LARGE SCALE MANUFACTURI NG OF NANOSTRUCTURED MATERI AL

[001] This application clains the benefit of donestic
we@eoosnidiyo to U. S. Provisional Patent Appli catiPeI/B8200a034225

Nunber 60/712,847, filed Septenber 1, 2005. This

application is also a continuation-in-part of U S.

Pat ent Application 11/1 11,736, filed April 22, 2005,

which is a continuation-in-part

Ao BRGE SCACRAIANGFAGTUBBVEOF SfANGSIR UL TiED MATERIAL
clainms the benefit of domestic priority to U S

Provi si onal Patent Application Serial Nunber
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or egol ng app ications are herein |ncor80rate
filedyAprie22r 2005 which fsed continuatienyin-jaybe] Uihd featapplication No.

10/ BB T 05 B e P PRI st priv o U
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di_mensi onal mat eri al

10211 e breaost dRAeRUrR ralkis o gm cTaGSRE el fof mdfitagturing
|arg;f€;l {ti‘e@ f WAL raadrigl @&hbﬁ§n§%‘é@odr@ﬁ§n&ﬁ§és with or

ecause of their wde range of versatility,
wittiaut atmwccappom@as; such &s glass fiberengnd pr@sanéudmome rglates more
er,.surface

nd |
parpiesdany i TP St ape g sre it BF G e8P meking
naﬁ@ﬁ@%&re@h@étéﬁal thab [s\ed et on B'cﬂﬂfbr%hflﬁlrm’ébsmtfﬂtframrﬁtechmque

used to be confined to high tech applications |ik
{padie Mesl toicadimansional enajetialsnsed aﬁ&\(ﬁ@@eﬁhe@ﬁe?n%ﬂ'@ like, have
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Ion? HdeptfavOGEs beehade ohtiadir widekangé lofivdrdatility; &rimany applications
luid separation, high efficiency electrodes for

higher steenats te wyeightiratie, higher eendusiyity largsksdriace @5ea.digher
ten‘é?h’gpé’rg% g elarg\g'thﬁ@ﬁ]cgr‘f ﬁ%r‘gﬂdﬂﬁ?grmaﬁgﬂélllﬁi%xtrcgﬂ%%&ed.a@oﬂ@ﬂéjhtwelght,
highatresbthuciaterials teéeeto Be,conlingd &s highatiech applications like space

exqigrr aon rﬁaﬁégﬁgﬁﬁ B?%vg%\}/ego \é’(\ﬁ,ﬁqg mre%gﬁuﬁgg’ngg%ﬁg%iqfn%gant for

mals8 %Ipp'ﬁéﬁfdnél in tb‘éll%ﬁc tnﬁh%;é’t‘icﬁﬂaﬂ‘)&fcaﬁo% ?ﬁthaéé Bll¥etpfoof vests), heat

app tions. Nonlimt ng exa les o articl es made
sinks,dmidh filration fluid tsepadation, bighatffigienay etadtioderdeehatteries

oo 5ol AR . RSB AR, s o AR e
pa@%ﬂhﬁﬁ&oﬂﬁ&éﬂwbaﬂénﬁr operties associated with the

[004] The ability of nanostructured material, such as that comprising carbon
nanotubes, to have a wide-ranging density, for example ranging from 1 picogram/cm3
to 20g/cm®, allows the material to be tailored for a wide variety of applications. Non-

limiting examples of articles made from nano- structured material as described
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carbon nanotube further allow the nanostructured
materials to be used for higher performance nmechani cal

w@eiogasans, heat sinks, thermal conductors or PCT/US2006/034225
el ectrodes. [005] G ven the acute need for materials

wi th these inproved perfor.nman i Sti i :
norafaroltR PR Shectsnbinee, SPRHELSIFRGHES B rEplbippep for fuid
puriREREBIE CEIRERR RbSHArEA dn thargel propettlds associated with the
Accordingly, the present disclosure relates

to a .
carbet haootoberfuitheralipve iepeanasiiveiurpe malgsats ladia veef for higher

terial _in la i 1] . t '
perfisance mehasited poflstils; hesmky fleinilconAiclcps bt bldtrodos.
tdcﬂzsg1 fGil/élf?thé’TE&hté ggedﬁgl\a mgierliél\llc\a/ ENI{% thete gmarow_?d performance
nmechani cal uses. SUMVA . e
charaipaoliosgndnaey GaBKENERS ST ATEHOE CHIBoRs Bl Arpdype these
) g, | i et i thod
ma B C el BBl Bhof g amearspiits t o metho
of MEking@ eaboh@anotubet nanosirsictusedimaterial indaigs, quantiigs csich that

process that is based the differential pr .
the resylting pepdust can 2}%&@%‘? fonayariety of QPR\L'??S'OE‘grfﬁoiﬁ #t6r media to
i ScnaMidd1edbsot her conponents, i ncl udi ng
fab?.@'%?ﬁéé?@%z{?%”ﬁé?*és, and the iike. [007] In one
enbodi nent, the present disclosure relates to a nethod
of maki ng a nanostr ' ri sing carbon
nanot ubes. The net h%@“‘i’%ﬁé’ar@ﬁ“@%ﬁ%s suspendi ng

Ao HeRAbWRRSdisBlosurAdssibetlarige-saalé produztionmetheds for
I'nducing the mxture to flow through a substrate éhat'
makisgefgeequArtities of acsarscalss nengsiiugyred PG il 133 destribed

ressu ' j ; POSHL & 1 c .
oo By R B 7 AP ERaRHE i BrocaF B0 procoss rt
badddogi e differsntiah pressytalfiération of Bhmrdebfitid zpetairing carbon

| argescal e nanostructured material . is o havi t .
nanciBes. JHE e WERRHHNGF eanepherannEIUGR (1Be) PRIEISS, and the lie.

E@@ﬂe% di"ié&ﬂﬂﬁé&f‘n%lﬁ,' 1 prebahefisél8s@reCeittb8 ¥pHMethod of making

e
em™-conti nuous nethod for making a nanostructured
a nanbsrictlrerbmatéril cgmpsisingncarhapnabetubasn Tthe method typically

corﬁﬁ&&% gﬁ{ﬁeémdfg{]f Bé:r Bﬁg{ﬂnﬁ % u'gfaf’ gqxarii%{ ﬂﬁﬁg@rﬁbﬁg d inBflre, inducing
theARAFEEFOW Bfolid 8'suBstrarvihadistpdrangidie @ 8RS edrribhfiuid by

_meter. This enbodi ment enabl es very |arge _
diffaeensiel prassurefiltiatioer argd deposjng regarbogmancidbes (and optional

terial_havj | east - -
MO St i
scalé nBRbSIrsctupsimarterizd is ene havingaatdeastteeresdif@dorTreater than 1

is al so disclosed a batch nethod for making a
CMpanostructured material. Unli ke the continuous or

JEOL FI% bRy Rt dBRlssae alscfichRbs T HRohRuGRIDE b&RFcontinuous
metticd fopmaaling a nanostructured material comprising carbon nanotubes. In this
embodiment, the carbon nanotubes are deposited from the mixture onto a moving
substrate to form a nanostructured material having a iength greater than 1 meter.
This embodiment enables very large nanostructured material to be formed, such as
a material having at least one dimension greater than 1 meter, for example a length

of hundreds or thousands of meters, and up to ten thousand meters.
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substrate that is perneable to the carrier fluid.

Wil e a batch nethod does not typically permt
woraioenidhs to be formed of the sanme size, suchP@wUS2006/034225

| ength, as the continuous or sem -continuous method,

{noe; TRefelshiBa aREiE A Pa SRt 57 B S B Suctured
mategal qunltlreaneldbnﬁﬁuoh@épkerﬁh@oﬂmme Hegod, BedbBehehsthod

may be used to make a wi de variety of novel products,
cogItises slepoFEipgdhe caron rnamigbwfr@m @nixire onig afstationary

suéé’!r%tgtbgglsf %ZaglseTﬁatﬁg P«%rdfuﬂ@ u$ %g &P rﬁgh{ogfécl)é{s not
tyrﬁ&éﬂs/tpreahﬁt ﬂnbtﬁnam td b esrers @ﬂherﬁaﬁw aizepéuéh aé ldritgh, as the
final product. In one enbodi pent, this nethod can be

COUE@éPLtsoOfo%%B%ﬁ?QntWé’Héf@%tapé hisaderdt emﬁl&ﬁ Amagrp-Hcale
na ét?u ukdd h%'f h 460e Aavih pé%rlé’é’s? 'i eater than 10
1 |scusse

AS|de rom esu | ect tter
cnt.he present di scl osure |ncI udes a nunber of ot her

FERBP b snetfpl E3ofbq bR TR AT bS AopRAL Mk wide variety of
no@@lﬁﬁﬁ@hé‘tﬁ d68 b féthBroaé&lé hearddatlueired n‘)é%éﬁé! ok hﬂ’é&@ fluids.

are exenp on BRI EF DESCRI PTION OF TH
Th[&)mg}hom@aadzﬁw@ﬁ%’ga diceatly glepesit arseamiess p\enas‘eulctu red material

onfi ERRFAIHAE B Bl b’ Nebid R A LA LA pone
errmcaﬁrnehi tiis Phethot B0 Usdditcedepaitehbato-8641€ hahBSstrictured
the present disclosure. [014] Fig. 2 is a schematic of

majeria)antp adilier nrdias SHaheds adeiris caRosiedm f or t he
{PR1] PANR T fp 300! FRRERIRRIREEbYe ARG RIEIH difosure
includegsd amrfoel r of bﬁwem(?xemplaimfteaﬂu:’e@?udi as aness rﬁéxmémeddweremaﬁer.
S ra o forma seamnl ess
it i Py B g falodah el oy i losaering Meserioion Al ietlaving
desériftioRdte@xehtbla®lody9- 4 is a schematic of a
conti nuous W re type 'system for making a

nanostructured materi al according to one enbodi nent of

the present dBREEDOESCBIAAON-O HE?JDRAMNGS

B L ebeprrRobnbyBlies o PberboTared incild EbStidRe Sbart of s

speaifcdtiopns outlined bel ow [018] The term"fiber"” or any

8 1§]I olplgt h?st gosfchelmsatlgeofflans?ydstgrﬁ fgr t?]leggon?ﬁwﬁggg prgctiLlrc%on of a
nanostructured material according to the present disclosure.

[014] Fig. 2 is a schematic of a continuous roto-former deposition system for the
fabrication of a nanostructured material according to the present disclosure.

[015] Fig. 3 is a schematic of a system for the direct deposition of
nanostructured material on a rigid substrate to form a seamless product according to
- one embodiment of the present disclosure.

[016] Fig. 4 is a schematic of a continuous wire type system for making a

nanostructured material according to one embodiment of the present disclosure.



material. Fibers used in the present disclosure may
i nclude materials conprised of one or many different

W@ uposi1vd ons. [01 9] The term "nanot ube" ref ePGT/US2086/034225
t ubul ar - shaped, nol ecul ar structure generally having

and-an aver agD i CAIRGD PETRBFTIEN BF ARERTEON: 0”1 "
A.to Pefiinittlon§020] The term "carbon nanotube” or any

\s{[ﬁ ﬁon thereof refers to a tubul arshaped, nol ecul ar
t [he TRliaviBg éerm prbliiases ssed i Hnprasent diselostigetiave the

ttice (a graphene sheet) which cl oses
méd?nrﬁgé“t seﬁ?a]?%lc#v‘gr m-the walls of a seani ess

c[QI1 Bthhe abrm (iikeer” dhase vérsion ’ﬁlEr@ffestdiefE@d & & Imigh aspect ratio
| ewal | ed), or as many nested | ayers

mefeials FRels istd I B g RReE s appedTAINCI 3 Tiatbnds comprised of

oné @2 Har\h@ifieRETemRiiRfsl ve carbon nanot ubes” refers
t o nanotubes that contain a lattice distortion in at

|[848} The terar Banotubej referato Iaetabmlat}abapéd trelecalgzrstructure

ar structur hrase "l att)
ge M3 MAVIR arf aUEOE bt 3 the ol f@ngeyt 66 nm and an
avéraykilenytbfin dias MIugMAN Rirgecofad. 9fi thAI Mgh.t he tubul ar
sheet structure. Non-limting exanples include any

P29l atlerisrns “asrben pagotybeaqsanyveisie thereef refers to a tubular-
b
o800 505805588 oy iy o RS A ancpa
hemgbriaj/ latiick Eagiaphent shaetiavhieh eloseenpon iSetitodeine ehs walls of a
I St may. dtoanatural bend in the
seqthiess T NAMRI S, | BASTE tHhlaTshoeisoan oiiherosaur ipne (single-
t
waRét) orisSiraRy Hé‘%’fégﬂfagr et<e I WQFZR} itk %t(lﬁfgﬁxaﬁéél%truglt,ure

| ayer forned of partic uous|
002 Hat Bre ahraser“dbfﬁd!ve Icarbnmmncw)belS’ rev"érslte nahotubes that contain

necessary that the "coa
a'#@‘ﬁ%@ﬁt‘?ﬁ'o&%? leAs O'&%ﬁ??%"dY @&ié??ﬂgmea‘;fletheflayerﬁtof the
tubtirkeuernsi dered a "coated" surface, but nerely that
it_contains naterial coverlng a portion of the

§0r2]ackhe porasp “mtlice distartionimoeans ahy gllsxbulpbibnl of tHefcryswl lattice of

cargérﬂﬂg}ﬁgrﬁ}b%%t%lsg@fnrm%g P@H‘%f pE Y def\pglalsrg@ng examples

incladdiamy displaoetienttadf gomsiisaube of 'i}ﬁaléértfcf @éf@rrﬁétlér’i‘ eor presence of
2not uges and/or the additional fiber that may al
5 of INNBBEFRTI08 rEgs; RECheminal interastion falloweast by change |n sp?

hybP@Tz%rﬂbh%f obpgoﬂ atgbﬁbbﬁﬂ . Sdcm)cﬁ&gﬁﬁtscﬁ' lgfomcg]%gr'gggg &80 a natural

presence er atons or
bendandhelcemonThencpthbase ‘filled carbon nanotube" is used

q%g eabl egnat ed carbon nanot ube.”

E ] a'a,oﬁeatmg,s OfERny Netpien thateof isdelended temean a
cov@ﬁh@l%@oﬁﬁe@bf’&%cre% BSFticles, a contiguous layer of material, or both. In
other words, while it is possible, it is not necessary that the “coated” component

contain a continuous covering layer for it to be considered a “coated” surface, but
merely that it contains material covering a portion of the surface.

[024] The term “functional group” is defined as any atom or chemical group that
provides a specific behavior. The term “functionalized” is defined as adding a
functional group(s) to the surface of the nanotubes and/or the additional fiber that
may alter the properties of the nanotube, such as zeta potential.
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t han carbon, in the nanotube crystal lattice. [027]

The term "charged" is defined as the presence of
worvaemensat ed el ectrical charge, in or on tPEI/US2006/034225

surface of the carbon nanotubes or the additional

' 028].. The t di o j
g medRmomieah Ay Ae e hEthe bsERoLRT R s or
clué@é'rrstih§ib§%f?fan6ﬂﬁié%ﬂsﬂ$é1?lhlra§é “Ridcysrbontriaronases ueee! s
sufficient to cause inelastic change to the crystal

interehtangeablyf with &' imaregnated carbpamanetulsst h. [ 029] ~ The

wfused,. ., " f usi QL : | : r

T S e S B SR B i, ot
thaR EafOMWimedd easotuberce@stal latticehei r poi nt or points of

contact. For exanple, such bontcﬂ]i ng can be q

(027h o T hedenBrichmgiRrc i defied Ay therdesaNss oF pan-compensate

|4 y ' ' f itional

e At i FESLREh chaRF achingags opust e
fibeagly version of the word "link" is defined as the

[ ort e ey Il eleto e fecombr Bpnt g Ranotubes, the

fibet S SR Bh Wil S5SicleEUr photsny ﬁjchsasck-réwmﬁténwiy RiveResufficient to
due to the creation of a large, intertw ned, knot-Iike
causerinelastie change tetieserystebletics ofdhe remeiyberfibersepfRoth.

" ved, " "woven" ol ver si - e dafi

B il e i BE 500 iof ORI 5096 dofinec as
the Woh@ing boedrfotubés) fdereirapeonitadtoristherdds] at thesjointrer points of

terns "'nanostructured" and "nano-scalségr"b@r ef er

congagtudianiexagiple, sHahdhandingap Refodoes am@ﬁ%@manding
inclg%gr%S%yEr@gz%ttioﬂ% e E‘Q'b@ﬁdFr{q%f tarboR 9 BYHYr atoms. |

I'nitron Tor nanostructure is provided in
Toe0] Py esmartihi€tiak]” Sintsrlinfedvhoeanyiersicroet thie.word “link” is

deflpsd ABs, CONMESHNS 61 REPSIRSS REISHELISES HEr Agastructure
thrénggh rtn_@bﬁgﬁii%éi RIdduehl dr GR8nicHI forRBE aFDr eRampis, IsichWoR@ecting

erial” refers to a material whose conponents have
caralpe duedo dreereraationanf shlasgentintegwined kdottise atruelurg thag resists
| ength scale that is 100 nanoneters or |ess. The
Sens? "characteristic length scale" refers to a

&3 Urtheferfndewsiated oFwavedt dredriy Vrslinoftthe word “weave” is
arrangenent, such as but not |[imted to the

definedragctherintariasing einranatulgs and/opethes fibeeninde adpiggergcale
mag}%{ structure, the interstitialdistance between fibers
‘he di stance between subsequent fiber crossings.

Tosy rMersterereEnbnostyucls” baddnaroistalmdd refehetorashradtire or a

of applied mat hematics such as pripcipl e conponent, or.
maigsiak Whigh BRSSSPSPS COmRONGRiRaIng Pt [ast ene iBPRIENSAAL is 100nm

or smaller. A definition for nanostructure is provided in The Physics and Chemistry
of Materials, Joel |. Gersten and Frederick W. Smith, Wiley publishers, p382-383,
which is herein incorporated by reference for this definition.

[033] The phrase “nanostructured material” refers to a material whose
components have an arrangement that has at least one characteristic length scale
that is 100 nanometers or less. The phrase “characteristic length scale” refers to a
measure of the size of a pattern within the arrangement, such as but not limited to

the characteristic diameter of the pores created within the structure, the interstitial
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characterizing the length scales within the nmaterial.

[034] The term "nanonmesh” refers to a nanostructured
woradoensdh9 def i ned above, and that further is ppP€DUS2006/034225

For exanple i n one enbodi nent, a nanonesh naterial i's

S R P S L
méééru'rér}ﬁen{ F}%?]alércf‘ﬁetcﬁfn@ﬁthrdl@gﬁe rRéthotB & pr)ﬁé@ﬁgattﬁém'aﬂcs such

onbinationwth "scal e" rs to materials tl
asmmprpI@ eoppearotor spaairad dnatysisrthat givasnuléifscatedingdrovation
that have,been f,abri,cat in he, net hods descri bed
chhRSe G S ol S R P el e Dooat or s han 3
C['(D’G4]\|0Tlfhblt€ﬂrﬁ Figh csasmp r@%r@f’co SUHHhOFBOERITSE Mterial defined above,
nanostructured material is a sheet of nanostructured

angdbhal fugher isgporpys.1 F@gpéan@@ 4R eng renaqujme.nbfa nanomesh material is
geﬁgl%cl’l tu'rs% té‘% & ﬂg@a@b%ﬂ?glaﬁgﬂﬂég H‘H%e%g rpdc;rﬁ% gﬁﬁ%ﬁﬂe%@g% the fluid it

is ih&ﬂgmddb paify.o-scal e is intended to mean |arger than

é@gg}j %{‘ 100cm or even 1 neters, such as when used t A
fderms darge” oa{ BACE” aleRfovinLombigatan wﬂsvcéggle refers to

m%ﬁﬂogﬁﬁdﬁdrﬁpﬁseesgrna%sﬁe& Péwmé?er%ﬂ SE0L ﬁéﬁ‘éb&?@‘fﬁat have been

arge scale nanufacturing can enconpass 't
famrcamctusmg tbé medheds dbsd:rmﬂdwlgeralri Eenave gtrleasEtwa diarersions
er and

oriibClhanct e Na TGRS et & iRt s B ita rawostuctured

mdtefiglns atshedt BEhARGstubtURIdGRatdiRl BRA eS| hhét@r §q9§ﬁer@\1aerou of
continuously noves during the process until

napagriciakedomatstrial gen ¥ {abrigated toe length of at Ieast 100 meters.

OofEMEATH P, e eSS RIBPESR b R e r0em

or $0©Wcﬁ®vﬁaa3hrr@fersd§u¢m93 K/\h@nf@db"d toaddfipie thEQERAS6F material made
the substrate can cone

) l)l kCE t he conti nuous process
viayg bgtchiRspcess-i hea todpacriha sestinueimEr semireRiinupUS

m&ﬁ?&@'l&g&{s&%ﬁﬁ@%ﬂ?ﬁ @F‘q E%ﬁ @Fg%@}cﬁigtl'gezphgiu% {Jﬁ\ggmaterlal
haviegerlength greaidrithen ianmetercbudthas degeter thanrorsibriterdrel up to ten
is stati onah%gthroughout the nethod. [039] The term

thausgp( inetars is a material having the |engths
qeser 'Regor‘ﬂﬁﬁi(ﬁs rﬁ?ﬂhod" Aol %théé‘frg\?/h%ath@"de‘ffosition

macr o- scal e manufacturing process describ
subgiaie cpotinlourhe msivesaskiringdhe qrocessdeniv e fabmication of the

e O AR AL o o1 L B substr e Lhat

JOBEl amt'séhl-yortR@u® method” refers to a method in which the deposition
substrate moves, in a stepwise fashion, during the fabrication process. Unlike the
continuous process, the substrate can come to a stop during a semi-continuous
method to allow a certain process to be performed, such as to allow multilayers to be
deposited. '

[038] A “batch method” refers to a method in which the deposition substrate is
stationary throughout the method.

[039] The term “macro-material”, is a material having the lengths described
above, e.g., as made by “large scale” or “macro-scale” manufacturing process
described above.
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to the said carbon nanotube conposite conponents. For
exanple, a filtration material that allows water to

wo b@w1stipough but does not all ow the carbon naPCt/ukm6/034225
conmponents to pass woul d be considered a selective

{7 he Phresa e Bbie.qorbsuaL ey iR e FECd KEreinestoraro @

subbRhtedthRR(d él?délté?‘itl f‘(ttfa\ﬁs‘p)érerﬁ% lhesarriemiuidnand substantially opaque
contam nants from

ui d, whet herng% gh SI cal
to tdeaidozArbobingnete @@npwte:@@rapyneréts nexarppley arfiigatjon

f
mafbyiel il i Suwg WEL ool ufibh BEf oBSs ABt altl tnd ¥Rk nanatube
corRpEatts ke pasdhaboulPbé cohsitierdda tsbmctleadeab&homsabsinam S

when used as a filter nedia. The t ﬂfjlud
]

04 dndde plyasacappesateriliia Pe 2s@matepg) thatis responsible for
a p?ﬁfcﬁ%ﬁ ckn?ﬁ? es‘ijjc Y He‘?ﬁoJlﬂl%bgmtan{lﬁér%ﬁrdrﬁ tife fidid! Whether by

urt er co es at |east carbon
physivabtehessicalq bib-themmat Donaﬂalytlowpeﬁ@ﬁht conweerselyhed passwe

ek T 1o LR Trecbh b HRGRl PR goos not exiv
ch%gg?b%ﬁgﬂ%ﬁﬁﬁ%mn%hﬁﬁw the EmRIEPEOrEEMimarits wh‘dnujlséd as a filter
e term"renoving" (or any version thereof)

medizans destroying, nodifying, or separating
na ts t j
TR 1R O BhepdaPlo, Stbnde ylids bPpates.
304691 F’Fh@ﬁ?roe%%e‘lﬁﬁﬁﬁd %Hm@n mldﬁlre@rs tnd e:agml':fbmd that further
reaction e phrase "chem c r bi ol ogi.c
compriggsaat leant earbpaAanPs#res; and o PRt %%3 RN aesc”bed
he“@ﬁﬁ%@ éso‘:?a%“‘ﬁ ofshe contami nant through either

ogi cal processes that renders the
qomarTatdrni fooapsahinant®) taesnsgt leashonduawphtes @f undesired

this are r d ction, oOxi ﬂ't‘ﬁ‘} a chem cal denaturi ng,
elepiapd walecy @%faaalsrﬁ‘é'? 4d¢i sns, bi o- nol ecul es,

t
OSSP T AR e VO, sy

mddifwngunbeepaﬁatnpglcontammah’@x/&l&i@g at |sast pPee pgthegigoilgwmg]e

me{rT;E@ﬂﬁphsus cﬁ%gﬁleg%(cﬁ%asu%@oﬁ%ﬁé%d@{b‘?@gfchemlcal or biological
mté’ﬂaef‘@ﬁ@pp@achl@yﬁ cal i brated poI ystyrene beads, by

calibrated scanni ng probe m croscope scanni ng el el
fD46bstlpphrase ‘spemieal anbiglogical igtarpeligssebisactiont 'ﬁdt@z?fstooo' to

of td Gl
men AT Bijrpteh 9l b CSRipalE b6 eHBFEnalE Fbgical
pradekass tr(a%rﬂeﬁcﬂl@rjs(thé pedtanintint mchpablees chasingriedrm. Examples of
particle identifijcation), Vol. 1, Prin

thiSAtereasietian caXCelion SheRHal AapaiLng, GHYSIoRL a0 P
midoBrd4Hi&h8, HiBGRORRURIEthd¥tion, and encasement.

