the polynmer can %U
ffdae pimitingl ex yeesnin %@LQIM # Bgtraiatip lgﬁlsﬁ‘é"eo‘?f‘@ yy e B‘HE once
1gmted gt%r 'Eﬁ)rll I\féafaéc'f rﬁkdlaewrﬁxﬁgec Z Flfdée&ﬁ&%rbeﬁﬁ)rt@ by th@Amerlcan Society

sec S OI ce ar wei ght_ or range
for TestrMeémglls £A STy s tesh A HRMRISOB] igvisas aaarﬁﬁatmén@mm about a

matena?'g glaﬁ‘i‘?}pﬁ)cgurﬁ% '"Qasgfof Hﬁ%" nap QBHJ&?&: | rh&¢Erial W an 210K o @fleast 27, it

to constrain the notion of the polyner chains by
will, germlyabituey nedaioery High aprdicgdregtrelt is HRE<I96)BR o dimtents of the

presentvﬁ{'&gion@aﬁ igd é@&g 8led farticik% HAGInS R rukiBn \8Bin®Burtde@ naM¥flBes in a
I spersed can vary. In sone enbodi nents the

continupiue phegs afedwlymeghat iave go Watléﬁﬂ@g PHFN A4 forsei pifuccze flow
test thag ri%g%htgtﬁ?g %iﬂ)&%bpﬁltﬂéutm Sdhdes VB $iSembdiMbRE the nanotubes

e Sto e nodul us can be characteri zed
are SWBYT s prferebly fremabpitife tosbous hePedty Veight pldhe epmBefiifent s

Q? 5 éﬁltai]gggl%enﬁbﬁélrddg v ORhRh iRRL&S Ybadx W& hE@kenBLg&Jgéﬁts,

havi ng fferent conp05|t|ons and

plgmerds,f@e&@mbﬂmeg% impagtirenrifiess Rigtisarsapr stioidestsand g liky can be
h8ont Ne nol ecul ar wei ght of
addai?ﬁ%gggﬂyﬁgﬁoégﬂﬁggBgﬁ%gen sﬁg% that the radius gf
gyration of the polynmer chain is |l ess than the
di anet er of the nanotubes aggregates extrusion
conmpounded into the polyner. Such a choice of polymer
can give rise to | ow Theol ogi cal percolation at | ow
| oadi ng. For exanple, and w thout wi shing to be bound
by theory, the radius of gyration of the PEEK pol ymer
chains in the extrusion conmpounded SWNT/ PEEK
conposition in an enbodi nent of the present invention
is about 18.7 nm SWNTs aggregates that have a
di aneter | ess than about 18. 7nm may i npede the
novenent of the PEEK nol ecul ar chains and provide the
i nproved properties of these conpositions. The
nanot ubes, and preferably SWNTs di spersed in the
pol ynmer have a structure, distribution, orientation or
forma netvvork vvlth the poI yner. In sone enbodl ment s
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Table 14 Besistivity qfanelde

gravinetric analysis, pressure
under atnospheric pressure,

decay, and or

TG M5

reduced at nospheric

w@e@sswses or ot her predeterm ned application PCT/US2007/004475

condi ti on.

Qut gassi ng can be an inportant property of

articles conprising or consisting of the polynmer and
di spersed nanotubes especially in applications where
| ow | evel s of contam nation are beneficial.
of articles prepared by nol di ng nanot ubes di spersed in

pol yners in enbodi nents of the present

i ncl ude substrate carriers-
val ves,

Exanpl es

I nvention can
teticle or wafer),
and other fluid contacting structures.

t ubi ng,

Del et eri ous outgassing may include water vapor or

organi c sol vents at

| ess, parts per mllion or

| ess
Pextresion sampeundsd g

parts p

| evel s of m crograns per gram or
billion or
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treated ilments of the
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b odi
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stor-age—rottl
substantially invariant with further extrusion
conpoundi ng of the conpoEKAMPLEThe net hod forns
conpositions with a dispersion of the nanotubes in the
Salglerenll¢duanogibee §€S WNiks) forksuppliercENF et usef avithout sonication,
(separaga psla)?ﬁclélxp ot tn\é\fu]ie sotmcecl gr\?v kﬁ%ég%euféste?lglﬁ ﬁig gn#ﬁ@%%ﬁé(}'égg got necessary). The
SWNTsrecist msm@ asvmopbs thaewem@ theghngehef aé?ppfr Yxiupan élaﬁfé?%%% lengths
SSerbid Y. érﬁ”"rﬁé‘s SWNT
beveeEGR oL Sod £5 N PON oA BRI AP sl e ST e
used asdeaqiesds | Keed maitesjo$$WI‘ﬁEﬁt wam sb¢ar mzined witha tb?“"‘&lj’éqﬁég REEX. see Table 3
SIS Ubes g i Shie AR En Yl xirua
R R T A o
(lengthCQSI’tIm W 1962)/ nerobptiaseicentrasiona nb i és2,mn§ éé'l’"séd’fﬂi*ﬁ SWNTs in
PEEK n PP g)l NIGE g wal ctan%dcomgrcigg il %ﬁez heakif B Wit babRl temperatures of 340

eri ze an | ncrease I n storaermulus
°C, 36(63°(a,tanldcm0f°::e qurqmyfrgmﬂboasm to appww)ne@ﬁoramrs yakapplied to the

twin scrrr%vxr/ gl"l}e A g%d‘ﬁwﬁ 0{9/&3 the%&re@p@f&he égt%(de? "No additives or

of about 9, q;
dispersinyg azehrvadhFed. @‘ullz%rbyméprghpesﬂ@f wEEpRRouo b, 3@

Q Y piE! Qlted in well
R B R s g S OBt v
disperdEtl SWIT hiithoae | fraerdsdetormiea ¥ thecaglytisdependens fisqpmoy dependence

h | & sarft
of the sr{to)rage “?)C%H"gﬁ% gﬂ@g? 'tf(?] rGhé |§nc| § dle I??,Eek M PI@TS. Afdthidel sa ﬂl@s were

acts or steps of
prepardfrbaamg mealtlﬁcrg3 nite, en&bd ende Ar-17 k/br- t Bhqelessrierd dgssipative properties of the

extrudéd edg;%lgsr cf%ui‘c? g? ﬁ{og?ﬁe%r %Sﬁ%h%e WMeFrak& §b ?;Itév'ﬂﬂé Wos iMt+48R1 by hand

resi nts the method can
drawnrg(mgmmsle of dzreem'tebg samplgdses fof exanmed i@n?')de fouagihighes hear
Mt 1Bs CALRASTY ARGH0D Limpg Single valled
on nano Wt yner to forma
cnapmmtm toea e OéhtMP@rPl@@mé‘unﬂ’?%ﬁ“tﬁ sempigsindectiop gnolded) were
camecﬂ)lﬂglt §40%8k6 eé 625 BAinN8 ngémbﬂbt Jl'i@mﬁﬁiv)émﬁfnpﬂﬁd ThB6torage
conposition has a storage nodulus G
substantially invariant, or decreases, with further
extrusi on conpoundi ng of t he conposition. Another
enbodi ment of the invention is a nmethod of producing
an article or stock pieces or pellets of a conposite
conp03|t|on |n enbodlnents of the |nvent|on The
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resistivity uniformty within a factor of 100 and in
sone within a factor of 10 for two or nore neasurenent
WO e®y/1pBTNt s on the sanple, an article conpri SPEUS1¥E7/004475
conposition, a stock piece or the |like. Ml ded
articles may include but are not limted to portions
or all of reticle carriers as illustrated in U S. Pat.
Nos. 6,513,654 and 6, 216, 873; di sk shi ppers as
illustrated in U S. Pat. Nos. 4,557,382 and 5, 253, 755;
chip trays as illustrated in,US. Pat. No. 6,857, 524;
wafer carriers as illustraf&d in U S. Pat. No.
6, 848, 578;, fl ui d_housi ngs i 1.l ustrat i:N
modulusg SarPIEg G ST BRHERL A R ifebn SeBimepPle) are shown
in FIG. 7.ncor porated herein by reference in its entirety into
t he present_application. ticles co i sip e .
TRSHSUSROE R B FPBTAed SRR Sfed ﬁ’é‘g‘b‘iregs%‘h relaxation

treated ihjS¥E&H M ABYmMPRs E6OFhriols POGRS S€ Rardomibesekirngon compounded the
sem conduct or waf

ers; they ma in deliverin
polymen Y He SSBFRITG, oGP GHTPIST HE™ Pé{fﬁ A?i‘fgg Biffaseapstivity Heter. These
results 25€ SRRRALGETAITa8le PPhar maceuti cal manufacturing; the
conpositions qf the present .inventign.and article
Pagurmierbeale eAheaATS DS T oDRIdEd S spigR Ho1ded, extruded,
and relak 6drE&nQinj RFi6n hiolddadmiplesiw@wderiaingd anduf saamples. The
control l ers, valves, tubing, heat exchange d Wiqgg, ometry 25
measurqmente W e RAET AL THAYOT! tﬂ‘g/f%hfiﬂ‘ﬂﬁ‘ge YETE L BALE tg &0
mm dialneRi- 9380 ufle? REHiSH A BhoshRAL Ulrequenpy sivecmaltiieyw ST and 100

in a nelted pol yner .nmade by extruding dry pol ynmer and
rad/sec wgrrotamesottoget her, in sone enbodi nents occurs

essentially simultaneously. For electrically

conducti ve nanotubes, prekanly2SVWNTs, this process

can result in conposite conpositions whose electrica

dingfd WalldMRnbfudPE(SWHIT spAgmstupphereCND(Tarben Nonatethnologies Inc,

sub tantialkx Cha%&ﬁ with repeated nelt extrusion of
Houston &) yee PEAdev iAW A Cper si on through an extruder as

. iThb Wsststiaitg @f b eXth(@ed bhbpleTirepeed astpdiateple b Wposndaand and was | 0’

i n_enbodi nents of the invention becharact er i
o abou 0 SaNPalRa 1 B S isa ATEE e I S BV B PE ST fre 10,1520
additiosQ PR 8ibE cFIFNASI hdtRted AFIGL $14) dadamiplé bbextanled xiatdrial was taken
or.ce_peasur

f d ogn a second .extrusign.gonpounded
after SUY 51 SEOABOSIA U U ESSEEH AL PEOGH oty There wes
essentifiRRPRtda NinGREReh siREd §tbgh auatulisaHustiasing it tleddisprrgion of the

an extruded nelt of the pol yner, the tubes added.
ST} 5 ol e Bl Fae TG pBE y potcrnce
over tir6l\Wathid feVhrigi®adfhe pRabsshre) donditnk e Misihrenilt illostrates that the

ext ruder (Sxtrude[ SCr.ews). .

. usg? to HPFE an

extrusign grpPeYnAEy GoPRUFLIS IHEIHEB A THEAT M5 Y'he conposite
qfh@'?ﬁ@ﬁéﬂi&"bf ahasided eaictd efxhisyexaasidn compeunizd otaudtebs and polymer
P

yreferably S s,. this process can he used to pr
compoyfign £pyld b |‘§P\GSH%‘%%§’F?¥}§“?F§%W&‘PSS$§“ e st eats €5 R By subsequent
thermaC 88athRnY artue dritte@endiingd byahe tiffereripdocesses hed diffdrawresistivity (FIG.
conditions. In particular these conposite ¢ iti
12 and dgfle By B R SR O PP S PP Y R L T AT ARG TSP e 1over
resistivitydBF theQWnS RARLNCAMNANbIUBBS AhaNsulatkiguaticlecoplddsshate from this

mol di.n coining, gas pressure b d.injecti.o
compoiiPg pl’hgﬁ%e Ay Braeetn e AL G oap et LIRSS, storage
modultd HRIMalbaiRe AitparsionTahis ifysating Maetial@oulkitiedhodjfied by heat treatment.

some enbodi ments insulating materials forned under

hi gh shear flow can be thermally relaxed to an

el ectrically dissipative state when heated. Wen a

polymer is mxed with i mm scible nanotubes, the

pol ynmer is the continuous phase and the nanotubes are

t he di spersed phase. \Were the nanotubes are

consi dered single nol ecul es, the nanotube may be

referred to as being distributed in the polyner. A

conbi nation of dispersed and distributed nanotubes in

t he continuous phase can al so exit. The nanotubes can
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o oy



addi tives or have surface functionalization. Extrusion

conpoundi ng of the pol yner and conposition conprising
wmaotuises can occur in an approxi mately cont enpOr/ESBOUGI4475

manner as illustrated in FIG 10A and FIG 10B. The

pol ynmer and conposition conprising the nanotubes,

preferably a conposition conprising single walled

car bon nanot ubes, are conpounded at about the sane

time in the with a sufficient anbunt of . nanotubes

and enough energy (torque agglled to the screws),

heat, and tinme (residence finme) toforman extrusion

conpounded composi tion. si tion nanotubes
di stributed and or dispeigg%ﬁﬁh he pol yner has a

ﬁp;?lr %?’ﬁl E{D Hotgﬁ C(;SM) ficin §|Sﬁ§£e§@ﬁ\lﬁbk%oh NAbiedRlologies Inc,

RErextrusi on conpo he composition.. |
HoustorFDX) senpasil twitiost sentcatian eud férobiand waghdiEiK grermoplastic as in Example

nduct.i,ve notub [ id
vy s RSB, RS RIS A0S S ep BRI B At om

digested saaipdass shawmm theﬂgb&mebarlom ow rate of the conposition
-h?ﬁ(: 4 ease lc{s Eg E% Ctgrrnln%:lgch v{aﬁhc%)\;vé{vet ﬂ{g%gt%&rhnﬂrﬂlhgdl&l For example,

ron nanot ubes by
weigh 1Weixght pepsiepaid/SWNThyomyisihsarople obletyand plice pelstts i 175 - ml PFA

psSitions cles [ 1
sample e ppr T o 4 A0 PR OBE0 N o e il O IR et i
msulateﬂ's%é’('ési &l ihto sapptbakiel earvandt Ples i unﬁougv@l’imm@meb avhich can
O obtain naterda 7 1d 10
v et B Byl OB B 2 s epa
minutes! EStHEE2)HER It 80% poskesto 34 gbe anqhholdritOsnmhteﬁa (ﬁfagﬁb@sH%@é ﬁt 50%

power 3 %P;Jyl?ﬁeal(rj a § h@gr@ rﬁg{)' hf‘ét? ’grlsgrf-‘g Fxgﬁ’(ﬁi’}é ﬁ%ei & 16 95 Y 8Ad hold 10

minutesS Beide 55 M &at af 50% popeeseito p.siend lholml 10 thimuggsp Remaye from
A angt upes &an b(g Iiﬂr; 2% g{%gltsc%%f Sorth @ roo e&lf %t'upenin%&ory fume hood.

microwapREeonaysr 3@ 2 or a

The liqiid@ah @g laﬁﬂbzdcfﬁyelﬂmst GH'AA bhethlengmah]e mé¢thed hdlbgregpecessary, the
rheologlcaj er col %reshp d ccurs when t he

liquid froam, Hhe Asad ’Igﬁ%’é’&é"at ‘FF R™8¥ ol ymer chai ns and

may be determ ned by sudden change i n storage nodul us
ver sus nanotube | oading in the conposite conposition.
In other enbodi nents the anount of nanotubes can be
chosen to forma conposition whose el ectrical,
magneti c, or other measurable property is at or above
its percolation threshold. In sone enbodi nents that
anount of nanotubes in the thernoplastic polyner is
about 10% or | ess by weight, in sone enbodi nents the
anount of nanotubes is |less that 5% by weight, in sone
enbodi nents | ess than 4% by weight, in sone

enbodi nents | ess than 3% by wei ght, in sone

enbodi ments | ess than 2% by weight, in sone

enbodi nents | ess than 1% by weight, and in still other
enbodi nents about 0.5% or | ess where a percol ation
threshold is achieved by the extrusion conpounding. In
some enbodi nents of the invention the anount of single
wal | ed carbon nanotubes in the polyner can range from
0.5%to 7% by weight or any anmount in between these.

I n sone enbodi nents the anmount of single walled carbon
nanot ubes by wei ght in the pol yner conposite can be
0.5% 1% 2% 3% 4% 5% 6% or 7% or amounts of
SWNTs between any of these. In enbodi nents of the

i nvention, the density of the conposite of polyner
with the dispersed nanotubes can range from about 1.2
g/cnB to about 1.4 g/cnB, in other enbodi nents the
density of the conposites can range from1.3 g/cn8 to
about 1.36 g/cnB. In sone enbodi nents, addi ng SWNTs or
ot her nanotubes and pol yner together at the same tine
in the extruder, nelting together and extruding to
conpound the polyner and nanotubes glves better
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to about 11,000 (sec 1). In sone enbodi nents of the
i nvention the extrusion shear flow rate can be | ess

wo ban/1aiseut 1, 000 (sec 1). For extrusi on conpoReEs2007/004475
pol ymer and SWNTs in enbodi nents of the invention,
extrusion can be used to prepare an electrically
di ssipative material (see FIG 3, FIG 12, and Table
1). High shear flow can be characterized by injection
nol di ng. I njection nolding can be used for making high
vol une products fronrconposrgrons of the present
i nvention. Injection nDIdlng can be used to create

fine features n.ar I ;
exampleftp 8\§P tﬁe lryﬂriﬂg)gﬁ?vorr é?lé% u,rt 75 sec IS ?ﬂ%&é&g gfg«%:gh%np?@ fifiIng the void
betweendROPlatel PR ol SBétwedn) the plaeetit eﬁsermdllw fn@echlam@qmb &5Qpr¢. In order to

pol ynmer conp tions used t £1
mamtan} Hestant pglﬁnﬁ éJP rﬁ]a 38{)) i@ d°R gh ol?ll]g ?l% %Eﬁhe tzrréet Jest gap o
mm is rélchéd; HRSvaaonapesd ddareasesmpdsmaabyn upnnd» atsﬂxt 599 sevonds. r §machieve a
the sane conposi ti For. exanpl e e th
similar gpengitied feGaydpr e Tra §EPPlgee Bt Fn% @ﬂﬂ'fﬁ!l Ty gng“ tc%g%g%%al foree
is aboutm‘@b% QHO@@SS@{%]’ UsiiRMmea@yPRUAGeshe[in in@msantndinkll force is a measure
mposition O

t hepres I nvent t
of the gezatey ST RPEHVOHGRBINOR SELt f0drar s & Ty tht P Phsfiag viepd ditferent
material vﬁﬁf@h@fen@ﬁﬁﬁ&h@e ﬁ@ﬂ&k@m@ﬁﬂ@ﬁﬁa&ﬁmeﬂby dld’lgsqu&'m flow and low

er electrjcal reS|s Vit
shear gy ¥ SR FORIORRCH X5F SHER gl 8\‘6‘?3?]’ aefrish N 8"“"3 lower melt
strengtANRALIE OTHi e £AARIE BREARs ﬂ’ﬁk thienigelt Hrgiakty of aticlss rmkiedrfd)m extrusion

ook Rk oSS 2o ST RS e ot

and pol%@xsﬁ‘g %Sﬂipbﬁncih%e\x/ﬁldt}i%ﬁﬂlﬁﬁ&ﬁﬂﬂldmde& ectricall y
di ssipative or |less resistive.

Whiletbe éﬁrﬁ@leﬁb’t‘)‘(‘,‘i’e‘ggﬂe{lh@l?lﬁfﬁz& li)cgh SWBP}&F ngow e%sgntlally constant
normal Wé (N'lt%q'e&&tfo%qﬂ @R sheder fimewTandlipstetesohe rtiadbe sf a network of

i mproved cooQperati on _between drs er
the SWNrTStVﬁ@l Weipabaner; ecrbrork gl Nt anprage ¢ d’g‘?‘ﬁﬁi? gﬁ jelaining their
stmcmﬂgaﬂggé&ggteﬁﬁs TaeS h&@ul%m%ﬁmn%&@&rﬁ lsﬁﬁbtﬁrahel’@neenng plastics that
njected into a open nold or partj all en nu 1 d and
resist Ch@rgeft@ skrpapnd dgpping af the @rPli?érPfl‘%ﬁ‘% Inco 8 ‘Ubﬁ‘cm‘ a1y repare

tested @WBFFEER%{IP l&kivBA 8RR rsﬁ&w&f‘t}{ctd@rﬁapfoe@&&;‘&aﬁﬁfh fimeeze flow test to
erred to as coining) to fornrthe artjcle

about zewet [OghFasee cietba serEplesarapREt OHTEPRIRTP oty gelr heating
condltlgr(r’sl 1ﬂhf1‘%tﬁl%"10és%ﬁe§étﬁ Ghd h6 8dduc8sh & drypivg.0f nol ded
articles conpared to injection nolding. In some
enbodi nent of this coining process, shear flow

condi tions can be | ess t?ﬁ%ﬂﬁ%ﬁﬁt 3,000 (sec 1).

Alternatrvely a counter pressure of heated gas

n be intr ced.in
o PR R A A rinrein
polymdraanbe affecled pgmsgrmhear\/ﬂrivb pracagséng-i on nol di ng at high

not ube | oadi n e - 72 ﬁ?&J SVWNT PEEK
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i nvention have a structure that can be characterized
by their rheol ogical properties. The extrusion
w@eospoesds ng di stributes the nanotubes in the POI/YS®07/004475

and the conposition has a storage nodulus G that is
substantially invariant or resists an increase with
further extrusion conpoundi ng of the conposition. For
exanple, as illustrated schematically in FIG 1IA a

sanpl e of extruded material 1138A was taken after 5th
10th, 15th and 20th cycles (depicted by 1110A as being
fed back into the extruder f 50A) and the resistivity

and shear dul he sanp r
low freq}dggmgggjé\m(ggiaﬁv%ﬁ% tre 8 sgggeﬁ g}a\g\ﬁgatﬁxg%%rl ﬁ@g%aﬁ£g§E&ItS in
better @bl Ebe €167 Ifidr: hlgmslfﬂahﬂbweﬂdddeﬂ smmtlss of the invention

essent jal | substa | hay i nvari.a
The resgiviy g SRR HGHL A T, S BeethF PR licHrfepy Bf retavation
is was a¥out 10°@hk#Eq.enbodi ments the storage nodul us decreases

to wthin a factor of 2 after 5 extrusion cycles, or

decreases to a steady stgm@‘ﬂg wWthin a factor of
about 5 or less of the o torage modul us.