[047] The term “particle size” is defined by a number distribution, e.g., by the
number of particles having a particular size. The method is typically measured by
microscopic techniques, such as by a calibrated optical microscope, by calibrated
polystyrene beads, by calibrated scanning probe microscope scanning electron
microscope, or optical near field microscope. Methods of measuring particles of the
sizes described herein are taught in Walter C. McCrone’s et al., The Particle Aflas,
(An encyclopedia of techniques for small particle identification), Vol. I, Principles and
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reference. [048] The phrases "chosen froni or
"selected from' as used herein refers to selection of

w0 padi7staddoml conponents or the conbinati on of tMOT/[82006/034225
nore) conponents. For exanple, the nanostructured

i.al j b t . I
e R, B8 (RO BB OTS R ES by Sl st g Biprted by
refeesiced, and defective carbon nanotubes, or a m xture
f any_or all of these types of nanotubes such as a

O y & ” it ” H
ni0¢Blr EhePharsaseickRsen from rarrselesinsl frem” as uske herein refers to
. r I
soRASH 8 B RSl of ML APABH o A fpore) goppponene.
Foa emampéd, rthe nanestruettryd matdrizdwan coanprisercdrbon dabatbeds that are
n adifferentj %I ressure techniq

L
o iR PhigRRTeGn e dneHAN ARk HORSd SElEaRR: RAledy Hshdefective
caﬂﬂfr‘%éﬂtﬁ?ﬁ%ﬁﬁ PRpHORAb é/n)p%rhﬁf OF@@EQ sSof ndhdlubes such as a

carrier deposi ting "t he carbon nanotubes onto a
mixtubs of differentdreatmepts aplledetottbe tnamotubasi er f1 ui d, and
allowing the carrier fluid to flow through the

sub te b iLffe [ Less fi.ltration to form

B'a n%%@toﬁ?c fulglggfq%ﬁgho%kr_ CFH'ée %'aa%escri bed herein
cl@d9obeTherdistddsqhosuitlis endthbd ForomaRimgr P nahdstelioi@tedl matetial from a
such as a nmaterial having at | east one di nension

cagies dluis basgehon adiifersntial Riigsgyieaieshnighan In oneambodigmnt, the

meth&d %ﬁﬁ?ﬂe%gsé%ﬁcgﬂ %F%rﬁéﬁcﬁuw@ .dpggt@h%]llx other components,

nanostructure rta e subs
in achoisr i, dapositinglibé catsormpayndtabes vated sbipstraisi thipt 8 permeable

o FR2E Bt RO BEL 316 Bh TSRS b el o
diffr&§tidp ?J?éfzé_é@ré{ filtfiBn I8 BSih %tr?ar[]o%ﬂ%bﬂfreé‘%é’ceﬁé’lf B Method

part o I nal Broduct, W th the nanot ube

deseritnst hereiruean bewsed italpreduceclaege bomacro-pxed]matesials, such as a
r

el Ry Al B B RO e B R o RS 7S hen 100
cmNon-limting exanples of such fibrous and non-fi brous

materials include netals, polynmers, ceramc, natural
fl0BEF sThametoedmiaraiuribes compriseremoningribearanostrusiured material

RV AT 8 B o BB BRI o s
seperatibu bechniquih 3 nféebe aemoeed yiahtilgser chsdidagy eisdolving the

c%n i nclude at | east one aqueous and non- aqueous
SUbSUIed, at | east one gas, or conbinations thereof.

e i i o ki R T
with yipe vahdlpbelresostriictmed nysteaiial atteathieddo gani c

[052] The substrate that may be used in the present disclosure can be
comprised of fibrous or non-fibrous materials. Non-limiting examples of such fibrous
and non-fibrous materials include metals, polymers, ceramic, natural fibers, and
combinations thereof. In one embodiment, such materials are optionally heat and/or
pressure treated prior to the depositing of the carbon nanotubes.

[053] The carrier fluid described herein can include at least one aqueous and
non-aqueous liquid, at least one gas, or combinations thereof. When used, the

aqueous liquid may have a pH ranging from 1 to 8.9.

-8-



sol vents, or conbinations thereof. Non-limting
exanpl es of organic sol vents include nethanol,

wo s@psapanol , et hanol, tol uene, xylene, PCT/US2006/034225
di met hyl f or mam de, carbon tetrachl ori de,

o SeRenEe Ty e o g R o 05 roeri
sol\gafh?sx Iccgrﬁ?frhlﬁﬁgtléﬁs @l'e"reofn'Ndrﬂﬂmmngoe@w\@ples @f geganic ablbents include

wat er vapor, helium neon, or _ any conbjnation
me’lHaaeobaﬁo -pfayBsil, lethantli tolugne; eﬂy@@ﬁbsﬁn%%@r@aﬁ@' SoEARION

tetr fa oneni ?@g@gro@@@?ﬁ?' 5%8 gll‘lﬁ@th??h&%E) ier fluid

|cula es conposed

53t dlope dHRbydiRicht, m@rc@m@sﬂumm agak, swtheas ahs comptised of
conbl nati ons thereof. Such ti onal

air, tnjtpeasll, IoxXy8er.cargen| @%ﬂ'@pnaw PrERE a{ﬁpsgg%ﬁﬂ@?ppgm QLAY
CO’?@'P%&%‘F erg8§7] In one enbodi nent, the carrier fluid

onprl ses chem cal binding agents, such as
FP@EBG’]VIlmddd&Idmeiarbeml néacmaessothbutOmppngnﬁgéat gay be included

in the chrrir TG A o SoGF eR, R ST Rartip o pridgeed of metals,
polgh%géatc%rrérﬂtc% f Rﬁ&l E\fé?félsora‘hﬁ%d’ﬁﬁbln%s fR¥fecfaBdch optional

nations t ereo Q her conponents t hat (%
compomﬂedypnoaitma\ceaam.eest ¢nmqurs¢omﬁr&m@ &@rrtbrﬁmatp nidRgm.

@é%ﬁf Hg%%sggqgl@Lg&m%ﬁt {pg (:na)ﬁa% ﬁ:ﬁ?ﬁ'ﬁ% feie n rﬁleal binding

ag&ﬂ@aédoh §9PBKYinyf leehoin Qurfﬂ@tbhts\,l nsuﬁeﬂmgragenm pglyl-@lectrolytes
haf ni um hydrogén, i ndi um iodine, iridium

and epmbinationsteer@of.nkba &arian fuik MavRIse o ﬁgpmgﬁl&rﬁompnses
viofeiis eSS M RIGHEAR DN A B KBt (Aetoo
90881di Other sehgrinemis tidt nennbe adteeto treutdnier fluidraralroetecules

contpRinghPIaS BhoshBPREAT BRI WBur Gl Hhe B trpmine.
calEfi’lﬁPQ%‘?B&? d?e‘?ﬁﬁr?] rﬁéercﬁfd‘mm RDal! %@&é‘eﬂ%rﬂfé atlium,
ttdc e carbo

ed onto n nanot ubes, to ot her
gertariome gbkd, hafitm, awrag@mbmwmomdmﬁenrabﬂnmmmIantharh@ lead,

magr BB SHRRGA 535 CHARETIR R0l BRI b Sy, oxvgen,

palfddittht Eﬁ@@bﬁbfu& hSlafR@He Hdrlmdaemirmi ﬂnhéﬁluﬁt sbéﬁdﬂbm selenium,
one naho- st r uct ur ed Iayer and at | east one additional

silicary,esilvensiulir, rtalytabrmntzuy tiniupe tyngsteranadiredytiruse Zinc,
The net hod r conprise the application of an

Z"%&%‘dl@t PEC?mga%tlpﬁ thﬁfeffn or mai ntain dispersion of the
gesbpmnéamer%mdnam@dmﬁbw héreiri thagrbeopret-assemebled and

epositing step. Non-limting exanples of an acoutg
attaq;@djomu@g e@yb%nag@wbpﬁ,tp her components, or to any combination

thereof prior to the deposition step.

[060] In one embodiment, the method disclosed herein can be used to form a
multilayered structured by the sequential deposition of at least one nano-structured
layer and at least one additional layer, which may or may not be nano-structured.

[061] The method may further comprise the application of an acoustic field to
obtain or maintain dispersion of the carbon nanotubes in the carrier fluid prior to the
depositing step. Non-limiting examples of an acoustic field that may be used in the
disclosed method is one having a frequency ranging from 10 kHz to 50 kHz.
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di scl osed nethod is one having a frequency ranging

from10 kHz to 50 kHz.[062] It is also possible to
waele®pesde and or m X the carbon nanotubes in tPEI/US2006/034225

carrier fluid by applying a high-shear flow field to

8202158 Sl A7 HBoRRE AR RERIE R B e uos i e
carmmﬂul‘teby appiiea pighsstidar fBBIdItb the cél’rﬁé? fI@ﬁHS STHi’sesa%’e process
use a conbl nation of an acoustic field wt

mfﬁ’r g Lged lt‘?/ IpPRTSEoRRA OF g thenegr bpaﬂ‘@@oalhﬁsawﬁh gth@‘iwmponents
Od}’egé d, either sequentially or in conbination, to
tal n-of maintain dispersion of the carbon nanot ubes

i [ﬂﬁB]‘leItcaalsoqrosfslblE tb psé arconbinatich gepesicbiistt fidl@8kih the

| d t th thod further conpris
praviulsly HEPIRBoR divauBnGE e e garsh wmt folb iepsequentially

or I?Pédmgi‘?\@ﬂéhtﬂonbtélhe&trﬂEmalHr %on ?g rttiorr]lgnanotu bes in the

exanpl es of such processes in
cairies ftiiekprior toselid depesititigqng a f unct i onal group, coatl ng

BB "N B E 04 et 1A rikingg BiicpormerisSs fodting the

naﬁ@e“tﬂﬁdtuﬂé@trﬁé%(ﬂlamtﬁfdt@éaét@nétpds@-@%boglﬂénrtn%é‘tﬁ\bhpprocess Non-
chosen frominfrared radi ati on | ectron-beans

limingrexaniplea v sugh Branesses include (a;)rﬂbuenmcaaldreatmenc @uchras adding

= o5l oSO A AR 8 or et

bo’rdnh(ts)arraﬂlantm switdag\egpbsigg tﬁ@héﬁ@étﬂfﬁtuﬁéd&ﬂbt’éﬁé‘l %o at least one

l e ar aft [ dep05| tion of polyelectrolyte
ra@ﬁ%t %ﬁﬂ“"?%edﬂéﬁﬁ“ﬁ@ elegtrapibegmss liembeamsox-rays,

t é}m@!natl ons thereof. [066]
ph&bﬁgrr%% db(‘g]'gg@r%ﬁ %"Fg’g)a n y further conprise
fl0®B]s hT ey postedepmsition fuottoralizatibe predessaldseribed hebéinenay
or a particular application.

corfffsd pESoeElins iR o Sl Na S G S AR fagtments, molecular
grasiny depesitish of Qé%l&@t%lﬁétrﬁ‘é’t@rlﬁféoé%‘tﬂr% q’{@a‘ﬁHbt L98ying, chemical

| am nati ng, sealing, pressing, wa
or lgibplitie Apming, lesceptbingtis ] thatesfdi scl osed rret hod can

Seetnerhs e TR R aR Ak ctiibties Bisking the"
narosiriotersd medtekigistoFo fn destifid S84 ¥iza s@fﬁ‘cﬁérﬁt'f@F a tda‘r‘h&lar

EDVI ng substrate that is perneabl
app@'&??‘?’ér P gxdMpien figisbishidiernanostiatired m@eyal corgprises at least

ond RTS8 b, SO AP B, o
congpipatiens theaeofl neter, including |length up to hundred

N M T g LA -
fashion for making a nanostructured material. For example, the carbon nanotubes
are deposited via a carrier fluid, onto a moving substrate that is permeable to the
carrier fluid. This embodiment enables very large nanostructured materials to be
continuously formed, such as a material having at least one dimension greater than
1 meter, including length up to hundred and even thousands of meters.

[068] There is also disclosed a batch method for making a nanostructured
material. Unlike the continuous or semi-continuous method, the batch method

comprises depositing the carbon nanotubes onto a stationary substrate that is
-10 -



material. Unlike the continuous or sem -continuous
nmet hod, the batch nethod conprises depositing the

W@ a00pospipanot ubes onto a stationary substrate PEEUS2006/034225
i spernmeable to the carrier fluid. While a batch nethod

periiableadne Faater "Bt B raEtrPr et AR ppormi

mat8RAkt8Me iBHALE ofBid188mel dizd, SuRh!R Ibﬁgthf @Ql!ﬁ@ c@ntinuous or semi-
macr o- scal e nanostructured material, such as one

connmwuagrr@thocbatss ablestapreduse enmgeieaseaie Naapstractyrad material,

soch 08 PR GGG IR %

peop! %eﬁmepmsﬁﬁoﬁnékm@@hahmmdmn@df mbterial Bpaticularly
seenl ess constructi on between the substrate and

usefiu frRredeeingecomplexi shaPE s et @ Aradust &t bengfits from a seemless
|
con?ﬂ@&%ﬂ@éﬁmaeﬂ th s%:ﬁ%trrgfedér?doﬁéﬂosk{ﬁjo‘?u%ﬁ%?f@é@??&@?éﬁ{é&themon.

rns a |1 ntegra
In oﬁeldmh)odlsmh aaﬁlter rmadiaaanbbe pkoduyceddh whictotie underlying substrate

enbodi ne rler | uid conprises a conbination
formg acdnieg pﬁ‘ﬁ‘rf% tt]% e'ér%l'cblaés%c? %85'@0 ass fibers may
@%mﬁ?eh@%n%ooq@@hﬁqh%éplémmﬂi @dmaﬁgee% %‘p})&%ﬁiﬁ%orﬁéﬁ&brbon

ose chosen from netal hydroxid

nanotqtfe;séhnﬁ(glaes lfllsmcsy(@a)ss fibexs o@yNseyncenied or:wa’taﬁi;dylih metal-
071
oy BEFREIP o ARG ek kBt B T

oxy%’tﬂﬁﬁﬂe%rm AJ(om)n mdém@y Ltmy- ThyicRokyMoxNRBaxE s&its
ron, ba)f Ni'cke Zinc or combi nati ons of

nyK\@Hézd’fn [072] In addltl on Ais at |least one anion

TS HERA AL fBogEhUt M Oh 4 o By ieten o
MaghddiurheAldreinai, @aiciem, Titbniuat dVatibdossd, ¢ron, Cobalt, N|ckel

Hypogchl orite, Carbon osphate, N trate, Nitrite,
Coﬂp@tﬂaf‘éc OB Comftinat ‘qllﬁp(%ﬁp%rrﬁo? Boron, or conbinations

f?g%h% §84itioh 0K 34 atfeagﬁén@%ﬁgnggé RS Y1 &H ﬂ}fbfi‘%jet, FRioride,

I nati on OT car pbon nanot u ass ers
Chiarids, Rrowidé, mdml Qodicey Sulfiterpitrivtes smafam dniesutiage, Suiite,

e Bl EHRR FORSES. T B b B e, Mo,

lodétBeBFdrﬂéie Hy@%ﬁimﬁé l?orfoh| bﬁéorﬁﬁﬁia@ioﬁ%‘?ﬂﬁ#’@@ﬂ' ment
described hérein, it is believed that unlike carbon

K3bt lithas herrcdissevared dkatthe pombisationpberhon nametubes and

olasy RS Fob R Ewhl BebP Gl B AES6 e MRfleSorfBndodiation
propexties whehsusedibi digar b@nffahiﬂﬁateﬁiﬁlmd§ NPHgs, Qe regdrdtt@tihe use of
fromthe fluid through a size exclusjon princip

the fipali radvgt asa aﬁllt@awd% OhepibedBiant sleepubahharain hs believed
that?ﬁﬁliﬂgaf EABOH AR Which $37% L8 ah' ddHBE LRBHENAHE Drimary role

that the larger scale fibers, such as the glass fivers, serve as support for the active
material(s). While the fiber may remove particulates from the fluid through a size
exclusion principle, it typically is a passive, non-reactive element in the
nanostructured material used to filter contaminated fluid.

[074] The method disclosed herein may be further exemplified by the attached
figures, which are broadly described below.
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[074] The nethod di scl osed herein may be further
exenplified by the attached figures, which are broadly
waele®cnidied bel ow. [ 075] As shown in Figs. 1 andP@r/Usive6/034225

nmet hod descri bed herein may conprise a continuous or

P S A p—
COHPHU(gL%’ bﬁéé‘mﬁ&&%d&@rﬁethb@%fﬁéﬂﬁ aQﬁHmTStm&JréBenatenal using a

ol 'owi ng steps: Chemi cal treat| ng, such
mocﬂlﬂedtpapeamaiﬁlnmtypermocms@om mrxam gpRodinenispia method

d t h I d ph I

corfiitasisifp SARMUAGstad 71 0 cpersion and/br o
sel (1) assiesralcallp trebting Narubsas mtcuonanuzm dhe @arb@usanatubes to
process may al so add desjrabl e post g$ {L‘ ¢
P hor se Ttk desiras heralcat Baker UGG, 263 PhKSCaLprBgRtties to
nanot Uba%%]'lstgﬁh s?e?ﬁ?ﬁ %'nﬁﬂ:r'é%'ﬂ“oés‘él%ﬁ?ol WF tHe Rand¥tiuefited material.

addi ti onal su bers, using ul tra soni cati on
and/ or &wharpm@éssrmay aip e desumblampsbgepfaslbon characteristics

hi ghshear flujd field,to f uspens of carbon
nanot ub D {SW RARlegY ¢ th 50 gﬁﬂgiu%%grrponents
Th' @&S%Q%Qrﬂ‘néﬁotﬁ%@rvhﬂ%ﬁ @ltﬁéutead'dlmﬁitﬂ@uﬁpbﬂlﬂﬁérs using

introducing the | oaded carrier fluid into
t he depdtfataom‘lma’ﬁl@acarldéw mreRanicalanixingiaad/esanianPrepraty high-

COMES | ? 2}@;‘&@%@ gé"}f@hé%ﬁﬁggh?%'o\f%af’tﬁﬂpﬁ%ét% component

subst r at nanotubes and/or o

conponesric if igstdd) tharatesbaramts.eThis suspension is Ineferred toas a
sel ective depositiogn substrate using a differenti al

pressuréﬂﬁﬂﬁ rigf Belflss in an anount sufficient to

obt g) |ﬁtr88§{;’|ﬁg%é Mdde Pséaefﬁéreﬂunﬂ iy rth@%g%@rtlon head box where

cture, onal exfolrating the
rmnol I tihiedoad ed chrrice flﬁrdormmeewetelcentaotwmhdbesﬁ'aleatine deposition
substrat eb (6% dryi ng the nano-nmaterial through
pressi ngH SN ng and/or differential pressure

fil g@f‘:déﬁbsﬁ fr%"ﬂ%cﬁu%é SRGor SEHEr R driEsifrom the loaded

nan uct ure material, and (7) optionally,
post - t rmmnﬂurdrmwmammseheutwejdenomresubsstratﬁm@wa differential

e SN SISl S Byl B o
nano- Nag it ahtiMy—sfabey, lﬁthﬁtklﬁyemﬁ)nbﬁ’LhWﬁﬂ]cﬁu@
mul tilayered nano-materia

(5) optionally exfoliating the monolithic structure from the selective
deposition substrate,

(6) drying the nano-material through pressing, heating and/or differential
pressure filtration to create a strong, semi-continuous, nanostructured
material, and

(7) optionally, post-treating the nanostructured material through either
spraying an aerosol binder on one or both sides of the material and/or
combining with other nano-material or other film layers to create a multi-
layered nano-material.

[076] Such a process may be designed either as a sequential batch process or

as a semi-continuous operation which is interrupted to change substrate roll material.
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[076] Such a process may be designed either as a

sequential batch process or as a sem -continuous
wop@ratiton which is interrupted to change subsPCHUS2006/034225

roll material.[077] Alternatlvely, as shown in Fig. 1,

D2 AR RHERT ba Shabmin ol o ph R ook AE R brésent

inveatioh Uberd RYISEIbssd BIcRMtiRBOES hdthod fbrtrﬁéaﬁmgf §§n nah8tube
depositional substrate is a periodic bel does

naﬁ%&‘etﬂﬂé@@ﬁiematqsbalt Inothig n@mgﬁdbﬁrqﬁﬂqgrt@@ahawwraée is a periodic belt
tha? ddes ﬁol?%e%ﬁ% 36f HUTRELS: n?qtur%% dn%%rfgﬁ ognéiﬁ)e Pathod may

system or |n| er or ncline

com))nfsaiarnee&to m‘elwmwﬁter[n%fi}a Houragrisibr er FictihédWivdformer (Fig. 4)
ani cal integrity of the deposition substrate

fa%ﬁ@ﬂ?'&lskﬁ%egbfﬂ cient to support the pressure
C{O?éEr BNddcM a E Stah, gﬁ‘%%h%ﬁ{a?mtg%ﬂp%tf g"?e% dé?%éﬂﬁé)fll sBstrate

le to Wt stan ny tension
sheuld rer sufficient ioosuppott thie rmegﬁurel*chﬁematlalrby Whita]theisysten

R T D AT T R AT

de@ﬂme&egh ﬂ@lswémonal conmponents descri bed herein) is
de %osmed onto a horizontally noving substrate. The
0Bk rRige 1ishopisrangsembodisnentdb mdiemthe loaded caciariuid (e.g., the

carﬁ"FP ﬂgrd {Zﬂﬁalﬂg‘fq lfg%rcr?wfmégﬁﬁﬁggtﬁghﬁtﬁgg8grryh8nents described

herejr)iis nleboﬁlw&dabnw S hotlmrdémﬂmdwr@sdtf&ra%” Taeesudktrbfieis Jporous or
subst r at Stg one enbodi ment, vacuum may be applied t
permRa '%wng' tosthgcarigrdbiid.oug n not fereheicoapangnés t!!bfbésﬁétrﬂ@'nﬂUId

thug%ﬁlévv’rfq tHCE3hoh ‘?ﬁ"\%ﬁ]b%ts LR BBﬁ%ﬂt rln?férlaygﬁ % ﬁi\éﬁ% Kﬁgb tﬁe surface

used I's possible to use a ron rec
of tbelslubstrateg Inzoree embodinagrity vacay imangbé beplied td te low pressure

Sidfbig" % S whets derodinn 8P PetORRuIk( S5eRt it deposiion. When
VactioRt IS \uues itS¥ PosEbffd ué@@b@%éﬂo‘ﬁ EEhA dr%ren Q?BBﬁéc%tfn% and

head box units, especially when it is desired
Opt@néému@mllaglﬂye gemesifluisd nul tilayer structure. [081]

R0 Bnlie Fig-of plo fhivitine Go@ultBREhe AEROR Pl cR i soprociatec

thateder a@bnﬂﬁmm Syrteaddn lﬂUQ#p‘brﬂ%Qﬁ@ﬁlﬁleS@%lﬂl F&&8d bdx units,
with lengths ranging froma few neters to reds ané

espegEllY iRaTs i iudegifednigrferm.a srauantially H@pegliﬂdamultdayaer structure.
{ duct
L9511 Pecfiee AP IPIRIERD: 2 pePeb IMRERRRSE s BRIDIS to make
the disoheseal hanbdtarctired trateript vsing $he gontiniusasroeesd 5R@wn in Fig. 1
dthellke Alternatlvel ,
wit bt e hor B metorsur prrdsandgien dfpagsndsrof meters.
Bec{a@zsbfiﬁe TR & 2 Red)! Q&rgélttgﬁé %ﬁj% Qfe gﬁe&ﬁrcgoqg:lt can be easily

I n”anot her enbodi ne esc
gatimgrgd on agkesup aeelpwbdre iy can be transported for further processing, such

as coating, sizing, stamping, and the like. Alternatively, it is possible to include such
post-processing steps prior to the material being gathered on the take-up reel.

[082] In another embodiment, the system described in Fig. 1 may be adapted to
a batch-type process. For example, instead of using a moving substrate on a reel-
to-reel system, it is possible to use a stationary, horizontal substrate which may be
removed after deposition, and replaced with another substrate for deposition. As in
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a batch-type process. For exanple, instead of using a
nmovi ng substrate on a reelto- reel system it is

w@omgilliedo t o use a stationary, horizontal subsPCHUS2006/034225
whi ch may be renoved after deposition, and repl aced

the gghﬁnm%rﬁgg%géi ' a%ﬁ\ofgoc:%ﬂﬁ@ ggéc%c? g%q@é@q% rE'j‘?aposn’t multiple
|aye?r§ %H%b's@'b%bfaféﬂi@;%% dmutti-pler taennarotilie nantdsttuctted

forma nulti-layer carbon nanotube nanostructured
ma’neﬂtabrl al. [083] As shown in Fig. 2, in another

di . 1 h res . ion. th
GRS i 5, 2 M RGP 6 ptcsent mtion, there
is disaldzed feostinlarisnastedrfuc makeny wsing @i carboasadotbea
roto-former system |In such fgméste han
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meéﬁgrﬂ 'n‘?t%brlgf?ﬁ% BsFtIBﬁ s@'b@ﬁ?tér é’ndilkﬁ fb@rsﬁﬁﬁdléht tb)support the
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premdrbsﬂﬁerénaalyby whmhdheayptene Opetawhea%wa&taﬁd?tﬁealiﬂ@ tejiastand

t hrou h t S 84 t wo
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oo LALALAI sl POt b matioe
layssged in the systens exen‘pl ified in F| gs. 1 and 2.

Eﬁ%lébé“taéb&qrﬁéﬁg@éﬁéa%ﬁor%ﬁggﬁﬁgf FposlRa-pystems may

be gé%(d ‘Peg%é‘é% ffled B Flgsah a‘i’fd% N%ﬁtllrﬁlﬁnélé%bﬁ‘lﬁles of such
ween t ep03| ron systém and the reel up:
posididiposition subFeestembrincigde,fec xarnple, heated mélesa @tdwrtbey
vacuum bgx to .a drain or carrier flui e
e S AER ey aLIS ORI By eGRE P EepESiybp system and the
reePQ;?S'Ir}PE\@dﬁlﬁ dg W thrBufRARSAHaREEY Feeh (e Statishardi V@GRSWbox to a

oarlgl strate™to forma seanl ess product
draimot tmrneoﬂumnmosenyawmesyqbemmawglsga kresowlayed. this

k di f.f
Tielart 8415 RE-aPsT R Forts EpTR Y Rlst iR HeTiL ety onto a rigid
sutﬁs‘ﬂr&@é’fé fathes %ééﬁ\l@Bs}‘ protast, i A in 1HeSddntindiotibinsethod previously
odi nent , Peonﬁtry of deposition subst

dessabadbifis m%*h@@a Stk v direRtahproBiLIRgpEIaNiST, therefore,
theatge&%%ﬂo |%t{gs‘?rraggﬂ{ds'tgﬁpﬁéﬁﬂp%sfs%g%’}ﬁﬁ#ere,ﬁ% exanpl e, as

one o e substrates I1s initially
Hosziednithisverabedinsantf thei geoimetoy obdepositian saistiade chhdiedarbitrary

| oaded wi th carbon nanot ube nd ot tio
m@m igterior volusaeg |en@9<@3ﬁﬁ)kf ggg:]arﬂweﬁte(g??mgya}f Fprexample, as

shdv?n 'idqf:fgoguﬁﬁg dr MhSret iDsHaR3ek inifAly BBk Yn VSR sufficient to

contam a carrier fluid loaded with carbon nanotubes, and other optional components

described herein.

[088] The carrier fluid is introduced into the vessel, optionally under pressure, in
an amount sufficient to cover and flow through the porous or permeable substrate.
The substrate is porous or permeable only to the carrier fluid, but not for the
components in the carrier fluid, thus allowing the carbon nanotubes, and optional

materials, to deposit on the surface of the substrate. In another embodiment
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porous or perneable substrate. The substrate is porous
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t he conponents in the carrier fluid, thus allow ng the
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f‘b%re%ﬁpﬁnﬁ'enﬁa%th?&ﬁ@ r%ﬁuitmﬂs@mmt@najrmseases a dradient in its
tion. [092] In enbodinents related to the
corﬁﬁgagéh medi a, the method may enploy a filtration

s{@ﬁb%]t r bt embodpnetste delatedvtovitie filtep madia cthe BetHodRaBg employ a

"flltrﬁﬁ atte sintered or other heated treated
4 Py Late Soppprised RSP veEa NeR-Wovesh seHpihaneeatioraied, sintered

or dtReNh@atedtRAIIeE ARHEHalROsRSas H}&%Err?éa?e H aft %'ﬁglrg%eﬂptc‘o form a

thereof. These materials being ¢ osen 0 ass
Cafl@@'ﬂ%%@ﬁ@rquwmte @rmombmlail(zrmethefeaf Melsenha@rial¥ being

cho%%lxgtbs%g |S?P§?§r 'r%m% rg&@f qE r?rz)l\J/ e & &Ttglg‘é gr[nliggllfcgr Rhysical

propbriekito dhe r@digti ngﬁhandirﬁgfﬂrlaﬂ Splﬁé%'uﬁgtrgfe ﬁlgg HePE R icial or
nanot ubes and/or fibers typically conprise

bec@mer adGH efdhe dinabmatesialnechani cal mi xi ng and

v oeiny e Bl Bk GhORR LR ity shprises ulta-

somdadmnaand@mbcle@ﬁcamnb(ﬂﬁj ang Harb%ién AITAE8E niikdBSsRBor
in the carrier An appropri at e

d'SRqrﬁ'PSqPB'P”'SP%%ér%tymfaﬂaﬁ@ﬁd e pregucechighrahear flawdiglds that act to
bre &k Gé'éig‘@lo?ﬁél‘é%% anBfdrWspdise %Bﬁégleblgsr\fvbhﬂ;cbﬁ Lﬁ%érler fluid. An

exanpl e appropri ate ror gani ¢
appeeiigio rfluld @oplr&meamng nanetub@sahay somprigbeister, [d?@éﬂnc solvents,

acid o Be ot Boadifiod ARahrleig auSPdaeraraamia salyerts snclude
ethad$, i§6p@pakal, PsthBRGIOLHASSIdHE! Square

[094] Calculations have shown that in one embodiment, the nanostructured
material comprises approximately 3 x 10® ¢cm of carbon nanotubes per square
centimeter of material, which is approximately 3 x 10° microns of carbon nanotubes
per 100 square microns of material. It is possible that the dispersion of carbon
nanotubes in the carrier liquid can be formulated such that the finished
nanostructured material has approximately 1 x 10'° microns of carbon nanotubes per

100 square microns of material.
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centinmeter of material, which is approximately 3 x 106

m crons of carbon nanotubes per 100 square m crons of
woradoensdh? It is possible that the di spersion PET/US200@084225

nanotubes in the carrier liquid can be fornul ated such

o{SRPL b 3RboRaA A4 bResTHpecuRheRtAt fatthpieomedses a

sué@@ﬂ PORLBFIE] mlﬁg AMpePsedith rthébafﬁb?ﬁ&addtu@é‘@iﬂéﬁrmay be chosen
odi ment, the nanotube suspension further conprises

fr 05‘ H’L@pib@vm%t(@f aenics endgneliakyp deseribad hareimeanchwbose morphology
5 bt 86m) SRbs e B il el BRI, Wy it fols, and any

conmm;ninotggrmﬁy be in a formchosen fromfibers, beads,

' S, res, sheets, foils, and any conblnatlon
Ito @tgﬁc#ﬁef@\g@pqﬁ aseéeaalﬁmx bﬁé@@?’l a|0§lms¢vwbe Sidpert guring the

faB?fHaYloﬁ g@%@ﬁ]rééﬂ%bﬁsﬂ%l Qeditie Aqbot eb(Hbo?ﬁe LR%ntegral part of

hree- di nensional structure and/or nay
the nareatalctyadtmeteriche Allamadivelycsamedf rtimwr malterials may be

a1 Mepling el AT ST C e PoLs o SPEBUEraggssing, such as a
theTH 6 BREMid) 9?&?&%3”&) efHmBtAthemn ?r’@ﬁ’f iR ferJl sEefr& Alvhile leaving

process, to elimnate themfromthe final structure,
a skmﬁl%tnUQWEr@napraedmrélrgquﬁ@amm naﬂrqifubs eompurionts. y Thé
se R0 BEBRHRE SRR by ERIRTA U ELBIBEPRE R

nahbwatexizad dahag iprdduttionngr raay BeGisednn Applidatidts taedo inbt reqwre
uire the properties of the

h d
th%@%ﬁé&%ﬁﬁqgﬁfsﬁbpHorﬂg%tﬂﬁ{Iﬁ hepﬁlnabg@ﬁlcts §eshas inreertain high
. I C

SO BRI Ay B gt S AP R

4098 nlatan/altemmatlde eaTdodimbet, mheprewajstry desfﬁbdéﬁﬁjpport material

t materi a or

oGRS b SEIHE RSB0 oh S8 DI WhATLCHDE Namobsas arsyged, fers,
su@rﬁaé h#é Bfeﬁ/ﬁﬁﬁﬁﬁhbén%ﬁéd %Té%@ RS Bebbineh ogﬁﬁgﬁ tntlgtt%ﬁlgl. In this

ort material. hlsaternatlvee
altqmg %emnwltmea’amejﬂmnshwmbe quatad withltye @eemmwéigedescnbed metal

o or s RIS TS re Bl o b B vy fom
fluidn d'hedﬁu&dtﬁlﬂylarfcb/adéptéblﬁtyrﬁﬂtﬁ@@|I$etﬁ§§§ teB&thER&lch the large

3:1)% e scal e production of nanostructured materi
sC

Of‘(ﬂf nanggiu et erhraierisl poasiblmfon m%nsbasgldmcarbon

“a’id"ﬁs‘éss ois oot e Alord B0 BIR PSS S gl iers. As
noted pibiei cairbgn waaotubes ghseifibbre espteiallPWHeAcoREP UMY metal

aor both may be t active material. [098] Non-limting
OXYERIHPNRO ttq’feb&gt'ﬂ%ﬂgeﬁg%écﬁ‘@ maeialnuf act ure t he

T(?’Qf'E?JSth’rHIHf‘ itfh I"é%%f ‘{’ﬁé ﬁ{étl‘?&ﬂjs DEES R HER Rure the

erenti al ressu e fil
nanostructure materials described herem include a differential pressure filtration
process or a nanostructured polymerization process. Each of these processes,
including those described in more detail below, can create a nanostructure with
nanomaterials embedded on them or composed of them.
[099] In one non-limiting embodiment, the method could comprise the chemical

or physical vapor deposition of at least one material chosen from previously
described ceramics, metals, and polymers. During this method, deposition
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process or a nanostructured polynerization process.

Each of these processes, including those described in
woreeog/1¢iavai | bel ow, can create a nanostruct ur eP@UI/UR2006/034225

nanomat eri al s enbedded on them or conposed of them

cortsgiegy tag SBRGsERGAT ehieasl Ons L FELpreyigyshy FasfEiep bR

cerfthics€8%d ni8ls TRiR thalinteRestiy homie Br anywheteyorl Grcoiiiiid
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nano- structured rrat eri al 01001 g gﬁqanc it terial
plastics uet caramies: phcadditieiy S&'Uﬁ ragintegrty R ee?&‘“?%t%mr?ﬂé“a eria

cangﬂae%ﬁrg Ooﬁééﬁ@rﬂé%?%l I' él'ecﬁ@ﬁa?ﬁeﬁ@%@ﬁné‘l bh rﬁéb%anlcal

ntioned or ceranics.
treat@ignt o0aNY smeMaﬂlbalthemoégrlntnpnelfmltlhg embediments, um@@hamcal

trecBEB SO GREIYE IOHLIRTaIa (BRRERTOSEHIT A fifragiment could
be M%rﬁ%@fo'?%ttirﬁé shffRjeaf o pbﬁoﬂﬁ'@ﬂéd’cm Fﬁl?‘r@u@ﬁbOdl nents,

ani cal treatnment coul i nvol ve rol t he
moal] irmdditider fusingsaflihe, meﬂeﬁet&\w@an the @anﬁmﬁterw unay be

d f t ffi t
per@q gg[tgle i g,%gwgoﬂfenﬁbzfgﬁheﬁhggdgh(ffpeﬁﬁlc%?l\%rm%fort Wechamcal
pro®&Edsii dg aitheviridipentibathyenpresriuncloneith bae peotierFbrizxample,
irradiative, electrical chem cal bi o- c?/e

|rradlﬁ@ywrocqsﬁlngg@ﬁgﬁpgmrlsgr%ggggq lff@dlaélpphy ané: ﬁ!{ radiation, X-ray,
and 189%%@% R, Oéhér%é‘a??Fd&é“stsinﬁr}nﬁngmgﬂ%eatF@Jtﬁ@rtheFc%’rbon

rrad ative processi nprise e-beam
nanotulss eith ableddt/one td:thnmacd:lhaBenm frprr)(acndy, bases, icanhedytsy

peroTIde e L AMTERORL BN U IR AR EIoB R A CEHY
nanptBAkitd one %r HhfiaN |§1erﬁi%épg¥ﬂo‘éé§smgﬁﬁa@%m9ﬁse

or atinme sufficient to facilitate fusion of
photecternicabibondibe forva timecsuéficient therbtaisi qhelnafsalyqroaﬁ bhklagl

RIETSS o Bl P S S AS hgdORE il nan

ovehGkQ2enh perafife HERAA '[H@ﬁ{eltlrfguﬁélHﬂoﬁtﬁ@ﬂfthéﬁ@onﬁ?@héﬁl@ ddiifig as

nanostructure I n an oven at t enper at ur e ow t he

supperttmatgrigbang/op bindes. Epn@xamﬁaamﬁrge@lewgp%ent fiber

GBS T LT 41 v 0 PR o e -

congorsnt fibetd) eafddrenanstlibe ednipuhebty) @ﬁdmrtd‘thelt d:mmponents within
blconponent fi bers, carbon nanot ube conponents, and
the gateriale Jﬁpﬁowmﬁgxs GBI PRTTRITIAR 18 MAGHUIMT Y 41 AP &lesp &l chosen
frorﬁ ggé faj-n vacuum or in an atnosphere chosen
rom ner gases or air.
[0103] Any or all of the above-described methods can be further generalized to

construct a multi-layered nanomesh material wherein each layer may be of the same
or different composition from other layers within the layered material. Further, each
layer may be specifically designed to provide some desired behavior to the resulting
multi-layer material. In addition, some of these layers may include layers not
composed of nano-material and whose presence provides mechanical, electrical,
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Lavention coul d include.th d renmoval
theFEife oV PLEE albehinaéing perRlffis Bie,vine thdustry from
thel pufishtion gmtfﬁstshﬁsl@ﬁbéél'h%?émon process descrl bed

her ei n, 107] Biological fluids that may be
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vrk, SSHB d YEL4FEE, BHL  AR ar i o
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prog |rrent W@Sg bi ol ggi cal fluids which nmay be cl eaned

i”ﬁ'eo? UB?ntbF%@Omlﬁ?éﬂHlﬁiﬁéythB émawrbe ctaaned comprise
bloBd '(JSr blBb8 R SHentH8ERNTs, URETIIK Biological reagents used in

pharmaceutical products are often quite labile and difficult to sterilize by conventional

techniques. Removal of small microorganisms (such as Mycoplasma and viruses)
cannot be accomplished by conventional filtration. The inventive carbon nanomesh
article may be used for viral removal without causing damage to the serum proteins

often present and needed in biological reagents. In one embodiment, the physical
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[ Qlkdlﬁ]oégﬁsl ﬁ%gy o‘?fth(%]ﬂ?reES?h@% ﬁ'%'ﬂﬁsam%g alspﬁysfegﬁn air, there

di spers ere“Is-a need for an’artic
is & headforpmy agicte tmldaﬁmngrgaees asingedmater@ahmare from the disclosed

di scl gsed cess.,, Accordi.n anot her aspect .of the
ProfeRS e ACCOITRGY: SO RE Fa o e pFesa b Fien BaR RjSdea method of

cledhind the'MBViRnfe éﬁy b@lﬁe%r@%b%@'li&étéd &dftdminants, Non-limiting
contam nants. Non-li'mting exanples of gases that nay

exgaptasefrgasea dhaignay dexleansdusiog dne betitlé deecibechbéngireinclude
on B8 18T B0 SRRT L B 0 ¥ ERPRAS S ks,
chingrys! or cigamitedl 'Wheheaisatttb Blearay, thaketidle ithay tdkerafliatform to
provide a greater surface area for air flow. Such flat shapes provide the additional
benefit of being able to be easily cut into appropriate shapes for various filter
designs, such as those used in gas masks, as well as HVAC systems. The following
gases that may be treated according to the present disclosure, such as scrubbed to
clean the gas or remove them from exhaust, include argon, acetylene, nitrogen,

nitrous oxide, helium, hydrogen, oxygen, ammonia, carbon monoxide, carbon
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phbﬁﬁéﬁéJﬁcﬁFj Ft‘ﬁ!u@t CFP%ESI re tonle RB&difdet 4 ﬁh%?/' Bé@éhéﬁhal to

My act ual pro uct In ano
sesratpiretain Bad @oﬂe@trthe a:nntamngnantmtaﬂner thae qust vesmowingl and

fi rreceuti c rody Therefore, |
de b IR i iyeaith sERepREss desred fiatutants, enabiing
ther ieblation df dsefl b@ﬁtan‘ilhﬁn@%tc}%'ﬂaﬁﬁféa%tlbﬁtﬂ?/ﬁfoddﬁé‘ rhé‘%be
renovi ng and destroying them The abil tc
aceplishiedaetuningsthesteta potentiahandor u@habg |nﬁigoteﬂectromc control of

f t t t
thel BHdthe A'aficle 5% dscHBRN T IRE R b [he: cota
pot Emtl Qiim\m]hdétIUnsﬂblr Ithdaﬂ@le”sad@scﬁl'b@dtﬁe@@hQn@lgﬂé 'h@)lméJ(e g.
t he,.nanonmesh ar cle, as described in nore detail
doRBR IR NALT Antha ASAPEATpereetional (EnuiraRTIRDIES Sicasion).iinddstrial

(e. esfche"ht'rBEIbH%%oHOF@»‘éc@nt%urfiegﬁéﬁ)bg V@'ﬁwﬂferﬁ ld({ea%ttllw%mnmune

Itration), recreation envir
Buildiag Srejeat, ntilitagy uses umﬂterreniealmibmrand medicahte.g. operating

icat.ion over rrent a e. the I mune Bui | di ng
roog‘,l% Le&n aanap?j § loga ‘?"és renedi ation), and
O[Eq QB1 Venim n&ﬂféa@s‘sé‘% [@%morﬁb@ﬁ‘@e@bf bé'He e"f}fﬁan comprise
mas 3]

ocati ons l'e not necessary,
carfap @ﬁﬁ@'ﬁl hessttached tﬁ €aeh mtltc@h octmpnotber omtéxdel. The attachment

an 8P RO hAnFE B el S ANE i gnoscale

nombmiiimgsdxansples og alich afe Var @l@ﬁ Ve&dl$ Rsrcas, éd%lent bongln ionic
nanoscal e, nonllmtln? exanpl es of whi ch are rg
bo JeO&tEE copgiiainise Q%Miﬁity magﬂG&Ideﬁdtragxagneuc or Casimir

fortﬁ%%dm&néﬁﬁ}%{h%' &S, el ectrostatic, magnetic,

el ectromagnetic, of Casimr forces or conbinations
t hdP&d4]. The breastint HiszlgsLes @ido rhlatek a6 W heModofRIrYiRS fluid by

hod, of, fluid b
con %%?‘Q"rﬁeqtﬁ%%)@w%ﬁ?fﬁHéfdvﬁhqﬁt%gr'mneﬁﬁﬁpﬁeﬁ%lg described herein. In
oned@ﬁﬁbdh%thﬂﬁ'éerhéthddrbf‘iﬁﬁlf g‘@ﬂ?gﬂgﬁ}hgn%%‘eo dg%ﬁ%ﬂ%{d with a

puri fyi fluid conprises
nanomesh, wherem the carbon nanotubes are present in the nanomesh in an

amount sufficient to reduce the concentration of at least one contaminant in the fluid
that comes into contact with the nanomesh or the interaction zone created by the
nanomesh. As used herein “reduce the concentrations of at least one contaminant,”
means a reduction of at least one contaminant to a level below that of the untreated
fluid, such as below the maximum contamination levels (MCL) as defined by
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nanonesh, wherein the carbon nanotubes are present in

t he nanomesh in an anount sufficient to reduce the
w@orcastiprat i on of at | east one contanm nant i n PEEUSI06/084225

that comes into contact with the nanonesh or the

I nteraction zone created. K t he nanomesh. As used

apREQREiate FeQMiRiery PeeNeien ok industnial rRdWrements goyerning the quality
steﬁﬁ%ﬁ@é‘bﬂ‘f‘l@t m&ﬂaf‘ﬁuﬂ a{fgeq%%fd eé’t%d%ﬂLﬁ%%vQﬁ‘ﬁ/e article.
cont am nant vel  bel ow of the untreate

f 1 uj@i 15 Lérbas Haziodwbdhgemarallyrhave two formmsatsingle WeMalral multi

wa I%%ingqu d o ﬂg?d b%zgcﬁ.%e Egb&tpﬁlls{qe latfgﬁéﬁq %u?ar s?ructures SO

tha"cttH@ ‘i’rﬁéﬂ@orﬂfedt@@ h@ﬁé@ér?é#n?é— F'thkﬂeé’éH %e?el\/ﬂgtl-Wa%H R@rbon

h the inventive article. 15] Carbon nanot ubes
nagewéxealdomm@eemtamm cooeeitiric shels ef these tabdansiru¢tuves. | Ehey can

Si nal e-wal | . carbgn _nanot,ubes f thes
hairh BrEot4Es ot R el Bnt SHRhRSRLRAR: fayd RFdhs up to
huRereisfmbtieRs - up w th each ot her Mul ti-wall ed carbon
nanot ubes conprise many concentric shells of these

t ub P 6] Pne espeetof the pyesait difplasude inalaled tatthe spg ohrarbon
RS 5 LY sF 0} D90 SERRM AR D8y Goroon ngs.
Thdss chrzumr sanctubes atedstallyt dinglesealtEdd, oaultiavalledrmrtodnatsinations

ve a, scrolled tubul a r .non-t ubul ar
tharaah 20T G Sy BaaI To OO aEe SHaB. I eiheRs

naﬁét‘ﬁb@% YakH)n %@BF&eV@Hls%ﬁ)su@ Hda[ R & %&Eholog%/ chosen from

onbi nati ons t her eof ke a varl
hOfﬁ:Sr shivals gimewti- s%mdwhmles, ammgsad@mdﬂtea,rimeﬂo@pldmemmotube

strp b, PR BRELY T EioRg, o PR Sa bR &Y. S of i Shove
dedefisbd érﬁfpestér@&ﬁoresﬁarﬁ@ﬂlaﬁ?@@ﬂ‘lhbé i$ M.8C D Ssalhdiy) @, ube
Y-junctions, and banboo nofphol ogy. Some of the above

Dr@%&ima%@n&%p‘é\@%ﬁeeﬁm@amNam@bw Qwithasig, Shustuss,

I d
Probeifes ARk Bppiatth  TORBEEARBeY By LS. $0 S00Rf Springer-vertag;
andﬁA_G!lmhic\a/BRootﬁSto Cfalmoﬂsr\ldal'mbs‘éqwllls %Gheﬁwyimﬂls &ﬁlla 28k, and

. Spri -Ver ] ag; and em_cal Route to
RIGGa BERANeE, SEPiaeé 8 GPLUIA 20081 236 POUhGE R ickvare herein
iRl e Science, 28 February 2003; 299, both
mc%&\g/l\ﬁf% are erel n i ncorporated by reference. [01 17]

I n KiHd7adpece, as:p@cbauarbmnnaumabemvﬂmemommilagwhdmbeen

difie th a carbon, di one or in

malfHeL PR o cathop ghlied aicsost inaalras. Gait b Hoe s cxample.
caﬁb@‘r‘ﬁj|ﬁ\%@§‘thdﬂﬁéwé%e‘nﬂh§eﬂté@|rﬁ@lﬂﬁ8 %@%bg&%%nd%r E@ahﬂg two

two adj acent pentagons and heptagons Tn the ch
adjacart periagers apddeptagonssh ticachain linknoan besuaeldat

Conﬁﬁ 1%? PRbS" %%oﬂjbe%athaf) cr;]ondl'pﬁgé %aﬁgrnnsatlafs carbon dimers can also
be used. Non-limiting examples of such carbon nanotubes include: “bumpy” tubes,
which have carbon dimers added symmetrically around the circumference of the
tube to create a stable bulge; “zipper” tubes, which have dimers added horizontally
along the axial direction in every other hexagon, creating alternating single octagons
and pairs of pentagons; and “multiple zipper” tubes, which have six axial “zippers”
(described above) spaced by hexagonal rows around a tube.
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be used. Non-limting exanples of such carbon

nanot ubes i ncl ude: "bunpy" tubes, which have carbon
waleowengtedded symretrically around the circunfE@EUsnmﬂmuzx

the tube to create a stable bul ge; "zipper" tubes,

0O 3o S5y B B A B g taon,
nan%tdlﬂa's%r@%%t@ﬁ@é b@f&%ﬂélhhé deffedts Buabdinat they éxhlhxtlet disater
Zi pper have six axj al

purltldamﬂ peédrmeewagm@ sipytadesal @nétanpﬁw:esa Ghystpllipe defects™
refqrr%l {te%m]t?ue tH@e @%ﬂﬁ%? R&flo Oﬁ cﬁﬁbgé %egxfﬂ%trggé Egétﬁce Jistortion

on nano es are di

in a{)[éé%{@hélcgﬁ)(ﬂ-efﬁ?ts such that they exhibit a greater
purification per

t d
nar[@ﬂzme}jhe 'phFass ‘%rxﬂ?qu}cgaea@azgq rgt? qp@tlépg)e(%r@%ﬁgg’omﬁans that the
nanI sthué?&HWﬁ%tréteQ eithef oﬁ}@ﬁfetn@fiﬁth‘é@%ﬂ&td@ﬂn@egr&%@f the

$ce ortron In I'east one carbon ring 0]
resmhamtphateﬂal 'lte>duirdsity, etsg:oeemwrdlﬁmlbuflolc,ata glactrical conductance its

reS@F%r{cgtn%Mﬂg&ena%?@te{}%t c%?@rﬁggc?re S0 g(?lﬂB@% {)6 o{ ‘hhat lead to
an SRSAR ANt B Bhidthinaht ferROVAS IFoY exbinpl Yresier :purlflcatlon

distribution, its electrical conductance, its
perfarsiancarnould be tuaitd impawedgsheore effisipnitadgemtion grabsorption

oSSR B 658 P PR EPHERRATRE o ar

theR@rHEH ABAGIILESUhE reredsitest existor aitaching ¢hemieal functlonal groups.
ef ficient adsorptl on or absor pt Ift?l ﬁrogeru es of tE
In aneembadianentainstrasing heupesberat UReiongligiowrs Bresenk i hie

“a%ogﬁétq‘ ?ﬁ Qﬁ“@@%@%@ﬁ@%@ﬁﬁe k nal r%ﬁ%lg eISn one

enbodi nent, increasing the nunber of functional groups

present int nonesh shoul d i nprove the performance
D. Trentmﬁetpéﬁﬁrgpﬂg? uiﬂeé Treat ment of Car bon

q@q Eq’f@n[h%gﬂel p ldd%edlfseéss%@ﬁh Qh'é optissAIOMordhts fieat may
opti ona ts

conpone that may be added to the carrier
be &tided fo tthaecarubr Huidnthediofowisyg diacussien é@ia’t&S tgidirest treatment of

treat ment thecrbonn
thegiafbon RatofiPesy WG aTepEP s e kG iRt g oprpon
naddteb&&i th%rcafrhe't* filiid! Ik i9 SoteatrAvév@nethat thd distlosbé method enables
di scl osed net hod enabl es the treatnent of the carrier

theftreptment af theccardenbuid aneoihgrasber npaolybES dp MEgerformed

L
undstBRiodiiaat theycdreoi nasbtubes! mag dedancteswalizée dsluelsonbed below, to

aid in their dispersiagn nth rrier fluid,,and that
aidnEnGIRdISParsion In oA PLI Heand 1 the Gamishibib Y furiBer

cor RS EFrpeRehE REl ol tho o o e o b

andjode?2] Thus, the carbon nanotubes may also undergo chemical and/or
physical treatments to alter their chemical and/or physical behavior prior to being
added to the carrier fluid. These treatments are typically done to enable the resulting
article to exhibit desired properties, such as a unique purification performance, in the
sense defined above. Non-limiting examples of some unique purification properties

are provided in the Examples of this disclosure.
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physical treatnents to alter their chem cal and/or
physi cal behavior prior to being added to the carrier
w0 bai7d491These treatnments are typically done torPemnukioe6/034225
the resulting article to exhibit desired properties,
such as a unique purification performance, in the
senfX 281N ooe ethladimensiheicarkomparxithps 83ylpe sbeamically or

oSl ie@itey o ARG o1 G Pherd S PRl SRlelst i
coifafisaite cadd defctd) s aRich enctiopal grdups tordeféstsiteslang/or
treated to achieve at |east one of the follow ng

nappiubetssifacgnpve cont ami nants, add defects, or attach

fungd,i u ' S b . .
T e R Bor BEjich B AEHE BeBRUPLUAR it an aci
solvertdmambXidivenfier 4 tiewt sufficiant o remavel uhwanibd eonstilueats, such as

oxi dizer for a tinme sufficient to, renoye . unwanted
amapphQYS CRIRPY. OXes O agmg og Qy}%q)]’ uGks ir%%ﬂﬁrbq from the carbon

nah&@Be FabMHoh Hoclys. Products resul ting fromthe carbon
nanot ube fabrication process. [0125] An exanple of the

sec fH@5] Yyeexdmplecofi tbalsecord typenef ¢herpisakixeaiment figto expose the

cafiPn DS thodt Pl se HhiBrayrtgafil ddBieis phbgeg forect
deh$iey 6@ EHESUMaRObUBe. carBd? Abndtabexanpl e of the third

type of the chenical treatnent to attach specific

f untd1i28h4\n gxayuple efiae thisd bype ofdbe cbemiealdrasbmnent tosattach

spdific HEcBAé BB ERTHave's fared A0 Tlpnal (B dBfitbdin Johnson,
P.RnEundahmndsfs iofFALid Filtationi 2°h Bditidn d8eBpT all akadtuslishing Inc.,
by 1 ef This will act to tune th .
thegdefiarst Whichie nsBoisted fiereo bio s alordrs Ml agidg tune the
ze@ﬁéc?_@ﬁﬂié%'or:tﬁe IRectfié pbine éﬁgWe HRE OB #PSStential is zero) of the

iciently to renove a cific set of desire .
caxbont ranotebesssfficiently paremeve arspecilicéet pddesifed pontaminants from

a an@‘ﬁ_ﬂgrrﬂ ea‘oodi ment, the carbon nanotubes conprise
P T HW¥%s, nolecules or clusters attached thereto or

| oc p1eq] iR enetteriemiBadimEnt the @bHSsH hisotBededhipriseatoms, ions,
the renmpval and/or nodification of contam nants from
malerules of dusiera 28pcher thaietewrr lnaated fbersin ésan pprunt effective to

o 1 PR E SR ARl BB Ry PR BB

and[028iddief cartiominahibtudesedddcribdd heesinawayralse, be treated to alter
enmbodi nent tv‘lgé car bon nanotubes are chem cal I%/
theit ropediss as wWall asdng sstaminanie that moay Baremeved ffigm agd/or

mcfo‘iﬁégi \ﬁﬁﬁgctﬁéltﬂﬁid.‘i F&r &?fﬁﬁ@; inbhd mbRtifent td E4ibon nanotubes
acl d, hydrogen peroxi de, potassium permanganate, an
arecimdrhicatly treatadhwitle ah. oxidinert, chesemfroohbbtavet lingited to a gas

treated with . . . . . . .
containing oxygen, nitric acid, sulfuric acid, hydrogen peroxide, potassium
permanganate, and combinations thereof. Nanotubes which have been treated with
an oxidizer can provide unique properties, either in terms of fluid flow, dispersion of
nanotubes in the deposition fluid, or from a functionalization perspective (e.g., having
the ability to be particularly functionalized).