Rel axation treatnment of highly resistive or insulting

Thisi Rheplailiuciested 4 ecsntmuoumlducetss ¥ malriog oirepefiitepegtetianof the

presenttui]]veenbxBlgl Bﬁtr{xgcilftlé{e&?{:ﬁnmn% ea%{ ggoll)g) ngf &ﬁ&%td(n% S(agly%ﬂ@[ imide), and

(poly ithide)bdske of artetalrd lkgihin deqolr ra'@:eﬁ”snaamhl lt@ giertwirSsampv exii®ler.
storage nodul us has a | ow sl ope at frequency bel ow
about 1 rad/s when heated the nelting or glass
transition tenperature of the Sanple. Sanmple (A)

t orage nodyl us was detjermi ned at fhe sdne tenperatpre

PEEK HU 925 tle4.98 [r el axaiisys |t ues ¢f4.8255pveTal| M-hutes25The
(kg/hn)sianpl e |(A) dtorage nodul us showed gn ingreaselin the

SWNTV[abe2s 470.65 [W.ch| iondisciatoes 4ro.i7spf axezsl |diGpers0.86 pf
(kg/mr)tne nanotubg in the sanple afiter the relfaxatign

tfeatmant. Ihe Table of| FTG |2 i1l lstraties that hi gher

PEEK! P39475Y 4 8¥al S3 67 | AiSBer 3agh $WWE | mB.7he pobyres.2sn|
(kg/hr)ext rusijon cgnpounded cojrposi tli ons of thej present

SWNT 8995 0505 €W 1S [Tgm Aoy ind 6.0 croséal Tesi flyogs {he
(ke/hr)CPTPOSI tes conpared to the pqlyner] |owering tlhe heat

PEL © fostonyconpgrey tp t{1e pol[ymgr, [Taj SThg {t N ofse
(kg/hr)of cryst aIlI ifzation tenpgraturle, and | oweyri ng tihe heat

crysit cll HrzatTonm—As [Tt oustrated|for ngnot ujes
SeRoRYeXbT U $7F FURPUYTHIETET| § 7T T REA0T425
PEI 03%7753 %19§t |4\n9FI Ewsk’ I‘%%gsjt rates|that I s |al nost

S | !
L

(kg/hr) } V(T B ) tot f ugn fZ0V
SWNT ‘d‘bgé;rtj bgg o%' gd;t%’t qurv'{)sm O'gz}yvbyb'?\? tgxabogtsfs 5%

i
(kg/hr)G thi-s—poenttasts—tpthe@pproxi matef w2 deperndence
fw pal-yFret—att—n W | b AJU'“‘%'UI
@g/lhr)‘ 6)”79 E‘rgﬁy n%‘?cat‘;égzg_t rainssi o%sfr%%sl qﬁl‘sd Ii4ke
havi-ofF—of—the—pabyrerrto-—sota-Hk pegetasty
SWNTb ﬁ%soroa()ée tg'ltlted}tu"agn )t(m)es %’#g%erggé >nﬁtghe 015
(kg/hr bl v et L Furt-her—H-hi-s—hen—tefmnarat—behaii-or n‘tay“—-bw@~
f it_egl!t 95 a n nofllh‘r\nf\nverpl/ HE=Y t'f\r\ p-\lr R F d-:,.g
PEEKr13§t9r7z§i hs Phe Fond-+afye 21 lon387 tﬁ‘gspgl érgr cvallig
(kg/hr): G 141 i1 lJ:i‘J_’_a_t_ﬁS this |lowlf rnru aney ‘v"v..a!’!l
SWNTjedHdehP-9Fehalilor], 0-329 SR EAR) 1757 Q?5p ePer abI0y75| gss
(kg/hr) han 1. 1for two cdnpositions Ww-th 05w 1% and2w- %

PI SWTE | h PEEK thken firofn t he Hatla df Bl Gl 5! cur Ve

Hio-oror T

frequency illustrates that the storage nodulus for the
0.5wt. %and 2 wt. % SWNTs in PEEK is proportional to
frequency according to the relationship G =K wz where
Kis a proportionality constant (66.7 and 28630
respectively for the 0.5wt. % and 2 wt. % SWNTs in
PEEK), and wis the frequency for z (0.46 and 0. 16
respectively) for frequency between 0.01 and 1
rad/sec The regression fit R2 is better than O 95, in
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compoundi ng of the SWNT and PEEK as illustrated in
FIG 10A. Sanple NTl was made with "side stuffing” or
wa@ea7iosm of SWNTs at 1130B to prenel ted pol yneCT/{1S2007/004475
1134B). The extrusi on conmpoundi ng to prepare the
conposition NT4 provided a material with a 4x or
hi gher normal force (~800 g) in a squeeze flow test
conpared to the side stuffed naterial at the sane gap
(~Imm. It is reasonable to expect simlar behavior
wth other materials made by.the nethods and materials
di scl osed herein. The difference in the force shows a
structural difference i rk of nanotubes
bet ween the NTI and hﬁ4n%%%b:@§E22 shown by the
i %ﬁ%ﬁi (Stfon R RBQWR iR & (Q’ vakiolls pblethBe@nide
?%?é%gﬁﬁﬁﬂuB%F? conﬁBS|t|on mf&hl 5wt % SMNTg 9
polymentmubingd 8dthgsingle weHed ¢a§borang@plh§=fm apsutruder by the "5&@10‘?‘3 and
f @Jfﬁ%‘ﬁét@WX type (Buck
eqmpmenq 0\%%:9 pgén Pvmsfrﬁﬂ%vé 15}% ﬁﬂ% S r%é 8 out 1000 g or rmyp ¢ Y
ESD34¥ werealsgdtrihe)fnoamm whight Wﬁheaﬁimﬂmmrgnzﬁd ora 15,000 to 60,000
g/mole i nvention include those conpositions of SMNT and
‘pol yner where the gap force is greater than about 500
§lGi 15 dpaplsahedog@icarmensutegests, the sbearalepemsisal yeeasyy ppé storage
moduluggaosg Pfturr}gtﬁl%nso equ%X p}wtr{afcf]f ggﬁ]g{cﬁ\gr O?E m@j&ﬁ@%snes dispersed
with 0. 518 86,1 1 Wids] muewt%rSéNN(fs mebodiofents afdhsinventianaottie sggrage modulus
RERA Ubes h-wiSHGha 8 WA8h BT oL b
curves anéi&geﬂcan pr OV o éﬁ%ﬁ%?ggghggmgg gg?gaP properties, e given by
the curvemxrsooenlsz@l end i $3nlesprotivelpt ihe mgcosxtyrpumeﬂnrﬁlaeg SBEDSWNT

compos(l eégcgrpt#g? wgi%,ar Itg)pr‘ﬁégg\éﬁ% g*’\)ébg’{ggrte eh t tHE 991%& lfﬁ) 1550, and

ur al
1560 respeitidielyy )A comeditedtie datafatr @reyaénowibetweenie hkeadysen @ngyd rid/sec for

ar 4 ocat] re tn Q es
1510 e GRS S G 2 R R OS2 80%, e it ot et
for 152088 MY Relctivn GREK@X kidks KoF1665. 10fodtzhe0 28 RathRe= rme;wa ickerve fit of the
can be nodified. In some enbodi nents of the entjon

data forrb} M) teghe RmctionSBsKer stvee npha38Prigd #re?- naﬁ‘ﬁfhu%es 0.96." At low
frequerg:ysbq%r SR/ tgats{@aéegh&ﬂﬁﬁs iBF ?¥{ sIR:bBR @f()t ['d%@s/&nﬁt thk Storage modulus

retar n q can maintain its shape

and
for 1529rievequt 63l dysisin brthssigrn gqumh@éﬁpb%aqlé aputglyG0Q) [dgnes/cm’].
The sto%)%g)xlnbﬁ lﬂg cﬁltve\rggﬁgal £244 erta@orﬂe hbadBwn] RESEGE PP $4d/&c of about

ertrals in e sof the i nvention are usef ul
12; a play of 5’ ve frgquierdyfmpetheopkmeraf: ! tor 1Q9cedises ieshyrarsaistif gt a polymer

havmg%I tﬁ'ﬁltbhglsdlgfi%ﬁﬂéﬁ of S}écﬁlgls'{véfgh?sh AHG sl sRHRRRat G zing the methods
ppi Ng 0 ten | astl c and provi de an increase

and materiatepf thetimesngion tiaa ford}. mﬁWTaer e dispaEedingy a palymer, the G’
value at ﬁule&ﬁ,%eé ks 0(1 58! Jn%s g{eaﬁzl' Gr nfore AR @erfor tﬁ@ oWn{elF Qidne; for 1%

ound theory, the solid
SWN’I}g@hmrg |d1spf:1(§pd ata it Rp]m@r, Ehea@ ewéﬂ}uq #3 raél(sep Wbout 70 times greater,

or morg rtﬁgﬁl@"‘%fr $HB%h f})gﬁé?'gﬁiﬁ% for DAL RAETs 01‘ M6l BifRsseli b tﬁé"ﬁolymer the
nposi tes resist dripping of the conposi te whe
vallee«ptdlse dadt/s;cas aboatrB0O tirmes Brrefesayaness, than G’ Jer b golymer alone. The
ransl [ '=Ko® Th
compolf T ReEafLEEBLL I bRite: B BT bScal, EbRCELELAG o', e
compop:tesmmﬁels m‘sﬁD meistﬁé@ lﬁEEKuxfaceREEKtlw‘tlphlmtép pangefaf BET to 10 ohm/sq; the

sampl%% t he ace I 1st1t§1‘¥¥/%? age?gl%%ﬁ Jbgaﬁ%g A r gl' mt rgr

hieles. i16Y mmpbhttolf forse gaydtestp firi (EEI)éS(WéiT f:@nwltes for 0.5 wt % (1580), 1
o rak S84 9wid SuAREk L for 0.5wt% (1580
Wt <H%2E % gt) %848 (ri(ésw to}n{lgcgaﬁ):mund nnﬁlgfr%%g%o%‘ 8%eﬂswp(sarc i { )
and 1 &% §U582)obat|themeomuhl farcS\igreatey thin 3 -ﬁpmrpeﬁnpﬁéﬁtmm or less, for 2
wi% (Pé%lzl% g?e{) Crﬁ'#%nl S coR ﬁ@ﬂeﬂ tﬂ&rpalﬁ)u‘( abo gteyr Q%a;ﬁ(;iti Qxln%ﬁortlgﬁ;t and for 5 wi%
enefit frominprove flane retardancy or show
i nproved structural properties at high tenperature.
Such articles can include wafer carrier, fluid tubing,
waf er shi ppers, containers for chem cals, heat
exchanger tublng, plastlcs used for conputers and
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by wei ght; in sone enbodi nent from about 0.5 to about

7% by weight; and in still other enbodi nents of from
W@bmatlo372 t o about 10% by wei ght. Lower anpouneGT/U8200T1@04475

SWNTs reduce the costs of these materials. Polyners

that can be used to formflanme retardant and fire

resistant materials, which can optionally be

el ectrically dissipative, can include PEEK, Poly imde

(Aurum, PEl (Utem and m xture of these with PEEK

since they are mscible wthyPEEK. In some embodi nents

the thernoplastic may conprise a branched

osphonate that is .se
SWNTs Eﬁ@ﬁ hl?ﬁ‘r&a?}f? t TCE 18 g(r)eat T l}ﬁ nr% %bgO%\Milbwg %ag; dfpoimgxg{ or less. The gap
for eachfdfam@samams fdeap ﬂuemnpehmpmhebpoxmd inithg npmgsgzb}sg.se g high normal
force fOl‘agla %%gs ph B?hﬁ%{gﬁlé?ﬂf%}?me Ie aréan?ﬂlt téﬁa?st OpS bur ni ng

surroundlng
mat eri al s. Moreover, these branched pol yphosphonat es
do not evol ve any noticeable snoke when a flane is
appl i ed. Accordingly, tH2$aMHdh&hed pol yphosphonat es :
can be used as additives in conmodity or_engine Hg d
"ﬁhlaskamsletlﬂumagﬁsu piréragationani ghaigeisriration qféfépgklsa?fgzéet imide an

PEEK b\i\éndﬁ %&J% ﬁ o rv@{}ysn‘?%Q GAALDSarb & hinRBECo ki BREY. Bir@ﬁa walled carbon

g ness processi ng characteristics.
nanotuliekl,efﬂlﬁ) Flastanc THetyps Rishe RSO3 ywersaseddn thrangibad ag‘ﬁ&rgple Tto

pﬁmmﬁsa ﬁﬁ%g&g&%g@%%lg%ggmgther pol yesters useful for flane

ant These pl astics _may . |nclude but 1
EI@ Teotshbivniteaprmel foresda] o 2 Sinstier of Hmg ixa ferge gap ofpggueeze How

'measur%h%gé)‘nfgxgon é&h? %E%iee&b Nows, §V@I¢@qﬂ-ala%lylﬁér%lerﬁaifQOtwthEl and 77.5

t ent 1,614. The
wt% PEEXY) the ngnmxlfge:n 16 h@Q) and gq_[(j @20@6 afoﬁtﬁfl af p Apngtign of time. In this

embodlfne% ¥rﬁxaliforée iS g?e?{elr i a%@utbwmg W@aﬂ méstsQﬁian ifh@m and
orne according to a procedure
preferablqrdbbubymrﬂneﬂﬁrﬂlﬁb dampiodef prpse grodplust 16@9@?}6 als%‘e%*sTfﬁe”'O as a

functlop ﬁ? &‘t re ald/s S;;xt'\)a/ll %%8&%1(1 sglrn? 5»9@/3‘ @W@tlh ¥ olymer blend of 20 wt%

ty to burn or
PEI and @aSevid PBBKna cutvi fi of ﬁilg/dﬁa for frﬁqwa betivesn nl tagfs 2gd 1 rad/sec to

a functwlnéjfx‘ Z%Ebl 3“é%f I%La%%ZISJ( ?nc?ing{(% l %’thé{lﬁqg 1:9921'%'(01 | i r?tugl%}yof 0.1 rad/s

the stmtage nfYd@RRA$ abdiv @00 pdysasicinnc| Cdmpasidde theastoragd mgdulus for PEEK in

ext rusi.on.c ou ded t
ric. e B T T GRS VT AR By Ty 708K B pae i
can fordRe adrhpd)sﬁe&hﬁEZ 5% & rﬁﬁm@éﬂbﬂﬁ [camrangs tirarin alpoyt 4 (@Q@ame to about

t han t 1{%9 Po%gs&ggenanotubes In sone
50,000 9554 P gnﬁ3ﬁ8 Ubes™ are SWNTs, preferably from
ahetsidioshowahaube ddRpdsitionss gipblyafertth it @ ppebivoss phase with an
al | entio a [ tRhd of
amoun&é%é] %ﬁﬁﬁ é;&xi)ﬁp Hanogg%eﬁtdgs%e%eé F}lzerm 'Znge é)BWQS a of one or
more pdlydidérki TRE Sompogidet camie dhaeictrizpd asha\cmgze storaggrmodulus proportional

anti gxi dants.an Ke can be a d
to frquw&g the Bq{gtl(msgxtphé '54(% S\élh?re e gal{l ﬁ Jrsalgfs tﬂ%n 0.35 and it has a high
storagﬁ%%aﬁlhb B bdeath (il 19ad0gu e &inh fararnipading ef 2 Sanitaripeore of SWNTs.

Consmﬁ%ﬁ %;ger < 0 SI ; "I)l“ cpmﬁ.?lga%/g?‘flgg Ws%uesneo {oEce 1{1 a gap test for
2.5% SRV TSah 't}%npolfrﬁ@p@faﬁd ®a s sbuut A50 @nllustiaking ehas otliec edrinpositions may be
were used 1n other sanples but were not necessary).
useful fprefirg\iriFedagkMete i3 nly as ropes that were in the range
of about 20 nmin dianeter and | engths between about
0.05 and 5 microns. Their density was about 1.7-1 .8
g/ cnB. These SWNTs were used as received. Feed rates
of SWNTs were shear m xed with a thernoplastic PEEK
see Table 3 for anounts that were used, at about 340
OCin a co-rotating, internmeshing twn screw extruder
(length 95 cm L/D 38 - 42) to obtain concentrations
of 0.5, 1, 2, and 5w %of the SWNTs i n PEEK
Conpoundi ng was carried out using a three zone heating
Wi th barrel tenperatures of 340 OC 360 0C, and 370
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draw ng a portion of an extruded sanple (see for
exanple FIG 3) to simulate higher shear conditions
wapa7fiensns | ess el ectrically dissipative sanpl eBCT/US2007/004475
Rel axation treatnment of high shear electrically
i nsul ating sanples (injection nolded) were carried out
at 340-360 OC for 3-6 min to formelectrically
di ssi pative sanples. The storagenodul us of sanpl es
with relaxation treatnent (A) and w thout relaxation
treatnent (B) are shown in |G 7. The resistivity of
the injection nolded, conpreSS|on nol ded, extruded,
and rel axation treated i nj M1 B! ded sanples f or
various anmounts of nanotubées extrusi on conpounded the
R Wﬁﬂfpw\ﬂru@trﬁiet prephmdon amd eoirictierizatiph o 2 gapesitg of PEEK and 7
rface resistivit ton,
wite singlalR sEop Aenaipb e et ST i BaEph BRRs AL, Hous
TX typeqButify ESDE 9 weRhdedlin the mprtesisif@xampleib il preretesaamles ghepmposite
rel axation treated injection nolded sanples were
materialyet er ni ned on cut sanpl es. The neasurenents were
Q. 11 78 fluStthteighp dbr 0SiGEdultabnd FIG A showdbe goragg nepdulus as a function

Tl

plotted &NHfuhOEbd stiBe CIri/\ﬂiiﬁerﬁ?t&fdﬁmaﬁ theihornfaXfdPe 5 ge@emipeabout 1500 g at

wal | ed panotu fro I
a gap ofNgssdharchi &8y ?zé f 1s a %tsctf 5#” ﬂgs{))rga%llﬁés ggi“:e dén(&a&%%‘ity 1740 asa
functior>MFregkAdP€}- ondeor- @cﬂicﬁ:tamplld of DHtYal VaxT in BEBKSs agpive fit of this data to

prepared as in Exa or
a functigp GiFKPagiveE K gé23 %&(Tme‘ﬁl @Mg 9%[]?5‘?1? surf]age egléthlty of this

matenapz?scrkedsmeﬁ e Biekiddd QesdiiBEd BereikDwaslfess thén adﬂd)ltm/eqlaht low
extrusion Cycles as illustrated 4n FIG 1IA A sanple
frequenef' oé&tl redieass Padeatont 35890 tdyResctk er 5th 10th, 15th

%Qﬁ$s%lh§§el@&gcilnﬁd1§§ tﬁfEchhIp)ésﬂﬂﬂa@naﬂfof SIWNTS dispersed in a
e nmeasured here was essenti al |- ﬁﬁ@ | e case
polymet h@ lmsrae@ﬁ et kavsradyeh perral farce. grertey hen ﬁ 4t int

groater q{a%pl%bﬁ ,0R1Rfqi {RRIVDife SWNTEcRObyEmREac@ 8 bR kﬂheangllﬂ @’ of greater
sent |§[ invariant and that the pro

ggrtlee)gld not
than abgwawqwo@[dmesfqrmﬁ apP 4 Hpds erda loxy plaps 8hz s thea
processing conditions. This result illustrates that
t he extrusi on conpoundedsgANIAF tO0ON IS insensitive to
shear history. The properties of a nolded article of

tI'T‘l'l§ex‘§ﬁ%ﬁ&ﬁlﬁ@t@at@@&ﬁ@%ﬁﬁ%ﬁeétﬁi%@dipyb(@mwfpohmmtes of the present

ld b di f fl
inventipg, h@rlnﬁ%q?lgq:rg%l%ﬁwgte:@ %ﬁl)mé% ﬁ%li)@ %ﬁ:{ al% ed g\ﬁplgg’ ﬁglmg a2 mm
ring wiltftEMaBRetall thituaesa! Rivaesf mm&hl&eﬂobyKIHIEaﬂi i tal/sat Measurements

were m_%;leo: g%%?sﬁvif/g%gquﬁlé%{ SWN lB %g:biééc\élgg%?%g fg ﬁne%hoz%fg'E&c%R‘!p?e 1.