[0129] Functionalization is generally performed by modifying the surface of

carbon nanotubes using chemical techniques, including wet chemistry or vapor, gas

or plasma chemistry, and microwave assisted chemical techniques, and utilizing
-23-



an oxi di zer can provi de unique properties, either in
terns of fluid flow, dispersion of nanotubes in the

walepoditidon fluid, or froma functionalizati onPCT/US2006/034225
perspective (e.g., having the ability to be

b AT L e [e120 e onehh 1" e
met\l\@fjg %]Ee ﬂ@@@%’ e L %QFHBrFﬁéndtGBQ r\Jvﬁl'éﬁfis defigéd @ls lb@eakmg at

or vapor, gas or plasma chem str¥
leagticHeoB&y er é:slsetetcalonﬂexmct ahemégmnowdmg a sudace for attachmg a

moé&s'al!e' et kareig; oing snthalostt WiBisalifed shfbghffanotubes

éﬁéméﬁﬁgr‘é@ § sddﬁa§@é%& yNgrdapspattacMeidcto the surface, such
efi ned as rea | east one G C or C- heterogatom

as theralitet sidewbls, mf élw eartg)rwamtwta%e Fughegtha drnAY

func,rzrt?é{faﬁim or rilgggéetb J@%g&%e%ﬁgﬁoﬁ%@é@c e%](‘:ur‘ctlonal groups

are@e@qﬁ@ﬁtlalﬁk@dde’tstoctaébwmutm tougrsive at espenific, desiied functionalized
surface, such as the outer sidewalls, of the carbon

nangdwes.ube. Further, the nanotube functl onal i zati on can

oc 3555 BBEFI'RQ 9%&10%5&%}? éél%gg ﬁ%ﬁ@céﬁi‘ eb@phida e herahiform

re sequenti a t he nanotube to
corﬁpmm@n ahd/@rsipasnty of:f,unmthsmal@toﬂpm tdushiag thetypeaiapgsies of

fon{ a6euI AERSBINT ST CoRp eI BT AARD Bege Ren e

fun %\’?éliz@ﬂ %arl%rPHQﬁot'uBéé eeh@ndisety Qﬁbﬁénﬁ@lgcurﬁﬁ)mf gradient of
unct1onal groups across the surface of the carbon

funn‘amrmhgoetsps &:rmss ahme 9l,lrftl¢\%0f tecqarbaanepelibes: Eehexample there
nano

uhes
e 3 R e BT EE Kyt ot o
nandt@b&aragany Bﬁﬂ'é%mtfaﬁctld:rml geybes (Ladnyelromy, ea«bst(yl amide,
ei ther down the | ength of one napotube or

amins, |p@@ra@w®and{gh@thggé:§1emm{>fug¢t QFRURSL)IY#@? cgﬁgpctlonahzatlon

types (i.e. hydroxyl, carboxyl, am de, am ne,
de'ﬁ%ﬁéﬁoam ne and/ or ot her chem cal functl onal groups)

andjod31] Fuethenrathezedrnponeesif thesan@esh] sualy andbers and/or
ot her con%onents of the as fi
a

nanReRATHleRaMay AITq be wcﬂﬁﬁﬁ'ﬁéﬁ\?ﬁﬁ&hﬁu}ﬂ%ﬁ'.%ﬂ% Hsgogatiops or
coé’thﬁ% %qngé]lgé‘ﬁ??\s e %fﬁb'cﬂﬁﬁg@&hé&@ﬁéﬂaﬂﬂﬁeﬁﬁal and/or cross-linking

ereof to change their zeta potenti al
abititiel and ¢hersby impicdvedghetiltratianegerforonariserafshe ingpemesht he

];]Ioln q*&kh ?{] H§ @Eﬁ{‘ﬂ%& gC%pO gfh Qﬁrfhaﬁgﬁgaﬁnﬂ gﬁ}u&tlonallzatlon is

oné %Hléﬂ‘t%ll%%' thé %t@goﬂeﬁltlar’@f ddrbbn abhowbetsite bZﬁt(mtrolled and improve
pot enti al car bon nanotubes to be control| ed

thelmblkﬁvéOtrh@Dr/e aluses.y The ceghriveanetuesare W@@Qr'ﬁ@r{mﬂw e of

oo AR oIRGB eatbueh i roces

incheEde MelfnesSof defects on the surface of the nanotube, increasing carboxyl
functional groups attached to the defect locations, and/or changes the zeta potential
of the nanotubes due to the negative charge of carboxy! functional groups in water.
[0133] Carboxyl functionalized nanotubes may then refluxed in a solution of
thiony! chloride in a nitrogen atmosphere. Without being held to any theory, it is
believed that this acts to convert the previouély attached carboxy! functional groups

to acy! chloride functional groups. Subsequently, these acyl chloride functionalized
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i ncrease the nunber of defects on the surface of the
nanot ube, increasing carboxyl functional groups
w@rdoaakmaa t o t he defect | ocations, and/or chanperUs1ve6/034225
zeta potential of the nanotubes due to the negative
charge of carboxyl functional groups in water, [0133]

naggiubgsyare refetaddnas Széwthraﬁb@tbwl@@eﬁﬁmmﬁ@ga'rem ARBepden
I
afloSheth MisHolibhed et (i3 r8aLEui 12 SniedBllos on the end of the
dldmﬁlheemﬂ‘gthefmbyl bhio&decftuscttamat groug, thereby moavemﬁlglth_e gcyl chloride
attached car un s. to acyl chloride
furfGHRBE| GRuP 9Poa pannastiy BRI an (RCIORGLUBRAN reRRGE of the
chlfoﬁ*ﬂétdtm&ﬁ sHaMRhY gﬁ?un@f)letﬁeet‘jlb%ﬁéj TRe ‘i‘érn%ﬂbh'&‘l Bf‘th%f nanotube

y enedi am ne agal a nitrogen at rmsp ere.
furimdibnalizsdionhwith amaa;nmeegmtsp wiitl imphe aapositve coange torihe nenotube in

weifiogfind Ramasien i Est frgefro deyoieRia) e Pldinonguid enable
a rﬁafr@hﬁbérpdé\né’e BOhSRRILEY Wathi b dtued bPOthdd tyBead BpBYifically target
| acenent of the chlorine atomw th one am ne grou

nega e charg@dreontaminants (Aushtasoanionst ¢astaiamalesdes, and virus
pa%ol?cﬁ):f@g@é 6?et @998\%4162@% lg F@Z r?cﬂg% stg‘ué gc?r\klzlgy%églﬁg to their
rerposaltfrom tios cblﬁ?ssnmagtlaétreaenzet a pgt gnt! aI The ;
oregoi ng woul d enabl e a nanopesh device constr cte ,
qu\%g{‘ @@Q@%femmfﬁwbecqrgg@. B@EPW%IQW qlge getused for high
su:‘?&g@éfééehﬁbl m&@@&mﬁfd ?g':’rfogpé %B]Snpnsed of organic

certal n nol ec Irus partIC es
and/n lmmgamarleseamw or toe[brwtdeosittﬂ:ttmrte drudt sesport fmahaug'at or

bicgieer S R aThoaciT. AEnobabedoch Srtiamaais Bacterial
Exh@ipldd ehnsnbtarestiaieduding %b\béé &ﬁéﬁé@éé{éﬂﬁ it thitRhatePEediments
functional groups conprised or gani ¢_and/ or

ang reekseeartbe wrtbedellawing rreﬁar@neca miichuaee bergin incorporated by

R Lo Sal e RO EARRGESoE gl 45 T .

FoxatpNe Safit, 8eenbacreriiai—insh l@ﬂ@@'@) I TrROEyadic and/or i morganlc
nanobacteria in carbonate sedi nents and rocks can

reqepinrg Wit selestively targieh e eanao\al @b spegifie @ﬁn’@r@nﬁ@tsémm a fluid

S5O BOERH 5550580 ks Epble By 13l

corsuiné|. metatiotize Svédrafize 2a12d/br bB)BHﬂnéréﬁze( 3pé&cific b'ﬂrtﬁglcally-actlve
d/or i norgﬁm C rece tors will selective

anl c a
Comfaﬁa%%nfﬁhéowma'ﬁ SIS RIE FRECTICOMICARPTIRASINS aemrgd to the
narﬁétﬂbgs%é’c%ﬁ‘ reEU@e'ﬂ?é lﬁél’tg‘b’f d‘i]'éb‘ﬂfbg' neered cells

support ed nanot consune, mnetaboli ze,
neuﬁ)ﬂ@ﬁﬂ 1o anaﬂwr@Spbcthrthmsnwamtm atlprecalfbom nanotubes, the carbon

al I active,conta nts.. For exa

a8 0B R ohbl STpaSre Bl iRiety o b RE b dpbgtion. The
radidtiin ®aR beeshtRntifem i net imited t@ bkﬂéisﬂjrb'fﬁom [¥ctmadhetic

anot her aspect of this invention, e carbon
radiatios: apder at lgasteng particle chosen from electrons, radionuclides, ions,
particles, clusters, molecules or any combination thereof. As previously described,
the radiation should impinge upon the carbon nanotube in an amount sufficient to 1)
break at least one carbon-carbon or carbon-heteroatom bond; 2) perform cross-
linking between nanotube-nanotube, nanotube to other nanomesh constituent, or

nanotube to substrate; 3) perform particle implantation, 4) improve the chemical
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nanot ube material, or any subassenbly thereof may be
treated with radi ation. The radi ati on nay be chosen

WO e@mipadd not linmted to exposure from el ect r OPEDNEL00€034225
radi ati on and/or at |east one particle chosen from
el ectrons, radionuclides, ions, particles, clusters

tregineniuofdBe sarbanNanstbesitar anyiGaemRipatiomtheseal Isgsiiafion can lead

to % gﬁ;ér.bnﬁéi 'dotsggg r@%@hgﬂ&uﬁgg ldtc’)g fe‘fxamﬁ’l@ BudRe %ﬁ%?gtﬁl penetration

on nanot u I'n an anoun fcrent to
of theasidiation) edidincauseshwn-onifarar Heflechstrectoss withinothe; na2jomesh
erform cross inkieﬁgﬁbet en nan?.t ube- nano

ube,. I
strHER u bEIS B PRASSAIAGTRUAS Cor AN ProB tianYe dbariagion of
furitiBRAY ﬁﬁs%ha@ﬁé&@tffﬁ%rbbﬁ'n%nbfﬂﬂe%ﬂt ation, 4)

I mprove the chem cal treatment of the carbon nanot ubes,
or HMB6sdits earbbomanbbrhestdescribadinereiormay alsodegifilles ar

mpgaaiapie S RETaelese! B 2018 68l B R RiheitiSs. The
terfRUFIRSd NG TirHpidgpiatedtelpcie ab&d fiteichangtably, Al refer to carbon
nanonesh structure. This may be used to praovide a

nanefubgsitoaf are ab dessd pertialy flﬂeé withasubstapre of intarrst dhal

<o B8H85 i 8 A R A e yprove o
nanomesh Ifiﬁmme;;brfﬁrhfan@ecmﬁi/qsmbeuﬂoeﬂy aé—tar@lleaiih iapp!sl'acation. A non-
e Bleda he iapTove esy of frarie dguangcreaned Panglube affinty
forlspebHcRImtAIARRHD eBol B&imBIES 3l arfidlis RG bk LfgeldytlofrlaHger an

wWth a substance of interest. e Ssubstance fille
elecirpnegatiteecbrtaminariesiecr 8% arseniocomplexes in waterthe carbon

[ ] h fil ' f. d/
nagBbRF A ) PRRagRd WAL BEIrBaeT BYE SWOREARTm ¢ i ng
exa[play] ila ddaridnea®eRRaHotObed, idcbRlihg fo Y Pré@Bnt disclosure,

i ncreased nanot ube affi ni t%_/ for specific contam nants.
I

maydye mesifindedy coating ar decarating with material an_@llqreoﬁﬁ/l@r many
ool SRR, SRR o BBl HED Yo IR 1 B G er

peMbirhamce eharatierigtics suoteas uhsdramiel siréagifl, bulk estdiuctiaty, or nano-
me,%gr bon nanot ubes, according.to the present disclosure,

Fnisal ahrreeiesiglios: \Clikei fHpCinnaliced cartomynanetybgs, coated or
. i ) 0
ceBBER SR lonts o CRRIC D 1658 bPERA orlych® ormany
papietdsowhieh cenlideaa fotatiohal grosipsisatotarecesséripicbemically bonded to the
strength ul.k conductivity, or _nanonechanical . .
nageiBaoREd nEYGH. GOV tace iR ot e BERCRERATient to improve the
filtra#BAPPRPMaR 88 bEthePhartiRst ed carbon nanotub’es are
covered with a layer of material and/or one or many
par [0138¢ Lathbo manoilbaseusedfinribe iavicke dgsoritped hereiromay also be

doff P LelivRliCler fansd mABE Eno ol ot SaRBTGbER G oM dluide As
uséd®heran, ey ’idgedl” thHidranamstube réfersRntR festhee BRIVRERY Btoms,
other than carbon, into the crystal structure of the rolled sheets of hexagonal carbon.
Doped carbon nanotubes means at least one carbon in the hexagonal ring is
replaced with a non-carbon atom.

[0139] In another embodiment, carbon nanotubes as described herein could

be decorated by a cluster or clusters of atoms or molecules. As used herein
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[0138] Carbon nanotubes used in the article described
herein may al so be doped with constituents to assi st
WO moﬂlhevlnsem)val of contam nants from fluids. ABCTUBESI06/034225
herein, a "doped" carbon nanotube refers to the
; esence of jons or atons, other than carbgn
d%%iegl f%fﬁrfutq %Péﬂwlym@t%wr@ené}?@ﬂéb%fAh@'&éatﬁsnmeans at least
€4l P boRdi
g 3088 or RRAEIES LRt 47) ol She RN iy E3phoffa
non{&‘eﬂﬂ}o?heaclume@ 6ag ekhibit @opetiies of guadiure mwots r:ezsull:tmg in photo-
not bes as, descri bed herein, coul d be decorated a
st oot GraBIc, SEPaVSel it Wik Hhrarbipd soeREif ok a Ramow

enligsish beﬁRC@I@é@% ifhARG q‘u@m@urﬁ@lbﬁé dhby bé%hﬂﬂls%ﬁrd?‘?ﬁetals
nanot ube. cluster” neans at |east two atons or

nonpleédalaas mm!aaawwlem@i citesecitacbedsiysietsanay be subsequently

PR Diter L Phel Firte RRpR BB Y CohiraPRRET A gBBflm dotis

partiehoof iettal svishinliathat the KEGsPbF MORS OF Brnalécttbrican be
narrow en ssion peak. Clusters, includi ng guant um
detgsted, ang changesrisrrepartiss imspRIssUsefBhway.dnongmembodiment, a

au GBI KO ot 0Ly EORRR P SSHSACEI A, A iRr, o
caItEdsa mY'OCmStainimabesaus@ oftitnsraail dize behavepdikeiapetential well that
ion or . .re vaI of an

n?a [ eS0.8 {5‘ t he adﬁ}jt
co I”lﬁst‘? GARAH R Qré%onsa A fpRg &L ?g’ NsReEres
N FPE | Uﬁ@‘#ﬂolé’t@}’es diclgserLmRdhaBRE ingr QH%rﬁdrl'ﬁ?f)&lHds

|s a sem conductor crystal wth a di amet r of
conigiing: akleast ane mefal atet ahcvﬁﬂmfcwnynstlmnumt sediubye cragnesafm,

allifin i Bolagdiuft, SREENT Seabdinf BRNEM, kEhadl. biSbiuras

mamgbevs@ArSHTRIoBER, nitkdl4ddppereziie! §5MUSS rasiditin! SStRInsiufB Yttrium,
. include, inorgani c conpounds containing at |east one

ZirGRRidm, HtQh*HthE!@éfbdﬁﬂ@m, rh‘P‘ﬂ'HﬂUW”@@'@lﬁUrﬁ”V%mBmﬁﬂ cesium,

ba@%ﬁﬁ\gﬁ{h lﬂﬂ’r om u rﬁ%%% ese W%g é'ﬁgw%rpﬂef'ama””m

eur@cp);upnrgadmlmm;mgwrblumndlysggjsﬂjmnhol?ugmnbmmnl llfl’ilﬂiuwmtterblum
i um i um . o enum rhodi.um  pal |l adi u
It R i R BT UGS U, @RIV EEn KR piatinum, gold,

bishfith @AY 21 %mMetEPWH&CFIPerHP% H erf“’[’)%r{ 2¥bon,

eur opi um ga olintum te ySpr osi
mtr@ganumygemulﬂuorme yailicenbpbospharus; sulfar, mlbnnelrbromlne antimony,

n S enium osmum iridium
IOdtﬂae %'%qujﬁ%n %nsgh%rﬁff?h and at | east one nonnetal atom
c hoﬁ)ﬂ l42] T mbbé@b%@;&ﬂ cllh)élé@‘mayfal@mcld&iet 6@9%% compounds
fluorine, silicon, phoSphorus,

xyge
corﬁﬂlnmg aleast o pEoteiantrickisting nawalrmolmmerwnmmaed ohamino acids

JOl%f@éptlcjeoﬁéﬁés %ﬁ%%qugétlél eﬁolwne% uasr%(raﬂa |charyaI|phaP ic alcohols,

é"organi c'c
and nucleic or non-nucleic acids, such as RNA and DNA.

[0143] Non-limiting examples of the organic compound may comprise at least
one chemical group chosen from carboxyls, amines, arenes, nitriles, amides,
alkanes, alkenes, alkynes, alcohols, ethers, esters, aldehydes, ketones, polyamides,
polyamphiphiles, diazonium salts, metal salts, pyrenyls, thiols, thioethers,
sulfhydryls, silanes, and combinations thereof.
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containing at | east one protein, including natural

pol yners conposed of am no acids joined by peptide
whemwdaqoiear bohydr at es, pol yners, aromatic or aPCPpOsione034225

al cohol s, and nucl eic or non-nucl eic acids, such as

RNA and DNA. [0143] Non-limting exanples of th

or qam%] Ibaﬁ@r@@@mmi}st@énpkynmcaper%@t meall "érﬁnﬁ biglogical

L e

car§§|ﬁ ﬂl’aﬁotu@e@e hyikes beéﬁﬂ%@&eraddha’asmcd'ematerlals can be attached to or
phil es, diazoniumsalts,

t al Its,
pla@@d wﬂglpnsthetwe@ré napaiubeserrs, e%ﬁjwﬁﬁafmr%%e@t% garbon
narﬁﬁﬁbgsogbéd}aggg ﬁe?&ﬁé&of [0144] The foregoing list of

neri'c cer nmetallic, and biological materials
enconpasses the sams materials that may fill,
E. Fiherstinclualeidzin, therNanameshe car bon nanot ubes. It has

b ' d t hat

e s RE e LB DT B BRI E ilon act 0
mal&intHE fd%i%r@ibnt(Bﬁe%@F@lﬁUh)f@ﬁm vt marmmm@@eumng processing,

def ect ed. bers I ncluded in the Nanonesh 014E<.Jsortheflnal

andv{ahwhwbhna!é@@lﬂl rechaniealiintegtily tglthe depesiticasubsha

oroff 1508 P TS el SISl e
proobssifg "BycHagsl byrehbatical @r hieat rgatnentspot tam teapaisi an imkegral part of
substrate or the final E‘rmtc‘{juct. fibers

thediniiad Gupe.( ASHSPERrE Bmiaory TIET UPEaaRAD AR Of fenoth L and
dlaH{eQQPE%u'&ﬂ thatC @r%r g?ﬂ' thAS D, g@erﬁfn Hédihd Glﬁméf@f‘éﬁme%‘srcle in

an renmain an 1 nt part e finished device
whlmhettje lvewss sectloheafttbe fibef |Sbﬂ$dﬂhm1ari§,oraexamﬂblectheoasr>ect ratio L/D

o e RSP il 2% S BB 510 10

an@ﬁﬁﬁﬁar%ﬁ%ﬁ'e@fr&ﬁ g fe1d9 pr|¢eﬂly'tﬁé§é flb@l@; hdver a elanBtee ranging
the aspect ratio L/D (or 'shapé factor) is chosen

fromaﬁgm’ﬁ@1mmr8ma§)fr@mﬂ®@fmtg 08 UwY, such as from5 to

1 VoD .

O HGP28) T 5 BB b1 e EBmo B i may
be aginérap Br bgENi¢ Abdbfrsynttedit4FInatinel brigie sTdearhayme dimrt or long,

used in the conposition dlsclosed her

|
indjuicheal or O&amz%rfp&exarnales. gaid @@,@%hp@%m ﬁa'ﬂ%r Ahey may have
Mg I

oG4 sty TR el e, PR ol ovagonal o
octﬁgemall)rasoémtlanydsmﬂbng andheintended specifipleplitedion. a

circul r pol ygonal ar e, onal or _oct agonal )

cr oﬁﬁﬁiaﬁedﬂoerégeaﬁa %@%Hana@q ‘§pf§ema@1 to’om,
su&?PQé froAt 2?'?1m ;@H:Fr] THir drbBs 58t ﬁhag BeWthin 4 BRelb™ diameter

or exanple, from1I0nmto 10m such from20 nmto 1

ranging, Toreéxaroples froget tinoko frdymbe within a circle of

d a{b‘%h%i The fibers can be those used in the manufacture of textiles as derived
from bio-mineralization or bio-polymerization, such as silk fiber, cotton fiber, wool
fiber, flax fiber, feather fibers, cellulose fiber extracted, for example, from wood,
legumes or algae.

[0149] Medical fibers may also be used in the present disclosure. For

instance, the resorbable synthetic fibers may include: those prepared from glycolic

acid and caprolactone; resorbable synthetic fibers of the type which is a copolymer
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rangi ng, for exanple, from1l nmto 1 nm [0148] The
fibers can be those used in the nanufacture of
wao eoovilkas9 as derived from bi o-mneralizati on oPCT/US2006/034225
bi o- pol ynmeri zati on, such as silk fiber, cotton fiber,
wool fiber, flax f| ber, feather fibers, cellul ose
of Iacmmac:ld)anda@ftgimollbcﬂrCld;)eawb;DCdyteﬁP@?fha}dbeSter &hersesNenresorbable

0 e y.aliso be used in the
flbegpggghtés t g’e%ﬁ%da[b qbr{@?%ﬁge%%tdhe resor babl e
Syn[dwbn T Hel flers miEybé BEbsstefrotmhose prepared from
ycolic acid and caprol act one; resorbab%e S nthetlc

f | b@ﬂ@%ﬂalmewtwwl&meir@ raaigsighe ingle of figti-
corﬁpgn&fnt % n8ld §ucg1‘:%? nylﬁﬂ ?@/hé’ trﬁﬁfﬂ%‘&?ﬁi@' bﬁ?fﬁs@feone rubbers,

ers nresor such as 'stai hlesSs st
syﬁthé%dﬂab@w mﬁyprspyllen{apgi&%thijlwa‘ pbbusethane bpolysiyssre,

POl BERH TS0 ATAITG] (S oKeVIaT PO RSERAD, RUVGIRIBre i polybutylens
ter@%/ﬂj\tﬂﬁlat@ %E‘éraﬂfﬁﬂé}f@fe‘{ébrﬁala%ﬁi@é)/polﬁ blp?@'h‘?lerriébcbﬁé;ﬂ\talamlde)

ber's,” pol ypropyl ene | éne,

ang pbiyestarteste, ketongsiglyasters @ p@éu(btbw n@ erephifiplate), such as

Daémrﬁ,&qﬁy’tgﬁgﬁg%pgﬁﬁ/ q{'néﬁngt erl')eﬁgn b ﬁ&k&fﬁ?@&ﬁd@e 'polyvinyl acetate,

Vit GerBERIsthEE poR@hathy Pmiemtyyiates(i lee PRadglabsty ded popmdrylonitrile
( é}réﬁhter ester Ketone, pol yesters [e.g. poly(ethylene
L&

tRNbeebingtiens Hieregt on(r)] ,
pol 2/6\” n;%L#@}%gﬁ&%@pg an ik n‘?ate;rglférﬁﬁ%)f}om boron carbide, boron

pol acet
mtrﬂde;mpmﬂl,agame’erlanthahunm‘tdwidenealbmm yllatide,(siliean carbide, carbon

TR e AR R L iR
nitffe, & ?mﬁ% r}’cf?&x@@‘)ﬁﬁfﬂufnﬁ ‘B%ﬁértﬁﬁrl?ﬁt 6’)«88 cé}@féi‘i‘?e mullite,

ni tr e, Spli gar net | ant hanum orid e, cal ci Um
ferfitey sapplle:re steatientitaniuon derbldmrtbarmuahdltnldg tis@nign grisks, zirconium

id t
carbydgago i pridmarcop S nide and o Rateh§EerRat i um
bor j(r®3] (B4t 1883 et HaRshdl Shosth fidng alurihUhd, ®oron,
sapphire, steatite, titaniumcarbide, titanium

coppear; Fefealt, woldrilatinusas palledium, sitigan mieslr Waabim Zhodism.rgium,

incfih i, BRGE STty B BB HRth., PRarsAiRr ngpganese.
mofbdEntivmniéie asllver, e niung,otigiuim, their dxidelsahidrides, hydroxides and

pal | adium silicon, steel, titanium rhodium iridium
allgysdhergofi r on, gal Iium germanium tin, tungst en

7 PR EPENEALAR PRASREAA AP ThESf chosen rm
cottordreeluldes, wodl, silk,grel felathersf and Gamb]ne(tnb)"lsaheﬂee&ﬂnd)ne

bl Ot001%.5(f ?(la) rmlteggtl c?rlle 8érb%?1rnlavnat’u|13/§ cﬁé‘seéneﬁém°§}88|%”wélf %r,ndouble
walled or multi-walled carbon nanotubes that have either a nested or non-nested
morphology of nano-horns, nano-spirals, nano-springs, dendrites, trees, spider
nanotube structures, nanotube Y-junctions, and bamboo morphology or multi-
stranded helices;

[0156] (f) at least one metallic oxide or metallic hydroxide nanowire. For

example, a metal oxide nanowire can be prepared by heating metal wires with

oxygen in a reaction vessel to a temperature ranging from 230-1000°C for a period
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cotton, cellulose, wol, silk, and feathers, and
conbi nations thereof; and [0155] (e) at |east one
w@ 200b0410mnot ube chosen from single wal |l ed, doR@I/ES2006/034225
wal l ed or nmulti-walled carbon nanotubes that have
ei ther a nested or non-nested norphol ogy of nano- hons,
rangangofreipi 3Chhmutaam)2§mur&g'§)e danewireewill groseby ugmgomacroscale

wi nanm[rtjﬂbe Str k‘aﬁ YPE?&%@@E&% &Y?écéﬁ‘%{’fg{{@g] ?Eg)rgﬂil‘ﬁr?é’metamc

oxii€ aehoRites Bahald inca @iéé‘iﬁn@hgﬁﬁirﬁ'ﬂ-mn hyAo®stars in dlameter such
nanow re. For_exanp a nmetal oxi de nanowire can

as @f%baawngyerwmilaﬁget%mludwg &s5 RRPAMSESI§AR digmgter. *fhn one

t
RGOS AERREkr e P SRR iackh oot HHZROHN o
provifeosirawshered sugface toytuns tmgnalnierbrﬁ@alnenmkub&wdfmmmmthm the
net al previ ousila%/h nent i oned,_as

nanpQreesh ?ﬁd"‘ﬂb@% anGe g itiRalion Beﬁeanafb%e Pﬂph& afiglg. These
meié}g%dd@of el i 3199(|<§@H9H8\R/ﬁé§ chf a%@ﬁ@b@famédlﬁ’@n%ommermal

nanomster In dianmeter, including 2-5 nanoneters
supplieds.anet er. I n one advant ageous aspect of this
process, the surface of the base wire is abraded to
rqvide [ Qul ned surface texture to enable better
F. S‘ﬂ?ﬁt&%ﬁ 633&@2“% B\ﬁvf(ﬁ%n t he nanonesh as wel |l as
enhsg] t heneehbddiabhbinchelcbar swpmet slbstiate dot deqiasmng the
These netal oxide or netal hydroxi de nanow res

cargpaanetuhnsiHeg afdlﬁﬂﬁe@aﬁh@ﬁeé%'le RGEEP$-a¥kerein the Substrate is
porotRr (Eﬁetsrﬁ%aU%e@ thB dd ég ﬁg?é %3 8@%3)&% &SFBBH'H%Biubes The

inclu a suppor substr ositing the carbon
poms(mnplpest snmstrgtaamdwfb‘eemeerrty farmmua'iablﬂf@r thevskeape of the resulting

erein the, su ate i errrealetot
T R e RUlEr ) ShRE! Ritlor N B3 cybETse a material

chdst ﬂ?@h%é‘-‘raﬁﬁ’é’ Rators Lﬂﬁéﬁa‘ Qh@taFBN’oﬁe ok Plafix dr @ofMbinations thereof.
suita e shape of the resulting article, such

In ram;e anthiogirkent, theslstraigIcompsisps aswewen of npaWQVeariibragy material.

1'5%iet 2y qer{ {@gn%ﬁg 3 pgtfg%g%rpag% gri)gn@'rw c?‘r ég%%t the substrate

malyft% 8itter 4 ﬂa%l@ﬁ@%d&@? in hipfeftoB SoMAt The Pleuited ¢§rn@ being
woven or non-woven fibrous material. [01 58] Furthe

chegrshtarinereasedhe stdace reeA ph@efraﬁnﬁmsfsﬁémsed econtaminated fluid,
at or planar sheet or in a
Wh%Heat ggbﬁpdff@’c:ﬁ]ﬂaﬁ{nl%e{gg f@' (gor m bei ng chosen to
| NClo®9R tIhaamrhaodmaerﬁatr@‘suuwant@me@lhofanatemmohcwhuch the
contam nated fluid, when useg@] ur| fy conﬁ%drh]nat ed )
napemegk is derasited; In dhis RepeRks, i roll MY besree rpygh, a series of
de;?@é{%rﬁ)gnﬂ%ttﬁéﬁ Sﬁbcé’% H@gﬁ?lohg% BRAGESH fl@&%oé’rsét Al érﬁﬂcontmuous

IS process may be scrol e
maseer,eas déscribed above.

[0160] In another embodiment, wherein the nanomesh is created by a rolled
process, it may be used to wrap around a hollow, porous cylinder, block or other
supporting structure to form the filter media.

[0161] In another embodiment, the porous tubular substrate comprises a
carbon material, such as activated carbon (bulk or fiber), the outer surface of which

is coated with the carbon nanotubes described herein.
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deposition and ot her processing stations in either a

conti nuous or sem -continuous manner, as descri bed
W@bwva491)9D160] | n anot her enbodi ment, wherei n PEEUS2006/034225

nanonmesh is created by a rolled process it my be

used to wap around a hollow, porous l'i nder, bl ock

or {1t slﬁp@mtheh@nbpdmerméopﬂeﬂmm@ mhetal ioxideyhydroxide

nafliPa, 808 b deoal ABouE A T by ubl B btratg farthe

depositivalss of carbonmdratlibeusihy edifferdnitial pressu resdléﬁb@stmrobrocess
which Is coated with the carbon nanotubes descri

Thedesylfing aang2yirg/garbes: anotebs panawseh mayer n@m%%eotfeated
thégﬁf)aﬁ)g Hx’ébﬂsﬁ@&fgy fo"cﬂ@gﬁ@ﬂ@vfgréiﬂﬁggggﬁg@@ggﬁﬁﬁéédrﬂ?Qnd/or improve

may al sg’'be us
thejplpmfmatlomr(arﬁormrancaldﬁme adicte. ubes cbemlrgal fredirh€rtsemay iclude the

iti Th | t
fuRRE e B CRBrE aEins fesEReBPtesp with chgmica
grddp%ah%‘[anh B&FERhiLY,, plaSHdsaBF P@ly'rﬁ/erso'Fuﬁ'h@F'tﬁéﬁé dhdrfical treatments

enhance structural |nte ri K [or | rove the
mapqu fipa@tspdhaﬁof@ei/éhwaa@ms taﬁ@claphemloallym@mﬁmllu &gacts or

e A e e R

thgnoups, netals, ceramcs, plastics, or polyners.
Furipher these chemical treatnents may be done so

thel0TGR nieineE AmBPdine RS INEReaNP $UBPOR ByBS bale Lgﬁed during the
dlffe‘?gﬁt#a? p?ését.ﬁ%%%ﬁ%lﬁoﬂ" ?&é“s%%??‘b%aéiﬂ%rtsgcﬂﬁtﬁélrcﬁ 13(%1] only

rmve or’ separate them
tempomrlhedumg)delpmmmmrsto folne thermaumenseghpiora metied angdlegous to paper
us d durlng the differential pressure deposition
m 4%y be either sacrificial or used only
terrporarl 'y during deposition to formthe nanomesh in

G. Othiet MuhifdsthfieAs ofitRe PwAEe MaNUf act uring. G O her
Mani f estati ons of the Device [01 64] Another

enb ii6de nt Apethen embodiroeet efdhprartiels cemprisgsanwiinlenmariomesh

Ty N R A

potaniial onethes Meansdovemore Tesadificdidiriiution wf icontamhinants or to
contani nants or to inprove other performnce

implioXe At parformanse ghasagieristigsor “T'ﬁ@rﬁ!fﬂﬁag &e ptyaser other means”
T 03] R TR S REOL 8y oo

its pheosityntrendardamiremtt iaffirtity [Bey. g[;uncﬁmatlzamﬂd ofzrwnomesﬁ components,
ent s

N R T M BT TN FO—
uséd)ent s used).

[0165] In another embodiment, the nanomesh contains a binding agent (such
as polyvinyl alcohol) that acts to improve the filtration performance of the article.
Such a binding agent may be introduced into the suspension containing the carbon
nanotubes and other nanomesh components prior to the formation of the nanomesh
structure.

[0166] In another embodiment, the nanomesh can be formed through a
process of self assembly. “Self assembly” means that the nanomesh components

arrange themselves into the final nanomesh structure. This is accomplished by
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[0165] In another enbodi ment, the nanomesh contains a

bi ndi ng agent (such as pol yvinyl alcohol) that acts to
WO provaod he filtration performance of the artPCT/ES2006/034225

Such a binding agent may be introduced into the

suspensi on containing the carbon nanotubes and. ot

conienling=thie Jestponmegsefic. chenigakagl %Qfﬁﬁtficd‘rpr&itfain%%%efgugh the
ondERETEERITHA FEU5S B Sl BRAIRE PBE bt

propefssdithe dRgldrsias seeht,\or amyaoenkination thereaf drarsixample,
nponents _arr n%e t hensel ves, jnto the final nanqmesh .
g h q;.[ﬁs controls their

co

adjgstnginer irfane harge BN A HANGMSH $aARO SIS

ele kﬁg B%ﬁaﬂgf‘?g\ﬂﬁéﬁ fr tufﬁ?@le‘?ﬁ‘{iné!s”ﬁ’oﬂ@l‘i’é?éfréﬁg@ 6 thekftisture of
rough the 'choice o unctional groups, surface

thechssegeled sanomeshofibis seffeassenidy maydee iy ay ey thatleags to an

enigtiaep) rociiel Ger ekt e, S GLb B LhPTARR s ranoval
propRRidAPORBSHY, EREBME PédistaAns, rebBtdritel to fRliebw] siéngth
behavi or, which in turn determ nes how they arrange

characteristies ot combinasions thereohssenbl ed nanonmesh. This

sel i
e 1E2E P e b e ReeR A, e b, AT HAS Bbug the
impaEticVeBart Btereaidisid. Phisrgpliedsieldwordss inyconebetatith thel properties
resi stance, resistance to fl uidd{/Io A téen %h
of amuerel ef the nanoraesh eamPARENIS AN Wetﬁ/@cfﬁ{' [fb\g' iph the components
. " A at
ar fi<peq 0 BLIRAE T Sonfiy (3o FESIRRy nfNIRGHRCFor example, a
suspEpisiedcdntainihgwsoie drrallafribe compionentshef the samomesh Ry be

1 ,of th t / he f] uj
sulthed e plesibreaaiRarrauare! SHERG GG PG04S Ranpirsh to
acliev€ BRiasiredt@dniishdri Bibhmeat BRderaaavirio entrifigbahe dluid

suspensi on contai ning some or all of the conponents of

purtificatioarmeriesmangg. be subj ected to el ectronmagnetic
stinmulation during the formation of the nanonmesh to

H. n@%{}tﬂgn% gfﬁé{iﬁﬁ conmponent al i gnment and/ or vvefavi ng

nhance uid purification performance.
MechaFwasStetilidationn i . Fluid Sterilization [0168]

el R0k W RGowtusRisdriodesunstiy Al dneory ok belieiardhe
raR 3RS OB RORAA [ SR Sfr 850 oyt it uses
cheraral ané phiysicablescemid firshattrapbtheogemsodifoor sémarateuinitrobes and
ot BERos A TR et bt 1 et LA o Bnbfuring tre
stefiRFdtRI o fillidt AficroBReIMmShs ceiesSingd contact with the nanomesh, causing
focused forces to be applied to the microorganisms. These forces first attract, then
either cause adherence and/or modification of cells. It is possible that this
modification involves disrupting the cell membranes or causing internal cellular
damage, thus disabling and/or destroying the microorganisms or their ability to
reproduce. In this way, fluids can be effectively sterilized with respect to
microorganisms. Common microorganisms are in the size range of 1-5 microns long
and as such are at least 100 times larger than a nanostructure such as carbon

nanotubes. Known examples of these organisms include E. coli, Vibrio cholera,
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focused forces to be applied to the m croorgani sns.
These forces first attract, then either cause
wa@elvenence and/ or nodification of cells. It isSPEDES100é/€34225
that this nodification involves disrupting the ceI I
menbr anes or_causing internal cellular damage,

Saltnerilai tighia Stigalladiysentsyiasy Cryeiosp TGRS Cz‘jardla lamblia,

el e SrBEEY e BB Bt oy
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Examies(ep freieseicalraqits indidde, Dyt a5 Be TG (o 6088, herdunetals,
oS hi gﬂf:ld%ge r%a‘ﬁﬁcgé‘rﬁd ﬂ%ﬂémelté‘ﬂﬁs EandRlidrobidl Rixirs (such as

rmne IFa typhi i gell ysenterl ae,
thaﬂcapmogﬂmtmlmnm)n parvum G ardia | anblia, Entanopeba

o) 5 P R 08 ARG Bl o s Bpapi sl can

be%ﬁ) A 'EHJai arE'HrGér%\@frer&@fﬁtL@é%BﬂﬁMt@iééeﬂh&n thyserbhesd 6h micro- or

m cal agents include, but are not limted to, ions

mamoppmete@hsologm i By apsloghde e waydhatdogused lightpives the

lntl%lgﬁ I‘ég%ﬁﬁ%)% _oafﬁgi%gg@(l%gﬂééaintéﬁﬁwaéﬂg)%gal%sat{rgéﬁon and/or

degﬂruétwnﬁﬁcrﬁi%roliév CEsuMédtaanicn endapectrisaldbrcesahabare on larger
applied that are orders of nagnitude ggre J ntenﬂk%tha

scalps sthentoesmall i be @ﬁesvverabv%&w@y BRHYE oYt e nagpscale can
be Y3k 49 %l |\‘}§|Z aﬁ@y &é#\t y RETHE of 4840 ﬂnY&éogé‘?lisms.

intensity or ces
i nt 1100 )Mda«:harasms dalieved ta Iaet;apablaruf/aminsodﬂsg then destroying
.of m crobes.  Thus, nechani cal cal. forc

lectr
migRgOBiaS 11 his HERoTBAVS 8 RERIeBRNasM Ot ip Ggposrt with one

ansfhfe?CNo\ﬁquﬁnmwxﬁnm% v siicH m&haﬁ.smmnblmaenanoscal e
can be used to effectively and efficiently renove or

ded0181] ni tMsashgaitas penefratioroand/ec Barasionsobibiei callawalt through

be capabl b| ng then destroying m croorgani sns
inthis nz%%usre?gr%?% ¢can act independently or in

cornger2] W ¢ yisraBomaloladss cdNeing eithdr edderapdamegeadd the cell wall
such nechani sns i nclude: [0171 Mechani cal

penet r at | @nddfansporbaianielmard/of ikeral celiian dampee dhthe DNA,
focused f‘ﬁl&ﬁs?rog&ﬁzzérgta}{bﬁ’%sata’nﬁncﬁé l yes causi ng

ei t her externa e cel and transport
chqotzd]s aﬂB,Ubble m\&ltaltlahs freir shmkvdmmga theliglid sbbdidnd the

RNA, proteins, organelles, d the ]ike; 173_
Bubbl ¢ cafea) S9N bicst Ramwgs the SBhsPki
ar qgagst h F‘I’é&l@?ﬁ]é@dlfiku BRRtrABIAE HRIEIRar Ber Bldlis forces which
structure; [01 74] ~El eCtromagnetic, electrostatic
and/ or Vam:ad&rre\mmil hold dm@eglcammﬁamlnants

[0175] - Disruption of hydrogen bonding in the vicinity of nanostructures via
zeta action causing damage to cell walls and/or DNA;

[0176] - Acidification of the environment around the nanostructure, due to
specific nanotube functionalizations that attract naturally occurring H*
ions in water, which damages cell walls and/or DNA.

[0177] Since the osmotic pressure within a typical microbial cell is higher
than that of the surrounding fluid, assuming non-physiological conditions, even slight
damage to the cell wall can cause total rupture as the contents of the cell flow from
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capture and hol d bi ol ogi cal contam nants; [0175]

Di sruption of hydrogen bonding in the vicinity of
WOavo84910Ct ures via zeta action causi ng danageP€DUSEING/034225

wal | s and/ or DNA; [0176] Acidification of the

envi r onnent ar und t he nanostructure to specific
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remngegringgit muapabladca.using infedtiogher than that of the
surroundi ng fluid, assum ng non-physiol ogi ca
condi tions, even slight damage to the cell wall can
cause total rupture as the contents of the cell flow

f rothd-@ldmmeﬁawpunﬁuatlbnr sufficient darrage
a viral or mcrobial cell can destro
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puhﬂ{:&ﬁ}n |§°&?§(§B§%§ ohel‘: hBﬁﬁesh UI g%ﬁp@ ‘&Es§aé’|§lel‘&trostatlc or

ect TOHIC I Ca

elddbntdgristicdiedd rsgmtpb%klajpmn@es aahodieshltosontrol meqidmlcatlon of a
f fl url{lcatlonls al so based on

R, TS HRe the BeBalibhof ibairallc sibainin figdeass tho gmposition of an
eI@dtﬁ&Pg@ﬁtﬁﬁf‘g&’ogs ?H‘@ hgnbﬁebﬁgﬁﬁgwg:@%@éﬂﬁ ?@ﬂ??ﬂ&% nanoscale.

cont e purification o
Fubidles\thisrprotesd ean be usedtin a:ewpart@cle@umseéhe fiksr, articke.

' hEd f t t ent th . .
nanonRt oo dadRE siteRAbiesE safine Sinyele with dynamic
é’?eléttfdlﬂégnétw flel@s OERSS Viivdh H® éﬂg‘édjd‘sté&\&ﬁlﬂ%&cﬁ@ nanomesh-wide
cleanse the filter article. [p dition, the

vibretiprs.nEirsieedbratigns seukt hang b@f@dnmrwgapwmrﬁamagmg effects or

46 SORIRHIC LSS, XABLREPIRR IR i, in

awnbdtudsm\;stlmmhjvantagmo:sgalmmm therrigh sgrengfre biigh stiffness (large

| ndug:e an t)rasonl c self-cleaning effect. The utility
MOHVE% igh gopdesivity; and fhe p@aﬁr@e@tﬂemmp@ﬂx akine
cage is taken of the high strength, high

stiftness (large Young' s nodul us), high conductivity,

and t[03Q]i Additiohaliy, rfd)rcscpme;a@ptlgatmfnst tree inepastitidrest a more

demsief ot amtio 490 oA Bl iiinohian neripemenes that goes
b‘e%nﬁ'e‘k%tﬁb%é’mﬁblbg%bcqidr%&aﬁﬂé 9 W@Eﬁ?é Bfifwcgeﬁﬁductm

béyond exi Ssting technol ogi es. For exanpl e e ca
ngnomashdayiensc impesingaoreletiric syoest gem@”@@mg nezagnetic field between

e e LS BB b S B s rom

flakd stedwnhged partlcl es froma fluid stream

3. Liquid Desalination
[0181] According to the present disclosure, a process of liquid desalination
is also based on the described nanomesh article. One mechanism believed to be
capable of desalinating liquid with the described nanomesh, is the imposition of a
voltage differential between two or more nanomesh membranes. In this case, one
nanomesh membrane carries a positive charge and the other membrane a
negative charge. The applied potential causes cations to migrate toward the

negatively charged membrane and anions to migrate toward the positively charged
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3. Liquid Desalination [0181] According to the present
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application a voltage differential across the nanonesh
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I onlC Ssepa
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atic or active no In'static for exa
nm“@m@stbammturew%rcm ihatithe foar tqgsomthels;grwlharegenplleﬂ to four

It bet we:
FabRbethabroett BpRio BSRatErL's wlealdiim o[ gpomesh
lay&s enghigndy, Whe lcHalfe aPBLER Raherican |5y8rtand édr%%s the device
nanonesh structures such that the four | egs of

igfexRa seguendiplly inimedrar wosiivg de neukml ieanegative tpawe@rcrgl Done
kB, it ARPERES SSEon AN BRI BfEbror i
the rdm'&et\hmcii eancausedhs salt serehigrbieyini aﬂdirembnf different than the

S e eutral to negative to neutral. Don
g abine wetdy Biuo e Aeticd. anésanceairatad salt walarvould
BN htfaté 'a{tttHflter?rﬁH% bt e m&gl'ébpta%ﬁopﬁﬂéi %?uWB&EhQ%Ied out of a

cause t e salt 1ons to mgrate I'n a direc
latinfef porénn th@davmbewhile\th@frestmwatmtwouldrpassghrdum the dewce

ot 1 ig1ed (h RLHEE. duk Elne e B lat i of %%33%%3 fiplggule, ions in
éh@fﬁi@oﬂﬂloﬂbﬁa@ thélr%8'ﬂ§€§)%lbld@6 ByY& cRRY h}(ﬁeéurl@s that

fresh wat er woul hrough the device.
%ﬂf@@ﬂﬁdbemu@lqmlst cplbedrasztba Delyer @tmspthleee wBteeause this cloud

S: i on hav their char
IRteiphiesy i Gl Blcia A Hid B05HRiRekafole, (TR ES increase
th@ﬁins sffdativeirnasieand idree ratius. ehdPefdye, ahigherRbBency (relative to

ause this cloud of water nolecules is carr| ed along

MeaURBCY airgd toHaduemipn separatiany AG signet ear detimposed across
th@ﬂﬁerﬁfnﬁa%g @rs'm? ?B?al'ir%'ﬁ%)ﬁ dAflSThe BEFSTIsR" S thR higher
frequency 3|gnal is to disrupt the DeBye atmosphere shielding the ions in solution.
As a result of shedding this water molecule shell, the ions appear smaller and less
massive and can move with less resistance through the fluid. This aspect of the
invention improves the efficiency of the desalination device.

[0184] Additionally, the desalination device described herein could be
designed to take advantage of the biological removal characteristics of the

nanomesh structure, as discussed above, to purify the resulting fresh water.
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the frequency required to induce ion separation) AC
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frequency signal is to disrupt the DeBye atnosphere
shleldln the io solution. As a result of
sheddlfﬁ"gf F’Q"v%tn%o Bcul e shell, the ions appear

smal an
T Mok R o I, R, e
susa:ammlleb tmbiorpmdoesation, difef ioctherattacbmerti@andegrantmat cantaminating

i ce, 84 diti naII the desal,nation devi e
migbes gah Drceee Wit plafe adnbiedeRa! oTevah e e
att8EhimBat Bf aligicgeht §RIWHIS uﬁhéél?@lﬁlérélérhbﬁﬁs efich B8 molds, bacteria.

nanonesh structure, as di scussed above, to purify t he

Nanelinitingraxamples ofa@ nanomatariel inshidsrelements predmpeunds having

onfb4E80H Ep8ch e PE 230858 rRlint ORsP pRe Al M o
hyatdxédd) ez iticleseh)ghatafe attacheadttatheatifage or fozleds withinthe carbon
be coated with a |layer of nanomaterial to prevent

na@ptub@rortaﬁaaca@fié@mwmth%rrn@lmg%lhéﬂmp@n@m h of
undesi rabl e el enents, such as npolds, bacteria.

. g*?gé!sidf"éémnﬁﬁaﬂﬁl R%nﬁéva%l&'b RReRtioRl S | ncl ude

nments or conpounds having anti bacterial properties
(suf® 8 i Ndhdigmitieg enanmlew@rqorﬁammalmrtlmtmé be removed from

fufl 8T 5% 6 CloR8h GRng G indlnae i 2k b iR farbb JER Gt Biologica
agahtsagaﬂﬂ)geﬂmarm&r@éﬂ@%humEymeﬁfasc\ﬂm@@qagl tnaugm%mdqiepautus),
Cont ami nant s Renovabl e by the I nvention %}@gﬁ usal and

basigial (erg- antieyaxxyiRpUs schslergdneeaystiasPeres

weraﬁgﬁ}%ﬁ)frbégft@sf *LH'IIQ o({‘b?ird}ﬁlst Bfid %t?—;g{n‘?aﬁ%%r%ﬁésﬁl tﬁological molecules

are I m fe
(e.bi DNAGIRNA), agendther pathiogersi[suoh a3 pdogaand lmanbbactbnaiboth

Vi rus mal | pox and hepatitis), bacteria (e.g.
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e SO o p AT betiRs P R b1 RaCy SPine.gluhicprave recentl
beéh @@%ﬂﬂ@tbd-td 2008e Bisifineeallz646D in Bothi@Ashs ahdEhfhals. It has

"Nanobacteria” are nanoscal e bacteria, sone of which
furfher decadastylgted that nanobacteria may play a role in the formatlon of kidney
stones, some forms of heart disease and Alzheimer’s Disease. Further,
nanobacteria are also suspected of causing unwanted biomineralization and/or
chemical reactions in some industrial processes.
[0189] Other non-limiting examples of contaminants that can be removed

from fluid using the disclosed article include, but are not limited to noxious,
hazardous or carcinogenic chemicals comprised of natural and synthetic organic

molecules (such as toxins, endotoxins, proteins, enzymes, pesticides, and
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|ndustry and t{aqkﬂ(or% Lﬂy uses. 019@J Mor e b
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bari um anum tantalum beryllium copper,
f1 uor0192] Aoother pspeciafshe preserit diisaipsurafreliates to a method of

b ARtk bR e s et oF FAPPypg Contaminants
frorafulémsubh la%@haﬁﬁméﬁﬁi Aatansl conmh se%thﬁﬁﬁoﬁahi%S%farboh
General i zed Construction of the Invention [O

aspect of the present disclosure rel at es to a
nmet Ko sed in an
L L
a n§onosss hOrtatpeod;eés foo ppspaiigy funotdhalizaliczetors ABRGIbes
t ubes . PrePar ation of Functionalized Carbon
geﬂgr,aﬁy@gggprlses an initial sonication of commercially available carbon nanotubes
in a solvent. Such carbon nanotubes include multi-wall carbon nanotube powder
made by any chemical process, such as Chemical Vapor Deposition (CVD) oven
process that typically has a purity >95% by weight, and characteristic dimensions of
500nm-50um in length, such as 10-20 um, and 2-200 nm in diameter.
[0194] Therefore, subsequent to, or simultaneous with, sonication the
carbon nanotubes are treated in acid, chosen from but not limited to nitric, sulfuric,

hydrochloric, and/or hydrofluoric acid or combination thereof. These acids can be
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[0193] One process for preparing functionalized carbon
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0.2 W% /gl ass fibers may conprise nixing a netal oxide

Or [l NHhBREABoGMNEA ﬁie”&ro%%%&%ri%& gtirring the glass fibers

with a mixture of distilled water and colloidal metal oxide or metal hydroxide solution
for a time sufficient to treat the glass fibers. The treated fibers may then be dried in

an oven.