FhabdIfel-Blavd Ithlaoﬁleﬁg faAd Hiélécﬁ’(ﬁpeé@@dcﬁf)y var e écanbmbﬂe. escnef the parallel
anount of nanotu

s B oS B BB RSB . pscn

strain é?lrd%ﬁﬁﬁmtyzﬁf“/%]mn @fpafiial-platesthevwmeteh atay be@sSliineasure how the
st orage nodul us and nanot ube. di spersion o

penmqvmtgu:pgﬂgeﬁ Q‘”Wdibéflgflagl nsERR#t g gwﬁB df IPP%ratuB?/o{%n?n-sohd form of the

compo%ﬁ@ﬁ\ta{éﬁgf TRANReEaBcadl B%Q?le&:e%hkﬁdrmﬁﬂtem perlleIMAES Jn a doughnut or
ron1sugpller CNl (Car

bon Nanot e i e
washet-ghape with BX)oPRR centgeall SHSE RBTONS Bﬁ?‘g%ﬂ‘g hid ‘a‘ﬁéﬂ% %aﬁ“bnl%%%fwee“ the
paralleﬁ%falihsﬁggge LHSITOREAGIIKS T8 térfipdrapbLtht kymipbsieeodan ba kept stable or

The extractabl es of the CONposi
rampedidtines s erad ciyy be praEncdn ThEiTaotdNRITALHS; i‘ﬁﬁ%@@?’% WEsR00 volts,
electn!:zn ﬂeﬂ@en@??&a@ lzkﬁﬁlaQWsﬁIilﬂ%BlS%ﬁfﬂlﬂfsﬁbJ es Ca:’] be
cHeHTIRES PYiel Y SOn QYA BBl Aa Sk 5 B eEp g shble rotation.
sanpl e pellets and place pellets |n 125 - n1 PFA
sanpl e digestion vessel. Add 10 mM 16.0 N HNG3, cap
and seal vessel (s). Place vessel(s) in insul ated

sl eeves and into sanple vessel carousel. Place in
m crowave dlgestlon oven mhlch can be heated accordlng

M ~ ~
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The liquid can be anal yzed by | CPMS, GFAA or ot her

sui tabl e nmet hod. \Were necessary, the liquid fromthe
wa@edod/1aisgesti on nmay be filtered prior to PCT/US2007/004475

anal ysi s. EXAMPLE 4 Single wall ed nanotubes (SWNTs)

from supplier CNI (Carbon Nanotechnol ogi es Inc,

Houston TX) were used w thout sonication and conbi ned

with PEEK thernoplastic as in Exanple 1. Squeeze fl ow

or Gap testing was perforned on a nelt of the sanple

usi ng an Advance RheometricsExpansion System (ARES)

Rheoneter at 380 Cin a nitrogen atnosphere. FIG 6

L

PEEK vafiigezbedilod\Wsed Bomvetivys éonp@onsdiTop eraphs Hlustraterfeat the permittivity

. roperties.of the materi al ed. ' [LRA0%8d 1820 and

i el RBRLO4S ettt Rafed (PR PEen it otplaRapia 1620 an

further iBciehdddsit highestetdperanaka v 820 (380 °NFcompatredal 1 §irs(360 °C). Scans 1830
.~constant noyal rce and an initi 4

(360 A“%BW{J?Q’@“ST{@é3ﬁgté’rrf°a?re\/\sggar IndgcggJ 1bggt6 \%ééggr}sc? e pnl ates

permittigfigl ob giatichoadoNgs0t he nmel ting or glass transition

temerature, f xanple. to_ 3800C  The |nitigl, e ' . d
b ot rae U365 SRR B G SN E shBpl i PRRESIRLT dispere
in PEER Giy@hdpkiMeasnot the ppisatitdayertion (Eaardpled) wEEG. telipsteatesdDES single

. i s essent ] y, fi.ll ed. by, abgut Sec,.
point st AL SO BOSPNE AT Trorab 2oy Bt G o b plots of
strain ahdBerdiittive P b €unbtionlof ties 4t3R80RE fbe8 WS WNTE imEEL. Strain steps
reached, the vertical speed.gdecreases ex J.al
1910 wei5 Rp 3010000 e biI200Hh LAY B BA 1 PR iaR
functiofl 8€ Axef0B6G N ald thé Heuspied peemativisy HR30 agapfunétion ofitime #1380 °C

constan ormal force i,s about 400 to.about... -al . trai
were PIORELrGHPP R S RLRYEN o TRY A ORCTaR T POy AT oy Bnpigasing sain
and incPeab®ASpHRItATity Methghaedstig GWiEraneewWFI®. Hinshowy DES fasurements of

conpared to NTI .The two .nmet hods .vi.e i £of NEoos o
the permydiBiY &1 & RIOPH 6F PSR THARBPL B SFapk L 10T bovs (2, 100%
(s3), ar@Vicdengeay bue ﬁd?ﬁiitﬁv‘&ﬁn_ tﬂ%ezae SWH®s @Ed) J Pwssma"s (é-hpwnd 0.5% SWNTs
_ process_propert.ies;. or ns hi L t. st t
(-m) atgeRGFT 4if PRI GHiS AISRaR ORI (08 PPERIT el By pable dprgases when
the strafX ATRérBadel ik pat and B reduerebhersthe sginfis tleaaed. | Thescovery is
I

nol ded from extrusi.on conpounded .nanot ube po
substangigiy 9% S8 SR AT By N DN e WS such as
2wt% Redbes and pol yner are conpounded wi th the pol ymer

in the extruder.

Whi l e t.he .sa es have different .
“Blvest TepBf USRSt el P RS GRh (el oA o gld py gpanges in
procesﬂﬁ% BEhdifioHsGachhd dheheflowiconditivhs dietegppraover The nesultThlsg show that
il

ilTustrates the forrrgsion of a network of the SWNTs
the resigfiy Ry eHEPHBPPRBRICG RO REFTBFR 0f NT4 is nore dense

than NTI . By retaining their structure, these
materials are useful forEKAMPBEdIf| ane retardant
structural engineering plastics that resist changes in
shtap examsle dihisppica theoShephMatplus@f aglopppsits mpjgrial of 2wt% SWNTs
) C iLson,.simlarl r epar .
ceper TR BEERCR i) Bl 5P PG, 98 ool P R oy REnoa o
Exampé€|Ue @ae nidtaiul s sultjectab e wesidance tir@ylf abowicle8 mif/cgcle apdghe storage

modulfEHPr RESUBHEATT dnd 101/ sPHR] 1ot 2o 8RSt engt h and

NPIG. @0k 6 drdsverlay @idt pPiciat 3 EXANVRERS SWAVE 2es%rip| PEEK composition

.. dllustrates the structure, and pr It . ; ' .
with dHeré‘ﬁ\'gls ?adﬁns ?negvﬁﬁsgesl o ca/clé:s Wﬂ@gﬁ@é ﬁ&%‘é&ear]?{ne}g% .gg'xlugmte residence time
in the Biighieshieafcld (2000 6 egelss (2020), T ybies (RABALY Srayslss 13 0gfand 20 cycles

the star : r % d bt DREKsWeMHEch would b
(2050), eﬁs*r%”rﬁeﬂg%%fin@%&%?(c%p%g% sé%.aﬁ@ An 4}1%\6\2@?? on ol ded wonie be
expectsd fipl forthere® WiNER dispersion) Rypthien thel sterpaympdislug decreases rpgpbout 35,000

pi eces. (B) the sanple was rotated with heating for 3
m nutes and then a frequency sweep of the nmaterial was
made. (A) the sanple was rotates for 3 mnutes with

heating, allowed to relax with continued heating for 5

.
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is was about 104 ohm sq. EXAMPLE 6 This exanple

illustrates a continuous process for making conposite
woraioend@rs of the present invention with diffeP@nus2007/004475

conti nuous phase (poly ether ether ketone), (poly

ether imde), and (poly imde) based on a total 5

kg/ hr feed rate of material to the twin screw

extruder. Table 3EXAMPLE 7 This exanple illustrates

preparation and characterization of various polyether

i m de polymer conbined W ths %lngle wal | ed car bon

nanotube in an extruder by the nethods and equi pnent

[dync/cnir_k; i f.g?r]{Rll?)g:th); pgleg:ggl é‘ﬁerjl_:tgggjgﬁ %%e ﬁﬂggg%fgs% els f\L than a factor of 2.

Continuétbéausiar cyokss ginthen feduhe tiRRlalyod f/Grbandratiey abput 1§ wyalss Gogeaches a
steady s%gﬂv%ﬁgem%g{r? % ﬁOO EI Gt‘e/r:r]fx ﬂglg dsazmo%t s Q)@ QL&QASQ alnd less than a 5x

ar d Nt VI scosi ty an
decreasdsﬂr@rﬁlaﬂe infindl utdmge asddud vaimt i rFr'ﬁGoiOb‘ shoys dinis yrend &uf/thg storage

ool S GRS R 2o A SRR 8ot e

of shearqhﬁstéth& drﬁ'&ﬁﬂéﬂc@ fime fiem SUGT 2@e. Tbdwlatévecuodudes Gorwastietermined

fom dafgap AL by E“Er??#@tﬂ%f R X o T

FIES RaGHiMekas thé Bieingt Srasiapy nmduissof PEEK lwaly WiEh HifSyt shear

historieq, AL DBl PHRIER I /BEiesbich 1kpin Aot B Sxtruder for
cycle (2!1 eeps&tybtés (21205 10w vies {2 130Rf1 5tdyeles €2 140h,omd 20exyalen 3150). The
between 0.1 rad/sec and .1.r.ad/ cmﬂlﬂd%é&ﬁlg) the
PEEK sheatdpodpus#RPRaty 50 [icirase ]y P Contia with R
FI®. 9, 1llﬂstﬁw's\tﬁhtffd)rtcoﬂfpd'shﬁmd af thefioventiba ahatdhe ﬁ.‘els invariant to further

mcreasef-llilr?fc%: tg‘lg?th goGEtmﬁ; efdg-tm%t? prio‘sgsss&gt ecia%srechi%rg ava é@otvjéngt in the

dlspersJ)H RS tieaburkl 5@ v@tﬂhﬁ&rd@xﬁﬁ@ﬁﬂﬁlrﬂm dWZthGutOm]iEmg/Itd) he Bgund by theory,

the resu},té ggggfggqtngotvgh%gfgg%g)%a% Jogy ’Bqlé gag/# Lhe, Stocfrtﬁl gls ersmn whereby the
SWNTéTPrg lﬁ'nH@r obfilg a%g?e%ath@n P ni R0y e[xdryrﬂéi:’sa‘,diﬁ&]site hfaaarfai hatsage maxium

nodul us for is about 11,000 [dynes/cn?].. The
dispersiongr FASHRSH BY e Terrgemr Ui é“g "p%%& ﬁtﬁ"’eétrlé‘tt%ﬁ“’“n%’i stress, the
dmpms§BQMmagas a G at 0.1 rad/sec of about 12; a plot of
vs frequency for the polyner 0.1 to 100 rad/sec is

characterlstlc of a pol yner a bi noda
dlstrlbutlon of nDIecuIJPQMﬂéﬁﬁeg The results show

L e TP BRG e PA L i Moo s e

polymeld ebryn@meutohe)fﬁxamgtewecaatrea;mmnaﬂrmcresnstamou saxﬁgles prre@cles made,

reater, or nore, o) al
and in mmafle }Poarlgwoeﬁ-@%r&rgcé%fs %en&qg%gom c{gﬁlon ’ﬁf%esam Qs contained 5
wt % SWANTE dapeRedin BEEKec is about 70 tinmes greater or

i Eena ‘2@3 @gﬁlfn?&{lﬁrgnﬁﬁg Eé{{?ﬁ 58{1 esi ? Ste%\l}g|¥§l8qf0mt Probe

were udedd/ BRGesiStardeoMds M&uidde 2 s(jgrﬂﬁtzmt ;ﬁgmres b posititresn Ninltiple samples
ymer al one,

tested %]ﬁlaﬁaagts%rgo' é;ﬂasé%stm],ﬂﬁl@-lrezn gg\gﬁx{nstgng%?gfr' tl?x eurfac%e resistivity of
compotifembtenialsiif BnmBodients of theinvenpasandartdepnede ﬂ@sﬁrcm gdan be

e S SR LT S I 208 Pl orss
herein '6? $éf§fdn¥é trytheir eaiRfy. tHI&N 22 haLitiuteterst pgint(1eP) drbfiis¢ss2204 and a
ot of farce gap tests for (PEI)/SWNT conposites
recta"%%%f Riacsdev'v’tz Oggusacki@aneasyre theass " 2 W% (1584), and 5
W1 b, (21 ONustANE SesistiiR e lbgdisk t(Sird b)\and batanfgolar Qlagms),(,mangles) molded

from SéY@ngﬁ H}]{P%lzs é‘ hé’ g}?t& b%Q %%fnta;ést 19", %mt%rgiigeggxggﬁ b]gsoerd on3

measurzmiénté. FbbBéth thddistaidplhqic) thfereslstagﬂem?wfm reshlig show that
100 g for a gap of 1.2mmor less, and for 5 w %SVWNTs
(1586) the normal force is greater than about 1000 g
for a gap of 1.2 mmor less. The gap for each of the
sanpl es forns the superlnposed pornts |n t he trace