3. Preparation of Suspensions
[0199] The ingredients used to make the suspension comprise the

functionalized carbon nanotube solution and the metal oxide or metal hydroxide
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commercially available glass fibers, such as fibers
having a dianeter ranging fromO0.2 mMm5 mm [0198] In

woe@7asodi nent, the process conprises stirri NBCT/H82006/034225
glass fibers with a m xture of distilled water and

t CPeH i dal_net al x}i‘de or, taI hdrgxide sol ution for

reg TS BFERREEHR T DieviHSly MerPRed prosrsees. Tiebrepare the

coﬁfp@ﬁbﬁﬁpér‘t@@f &é%pbh@ﬁnb%éjfdngg?h i780. ¥68h ndnotubes are first

Preparati on of Suspensions e i ngredi ents use
dispgrsagkie arhappreppstesinediunogurahsas waterfanectlnam;;\lby genication. The

0 R P 3 5ol S RO continer

agaerihiaengshrop ﬂ@l@&ﬁ@émn’T GuRheRANSter bf ctAPNTREsO 3B ArRE
t he susp en3|on the functionalized carbon nanot ubes

dispptsipns Sre tﬂieélrjmxgsdo oA speopien£f dunelianalized garboagnanotubes
anméﬁélﬁ eam@h%ﬁ@'ﬁ%‘gé&’%&“ metal oxide or

oxl de ass f rs are separately

di s{00¢d Ilnmrae embbdlnmmt trmgsatructune @lirthafipabpanahesh may
suc 0 These

di t h t .
compgns St afers Faineianalizog oREion BAuBEnang hetel oxide or

ctalnidreaad it
LTSNS S 9L 39TDRRY TP ANBL(LTA o B8 o from distincs

suspfsim@mede frame differaot tatios aff carkort hardtubes anddteateq glass fiber.
conprise different layers of functionalized carbon

t I tal hyd i de t t ed
o s DPPRshidh BECao G N die Ve, o ar e for med from
di sfi20d] sTispprevedararfotelcpositin Itﬁé%r&ﬂbnéﬁiéwﬁa@bn
C rgo‘lp gg@nf?hubes and treated gl ass
”afréﬂ githg bercapiiene INGIHE RS BUf ogblmt%to w@@b@wd@ argpetal
hycﬂ“éi?fa%' ddatia td?%n&ﬁ?‘fﬁé Ap&ls &’l?&g%@ PIB% ﬁzgﬂé%&aﬂlgﬂhﬂﬁanomesh

fiber mxt re | udi ng
carpke deads front thie daybonmmadetm&reatgd dibeamyixtafe usiagfd diefesential

prefali Ao aTE O e P mbR bl i meaamIaE: the Ghgsition process
usébﬁdlﬁgréhti@l Ffé%{sﬁﬂé héfosB rtl‘?é §Hb§tr§k@ﬂ§3§egb9fﬂ tie fLﬁ'lC‘hSﬁéhzed carbon

assenb hi s enbodi nent osition
nam@@be/metabiir@aﬂedaﬂbep sesmnseoraontma cat®rshibsk sabsstra’re In this

o BRERAT, RGP B PR BREL e uch rt o

presubizt isddbwer ingidethe seiskadig®IBEK. THS dmeeéﬁwlq;résédr@%%% the fluid
I|ed across the substrate is such that the pressure

Comg Isiguihe sushensiomto dowdhionob the sokstrate; depesiting eattan
naﬂt@ﬁé@[ﬂ ouﬁ{?‘f' SFixturé BltHé %u‘f&"(;gl{)rt??:er& tﬁgggsgtz%t%nﬁ{e%by forming

{ha SubotTrate ting
themeamoimesdy. gI ass fiber mxture on the outer surface of
the substrate, thereby formng

5. Article Assembly

[0202] After the nanomesh material is dried, the coated substrate is covered
with a porous protective paper and a coarse plastic netting to protect the nanomesh
material. End caps are then attached and the edges of the nanomesh sealed to
prevent fluid circumventing the nanomesh. This assembly is then incorporated into
an outer housing which is sealed to form the article for removing contaminants from
a fluid.
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t he nanonesh. 5. Article Assenbly [0202] After the

nanonmesh material is dried, the coated substrate is
we@owenedom t h a porous protective paper and a POHUSH®06/034225

plastic netting to protect the nanonesh material. End

t ttach d the edges of the nanonesh
K. '@%@]%@rf‘}f 'ﬂ?@&@“‘?ﬁ‘% Eﬁaga\"?'&%ﬁﬁ/engl ng the nanonesh.
Thi fomentalsmg éstéblﬁheb%%é’élbl%b%l té&mlcﬂrésoubrgénbed herein, it

housi ng "'whi ch i s seal ed formthe article
has deeni degnensiratad rﬁmcarbronmar@nﬂez&h idlters ise lsapablef removing more

tdt ¢ Sodh & & BpkterEf bonERTTAu B 8eh RLABEMatA 16 a surrogate
forbgen a?@ﬁ@r(ﬂ*ié MS%Q Hahﬁérmhbgé) ﬂ&i@@@&éhd‘vbl tgpacittdLexceed the
capable of renmoving nore than 7 |ogs of a bacterial

re%mgmtﬁgm chteagl re)'nca/@ban@,ﬂge fep@fﬁnrmen@g@ Iyfelsyof viral removal
Sp%ﬁlé&’ %?ttﬁet/Lgr 8 uiBRBE Rddd 2 £ m&pgﬁ&ﬁceer Witk I?ﬁ@?)ltratlon and

citres exceed ui renent
Disiafeicéion fRequrmvaits aimrd’mtblm: WetaSysierad Ulswg ISeirfalce Watdr, U.S.

ErRdBpTeRI & RGOSRV MAFGLACAN | GPSAdRTtgsing Of the inventive
artB‘Fél th H%Bﬁﬁrrﬁéﬁ tHat d Qﬁl\éﬁt SAtisRES 5T Basfel SBh RAthE ater

S. Environnental Protection Agency, Marc
pumﬁ@altyon mrthe;hhn’@eln‘ﬁtateﬁstl ng of the inventive article,
it has confirnmed that the article satisfies the basic
st afi204ds Mottiplatests puare b'en‘atr‘nedl ohrsarmaieklmacmiuﬁhgttl&s methods

thgz qdpﬁgﬂ%t{l) ﬁ58§§ atéﬁg ?p erd O r%gg%ggg%gﬂ@ﬁﬁ stich as MS 2
ba@t@ﬁbﬁhé@e FHehv8s? Fa&elibp hé’g{ég V\)'Hléh*i%e&mﬁkb?ﬁy @SedBs 4 surrogate in

bact eri ophage. The M5 2 b riophage, which is
asgesaig A deyines \arysaemﬂvabgamedomnesafes dseklng veatdi\i$ agsale specific,

sinflf 5t BIPHRlA G208 4 B ol L olsinBoratshape.
its dizr@iceshape ar&aﬁnr@m@aﬂweamvatémh@drraées,sg@cﬂeas & polio and
si ze and shage are simlar to other waterborne viruses

hegaiitis Waisesealipuah tedVBephacteriophageiserot aahumengrathegen.

. 051, .
pr ol S8 oL PRASEo! eiTor feBHEe DANBIR Y ao & 43) nRferia and
thebiS Ebaatenmbhtage fitdth alberdh ehe afl oA g deQWIN@é%mpleSt\D@re
e fol g exanples were consistent wth and

CO@%%*@PLM‘[B W@fﬁ vadierpddpatitatendend PaeralinePmcadure for MS 2

baét@ﬁggvg%@W&Sé%&ﬂ;g%%rﬁé%giﬁggvg?@lﬁqﬁ%ﬁt%_gtﬂlp dniversity of New

Hampshine, DNrhamdNH and Gt) StdadardNdethods foothet Bamination of Water
oo SRS S50 AT, 1968 AP, M, e
Washington, DC, which are herein incorporated by reference.

[0206] Using these methods described above, and as exemplified in the

following examples, strong adherence forces between bacteria and carbon

nanotubes was observed. For example, the bacteria adhered to the carbon
nanotubes surface, especially when dispersed during sonication. It is believed that
the same adherence of E. coli suspension occurs when it is passed through the
disclosed nanomesh of carbon nanotubes.

[0207] In addition, evidence that the integrity of the bacterial cell, may be

partially compromised upon interaction with the carbon nanomesh was observed.
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Washi ngton, DC, which are herein incorporated by
reference. [0206] Using these nethods described above,
wapw7aiexenplified in the foll owi ng exanpl es, PGL/D89G6/034225
adherence forces between bacteria and carbon nanot ubes
was ob r For exa t he bacterl a adher ed to the
FOES?‘%‘H &X%qq[ﬂsb@'cgeﬁ@%eof tE@;P@&FeJH N2 Rﬁé’ﬁe%ﬁ%c&e?é‘@d on
naﬁda'tru'bﬁg o%%ﬁhﬁé& 'h%gebl :révéa?e@ﬁhé éeghé\pﬁ\g ddife %ﬁpﬁrent penetration of

herence E. suspensi n occur$ when
thépb&@i@dalt $hei|m;ﬂl| walk Aftech pseldnped pedeth (24 hours)some disruption

oo PSP B o SRS R igh.ave o e

diffepamcedin theshistic prlétsgu@qset%emhé Mtbﬁonc@ﬁ@@meﬁ@n @ﬂﬁﬁé"cell led to
was observed. For exa el ectron m croscaop

2 GRAtEANNC AU 6t el and B domtaegon e e bsetengedHowever,
thig BIsF B PEFERIPHI Y G2 DU AR IREARRAES contact with the

caubml rmrgﬂdbepmrasmﬂoe(emedw bytight mamesebpsrinz plwseapmtoem;iat

o (B3 oM. B3S Eratinad e iction of sqiscpacieria, as
ev@éﬁéé&‘ b9 tﬁ@b‘r‘@éﬁhc@’tﬁ dt HRk 'a‘%!mélpgn'@&h? bf Rée ‘I?)facfé?%l DNA and

léd to a catastrophic failure of the cel
profiﬁm:n intike diltestes Idgwavero magit of tree baciedal @ellsmemne mtacthrmnedlately

afth SRR P Be, oS idion BB RLE HardliEsh Silehpas been
deh’logbtramdctbcﬁfemyelyrremdilbﬁlfa%téﬁa?fr@ﬁﬁm@%fﬂtﬁéﬁi@ﬁﬂeam the ability of
ther, tests confirnmed the destruction of sone

th ed&%ﬂqiwbgs texkill dactrriad sellphas Ret yeidwrancestablished, elbeugh itis a

nt of free bacterial DNA and protein in the
hk?‘ﬁbg&?wl—bv\ever nost of the bacterial cells remain

i nt 00 mmhttaeretmoagm ethardesting owmennwmveamﬂclebﬁﬁer

Al t hough th ent i ve nanonmesh article has
COFH@HB?%'%%% *meeref@vwrs&v deserbed 6@@{@%”@% $3]ts, organic
corftbhlitsits éﬁcﬁ mnss B&n BRIrbioY Sffrotnt?‘\?‘va@%né’ﬁ Bgs to kill

bact eri al has not yet een est al t hough

it [0218]1 |'Rle¢3nV|@o§eln fonill beﬁurtm@’m&jfléétjby ﬁmrfollbWrrcngdm -limiting
St t t t
xRl &% BlandBsoBrgblretpen;ofbednyention.

(i ncludi ng netal s, salts, organic contam nants,

EXSMPLEXI:NE) colnfetattonvAth CapbonNAotabsai I . [ 0210]
The invention will be further clarified by the

f ol [98iThg Tmintensction gt ar &msolbacigriat Ruliure with arsyisgension of

car%Sﬁﬁnﬁ{td&e}é&gg 'HWV%% ﬁétégqg derl] %Qﬂ[ﬁes&f@@%&%éﬁﬂﬁcarbon

nanotubesitd atiaciofo and EubseﬂUeriﬂWﬁSHblabr debktroy ®avierial eells. Further,
ot ubes was inyestigated to

thiSHERY b aravide ERGnGaRs steanir aRtve in the inventive nano-

purification article. The procedure compared an untreated sample containing
bacterial cultures to a sample mixed with carbon nanotubes. The comparisons will
be done under high magnification using both light and atomic force microscopy

techniques.

Preparation of E. Coli Suspension
[0212]  An E. coli suspension was made by using a sterile, biological loop

(commercially available) to remove a loop full of the reconstituted stock [obtained
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nanot ubes to attach to and subsequently di sable or
destroy bacterial cells. Further, this study wl]l

Wee@vileao nsi ght into the mechani snms active i nPCTES2006/034225
[ nvent | ve nanopurification article. The procedure

n un ted sanpl e contai ning bact
oL AT iGaN, /oF SWPliopban UAT 6 e B6h SHUWR ABEC. #25022] which
was YiRAkea ?%Mmé;ﬁ: déﬁg%%ft‘é’&l rbl&&%gé‘mﬁté 34 bR was then

usi ng bot tomc orce croscopy

lnwbatad fpud2-18hepis att36IC,aenBveGdtaom Sues reubator raPd2imined for
A{] . coli suspension was made by using a sterile,

PURYo| ogi cal | oop (comerci all y aval I abI e) to renove a

NI T E T
of ﬁmﬁgét%a?dultﬂ’fé %g‘r’i@ﬁoztééle %ﬂ?ﬁﬁ Qélil f f@m'f%rf%t] &Hid Yommercially

aval | abl e bl ood ag ate was t
avaliahmitmildsny tl_@ﬂle?malr @taN0367228)r ehy &d cobi wmstthen grown in

the RSN E yrBieG R S a0y of AR ALAT ol Fep e cepifiugation and
sussBHBidniltb fém b%rﬂc@ﬁtﬁb@ﬂ%d@éﬂléllﬂuﬁu@& é@d?@)(i?ﬁ’até@ﬂbx‘l 0° colony

placed in 10 m of sterile commercially avail
forW%Pﬂ@S@B-WFB'r'BtWV?R@’@ cat. No. 07228). The E coI|
was then grown in the resulting trypticase-soy broth

FuhRlioh81i28465 o?tCaorZ)Qn NQhO AR Ji}gi‘h it ({(Hgat ion and

suspensi on, forma concentra bacterial culture
of [ﬂﬂdﬁdﬁh&waebqn Bandotbes alave yrebbedrivity nitnictamid solutioh to remove

ool A 159 RS S 48P S BN ASP Gh4 Brcupons

whidheb§dnhterfele Withthé safhée éﬁéMﬁét%ﬁtﬁern%'ﬁBY@o 2, mcrease the
contaim nants (such as anor phous “carbon, or ¢ talyst

numier ptrrvstaliine defect sitasipdhe anbiubesrmnd tqntmdrmaarbmxylmhemacal

e TR T X D

belndort {0 thktaaebors Aahekeschem cal group to these defect
sites. This functionalization also provided a

hy dropaB] The tlkehashowas %e%ﬁnéé’b%}ﬁlxﬂgj‘%@mng%f fcij%ééhanotubes

The treatnment was perfornmed by
in iatak valdmenfcdmed concentrated initviclasidbinod cestrifugs tube, shaking well

and SOFERHEATEH b iR oo S0t d L 88435 18P n s
waferlbatipowhe ritpie abit/ohrehefanofulfORINA Ras *ﬂ@ém ceﬂ_ﬂﬁlﬁjged at 2,500
nitric acid/ carbon nanotube m xture was th

rpre ghtikihegyegrratant wes clgan(@rioi mlrtu’ﬁ@S)sambﬂ\&attbmsuwamatant was

def8h, (e SR B R AT BB gt pomicton.

Thewntttic 20idnireated cadiors nanatabesmere then water washed by suspending
them in 35ml total volume distilled water, sonicating (as above) for 10 min,
centrifuging (as above), then decanting the supernatant. This water wash was
repeated until the pH was at least 5.5 (~3-4 times), sonicating for 5 min each time.

Preparation of Test Solutions
[0216] The E. coli suspension, prepared as outlined above, was then
divided into two equal parts. The untreated solution (Test Solution #1) was prepared
by diluting one of the divided E. coli suspensions with distilled water to attain an E.
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The nitric acid treated carbon nanotubes were then

wat er washed by suspending themin 35m total vol une
waele@rikdied water, sonicating (as above) for 10PEI/1$2006/034225

centrifuging (as above), then decanting the

coligneanialigiofs 210" Suim (7asHliaeh; Beiathgr Faktien ki st Solution
#223}%@ ﬁréggred%)ﬁg&rhﬁ 'Zy‘mg C?f-f@ﬁ&tloﬁ%hﬂéd RASotuBéd 8 tﬂg‘ﬁthr'\:er divided

pension, epar as outli1ned above,
E. doliisdspensiom. This mjwhrbn was tisen digedmitredistitecswitaritorachieve the

safneeoqncany OB of E, b Saan TREFShEaR 1 ghid 4ol esilsd in 2

coh@erﬁFétﬁinrbf%brEeﬁ ﬁbhoﬁ%@%‘%@f sentieh #2216 pshu/ m
( ilution). The other solution (Test Sol ut| on #2)

ar f
nanbrunds ?%”f”ﬁ Dot g 2 WERS HIRTAEhEBTsly sonicated with a
Bramsan-201Q Sonicatersfor BemindiThese d eat Shludions weredhmcemtrrfmged ina

achi eve the.s concentratjn of. E, col in Tesgt
coggn%rpla@p{ Eag\?rﬁeg?rﬁ‘pgﬁla]t gﬁba égmlfpga rpwugesat% form peﬁets and the
suﬁ@ﬂ%@éﬂtrcﬁidaﬁfécplﬁeavm bPFhI 6&@9&%@%%&% T$@pél!e@§10#?est

of 625 [2021 ot Test Sol utions # #2 were
Sobitmmst#aﬂn@mjé weyertheaused @ make thOawnnleze(#m e@dr#%aiasprlbed
befo(\)/& 3 mn. These Test Solutions were then centrifuged

a commercially available centrifuge at 2500 rpm for

2 mnutes to formpellets, and the supernatant

Prdparaticatiof Sampig #1: nCanﬁomMaﬁUﬂabalﬁ'ebehl nd. The

pel b)é o;g;&pi%g?%ga&%%g% ;?fr%%g/e Y ?ﬁ'\e ’cléss’ge (sjolu? ion free of
ca%&ﬂ%rﬁth@é‘s s?@HPutﬁ)r##p &f’“ﬁ Q:‘éfhrh@ bﬁ/&ﬁ?ﬁ% déggslﬁllcroscope
Sanpl e s prepared By placing a op 0

sh@@(Ameuaarﬂ Se:eanblflc thodm:tsano (ides( fladt, Cadl M6i14b, ¢iz& )75 x 25

mip o FRE e SR arie ot HiRedy e FisaES frlsrhand
reffigératd® 4¢5:C Sorzf ﬁéu?‘s 2fftéretritRiratisss a%ﬁ’nﬂﬂ%‘?'cé’\h{l&oscopy (AFM)

sulfuric acid and rinsed with distilled water)
anplypisi wes Redaraed puthat fixetienlusing AfYeeca @fme@@mﬁn 68 ,Scanning

e B S °@g?‘n%%§§‘*§g%%%€e2tﬂ' BiPe, S0
CholS8) SABIL¥ R e SRR ERE oy BribEFRars S 18 an open

flafmeX @dd than Bdindd BHEP SR CH/sEHD W&@f‘df/é)al’@ﬂdwéa (F)ytd"'\ﬁ’iﬁter wash.
stained (wth Gam Crystal "Viol et dye) follo by

Light méerogeepy w@sgmﬁquﬁdﬁmmgn@sm@sﬂlahtmcmgcm ah1 000x

RS B S0 P BRGSOt

DRaioyeps DP10 CCD.

Preparation of Sample #2: Carbon Nanotube Treated

[0220] Sample #2 was prepared by placing (and smearing) a drop of the
carbon nanotube/E. coli test solution (Test Solution #2) on a glass microscope slide
as described above. The sample was thermally fixed, stained, and light microscopy
was conducted as for Sample #1 above. Sample #2 was then placed in a
refrigerator at 4°C for 19 hours, after which time it was removed and AFM analysis
(as described above) was conducted as for Sample #1. Sample #2 was returned to
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Preparati on of Sanple #2: Carbon Nanotube Treated

[ 0220] Sanpl e #2 was prepared by placing (and
wer®aniang) a drop of the carbon nanotube/E. coPCT/USHNG6/034225

sol ution (Test Sol uti on #2) on a gl ass microscope

th¢ rofiger2orioh a0, CAHIETE iinow S CEBhoH Aed SHuTpE¥oaRy was

aghf corritte&y. # 1 above Sanpl e #2 was then placed in a
refrlgerator at 4C for 19 hours, after which tine it
was renoved and AFM anal ysi s (as descri bed above) was

Ressiitsuef Micrescopic 8nalirses: 1. Sanpl e #2 was ret ur ned

(o 524181 * SRR 21, GRS SR whfigllEth By HenBluves)

shawed |E. cofifbetarizd sepunifdngy visstibited 2ikr Sanphirefsulface of the
é‘?‘ iBen& on of bacteria w thout carbon nanot ubes)
sli @ Inage dyitheyghaws tat the bactara Nediws!i-defined edgesy suggesting

th%éﬁé Rb@%rférﬁéllém it rlﬁ%g:‘? Rb Jhréﬁgé]% iffheir %l'%éie”@gree found after 2

er s bacteri ad wel
dagslgtesed suggiey statg in tre refligerbtort eria cel ls were intact.
* No changes in their shape were found after 2 days

st of@222]n Phe resmtsafbeSéamptdseframfthJe garsironandtiB88 lealdtbtest
sul es fromthe carbon nanotube treated
sol.§ot (S8miplé 43 dBmppsisaien) basiam gt mes oM i Gaban nanotubes. The
ag g%ﬁ%é’ﬁaﬁ&%bégme g@@ﬂg nt-ﬁ'éeek&%?sﬁl?{ V\PJS Wahed from

bes were renove e excess s
thenslisiee Batcteria cdreesitiation mmtmemect ahbeuwndartesoof tha&arbon
na q§ rved at boundaries of the carbon nanotubes. [0223]
HA¥PESwer e numerous i ndividual bacterial cells pr esent
| e wit hout carbon

ti lide f t.he .
nana0ks e @resiiye Gusa o enrigriakials A5Ent over the
enfr’feoéﬂdgqéF tHéf sérhﬁ gﬁj(ﬁjtfc%b R ﬁcﬁ[}%ﬁ%%lé#{ )bt%bten | cells
nanot ubes Ferra Wer e A
werehabmﬂfmm enosia:sféheveh@ forghe Isynundae:kﬂd cairioem dahdmlelbes (Sample

2§, MY BaREA e e Misanhiy Prdtber dasen it mulyjpagkeg sgound the
camboh rARGRIISdS, @Hcﬁ@atﬁqg ek thc—ﬁéé}ﬁéhlha?l@ﬁk?éi \X/Qr%eéé;}ﬂgrmg BRd holding

bacterlal cells of normal cells have sharp b

tefédr ease in size and packing density of bacteria
was seen in the AFMimge of sanple # 1 before heat
tre[@Q&éht Saniplep#1 demanstigiedok. ¢dli doselyplaeked tagetheatThe

022 |l e #2 sh d [ h
bagip S og noitnar filRoRatse e e m NN RS o IdP S apo imaize and
padkihd déﬁél’[y Mé&eﬁ’éaw&% $HenfiH 58 ARM{REgE BIBSRPIe #1 before heat

fact, af
treatment and opt|cal image of this sample after heat treatment.

[0225] Sample #2 showed some cells in the vicinity of the nanotubes, with
the boundéry of the E. coli cell walls being diffused and/or damaged. In fact, after
mixing with the nanotubes, some of the E. coli cells disintegrated beyond the point of
recognition. The presence of some diffused E. coli fragments was also seen in the
vicinity of the nanotubes.

[0226] On sonication of E. coli and functionalized carbon nanotubes in
distilled water, the two components agglomerated. This is thought to be due to
electrostatic and Van Der Waals forces which act at the nanoscale. To the limit of
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m xing with the nanotubes, sonme of the E. coli cells

di si ntegrated beyond the point of recognition. The
woee@gasue of some diffused E. coli fragments WesT/Eb2006/034225

seen in the vicinity of the nanotubes. [0226] On

seor ol e T b SRt v e
naﬂ%ﬂlb%eéﬁ& %@he?réu SI'He?e Rnré?é%tloﬁ@erh?eéileecdh%eus in Soluytion #2. This

el ectrostatic and Der Waal s” forces which
illustratethtiesatility .of The dlﬁpersed carbbo easotubss, toﬁtrc»\@i,y attach to and
. 0ob eer d hat all bacteria in suspension were in
'mH}Prsﬂ' ?rﬁathe nanot ubes, and adhered. There were no

Rtk oot Eﬁhgr@'@#&g‘f@eﬁ%ﬁ%ﬁ’fﬂﬁ%'C@?Lﬂ%ﬂ?ﬁéhﬂgﬁi@%nm@d appeared
affep iy é@%scérﬁe %tb%@hﬁtéﬂéérﬂé& With HhaRBTBES | &€ a result, these
bacteri a. (i\mshe di sintegration of the E. coli

bacariasqelmpaare losetteelr shappecalidepuridasiestans theirnisternal contents
nt act w th the nanotubes. As a
apﬁgg‘fﬁC{ %H&'@QB*@@&Q% Cf tel | s appeared to lose their
shar ri | r.inter contents
ol Sl siechit 14 Febinaa of Bisppss ias noted after 3
hotifd, |a$1daéff<=§‘022eﬁ’@ur*sﬁﬁe LG ETE bBEte‘Pnfs § e dIPRP Bfat iRas dlfflcult to
noted after 3 hours, and after 22 hours the internal

d I&f@gu ishttbe Shapadf e tal. A highly molikesbakteriuu Pseudomonas

ook P, bl BF 1211 RR s 1 ntiBnt B (RmSRq FBdrtdhy ptroom

tempersitre, s mixediwith BdIdionsT daptber abAdubed! room
tenperature, was nmixed with a solution of carbon

nanqjaggs. V[é%\?e@bnd@@\ﬁgrwyrm@rd%@bbefﬂh%' iflotile bacteria were

m croscope, the notile bacteria were observed to sw m
obger/eddnswier ngarn anstgetnulledintodh g ragaegated sabaen nanotubes and

ool B BT R A A B BB BB s minwos o

cohtaet,ahé |eheir§sur&momhetdfaeb@rahbﬁ@tub@réggab@at@g%%@wed with
was covered with hundreds of intact bacteria,

(Wal
hupdredsHntagt Pgcteriampichwererrhyiaushy Brmlyeaftaghed aﬁ"%ﬁ’ﬁ 1th@y
apﬁ%érté@gkf‘stré@??,}ﬁft g%@éggeﬁgg%a%?’:qh -Q%eﬁ‘é‘ctgliﬁ st ﬁﬁ motility and
beft%@rkr)mercxmnnﬂﬁtew rlgmil WItIah MﬁmdswfIMt|aia¥dma;]ctW?ﬂﬂ¢:mben nanotube
L fi s.. Thi di cated t capacity of the finel
fiogiss phiodiceled Bie Gaprrush e Nl SISho s e PatbpraanRiMbes oers to
rap%!l? dtﬁ&ﬁ%'dnﬁqrﬂrﬁé&ﬁzé‘ @'hﬁ er®BFbsEtefia. TH?SSCOB]fIrmS the basis

confirnms the basis for ectlveness 0
foriihe effeptivendsseafsarpon eamﬁJbg filte s incegaovirgrnicrEXA)4plisma.
: Cylindrical Purification Article Construction of

Cylindrical Purification Article a Iron Hydroxide
Treated d ass Fi ber Preparation

EXAMPLE 2: Cylindrical Purification Article
Construction of Cylindrical Purification Article

a. Iron Hydroxide Treated Glass Fiber Preparation

[0230] A solution of 23.5 liters of distilled water and 9.62ml of 10N sodium
hydroxide (NaOH) was made and stirred for 1 hour. A quantity of 16.66 grams of
Ferric Chloride (FeCls*6H20) was added and stirred until a final pH of ~2.2 was
reached (~24 hours). To this solution, 200 grams of glass fibers of size 100-500nm
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[0230] A solution of 23.5 liters of distilled water

and 9.62m of 10N sodi um hydroxi de (NaOH) was nade and
wa@aeoornedod or 1 hour. A quantity of 16.66 gransP@f/US2006/034225

Ferric Chloride (FeCl 3 6H 20 was added and stlrred

o P B BTSSR SEol SAG P etring vos
cohffueP AR bR RES 'ble%W)f ?r@ﬂ (5§(P10m§ i nThe %@Fdﬁon was diluted with

(Johns-Mansville) were and stlrrln
digidad waiedtouphtain 3 glassi fmermscmtatormf 10 gramslBtelnour s).
The solution was diluted with distilled water to

o B Bs8paAih of BRebR Y A diBhci on [ 0251) A

SUS PeIBI|ONAVARSpRhSIRANGSS PRipagedusingy s6810ti6h of functionalized carbon
functionalized carbon nanot ubes_and iraon hydroxide

nappibesang igars hydigxide theated @lags fibars ;Pé?‘é@u%h{ pcu@@@redmjdescnbed

o188 Fo o A8 B OBARY SPinelapendiog 26 o s fyponalieed

ca((jm MghesobétxrboxwgﬂegtthmugmmemmClaﬂ:ndvg@lsh mIoT:@atmejefscnbed in
es I n a e us e [ Iter O

EXGatRle #Qﬁweﬁ? SHERE A?da'nr%)zbtﬁf Ewaier ANk &aﬁﬁ@ & agaem tempgrature

wa@‘é’rI l?eztﬁ% @%ol@qﬁéfn%}%%t%mé@l? ﬁH's%ﬁfé%ge@%\t fultl BovRSMBF 20

O mnutes. Four liters |st| wat er ‘were
mlald’i%d Rayirditers of distied avaténwers addad toethecsorticated, functionalized

col ARSI o SR g Be 5 B 1 ez

ca#h’mfmaﬂdmb@é ped 0omiwatbr, FApQﬁﬁ@ﬁéﬁeﬂaﬂmbﬁﬂiéf FelRicorated glass fiber
sol uti on vvas pl aced in a separate contai ner

and
solytippas placed |In aé&eparata cantainen and dited to Tmt@r witlk distided water.

TSIy RS bldcd iR Eiriyrordh BBAEs ol BB 00
m {ﬁZHZ]gefugrm&rhhieﬂrs‘tdepSgMga?llslgg»gnath?OtOﬁmcdfub@%uspended
i be ove re ed to 0 e gl as
fo@B@? 2681 GArPBR Eﬁ@ﬁ@sﬁq&edr ahovs) wer@eaqﬂﬁd)to 96Q =l of the
glasfibar §o%§nq5‘8@ﬁl (élg\?és‘{e!t‘olt t@{j\ﬁl\l\&ht)adﬁh@%&tﬁé‘ ;b{é %Klted to 4

suf fi ci ent anount and soni c
literis bY addmgam sjuantity ceiffidattBpouriieof Sistilledtveatef,andlgonicated with a

B RSl 00k prettSnichior SFERTmindigs il Ao

was achi eved by depositing a |ayer of the

f unet Depakiticitiof @aPben NudifBHBsR/ | ron hydroxi de coat ed
glass _fiber mxture onto a carbon bl ock substrate.

[ 028233 el e stractureof the finghpenemeghtwrs achievedhyidepoditing a
t

o488 FARRSAUIECH S BB R S BERLH o er
mixdeseottoya war:bomemﬁclbsuﬂasimie ng a cylindrical carbon

bl omaiﬂ a er for atF drlégndr el . The deposition

chahsefl wa chgé‘uﬁﬁ 9% deresiting ton funationaliesdycarben nanotuberiron
hydroRR@e M@&B?d@&’orated glass mixture is described as follows. A filter
assembly was made by loading a cylindrical carbon block onto a perforated mandrel.
The deposition chamber was filled with the carbon nanotube/glass fiber suspension
(5:8 ratio). The filter assembly was connected to vacuum tubing leading to a
Franklin Electronics Varian TriScroll vacuum pump and then was submerged in the
filled deposition chamber. The vacuum pump attached to the filter assembly was
turned on and the entire suspension was drawn through the carbon filter substrate
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(5:8 ratio). The filter assenbly was connected to

vacuum tubing leading to a Franklin Electronics Varian
waeesaeabd vacuum punp and then was submerged PCT/UR®06/034225

filled deposition chanber. The vacuum punp attached to

the filter assenbly was turned, on and the entire .
UNGBE BaGHIBr GRS IR AED RGP FroOlSt LR Ader deposition, the
depHSidd ﬁt&%@hb{gmg%nﬁ%a%ﬁ fiSe aeﬁ@aﬁaﬁéha%feﬂr%mained

outer surface. After deposition, the deposited filter
conseeat ity theavacwiiopsing andthedepesitasi narmeshafitberassembly was

crigIRCEF S AATALER bl 2Bt B ¥ B0c 6 inin 2 nivogen
atviaspheref or 1-2 hours in a drying oven set at 5Q0 C

within a ni trolgen at nosphere. %0235] The fully
assE@iddd The fdlly assemeled fider adigisy Ve gopiPriged @ ereantral carbon
filtéra&%%rbofa'téd ?ﬁtBQHé %Mﬁhﬁﬁze\/& &beh%a{n%bﬁ%é AR MESEA and covered by
carbon nanot ube nanonesh and covered by a porous
a porote proteetiveapapertadld in plapbavith eylindricyl plastic nefting. This cartridge

W%L%Zéiegfanﬁ%ien Thi ﬁhézligfﬁr@h%%g %%Z@;gﬁ)(p&%ggﬁﬁﬁuié rg:clercumven’[ing

th%héﬁé&%ﬂ%hﬂ%léé‘&l mwﬁﬁ%ﬁﬁﬁ{gﬁgg{gﬁ&e%f& me?ﬁhé?g?@duct.

ousing to create the fin Eff ecti veness of
Cylindrical Purification Article [0236] As a fluid
EftagtivenessiofCylindrieal Rurifieatiomérticld form of the

't EO20TE A% G iif BRaRaR e SPBY P DBhFeEimy BEfHE hFentive
artiviee bh wated ypretafihdtat avantdeiucta wWitA BECE] coll B2aélialulture

bacterial assay was conducted by chall en)gi ng the
[oh{ainsadam Araericam ! vee brlreceoliggtioni(dd Gfrsent exanpl e

R T

ma‘dajihdaomgjelnlmeemiﬂyﬂ}eslgt}egeat eXambIee(Elxbmlpl\g Q(),?\hiltﬁll aa#ha{l%nge fluid of
roqeERONEEY £ el SR RATERAESRRZ  This, Ahaleriin g viad made by

usiny seBleniBlRfehl wifgj %o%'nﬂh@rciéﬂ%ailéﬂb_?_ﬁz t%‘ﬁv%rpé{r?g%  loop full of the

i ncubated for 12 nour s at
reqomstitutedhelioel emdmsiradking it comcaemmerdially avaitae fotood agar plate.

TRy S el B SN B9 e was ten

rerovetbfrbrtheUhéubatomasd eRERTRA RApuAtyaced in 10 m of
sterile comercially available Tryptic soy broth

( RelR4138¢ at Using a gfepiesyiolagicat inap (eesmaksiallyraaiable) ohe loop full

o §E3HA e KNI GR8FemBle LRl DA bt 3 oo
avditzfolg TrdpticAoy brbtts@arhel eft. Nbi 87228)¢ kE.csdiitwdiethmsgrown in the

added to 100 m of ter to be used for the challenge
fesyggtg, trxn#@ﬁgwoaihreth% hpyes atotcEntorfatmenculiyre of approximately

1xwmwﬁ&&gi£@%}fﬁﬁ A 1TRE b bf % S{03k GRER was added to

wat er
100 ml of water to be used for the challenge test, thereby diluting the concentration

to approximately 1x107cfu/ml. The resulting challenge water was then passed
through the Cylindrical Purification Article.

[0239] The test was performed in accordance with the “Standard Method's
for the Examination of Water and Waste Water" cited above. Results of tests
following the protocols described above established consistent removal of E. coli
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through the Cylindrical Purification Article. [0239]
The test was perfornmed in accordance with the

wO Sioandard Met hods for the Exam nation of Wat ePCHIBS2006/034225
Waste Water" cited above. Results of tests fol |l owi ng

bapliriaraly T Bast LtbofdethL i e nas TiBg8 (266 8bocosu)
wr{e?%e%%%ﬁéﬂ@e ﬂ@ldgﬁe@@bﬁéséd@fﬁo dan ﬂ@.n(/éﬂ@veqﬂ&ﬁ&ﬁ%@h Medke test

he chal % | uid was passed through the inventive
reﬂdhsoeﬁebhshe é@@qvektateemlqrsemwbm dpotabte water stoadards

5 R Tl e o I REERS e g bite o

logs @md@rali&% 099950 of 980k bacredh t6 %Qﬂle@%&ﬂﬁ%le%atﬁr Improved
bacteria to achi eve pot abl e wat er. nBr oved
pUHfoj?:’{ltfqrb@( grartenlog remoyals of - realidastariahage begniachieved in such

teﬁé‘,ﬁﬁfﬁ%%ﬁ@&%oﬁﬁ% MHOWQ&IHQHQI%C%% ﬁ%rﬁ ?{e.&:z]_%ﬁeﬁ‘&ng) the

kKnown bacteri concentra
nanbaielsbwgﬂnlghhéheommﬂ@mhswf iEh cbii baeteriacsiatiehgatsuspension, made

as desEibER PRI RSF WS AR MR GREIOTS RIITS femayed rates of
gré‘éléf tHam 7 8%@'9 FRRBDN 1RGNt {é@fshgf ﬂh%‘éhanomesh using the

>09. 9999 i ndependent tests o e nanonesh
teaisnrwgectuﬁes tlescripatbindbisr @aniplecestablish this maf.tereadaasm barrier to E.

co PRSP i, BB s 0 0k mor han o

of reraoValof siffurent teet Badtbraa (Ridbeistladbrigeiavaid Bfevindomonas),
different test bacteria (Klebsiella terrigena and

cogfirgying daatdhe syatesahisia aenryal bawier febastedri al is a
general barrier to bacteria. EXAMPLE 3 : Fabrication

EXAMPLE RiFdBlicdtierR bl ATFIAY Pufiratidgifindpal ogously to
Exanple 2, a at nanones fromcomercially
ava[0248] e /ﬁualbgbﬂslyctalﬁmamUhaﬂoadlaeﬂaHOMeshrwm} mvderfrom

ot RuiREPLERRC carinshnaAREbeD 2gd L BenoRyPh, biged
pok Féb&&lléheafa'b'r'bréu%sﬁfﬁtéj T‘ﬁvg%érﬁlﬁﬂ SRy d)fq‘ﬁﬁcq ‘fhyéﬁgég}&:ag%‘#‘ nanotubes

were then added t 'of comercl a
(ca exylatgdpihtm@hoa nﬁmasdn/v@%h asl deacmbe'anmnp@Gt)B were then

a8 301l e B bl B0 sepcagn

“Braingbn1900Basltragbhisatordat 80%hdwerastil fite 8aﬂbohq{eﬁ10tubes were well
i sopropanol such that_the total volunme of

dispgesad (@Rguhi & Mminetesas The mixfure mas furher d|llutedéw arding 2dlters
sof SRR SO 8 A 15 QMR LR e, i

diluted meikiere glaassonicated fo b adamohalrm@ﬁﬁmlzted. in a
commercial l'y available blender at full power for 10

m nfo2ed] i IN&ROS0H ney of Q%oﬁﬁﬁéi%iéll{y%daﬂa%@d(ﬁﬁﬂn%ﬁﬁ@ter glass

i sgpr opanol . The honopgeni zed m xture was then dil
namrflgaHWﬁg hemagenizeching cammareially avaibahie biendarat full power for 10

mift84 iRBbE ml of the commercially available neat isopropanol. The homogenized

mixture was then diluted by adding an additional 1 liter of commercially available

neat isopropanol.

[0242] The mixtures of carbon nanotubes and glass nano-fibers were
combined and then quantity sufficient (Q.S.) amounts of isopropancl was added to

obtain 4 liters. This 4 liter solution was then sonicated with a “Branson 900B
-48 -



neat isopropanol. [0242] The m xtures of carbon

nanot ubes and gl ass nano-fi bers were conbi ned and then
w@EantLadiye suf ficient (QS.) anmounts of i soprope@iDUSH86034225

added to obtain 4 liters. This 4 liter solution was
unFéé%H.c%%P GRBa% PhwEr for 18T AMuss, WA ChuSsPMeCedBON rhotube

0% power for 15 m nutes, whi ch caused the carbon

nammnatamlabtmlamfmmlyédlsalersa; uni form y di sperse. [0243]

The entire 4 liter solution was then drawn through a

conjo248] al The entirel Alitee sBlurlibnrw:a& theordrapndhroughsa dommercially

activated carbon fabri.c der i ffer .al _pressure ..
avgfebls B 008 vorer s Sehated puprriahyt uplrl F alffgntal
r&%@?e%ff 1 Eﬁﬁoé}éﬁé}@ﬁé e EQEtH@éébeh%ﬂmmééteWass flber

renoved fromthe f abrlcator and allowed to dry I
nanveastat THEOESUtng ranarsesl) vas4pmpved fexn the fﬁj)rmﬁmr and allowed to

uar e nap rate menbrane i s glued, using an
dryl\\glf"r‘(:%\fﬁf] ?m@lﬁlt adhesive, into one side of a
fla .Thshlfofthh ' h :
and O&pﬁﬁ IIt nﬁgﬁl‘arp&%gp%g’s'h?%étﬁ@#e %‘erﬁﬁa%% is glued,

usi Cgfa?msv |a<hft hE{ ﬁ’feltPéUHefle\Féaﬁmt@rbn@éldéloea&laﬂﬁéhglh This half
nt am nate E. coli - Chem cal Analysis [0245]9

of theghdusingiaithgn d@%f@dlad@egltlﬁé te ds gpmpagiomtacsrati cal
anal ysis of fi Itrate from an E coli challenge test,

on the Fl at
Teﬁééﬁ%@é‘éﬁ@@e???% | on 'Ar'pcgfi é:?? n accordance wth
pr eacWatex Gopltamiridtes wkhlﬁalcmlio-r Ohedﬂdalshrmlysw dence
for some ampount of destr n of E’%‘% bac er

pasHIZAg] hT*ama-H omg ARveihas/bernand EhbBisiseor fitrate
fro@'f aR & Ebs’i‘h rfbfrmteaeasc@égc@iﬁbBQHtExé% 1€2! bn the Flat

acteria st ab shed by the presence of bacferl al
NaBNAuesthmemrahonsArtlcietrhadce: dtcandande with prreserjt@xa6iple. This

oGPl RS ot et o PR S BB B B o bacrors
pa&diAg ltr%ggh $ﬁ’é H{\le‘hﬂvé\@%noﬁf‘?é]shoﬁh%féi/ldﬁnc@‘ offparfial dlestrﬁctlon of the
total of (total -1x1 010 cfu) of this challenge

corgt@rrunar@ir(ENggll @agtmnab wesestiaklished g presence of bacterla DNA and
terial using a differential
Pr"gg ggﬁﬁ%‘é §¢J£F%g%§ﬁtﬁ . Acontrol filtrate was obtai ned

h f h .
o EaB) th P8 ac ek weun PiFuht thé Bhist oREfieS as in
Exahpld Eséxéé;b@ltﬁeﬂrtﬁé cBMﬂdsﬁFdh Nfafe RALIIERIE SHuTieh Hs THe 08 cfu/ml

resultin ltrates, e,gontrol and the chal | enge,

of feeefi. thécntahﬂfaﬂQQad tqtalwhd@onﬂfyo of this ghalleigeagnlgtion was drawn

L T E N S

~0\W5 psia A control filtrate was obtained by passing the E. coli challenge filtrate

through a commercially available 0.45 micron Millipore filter. The test challenge
filtrate was not concentrated. The resulting filtrates, of the control and the challenge,
were then analyzed with a commercially available spectra-photometer to determine
the presence of protein and DNA. However, the analysis of the filtrate with a
commercially available spectra-photometer revealed 40 pg/ml of DNA and 0.5 mg/ml
of protein. Concentrations of protein and DNA at these levels in non-concentrated
challenge filtrate were 6 times higher than the control test material obtained by
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commerci ally avail abl e spectra-photoneter reveal ed 40
mg/ M of DNA and 0.5 ng/mm of protein. Concentrations

wo@boopnetied n and DNA at these | evel s i n non- conPENUSADE 4225
chall enge filtrate were 6 times higher than the

fitgtBhi BlgpaRrd MIDS ererhEie EoBhitebhbe chfrpeit 8 Hestruction of
at Rest soelkl puHion ofithd &dddd E0bwl PptHd Aanerhetihe added E.
coli by the nanonesh. b. Water Contam nated with M52

Bact eri ophage Virus [0247] The Flat Purification
Ar t Pe Waterditamingtost WithiSef Bactariophege Mirus amp! o
(Ex fcgﬁrlilﬁp%héé‘%ttﬁ?rkﬁgti% ht?%&@t ﬁadsgﬁhee&d%heg vitth #E Fresent

bac hage virus using e procedure descri bed
example(EBample 3)nwas' Sstectwitl wgler edntamifated dyuvi8-2 bacteriophage
. V5-2. Bacteri P i on/ E fd lin,
Dl R
DS pE . AGSE ,
Prt re aL? %ﬂf@% gt?:clteiuﬁdgé ggf Egﬁ%érﬁéﬂgggla’@irg ned S"fﬁ%‘)ﬂrgalm’ Aaron,
2001 oAniERA Referenog Riatoeol. | N&B-2Usadprioghagepvisssisrdaremionly used in
chal.l enges far this.examle were pgerfor ith 100 m
as§RnE REETuoRarahliies P i Bpes theisedas Hephiad dinfihng water
(N8bonges) Tireelreds el dhiztieng®d firitRisexaRifle WetBde@fbrined with 100
accordance wth those steps enunerated above.

mlchatienge selytionehgineihe oytorelsisiesstbed shpre stare [&gszé%allenge
SRR RS AR LR s et e
h d, . i
contIZ88 5 et ekt e RERBb Rl AheR SGmpliBEq §F i carbon

nanolobetandistrabiudéd ARERA made i adcofdaRée RitAaHE présdhtRample

unité\(;gfu)/m. 0249] O the 80 units tested, 50 units
(Examplevddawers ohal | dte ehallggge(rateviabyged wagrusateer

. 0 . oo . _
colSHinBel 599 AR g S A RBp Bl ot ppprovimataly 5
x 102 ptap@srmingnunvib(pfol/mhB- 2. Wi | e EPA st andar ds

recomrend 4 | ogs renoval of MsS-2 Bacteriophage to

achj0249] poOaiHee80BhiRS testdd, 50 beitd gatidvédMS-Rabhfival of 5 logs
sensitivity (higher Io rem)vay) can be achi eved by
Q)

(9L FEF4eb B DFPST 1N lgsar>PEGOSRIN CHigesramig 30 units

coERBREH S GBI cBIANE) o 8 [EATHBLF YorfBarorvis.2.
Whillect P & rsgamiartld eecomninendiialogs wbmovanoi¥She Bartsridphage to achieve
PoRPl Ao i peleerns! BFtaTEspS BBy GrIEBRr IR oEHRalREbe
=cSYOREES RIS IR 15he 05 PafBRLS of OECREREl Blfcaton by
greaterrog liemovalsenftM8:x2aBptierioERage have beeasichivvieshintduich tests, by
chf':lrrf'?elztn(élrniga’clheacsarglorklJ %%(i) uﬁ)etnoanhé?ﬁezsh??ﬁ:é er inoggc%ggénce with the present
example (Example 3), with higher concentrations of MS-2 Bacteriophage challenge
suspension, made as set forth above. Independent tests of the carbon nanomesh
article, made in accordance with the present example (Example 3), establish this

material as a barrier to MS-2 Bacteriophage.

c. Water Contaminated with Arsenic (As)
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c. Water Contam nated with Arsenic (As)[0250] The Fl at
Purification Article, made in accordance with the

woee@sgsioexanpl e (Exanple 3), with water cont aPCTIHSEM6/034225
wth arsenic. Inthis test, a 100m water solution

ool o7 éﬁ%@?ﬁéﬁﬁ@ﬁ%r@éhgh@%éwarﬁ%ﬁ@%&w%s&resem
exawnble (Eheanmlesynwite xetor cor(tEranatbe with ardeARITH ﬁm@festt he 100ml

arseni¢c treated water was anal yzed according to th
waisssqleiqrbecniaining 3154 ppb (rads RREPHIN agsenip éva,&mssedgbrough the

{
ool gl SaN DR SRS i SLae b Erolie 9. 4
samplecof therareenibrirasded Water wuaﬁahalvze«t acbomlinmpatwihestPA Method #SM
18%@5 %ﬁ@drﬁlglsré ft " Slp% lﬁﬁ%énggg |Frpdr§g§tcjlaﬁt?gr$ En? rhleaarsenic
IevéPE;? BEINE &0 éﬁbr‘ﬁb{%sﬂ{geb‘ﬁ%@haﬁégg@ la?sér@(ﬁfgﬁjre%l waterY6ice through

d for ‘contam nated | et A sanpl e of
thecioMentivenearbonjnenomesh mafkslalwas obt ai ned from a 33, 000
gall on storage tank located at the United States Air

or SCATRRER PN I ealitiafla WA BReRHA o Lot oul £t ed

7 O o e st s e

#Bx‘%ﬁé@@ @3&%&88%&%@ 3 ied fleplare8ample oo
cor?@ﬂﬁﬁét@@ fe, §JF18|)W5 t?a?‘%& onhc} %%’Ban géagﬁ g?&r%ﬁgﬂégﬁlocated

two di stl nct
at thetWnited Sta’(ealAmelForAed?HEeam‘reﬂaoaltw ebihe \Woight Piattetseth Air Force

ba%% %G%PO %&'Hﬁ;ﬁ?gg I t&fyp%ﬁaélﬁm?étg%gﬁ%ggs&to?rag%r%nd found to
cordtait thfdd Qﬁie@rbf bHe€arf b g?ﬂ:‘ﬁlds%’ﬁec%‘:érﬁi bAe W&ﬁ)cocc{‘uso species.

obt ai ned omthe interface of the fu and wat er
Thesamulewassepaoasd]in iwe eontainerg di@niigrsnéadid, Bothi admtaiasrs

haki ng the ,chal | en te .
preB SRR B @ a8 ot i 55450 Hne ey b he bostge. Gongainer A
cortthmeﬂtmhém edsnstbﬁﬂﬁ@t@d egr@\hﬂi la§B8E 8t meﬁhtérrﬁéc\é@&etwaéﬁ ek water and
time, using 1.5 psi differential pressure, throug

thetfH%' c%%@m%ﬁ]eﬂ%%wwmﬁm G@n@nfaaatm eTrheachalmge tEﬁt bacteria
W%%@%ﬁ@ﬁ%%?»ﬁ@ ef;u%zgﬂﬁ e arPoShlner B.
@ﬁéﬁ%@mﬁﬁniﬁ RedBnied Vias BeetimBlishied BY Sheking the

chaelenbe Qmaéméterm{‘éﬂa&ﬁ or‘@@gl?/' fer W@ﬁmﬂké‘tz@d) ANofGRr -
i rrgares were then |ncubat ed to anal yze bacteria growh
fueliwaterthacigiin challsnge mikuseiwasupassed ene timenusiagpet. amr differential

re 608G B TS R B

acqmrdaarme with ¢he presdndekampleExeanpey. for 24 and

[0253] The fuel/water/bacteria challenge filtrate sample was allowed to
separate into its fuel - water components, and four test samples were obtained from
each component. Each test sample was plated on agar. Samples were then
incubated to analyze bacteria growth at 37°C and samples were incubated at room
temperature to analyze mold growth. No bacteria or mold culture growth was
observed on the challenge filtrate test plates after incubating the samples for 24 and
48 hours. The control samples presented vigorous colonies of bacteria and mold
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48 hours. The control sanples presented vigorous

col onies of bacteria and noldgrowth after incubation
w@r002449md 48 hours. The results confirmthat PEEUS2006/034225

car bon nanonesh, made in accordance with the present

e e, anpl e , barrier to.bacterig in, fuel
orgiufi et deatiPraaf 2uhae Jos. TEeshis B8k Brat the GArbon
nahbﬁeszehaG@Mﬁ %cbhﬁﬂcb%ﬂ?th‘éfpr@%mcéxa?ﬁpl\éﬂ (E&ahﬁﬁé BflAvas a

rotocol s. EXAWP . Flat Purification Article usin
bagrievip thastesia lndueltfpbﬁaqczmphelmecﬂ @Ba\yawffha@terwammmlg from the
fir r able purified,
fuel BB S5 TS B CERPER T GsDln bratiBes™ 075 B2l ya

carbon tissue paper substrate. The constructi on of

EXAMPLEe4: Flat PuriflcatibreApticleamsingfa Meltistepstudd jordlization

def d above. Specifjc_ el ectropos .
o (@A) - Bileh Benoaesh favics HaS Eeadsoem O TRRE abEAvaigDle
puﬁﬁé‘@l &Grbbh ﬁaﬁ@ﬁfbe@%ﬁﬁf@h%n WS/ O@B Hbﬁéhﬁ’éﬁnﬁfsésue paper

unctionalized w th am ne groups whi ¢h caused t
substrateedhe @posirm:txcm ¢fi thés. denoce utllmdzapmqmss@itseﬁla)ssahmly of the

nalipfRShy 8 <k ferd abhke hrdtis SRekupoTfe Bhd el goplive functional

coRlpRPbhRRerRt s wWhenakle SRS 'sefdssBmbRL. The N&lﬁantriéﬁotu/wés were
suspensi ons were conbi ned, the nanot'ubes w ap

fungtionatizachwitylease roeps whish caviser daemi tode eI@pE'@sosﬂlve (ie.

pog?gé %%@08%%%@ %@?}%@Eﬁ%&?{j t?r? Q/Ca[@’g Iof'cfl‘é) ﬁ%s%(p%ﬁﬁfgk# 4 890 rated

withi itori lo;ydiomdeétlluslté@lﬁaf oausHY themtelbe eEUt:%rie@aHV@Whethlspersed
add car pox functional groups to the carbon

in Walest J¥Ben ¥hﬁh e sushMsSIgNs varreeomhinedz the Randubss wrapped
ar oethfe'g#]ég ﬁgersmi%ggtegéﬁl’ﬁké dsed water and then

ed i'™h an oven at éry nanot ubes were then

AT 80520 P A it o

36hinslilfuinie acit and 4020 061 8ENniOAEIE aveld 0de fydB@ingidutes Mhigis known
% guugﬁpug&. The dehydr at ed nanot ubes were suspended
to ﬁ& Xypunstionaldarebps e e eargos mn@atb@& f reseocarboxy

furﬂ:ttloﬁ% ized ﬁr‘f’o&ﬂb%# Rerd flfl‘%%s% &d il Bﬁé aﬁé‘reéﬂc?méﬁedned in an

and e Sa e was
ovérydi 6001 @r Thealkry uanbtuttesr\Meathdn lsUBpetmldesdapemceaMI yhivhylrchloride

anflisRblstihe o Bofite e $ita | THEdibAvisHieride b8 K lad i anine carbon
naftuBe danme v@@db@dré%%lﬁé’é VetulRHb lﬁngg car% Iﬁdrated

m xture of 360 ny am ne Tunctionallz
nanalubes ware sugpesdedrin 500mt efaetbylegedisgnine medssamicated for 20 hours

in ndtena ua fficient ) o a nt
at G0 iRten ARt S St A e A% FistuS B the
saﬁhgld wgéhédnwrthlmmmmrbamané @BidC Aftedvaid nﬁsecBFéHl?a@é’dly with
OB U trasonicator” at 80% power for 15 mi nutes,
disfifigqd water until a neutral pH is reached. The rinsed amine functionalized carbon

nanotubes were then dried in an oven at 100°C for 24 hours.