A==y A ==
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FIG 16a shows the normal force [g] as a function of
time in a force gap or squeeze fl ow neasurenent on a
woenwraaisral sanpl e of 2. 5w % SWNT in a pol yner PCEO2001/004475

20 wt % PElI and 77.5 wt % PEEK; the normal force 1610

and gap 1620 are plotted as a function of tinme. In

this enbodi nent the nornmal force is greater than about

150 g at a gap of less than 1.2 mm and preferably

about 1 mm FIG 16b is a plot of storage nodul us 1630

and viscosity 1640 as a fung%%”n of Freq[rad/s] on a

non-solid sanple of 2. 5m¢96 in a polyner blend of

20 wt.% PEI the dadi@ion in
variatiory ’8rre?‘?t86 ueecnagy &%@# gﬁ azldgﬁ g5 EM)? g)lfé:r(‘:éntm 0 a
resistandeléas bie @rfacior &t moxgesse\mth{nz samworafnumzﬂthple)segeplw ‘th R2

ow fre W}@r molded discs
oo TSR fauRubrangy s SUNTERRANE formo

ynes Conpared to the
2204 of stvap/agwmmdui PEEHX 0 SrrREREK ok hatk Ir@re@n@ﬁ-/— Fasanglerst dgydations of 15

l f EX ars 1de
s el L B S8, 1 s 00

osite wt
represend mE¥e e mieRl ﬁpﬁ)ﬂhﬂ’i‘bllﬁﬁ (/e arsgmdﬁndoiﬂvabom) bhsg@hon tﬁphﬂﬁ? e

t o about 50, §.801). Th
measuregfes R ARG (LR RO R R AR DR HLFRS s0D. The
results sREW)HETvatiatién irSre&sﬁﬁd&‘d ¢anlbeusfaptoast 100 oﬂemmlnn §emne gmbodiments
the varl%ltﬂrrlvlﬁngvl\?tlgrll%dcggg) %g?tgra nfo ltdJ orelgssdwﬁlp grassggllpiehcﬁ:r fﬁl‘ Hrult;g‘@ samples
made wiREBAPbEiLiBHs Modintadimnbds aﬁthe lplresenlt nasemmm ng a storage

Bienia fort fot b dRheie oyt § YRR TP ARAERRA B factorof

100 andhﬂ%oﬂnehﬂa&ﬁ Wittiih ag‘ecmmﬂmmr D}f?o gr materesistance h@a@Hnent test points on

nes/ ch for oadi n W 9% ) .
the test %’rﬁ’%ﬁ Ny t‘l YHetes ?ﬁ’e‘“ﬁﬁi’"’/e%\fﬁwg'ét%osﬁ ] (saln%g{] gwlalﬁﬁed% % A nanotubes in
the poly2¥¥VES sudeomgdsitidns bafd Gsesupfortedjaypthie digh dtorag® nmw@ared to the

in the poly s _abaut 150 t
base pogfnp@',angéwﬁ égqr?geotﬂgglﬁﬁ%%e #JBFpIne fegx%o%hin}eéf?sr ef& IE%thIerﬁntout 0.5,in
other efiBbBHealsS: EXAVRME R3Thhs irestanpihersid ik lest tands2 for these materials.
L e

remstw&g HDRsd A @é‘n l%' ﬁ%ﬁleVbﬁ{Hoﬁdnﬁﬂi bheubaaaiallbedornCNirface resistivity of any

point op F}:Jq%tygﬂgﬁ? gfg sqnaplﬁ g)g ﬁy&kcéngg%é égsn&lg %ilsg galgotltﬂl;]e dlgFetr&:(aqn the
polyme'im"'l'ﬁfsI i8h8vanrdgeouslih@lddiobtatic aisehagrapapplicatiestofiths cirygosites in articles

and FIG 17b shom1 he storage nodul us as a fu on of
such asfehitrayfe B5Hcl% ?ndﬂ/s TSy q‘%ﬁi?kg q‘fsﬁ ‘?—‘1 nﬂi‘%
normal force 1710 and gap 1720 are pIotted as a
function of tine. In thiBXenxpPdEngnt the normal force
is greater than about 1500 g at a gap of less than 1.2
MRerdthIQiffhAibity of thephmpledh Bxpompig 2 weslmlcasirdd/gangA§ TM Method
viscosity 1740 as a function of Freq[rad/s] on a
E146104n 5ol i d sanple of 7wt % SWNT in PEEK, a curve flg
(ReipSesdafativé Magerfaltncas*af” Gk tuzurdilied sndterial4 9953 1@inem
= 0.12 with R2 of 0.99 . The surface resistivity of
this material as neasured by the nethods descri bed
herein was | ess than 104 ohm sg. At |ow frequency of
0.1 rad/sec, G is about 33,000 [dynes/cnR2]. The
results show that electrically dissipative conposite
mat eri al s of SWNTs di spersed in a pol yner can be nade
that have a high normal force, greater than about 500
g, and in this case greater than 1500 g. The
di spersion of the SWNTs can be characterized by the
high Gl of greater than about 10,000 [dynes/cnR] at
0.1 rad/s and a | ow slope of z less than 0.2. EXAVPLE
10 This exanple illustrates dielectric spectroscopy
(DES) of conposites of the present invention. The
nmeasur enents were nade on substantially washer shaped
sanples having a 2 nmring width and overal
thlckness RNBV of 100 volts f of 1 KHz, and 1

o AAa . ~ r~ 1 N7



conposite material. The material can be placed on the
rheoneter parallel plates in a doughnut or washer
W@ b@paoos7s h an open center and edge portions aPOUUSRATIN04475
wi de; the sanple between the parallel plates can be
about 2 mmthick. The tenperature of the conposite can
be kept stable or ranped, tine sweeps can be
performed. The root nean square voltage (RVBV) was 100
volts, electrical frequency was 1 kHz, and strain
about 1 rad/sec. For singlecpoint step strain
nmeasurenents the rheoneter plates undergo a single
rotation. FIG 18 shows plots of strain and
&%rn1tt¢j|ty as a function of tinme for 0.5w % SWTs in
p pre-shear of 1/sec for various conpositions.
The graphs illustrate that the permttivity in
efprdiiment & riend Rélandveptiand can be increased with
pre-shear, for 1810 and 1820 and further
| \BEBKs ed %PE. Kdéé’gp wﬁ)e?@?ﬁr es 1820 (380 0C)
conpar to 1&;0 at 3€p Scans 1830 (360 0C, no
pPblest sar.blend 870P, @-PAEKpr e- shear), and air 1850
aje al sgaghown. The permittivity of air is shown 1850.
&Eend_l_} ??FE@& rates DES step strain neasurenment on a
sanpl e of 0.5%w SWNT di spersed in PEEK by the nethods
of the present invention (Exanple 1). FIG 19b
illustrates DES single point step strain_for
Therdiah gcsmf:umsws detprrained pobef 16ast Fhpeat FEEK. 15%? @ﬁ%%hemal
| ot s ttivity as a function of tine
(hﬂhsva?lgﬁ Eﬁh&nﬁ%@g g]ln PEEK. Strain steps 1910
were 20, 40, 60, 80, 100, 150, 200% and 1% and the
measured pernmittivity 1FXAMPLE ¥unction of tine at
360 0C and the neasured permttivyity 1930 as
Thiscxponleotlugtraes neompesity é‘f’%ﬁé’t&i {hgipresgnt ‘Eﬁﬁ‘&iﬂ“ﬁ%ﬁt‘%sd single
walled QerE#ﬁadomb%Qttﬁi‘ IR 2 THOGHE Bkl ESTRIATis fhe\&h&tyodl\bﬂbxample 1to-
I'ncreasing strain and | ncreéase in pern1tt|V|2¥ w% f their
prepard samplsasif nompesisanaterials. Tt methpdp argipgRrpegeted herein by reference in
entlret}measurements of the permttivity as a function of tine
for single point strain data for,20% (si),’ OW %ie) thod D 792.
ThO%erppIR)had arsgecifoErdw)of 113e2/par MeRtHred #sjng §> [Dh4est metho
"The Izo%v}m%ct( s?regéth n&é‘h%@asﬁ&dhﬁﬂmﬁ@d&@r M%estNERod D259 @kefound to be
arr pern1tt|V|ty i) is also shown. The
431hnpern1tt|V|ty of the sanpl e decreases when the strain

I$r1}a9é: [ERGE, @hs Kh6* DRhOlq AMedshRB Uy&@ﬁ\f@é’cﬁod’\F@TﬂM h207; surface

rarn is released, The recovery is substantja é? G £ th
resistarpeavasimegsyred io be 107 elyms by trst medigd SR P11 f]o?“‘mhﬁﬁ ic decay ot the

sampleWsLtF% 2sc lalsﬁ\é\wr_ﬁl i) @S tMhIe BGTH-208Lr . These

ustrate that the resistivity of the
raqusoislecachahlannionsdirom dbe WP&Mﬁ@&B@Tﬂ‘I%@&&"H‘& 510 ng/g by the

metho{ SPEGTIR 443 c85s £hGAbIf dan¥hCRAHithd SMSplaR@re determined to be about

nper at ur e. e results also show that th

59 ng/g B¥ stmtmwwd/ of BGTRE 134hi paiddeachably mriale fiof theiefple were determined

Sn@fed!tb Be RIS Wan\ROLD M /g by
to be a%l\épb %ﬁ& %wégﬁa%%ﬁ% c%%VE%eEAn SV\NTSt dles per sa(;1 rograms’s

test mPREKFGTB]- 6310 tsoe asp L. Bl Ratshein- Rpdiosion Nay 303ftosr P, zavia ctal,
filed d@?(gzem%O}?Xhé Q&]té‘%& be @hﬁfh a'l;&(ﬁaﬁpllp%raled H¥8in"B Rfdrétce Wattheir entirety).
to a residence tine of about 1.8 mn/c %
t hk!h@tgb ribgerenad ahentipn daskees desibse i Forpdesablq_ etali Byit reference to

certalr%}gfg:{rgg 5%1%853%?%?5 té%pe% ol e!rgersg?? ralﬁ.é. %Elbgéé ggllg?\f?r? lél‘ig spdfit and scope

of the w’melndd:l ¢ihipnserioulshectbeliniteghtp ghe deserdrtion apd thg prefyred versions contain
n€xtruder with 1.8 minute residence tine in
withini s SO X cycle (2010), 5 cycles (2020), 10
cycles (2030), 15 cycles (2040), and 20 cycles (2050).
Between 1 and 5 extrusion cycles the storage nodul us
does not increase which would be expected for further
SWNT di spersion. Rather the storage nodul us decreases
fron1about 35 OOO[dyne/ch] to about 22 000 [dyne/cnﬁ]

!



hi stori es, passes or cycles through the extruder with
1.8 mn residence tinme in the extruder for 1 cycle
W@ 201090575 cycles (2120), 10 cycles (2130), 15PCHUE®E7/004475
(2140), and 20 cycles (2150). The PEEK shear nodul us
appears to increase slightly with continued extrusion.
FIG 20a illustrates that for conpositions of the
invention that the G is invariant to further increase
in G with continued extrusion processing because
there was no inprovenent insthe dispersion as neasured
by G with nore extrusion tine. Wthout wishing to be
bound by theory, the resytsaiuggests that the
reducti on Glmay be due t(lgtlLé\z{vggrji oration of the
What is élhisqedrisi on wher eby the SWNTs are under goi ng

. aggregation..The initially extruded conposite nmateri al
Claim 1.1 55 ?h‘éorﬂ%%ﬂtlf’lﬂc(?f"?ﬁlé}nﬁ'on as measured by the storage

modul us a;&galojj)ﬂﬁ%erg{:ﬁ £id LP"(EXI)l(A&}ﬁN% I?iI‘E B%%l@ ta}=PRd Chrbsh h@fstubes extrusion

t he di spe I nes. Thi s exanpl e X
i || usbmavesietiegahepe thei compofitiondhe prgpr ofspid@anetybsshispersed
nanoty l?nes oll)?]'nélh gai? %Q{éﬁ?&ti&&/ hgsa%té@émgdlmxs EX R isSubstantially
can resUlRCY N aniformresistance In sanpl es or,
art i dhesianedish fathtr ientreverecaapanding @& tharomnAcsiioBhear
process, fromthe conposition. The sanples contained 5
im oM % LigiBR % ith N VARRSn sAigipbBter 34 0ikh Mihpdramie high

Claim 2'and th\g%tﬁ??b%%g?gg%d&esi stance ygimem Tvvol-kPoi n]? Pr obe
ver e sisegth thrmoplestic pRlyEET™ was neasured to 2
significant figures at 9 positions. Miltiple sanples

Claim 3! e_s]tc eﬂﬁ?&b%}ﬁ?ﬁﬁﬁiﬁﬁﬁ'ir? Walertif Sitsetagarhbditbeattlbwessqudiiey of the
uni formty of the surface resistivity of . ite .
Tt ex SO NitAn SR hER S OB SRR PP Ry of e
made ;Sd%%h&f\bﬁéﬁ S8 Andantetsaigh wallediminombeddissibaredan the
ANSI /ESD STM 1.13 the contents of which are
i ncor EMEsERnEPenWby reference in their entirety.
FIG 22 (a) illustrates test points (1-9) on discs

Claim 42204 aidlcanpRticangelam placrein aaAf@eass éul ntodding slsar Bowlirate or

resistance, FIG 22(b).illustyrates .resistan o di

(51 ot oLk cpmpoatighinTeP b e bRt A bt Eh aflcmotded by
from Siatdm8isn.i n PEEK. The error bars represent 1
standard devi ati on based on 3 measurenents. For both

) he di.sc .and pl ague esi .. 4
cuim 402 NS B SRS RO TR SR s vt

f act ocoraposit@ iskelecawsllpdasipativonme enbodi nents t he
variation in resistance can be a factor of 10 or |ess
; i thi i I | RARE BRim ffvher&ad & molded
claim ¢ | 1o o B s SN Te |
PEEK fampesitiateld famsgstapdzol of 5 wt % SWNTs in PEEK.
Smal | error bars represent +/- 3 standard devi ations
Claim 2f 15 mea&&g@gmm Sf {18in$ BBkRSn the olYRRS UichodNiS{ssEPRER, P1, or PEI
usi ng PRS-801). Large error bars (w de) represent
measur enment. reproducj bi |t 4/ - 3.stand .
Claim §ay/j atl] 8@%&@‘88 og ﬁia‘r‘r@r}l‘?'%eéélg R aoslwgrnrg% gorgﬁn%eﬁ FHEK or PEL
sanple (9 positions x 10 measurenents/ position using
Claim $RS- 8\ artidlheompsising 2 radided ¢dnapositimicfclaimn 1j wherein said molded
resi stance.can. b . t. ] : j i
crpodAERT S his Feehich ffuing 300 o rchf 584 iR oRBiion
f act obeafmésGlatri¢adlyslissipabive wathdwaipize or for nultiple
sanpl es made with conpositions in enbodi nents of the
Claim E(S.es e Whelcgﬁlgggi{ieﬁ] of -Erh%nrle@h%rt:ﬁ tﬁ@%ﬁrﬁ %_tf sitnE% vd11ddGh®Bn nanotubes
dave a surface resistivity uniformty within a factor
of 100s keayithpn 18Ry waigbs within a factor of 10 for two
or nore resistance neasurenment test points on the test
article. This illustrates the inproved distribution of
the single wall ed carbon nanotubes in the polyner in
such conpositions and is supported by the high storage
nodul us conpared to the base pol yner and | ow storage
nodul us sl ope z, in sone enbodinents z is |ess than

I e ~ - N Y T L - - T M "~ o~



EXAMPLE 13 Thermal diffusivity of the sanple in

Exanpl e 12 was neasured usi ng ASTM Met hod E1461-01.
woe@raesns ati ve material : 1.95*10~7 nVs, the uPET/UEm®d7/004475

material: 0.95*10 7 nR/s.k =apC p blend _ a

bl endPbl end p , bl end kpEEK a PEEKP PEEK"p, PEEK kbl end

PEEK Thermal conductivity was determ ned to be at

| east 2x neat PEEK. The higher thermal diffusivity

i mproves thermal managenent. ' EXAMPLE 14 This exanpl e

illustrates a conposite material of the present

i nvention that used single‘@érled carbon nanot ubes,

~ CNI, Houston, TX type (Bucky ESD34) in the net of

Claim 16xanyiFe omBSSHBRS Saiga pysEeipin pF S el cgtvon nanotubes
Test [ebhgdsvedtR of ie@r porated herein by reference in
their entitrety. The sanple had a specific gravity of

. 1.33 g/cnB neasured _usi ASTM t est thod D
Clim 12300 T RPETRET DI T b LR “hEHELIPRE TTTiea ag “ALfgp fov e
test pRidiO6bhPSGiNeS pf@uitdhdrbarbexid Forbk meaSitred @au @ second extrusion
resistivity was <10 4 ohns/.sq as neasyred by.test . .
ot hofPEAes pyivmes cpRpesiHEN FEPRIHES (s eReliry Byripgted into an
be 10sxmiER it sfaht poRut aldShAnStubks dddedristotth ehestxatvided melt of the

decay of the sanple was, 0.22 sec as d r mi ned fest
ot hoBOBTFRPL SBER O TROLE ARG e BT BT bRl PhET der used t
sanpl ganekR dRbigsiion’d cldmbearabae teconld compgsitiyn.t he

nmet hod of FGIM 1 344; aqueous | eachable cations from
| e-were determ ned to be about 59 ng/g by the

. th A
Claim ]r?e?hg§ RREHAOFPTSRE o | eachabl e netals fromthe
sanpl e were %%5%3?9}1& &h Qﬁouﬂg%lfgiggﬂe%ﬂ&/dg;arbon nanotubes extrusion

Qut gassi ng'acPr Ics were determned to be | ess than L

0. 010 coinpougtedrisgashdryn thestommmsiion, heTMorssYf spidrangiubgs distributed
U.S. Pat. Daq YR | . meIPA0GALAR, aiapiiReblid in a low
al , fiapéar %F%B%drmj?é Eglg%le? Enéell\‘lgfgﬁ?%n_ts‘ of V\/%: clh_ gzllr%ee e )
i ncor pheatflosv meldinmpivgessetheretastrical resistiity ofan drfigleypolded from said
Al though the present | | desch ihed in

consi &gfngﬁflelo‘s&céﬁsg%w[{ﬁ%r%tééfaggl c(zldt cgrt ain

preferred enbodi ments thereof, other versions are .

Claim pbssi Blhe.coTipesitipp oé clafia 13 prherein said pgb@bg i3)p highdemperature, high
appen | bt Goi be limted to the
descr%%g?%hq%érﬁmﬁﬁg p?% erfed versions contain within
this specification. CLAING What, is clainmed . is: Claim1. )

Claim }5.co mﬁgﬁ qonestighE ceimdg3 whesein AR a%Fe'i“Pg‘éIHE a‘alﬂw%%‘%}‘ﬁ{wy of a non
of si nglig s¥ableeH ke PbsRANAL dPREst aKS DI thfleseodtpage dedulus at low
together in the conpqsition

: , the amunt of .said .
nanot URageRTs e 2usqlid slaﬁ’é’kb%qt ihpRplymes hen figAsueynt gf single watled
has a $iheh@eEdidRbutddSin the ddhdpositfonsiioseant al |y
invariant with further extrusion conpoundi ng of the

._conmposjtion, Cdaim?2. .The conposition |, Al fl t
Claim }fyer ej H\ SHIClE GRETRFHEPE the campORHOR ‘e)rrf)lglrn?a\? % rngo,@id:%r]? low shear flow rate
st renggdcdsber mopl astic polynmer. Caim3. The
conposition of claiml1 wherein a storage nodul us at
. Low freguency of . t CONROSIhd QistiSitfbad SARE Wy ensional flow.
Clalmtl?‘mss ‘gﬁgs%rgllgagogc#ﬁ 31I6us a?ﬁllt%%/vpéfglrséqlugn%y o? The oo
pol ymer when the anount of single walled nanotubes .
Claim dBst r | Aoewirle pormprsippampwddad emnositionodclgim 18 wheteip said molded
The 005@9?518 bk hnelrdhahyherein an increase in
nol di ng s esar&{‘fgowmrgte c?r strain of the conposition

i ncreases the electrical resi sti\(li tX of an_article
Claim 8] dedTb?C%‘BP?P‘%’rfpfcfé?lﬂ Lhwherein the p lymer melt compris€s PEEK, PI, or

PEL



Caim5. An article conprising a nolded conposition of
claim1l wherein said nolded conposition is

webk@ctoisenl |y di ssipative. Caim®6. An articl ePCT/US2007/004475
conprising a nol ded conposition of claim1 wherein
said nol ded conposition is flane retardant. Claim?7.
The conposition of claim1l wherein the polyner nelt
conprises PEEK, PI, or PEI Claim8. The conposition of
claim1 wherein the polymer nmelt conprises PEEK or
PEI. Caim9. An article caoaprising a nol ded
conmposition of claim1 wheréin said nolded conposition

. is electrically insulating and wherein saj . EL
Claim 20c g rpd GF 1 oGFPOBEBREIAa JEOTIEEAD o a1 SR Gap R Pex or P
heating. Caim 10. The conposition of claim lwherein
Claim 21t he armdttitle@bmptisigh @ matitdcbmposition ofadmbewhérsin sagbmolded

than 10% hy weight.Cai.m 11. The o | i IR
A ek e R S S e U
i s 7%bymavedietically digimtivEwdihhedfing. The conposi ti on of
claim1l wherein an axial force neasured in a squeeze
. | ow. test of .said.con 100 | i st AifedPosk
Claim 2% - ¢ eErE O%ﬁfé;i)ag;glgg’n‘;éﬂ‘eerﬁ rtﬁglg%lﬁ conpounded "’
pol ynmnotabesie st ttan abowmpl(% bpgveighd. nanot ubes
distributed into an extruded nelt of the polymer, said
Claim 2313/ or’ﬁxk%ec%{rﬂ)%gﬁ%gn 94 _tc@ailtnol 3 Vet dh¥ Q%uﬁ%ﬁsir@lhe {/BBed carbon
pol ymer at "a location equal to or greater than half
t he Irengtuhewis aboutd¥h buiskeighi9edEss.o nake the conposition
of claim1 and the second conposition. Caim13. A
Claim 2£0MPOgH LitRRk &RiPistnzt Ng: a pol yner nelt and an anount
of single walled carbon nanotubes extrusion conpounded
t oget her i Nedrhygosaidm@sigol@ner thitds aroutituon$ psasiednd an amount of

nanot ubes distriputed and qr dispersed jn the
ol ¢ SRR ARt pancrtey SippetsEpa g @b el Formee
shearmfinws MbR fRGuBKYCRSEnor-Belicdaegile btk arteds stak ldastyabout 90
of an_article nol ded fri)m gai d co\r;?;?ositi or; incrlea%gnsﬁPol or
wi t h HIREY 238138 MATPHISAY SHESRUIICE R P RPRSOYS FWRT L TP ™
CONPOFhid @8 affousid & shgldwahed Rirbtstids dispelsydriar the somphsigon is 0.5%
tenperature, high strength thernoplastic polyner.
d ai n"%5. The conposition of claim 13 wherein a
storage nodul us at | ow frequency of a nonsolid sanple

Claim 28 t Men&apRSIflcladn Fdsvindre HeasticlaliveltctfiGalty drespative.
storage nodulus at |ow frequency of a non-solid sanple

. f th ol ynmer. wh t .Sl ; icle i uced b

Clsim 2ot HBES Nt BCAd AOPRY ol r RSt Riyticle s reduced by
d ai neiténsidwal 8ptvi cl e conpri sing the conposition of
claim13 nolded in a | ow shear flow rate process.

Claim 5§ ai Mg, HENE, i diinG 48 wikreth@ bR cl&is Wi Bletard .

resistivity can be increased by extensional flow.

~ Caiml18. An article conprising a | ded c 0S| t,i on
Claim 2§ ¢l BPAPTEEISRkARMPAHRS e o EHI s HBBE Fere RIS cany
retar q;;,gi%aﬁ\g_ai m 19. The conposition of claim 13
wherein the polynmer nelt conprises PEEK, PlI, or

PELCl ai m 20, The .copposition of, claim 13 b Nt
Claim 3901yt Pe I S Soe bR pobE (Pplr ST Lt BFper
article conprising a nolded conposition of claim13
Claim 30her eiThe saticle wbkidanl 24 orhposn theopolymerhel compripgsyPEEK or PEL
i nsul ati ng and wherein said nol ded conposition becones
Claim ﬁl. ect [IJh% %l‘t%c)fe ?f csl?ﬁrp@; LYiErethd Qni%%fs |e%mcg]§ﬁﬂ§h%2ing k€ wherein said
conmposition of claim 13 wherein the amount of single
wal | ethecatiblebepemen dessscdlly digsiRative XAtASEHPE-10% by
wei ght. Claim 23. The conposition of claim 13 wherein
t he amount of single walled carbon nanotubes is about
7%y weight or less. Caim?24. An article conprising:



a conposition of a polyner that is a continuous phase

and an anount of single walled carbon nanot ubes
waelr@paeesesl i n the pol ymer, wherein a storage nmeduUsE0z004475

| ow frequency on a non-solid sanple of the article is

at | east about 90 tinmes a storage nodul us at | ow

frequency of a non-solid sanple of the polynmer when

t he amount of single walled nanotubes di spersed in the

conposition is 0.5% w. Caim25. The article of claim

24 where the article is electrically dissipative.

Claim26. The article of ct#m 24 wherein an

electrical resistivity of the article,i 5 re]gucea?hogly tubes is
Claim 3%xt erfdieana¢le pf elaim@4arpsrein therprougtiaf singleoyaligd garpospanoty

wher Leh&sivy Jdigwge retardant. Caim28. The

arti g?%”@?rﬁit{&gi m éﬁv\hel?gget he article is flanme

retardant and electrically dissipative. Cajm29. The -
Claim 3%y t | e asticle ofj daimR 4 phereinthe praopR %fﬁ&g‘%gﬁidﬁ @xfon nafotubes 1s

PEEK,70Pky wHigiffl 1dskai m 30. The article of claim24

wherein the polynmer nelt conprises PEEK or PEL Claim3

) 1. The article of ¢lajm24 where the artiche i 9
Claim 34 ot PPl of AL 261 it} Han B0 SFGACE RO By TS i 2gput 10
becorg@amgdgctrical ly dissipative with heating.daim
32. The article of claim24 wherein the anount of
. ingle wall ed.car .1 ' : s 1% bout 107
Claim Bgy me%??m@sétf% (%%?alqlha%o%r ?‘% Iag%‘cl) c 3%1%1@\51 erein oo
t he astditq.of single wall ed carbon nanotubes is 7% by
wei ght or less. Caim34. The article of claim24 that
; as f 13rE5¢ 33 4 HaOfas!af Shrth ok s8R GI 0flIEss than about 10°
Claim 3Ehn5?‘§?q?sy%1§%%@5&c?‘%g Conposttion of cl ai mgz4 t hat
has asohmes/ed.ace resistivity of |ess than about 107
ohns/sg. C ai m 36. . The porrposi tion of claim?24 that
Claim 3925 2R c%mcqoéﬁr%nrc%ﬁipﬁfsinwy of less than about 104
ohns/ sq. alm 37. "A conposition conprising: a
t her nopl asgiﬂqerggbwgmpolgﬂer;anaetvvork of single walled
carbon nanotubes di spersed in said thernoplastic

pol yner, aameldorRbf siagle vedlep esitonmandabesdispearsedge said thermoplastic

nodul us, proportjonal..to fregquenc ccordi =K

wher ePRIYPETA ‘Ei‘Fiﬁ ﬁg said 83‘5???@0%%?13 AN W O:ag ll%%éﬁor&ﬁ% ©
frequ %gﬂerﬁ?ta\é&ﬁﬂin@-tg & ane? Wwheasl Ksie @ propudtiandlisy t@stnt, © is the
than 1.7; and wherein an a nt of said ?j@ngllf. Wﬁ| | ed

car bofreaushsy hsevser 6B #pdcly f30G7 1§ desg et Fhan

0.5 wt% said storage nodulus at a fixed frequency o
decr eagefeinvhh Bmbunit dfesideitglershlbed cohpooardituly 1w fsaid femposition 1s

composi tion, i m,38...The ca iti.0 [ :
ahor oEFPER AL M £ 4 OB QRO SR A i Ry ooregses with
| ess Hhder 20Qusibs c@gpamdgreastithd compesidgen.det er m ned by
acid digestion of said conposition. Caim39. The
. nposi.tion of. .cl ai I; | ' | composition is

craim B T O R B B e e e B g compo
havi ngesanhas¥chiaregraw/grém b fronas deteaminet Ry mcidpligestign of said
conposi tion..of claim37 wherein said conposition
out gascggg’o?)\nﬁghi cs less than 0.01 microgram gram Cl aim
41. The conposition of claim37 where said single

Claim 3% | edTheacpmesitienef glsim 3 mvderein spidisinale WaHehpraBosnangfubes are
wal | eds'g-ggﬁ%mﬂe@@ﬁggﬁm utek Bhvihg An adhiRt FRIRAI0D oP Mhodd.
claim aving a surface resistivity less than 10
ohnms/sq. C aim43. The caonposition of clajm37 wherei

Claim 4Gie ar?%mﬂOf’éﬁos§}%gifé1%I3l7é’ﬂheE%fPl§6ﬁ
bet weeglo PrfdtoeéndBRml0 W %

Cr?gmsﬁlggsoufgc‘asses orga?lics less than



Claim44. The conposition of claim37 wherein the
network is characterized by a storage nodulus that is
wa@eoozaemsy3 90 tinmes greater than the storage nopal/us2007/004475
the polynmer at a frequency of 1 rad/sec or |ess when
t he anmount of single walled carbon nanotubes is
between 2 and 7 wt % C aim45. The conposition of
clai m 37 wherein the conposition does not conprise
added carbon powders. Caim46. The conposition of
claim 37 wherein the volunme resistivity or surface
resistivity of said corrposi‘t5?0n can be decreased with
~ heat treatnment. daim47. Aflu_id,h?ndli'n ticle, .
Claim 4¢ onpr Th eRnpefitiiodfsdam 3 Towhes sy gingleya 1@?%? nyiganofgbes are not

car ri &h £eRkisded dingavARIRAMki RoRbes| ai m 37. C ai m
49. A housing conprising the conposition of claim37.

. Caim50. The conposi.ti of claim 37 wherei,n the

Claim et wol RS FUTEPHREROERFELY 1ying %flg%ﬁée%gﬁﬁyl}%sst 1 ghms/sd:
at least 150 tinmes greater than the storage nodul us of

Claim 43he pPThy B&hp&ditién 6T dsjue3ityhatinlthi anmdhsetsingiewall¢decarbon

AU uses ob&wea b5t FPLRPTL RAACt Ubes s greater

Claim 44. The composition of claim 37 wherein the network is characterized by a storage
modulus that is at least 90 times greater than the storage modulus of the polymer at
a frequency of 1 rad/sec or less when the amount of single walled carbon nanotubes

is between 2 and 7 wt %.

Claim 45. The composition of claim 37 wherein the composition does not comprise added

carbon powders.

Claim 46. The composition of claim 37 wherein the volume resistivity or surface resistivity of

said composition can be decreased with heat treatment.

Claim 47. A fluid handling article comprising the composition of claim 37.

Claim 48. A carrier comprising the composition of claim 37.

Claim 49. A housing comprising the composition of claim 37.

Claim 50. The composition of claim 37 wherein the network is characterized by a storage

modulus that is at least 150 times greater than the storage modulus of the polymer
at a frequency of 0.1 rad/sec when the amount of single walled carbon nanotubes is

greater than 2 wt%.