[0256] A mixture of 360 mg of amine functionalized carbon nanotubes and
960 mg of treated glass fibers were combined and then a quantity sufficient (Q.S.)
amount of distilled water was added to obtain 4 liters. This 4 liter solution was then
sonicated with a “Branson 900B Ultrasonicator” at 80% power for 15 minutes, which

caused the carbon nanotube/glass fiber nanomaterial to uniformly disperse.
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caused the carbon nanot ube/glass fiber nanomaterial to

uni formy disperse.[0257] The entire 4 liter solution
woR®7tkEm drawn t hrough a comerci al | y avai | abP@&F/US2006/034225

non-woven, fused, 0.5 oz/yd2 carbon tissue under a

d|f ti ki osit the

oL o1 ShaRhRrStih BATHEL S b Bl iy
avaitahieresin-wbiven; feised} 0. 5gztpdtormbon tissus aroees diffé?ﬁhﬁélfbressure of

f bI‘IC tor, and allgwed to dry in an oven at 500C for

?@z@gj‘epﬂ% g SGlfassgmidled, cagem panotubertreated glass fiber
naﬁ@ﬁ‘w@@ﬁsﬁﬁé @sﬂlﬁ Rafk I REE, r%n%\}é%q‘rod'istg t?rfbglﬂﬂz and allowed to

I'I ant ot e esive, into one si
dWhI@L&l agen ahHe° Chﬁcber brbunshe housing is then mated and
glued to its conpanion to seal. Test of Effectiveness

of EUf%S] tF’uThe& l(rj@ailmmﬂd&t Bquér@td@%ﬂéd s{hZﬁﬁbét}aié rrtnembranel is glued,
url | ON e ructe N € presen exa
usgamBE o iEnt MG iR SHaRS dHEQNGSIRP 268 TBNBURING. This half
of m@wwls&nénlma@d'ﬁ%@péa% ﬂ@%ﬁﬁgﬁ%ﬁ]ﬂ a1 DErs

was tested for biologlic renova scrlbed in
the Tests of Effectiveness for Exanple #3 [test a) E.
Tegbof Eﬁﬁgtlwnw of Fhat Rutifipatige Artithese tests

| f nb d h ticl
O30 i e ey 5 <R e TS Bt ebiape
(Exafmpieéﬂ)&sir@meaerrdmé fuAgondlies® eaHiorhanotEseYBhE n%n hydroxide

Fl u saljnation [0260] A 64 |ayer, flat nanonesh
de‘%%@t%’egqe fipgevas Eﬁﬁte@ &ﬁi@@l@g@al teraovallasin elescribed éuthe Tests

o sk LSS GREATR 50 STEEHI Biprnproel Trse
testsetgmbnstaated thai the s&a‘lf—&s@hﬁtﬂ% pynomieghtartitie ROl removal
ecu ht of 20,00Qg in

alcohol with.a I
cap(ﬂb@ﬁy I?q’rek@%rt'% IE‘,F‘8 yirys 6’? Pyﬁ'? Qa8 and fdeos.iresrRectiyaPer as
an insulator; a non-woven, fused, 0.5 oz/yard2

EXAMRILE 5 FpuiePDESAlinAtRsye paper substrate
silver-inbedded conductive and insul ati ng epoxies; a

pl d8266] Hof4 davaruliatinandnaesti d@(lcaszandem;lthmermaHy

avaHBR prkicd s BRRRAR CRB0n NRbSIARS: BfsBaiberS bisasyring 100-
500nmm drt dianseter add BGOCﬁOﬂ}pms ir( mghﬁwéa&m bho @WE)%B;/%by weight of

ni.tri cid procedure as descri bed
PO i ics it .G equar Welgibef 26,0000 disfilon Metor 15 ozyar

t: Li t n
coBBINSEFobl 2o Toeh: 25 YR, R BLH P Gucie
carlapyolissue papmmmsnate)rsnlualsmsbedd@idcdrmfucﬁv@bﬂdtlﬁ@lﬁﬁh@6pox1es a

| tral T18 bl end d 3.
plag, OfcprilBtis hiisindrand Bayier suppbiersuspin L) BF aersss cach

nelmmgg@r@m&wo@mﬁg n@hSﬁne&h lé%eﬁé X5.5" sheet of 0.5

oz/ yar carbon tisSue paper uslng
di nt iral W dianeter
i Lomer T8GR il oy o BB Sratea trough
nltrlc acxd wash procedure as described in Example #1) and 50mg of glass fiber
(described above) were suspended in 4 liters of distilled water containing a 0.0125%
concentration of polyvinyl alcohol as listed above. The suspension was stirred for 3

minutes using an IKA UltraTurrax T18 immersion blender at speed 3.

[0262] This carbon nanotube/glass fiber suspension was deposited on a
5"x5" area of a 5.5"x5.5” sheet of 0.5 oz/yard? carbon tissue paper using differential
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sheet, thereby conpleting 4 |ayers of the 64 |ayer, 2"
di aneter device (32 of the 64 |ayers are conducti ve,

wWo b@7others are insulating). [0263] An el ectriPel/Ubmaei034225
was attached to each conductlve nanonesh | ayer using a

precééu\@ bf 41 h&d F%%'F%u?i ér¥ %& (yvég%tcu? e | ﬁﬁ%% x5 rp@\nomesh

sh layers were san ween

shéely merebyl dom;ndaestmg 4;&[3@1% oﬁﬂ!& 64M%yer tHehametarkRaiod (32 of the 64
bei ng e IIy spaced azinuthally

I t he el eCté}{Ci E
ayEs are ¢ 'He flo grsf"f‘r@rﬁ‘? @ n@ads on the | ayer

aboY d bel ow). The electrical |eads were bundl ed

and Q@ﬁed’\f‘ esidealderd pesatiaehae i@ pagh wanduetve menomesh layer

usn’{ﬁg‘é?&]v%x-@lgtég tc?@%%tﬁ\% ?&5)&{\/ ?Il%ﬁ@aﬂgﬂl%eex‘@iorﬁégﬁ E@yers were

safdwished biatWeeremsmlatmgﬂ%aensadndﬁimseI“s@deMChéQ’hNerelmen stacked

h he d
it plecRiial i¥isading Sebrn seseshormodaaly (-enitatect 425" from
thé/\léédé @ﬁttﬁé Iéy%r aﬁ\:lvte eﬁﬁmél?&v a*TfH 'e‘iedféﬁéalﬁ@é’dhd\gei’e Béxa’ted and

| ost ~13 salt. There e I nventive Vi ce
roudechthreug plaSQC hoosirigeralt tmhhe Evwensupplyand tlmlenm assembly
inity by ~ 1.3% This reduction anounted to
Waélgga%?rarrs of salt renoved per gram of car bon
n, the nventlve devi ce.

et BREADn A toels rg@.nftswﬂs DRHGHBPA by Taing ) dien afia 1% saline
solliory 01%29 6 g@altf JOTY Waer AR @gthteqjéiﬁé@nﬂfu n136elect(lcal charge or

nelg boring palirs Of conductl nanones
stiraylgiom um@@qs@@ hhaditeate was/testedier salh esntdnt eind icas g@md to have

oo AL 5 B L850 Yol A s oo
stirdilation Meduced 109 8ammityoby 41 3% | Trad re\,‘hﬁicﬁfon(ah(@uﬁt%ﬂ'te'd ¥ grams of

was used to test the efficacy of the device.
saltremovad: RIgiramhel eribpadanotubmsdn the inveative \d@s'lcee roved.
This renoval rate was equivalent to 0.52 g of salt per
g dP28al bdndynamicstentiontest wa@pee‘errned whakin andiffe@stial DC

| h h h
vollghe B4 O BFINE aRBU tc.geEnhls BelGRbRESy sus & SBndudive
naricomesH Ingers(iwabesn ﬁQMﬂér@cﬂ‘ nath@u"e@ﬁYa)?ﬁﬁmb éﬁfsﬁ%h} #Haarged and

({1ano el ectrlc renoval effect. Further e
oda pimbarad layais weranegatieht @l?&fg§dbe‘\a:@hnev:ball@“$get salufieh of 1 g of

sodﬂ%tcﬁgbgﬁeaé@sél% #7$660 ﬁﬂ%f@&éﬁ%% 0Aks '[:s%@m )Iﬂlsvpgg used to test

fhos er e, are
the I%‘mcarmé ﬂﬂ@ﬁéﬁipeNrfdnaé pass thieugh ﬂfféedé\hbé . 6‘9@§fb the salt was

a cted u3|ng functional i zed carbon nanot ubes
rem@&’ﬁ bzﬁfgﬁ LEBRVAIHAtSLWAS eAlivalant te O @ ofiaalh pes g of carbon
nan@@ises! PRfls rébred 9 ! na&fl 2 ;

of these fURCL] gﬁigﬁ i é;ég Anlgﬁget gé%lgﬁ rggﬁﬁgg&%ﬁgg i#ﬁﬁg:ddev'ce’
showing:thai siien @vearyivezhki witage erihanted the remBralnsfaaithbes from a
watgrogéfution, thereby demonstrating the nano-electric removal effect. Further
enhancement of the salt removal will certainly be achieved as the DC voltages are

increased and AC signals, which disrupt the DeBye atmosphere, are imposed.

EXAMPLE 6: Air Membrane
[0266] A flat air membrane filter was constructed using functionalized
carbon nanotubes (carboxylated through the nitric acid wash as described in
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Soni cator in a water bath at roomtenperature. This

solution was then diluted to 4 liters with distilled
wowdoen4dnmd pol yvinyl al cohol was added so thatP@I/US2006/034225

concentration of 0.125% pol yvi nyl al cohol by wei ght

c il S8 uadiuR SRR SR BTl rarcubos

25nﬁ%‘¥'d¢stilléﬁwa:‘tépﬁn@ kenidated fond Omainatessin a@wrmoasdﬂedeb@oos
deposition on a 5"X5" area of a

Sonicaterincd Weterduah ab sPYREPMPeERIHES- r_gﬁlé qgi.,ltpé‘n \gag t5en diluted to 4
Ilterg :vsfp{ e§ |§ﬁlﬁ<%oaYvapr ai tﬁcﬂy\;l {/ltefl?éﬁd? vy é’d?c?éossd\’tﬁd"t gconcentration of

Test of
0.18 99551y vieylescorad bip\lwelgbmwaaemelvedcW@e[@mepsmn was then mixed

for RERDHRSCALPORBOEAGS WA BT bLE B o fgrsion blender.

Thedh%rﬁx?mlg@{n) GrasUrehfcay: B‘@péé-’it‘l’(ﬂ”f 6n BE3INGA BReAOFa \BE'Z@’XS 25" square

etween two ‘flat netal rings of 2" ID,
piecaof wreud polymucw@s’:ratﬁ weing @ differantiph prassyee ﬂ#réﬁon process
urves for the nenbrane article

d
W'“a@\ﬂs‘feée”b@ FPV8 ?e"ﬁg {HePSwas used for bi ol ogi cal

renmoval testing. The bio-renoval testing was done by

TesTOREfeCtivdreds of Air Mentbranedidiclé D cyl i ndrical w nd
tunnel _whi ch was capable of testin

of 11026 2o PiolPORabIaT A lePic§as PoRRETE G0 bR grempEN o
det&rﬁ‘ﬁley saéfFeeo?K/SH%%”T\%ai ﬁ di8ks We?é eai ﬁ@f'n tﬂ@%‘&ﬁ.@r@ Hembrane and

uman It safe for |aboratory
wetteamibunted lﬁél%a%h the‘Iat mtah@w@ow’l I8 2:%1 @Bs i Qe diss was used to

b |
megsiTadne QPSP cipd Vete M gPerLo e P e Rt dticle
devidy, Widfe th@eotﬁérl \Tv§§ us8d forf H)|éldé1d‘dl \*érﬂ@vaﬁb‘shrﬂj a¥Re bio-removal

i mpi nger at the downstream end the testin
testupg)maatdmle by owuntiog ithel fiker dige lreageﬂﬁ)@yhm@rmﬁgménd tunnel which

’ wa%) géE) ogrg%%(pgfthg%ﬁur%%q‘gé gﬂéfgf iﬁ%cgtﬁﬁélcﬁg%o%s oF %ac:llus subtilis, a

md@ﬁhé\@é%ﬂe@gﬁfroéaﬂe%l? b@oglm@nmbuﬁmld humasatﬂathd)gcm making it
spores. Further, we were able to determ ne that

safeéwﬁabprai@rybue&mgu cal agents is independent of the

f | :‘@‘g?bLOfTHéofésﬁh gﬂ liisa! reRats Hﬁfﬂh%mgﬂ ;pbPé‘s upstream of the

resi stan 0 air
filterekdc theelRerehn Meradatice uand gaptuinghe fiGzaoh tiatepassadghwugh the

ERE R RO
apgaraty eA@Sﬁ Blletbe§e rgg ERNRIRS Repe BGﬁ@fm@@Q@e@%@ﬁ?spora

mat eri al elr co t|on|nthe carrier fluid,
retemmmkefnbeutestmg apparla’eJSc dnrthisrbiplogical tastingawe adhieyeghover 6 logs

o A0 RS 5RO SEPFRL 4y BR2B 8mine

rengcg\éd?: r%lf Bﬁﬂ@cﬂfag‘éﬂx@s RARBEHERESHIOE thaTRSrBOVAl ofinnabislagical particles

and of the fllter s resistance to air flow.

EXAMPLE 7: Reel-to-Reel Manufacturing Process

[0269] The example is related to a process for making a nanostructured
material according to the present disclosure. This example describes the pre-
processing of each component material, their combination in the carrier fluid, and the

deposition of the carrier fluid onto and through a moving substrate. Post treatment of
-55-



Pre- Processi ng of Conponent Materials a. Carbon

nanot ubes [0270] The carbon nanotubes were treated
WOWan/1#8199 i ¢ acid solution to renove contanm naPCBFUSHOE 084225

as anor phous carbon, which may interfere with the

tnHepEfed AT SRl e 00485 d B el S HENco U Fe nan
stratiysédmatedaldsbisot deddripedi n t he nanotubes and to
attach car bog%/:l chem cal group to these defect sites.

Pre-FrogegainghobormpenentMateréafsnanot ubes was creat ed
frogr @gyﬁ{,ﬂ na?ﬂfﬁhb@é batches. In these small er

bat ches e treatnent was performed by m xing 20ng of

pur i[P2#Y Hean oatboasnanctpleesiedre treétdd with nitriclasidi $dletbn to remove

V\?ter V\%{th ahtotal vgl unme of 45 m of 70% conce téate
CORAMINANTs. FUCh PBFFPRANS CATAN MAIGRE3Y dUjeEere #ith the surace
ch8inastsy raAkeanshind) T8is tFéé%‘re?t) ?l%g)%léé‘més éde(?ﬁmred to increase the

soni cation bath and stirred m nut
nugbied oF ertstalline defach sites uthhemarmbdseandammmbh cmrtbaoayl chemrcal

or o MBFTH B8 o5 ch AP ElP B neoslofS s created

froaﬁsek/éraleﬁﬁanbrct?dtbﬁee NRNGHE SMmaNeF Batdhes, Wil tEatWasit s
3-4 times with distilled water oughly 4 liters total
PRI bYaBiX(ngedmy oif ipurified npnpw&@sausaga@@d & 800 mieyj distilled

wa‘ﬂﬁf\ﬁtﬁ §Q&a?98ﬁﬁﬁ8fj?%%f@f '}(5‘2% %oiﬁg%tré%\g ifHe 4o Si's

treate I ona car Ube
m x {27 Jwabispnd@eseds pburedghtea Wlassdidakedwtich was then placed in

a Th et ath R padee B0 iButai of e Db Bcisfoaskom panotube
mrﬁ@@%ﬁ@@hé\g?bﬁf&f iAtd Q'Hrchf\er faass ?ﬁg?ﬁé 8cidA94Llirdvn 8ff of the

m xture containing 6 ers was prepare
canboprayekes mngwlabuumdd’eamm gTbsse fittieasiddresied darbam

TN e
totalhviohugl v@asﬁrééﬁﬁfmth@EEMa@Qﬂ—a%lﬂhd Sheddy WBrd-1H suspended in

M xer operating at 75 W th a general pur pose
75 itess pi myei8e AgMesisdreated yeatgr. él'é’te funptieralizedeathen sdnotube

ol AR SR o S
draﬁﬁtéicﬁéﬁe@n@reg@ afd nﬂWRP&r%ré‘@sr%réH‘rérﬁ ?djb?‘é'éh up'RahdtubBe

col or equalized and the pH was recorded is mxture
agg{ﬁ@efﬁérﬂscovered and allowed to age for 60 hours under
const ant strrrrng [0273] A 4 liter solution of 0.50N
sodjugy ppjg de was prepared and added automatically
at a rate 0 5 m/mn to the iron/glass m xture using

a NORF2pév mixtateecantiinite) 66@HP opylaps ffrberSZ\ﬁab ﬁareiﬂffrcﬁn Johns-
Ma}ni/ihe ?foid%ngd\%rqassc%r%telrg %Sgpéjnré}éd' in 12%I_I|rtgr]:s of reverse osmosis treated
water and stirred for 60 minutes. This fiber mixture was passed through a Silverson
Model 200L High Shear In-Line Mixer operating at 75 Hz with a general purpose
disintegrating head. These glass fibers were coated with a thin iron hydroxide
coating by adding to the mixture a 1 liter solution containing 220g of Fe(NO3)3-9H-20.
This mixture was stirred well until the color equalized and the pH was recorded. This

mixture was then covered and allowed to age for 60 hours under constant stirring.
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was reached. At this point the titrated sol ution was

al l owed to age for another 2 days to conplete the Iron
W@ bdori4dgdr oxi de coating procedure. The final Pp&I/Usi00€034225

after the additional aging period was 4.600.05.

BR8N RTIR  BE i o
ut aﬁ?éll \VOXa rafe @ﬂsnﬁlgﬂirota) m@tsrqgr/giaes gﬂxtuse ugm’grzeMllllpore Waters

unctional ized carbon nanotubes and.ir ro
ModeldROLIgD 4834 NBarss TSGR WS GaPURL L uBGL P st g 95:40.05
wa%%%’cﬁgdl%&%lé qtanﬂ tHERBS unc‘%d Q&Btloﬁ' W to aRyd fdr%"néther 2 days

ram 1 onal i zed car bon nanot ube
to c@nﬁﬂ@t@sthenroma(s;n)adytmxtdm defingi procedwe. tThe g dhvalueaiter the

| ass fiber sojuti d passed through a G eerco
add%%‘@ | agingnegy! \M%%%ﬁh g dual - head, hi gh-shear
m xer to obtain 195 liters of a 1:8 nanotube to gl ass

¥ SWRigEHs oA WHREDR s¥RsidpEPOSi tion OF Carbon
Prej bﬂoﬁes Ano'Iﬂ%IIt ass Fi bers?wOZ?S] Soni cat ;ain was d
p%éned as

t o [A2Fdlev Aften preprorgssing, ﬁh@@@wgﬂ@nhm@&r $ WS Lo

foll{y‘gge gﬁg@%%%ﬂg@gtpgggaﬁ#fﬁﬂgﬁ 'rtigé‘e Lﬂ{&’ubﬁéh%%"ﬂtébr%n BRotubes and
ironBytfroRieafdaabd @lawétﬂ‘-tiers) mlgmlmsprmmared' he desobbeddbove. To mix the

dep%%gbgagmm ub@e/ assﬁsfnévbetggﬂﬁgrsgﬁg ?léch gfazedd car%on nanotube
sus?reﬁgfoﬁ;w a? Fﬁ&%tﬁ’t% Wﬁﬁ dFs F ME 5 g‘?&%ﬂkeﬁg&]gsé hB@r solutlon and

uen rou dvanced oni cs W and
pask@d&ﬂrddgh allfméerfcoequéelo&EHl\MU X66823dmiinas dual- mada hfghcﬁ\hear

8 Bt B SRR e 5 Rin

+the fiber/carbon nanotube suspension was supplied to

DebBS:tféﬁﬁébeSh Nadubbisdend G MEs Fibérs ype paper
na mggmachl ne running at 20 feet/mnute. This

suslpei8] orbameatipanyas usad ip aghigve @@(Qram@'né%ﬁ@&@@aaa dispersion

o e e A A AR A e o oo
theserkored! aanpmeatedbl produotiors ehe@mmﬂt Tineoddmisinad acarbon

manual handling and rolling ost.-treat nent was
nansanbo/olasg o0 3HoponsiPR PEeiATRd b dR5cr el eboug Wag pumped through
asfﬂfﬁbﬁiénlﬁ?é%@%gké}ﬂt)?ﬁéaﬁwl g%grﬁént' fhentisREirélgh

conditions I'n t e specification an
AdvaredetsSamies #e\\band 20&Y\5t 16620 &blziskiahfequendy, datling Sajmcators ata

to BRbS ot g e i e EASE LR A Hrtpave cauty

purﬁﬁt forth in the follow ng specification and attached
ainms are approxi mations that may vary dependi ng upon
t he[02#6] r etkftqrrqu prwredu@mﬁhe@/caéb%bnw%ae WSP%SIOH was

su plle%ﬁo the tb'ox of a 18” wide Fordrinier type paper making machine
running at 20 feet/minute. This suspension was deposited upon a substrate
composed of Blue Thunder Novatech-1000 substrate material and the resulting
material was covered with Reemay 2014 spunbond as protection for subsequent
machine and manual handling and rolling. No post-treatment was performed.

[0277] Unless otherwise indicated, all numbers expressing quantities of
ingredients, reaction conditions, and so forth used in the specification and claims are

to be understood as being modified in all instances by the term “about.” Accordingly,
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[0278] O her enbodi ments of the invention will be
apparent to those skilled in the art from
we@ongitgaoat i on of the specification and practiP€r/os20061e34225
invention disclosed herein. It is intended that the
. I o .
unRRE S ER @8 cEn RS Ry AR AR e IR e folowing
speeficatiomaind attacher clains bed bpproximatiensthat\ray vesy depending upon
clai.ned is: 1. A hod of  nmakin nanost ruct ur ed
the; 4EUFTLpropirfis SR A5 Pe iptaRRe CisBe Presa meandon.
CONIA 78] NYOt e+ IEHEHIABnERH PR IRFERIGHPRH HeafpdiBht tcbthose skilled
. flurd to forma mxture, Inducing saird mxture to flow
in therartffamacengideration of the specifieationaridepracticd of ther invention

: [ i f,f er. ial,.pressure filtratiqn, depositing .
cisGloded el 1 STBRGRY BRERR s irlos PdGialRaSs he CORsidered as
examblry ahly, Withf Dtrie &cope @firdptitlsteRle eptibalbeirdy indt@ited by the

nmet hod of claim1l, wherein said carrier fluid

followiRg ¢laas.conponent s ot her than carbon nanotubes. 3.
The nmethod of claim1l, wherein said substrate forns a
part of said nanostructured material. 4. The method of
claim1, further conprising renoving said substrate
fromsaid nanostructured material. 5. The nethod of
claiml1l, wherein said substrate is conprised of
fibrous or non-fibrous materials. 6. The nethod of
claim1, said fibrous or non-fibrous materials
conprising netals, polyners, ceramc, natural fibers,
and conbi nati ons thereof, wherein said materials are
optionally heat and/or pressure treated prior to said
depositing of the carbon nanotubes. 7. The nethod of
claim1, wherein said carrier fluid is conprised at
| east one liquid, or gas, or conbinations thereof. 8.
The nmethod of claim 7, wherein said carrier fluid is a
di spersant chosen from agueous and non-aqueous
liquids. 9. The nethod of claim8, wherein said
carrier fluid is an aqueous |iquid having a pH rangi ng
from1l to 8.9. 10. The nethod of claim1l, wherein said
carrier fluid further conprises at
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| east one aqueous or non-aqueous solvent or

conbi nations thereof. 11. The nethod of claim 10,
wob@rainosai d non- aqueous sol vent conpri ses anPCF/ysave034225

or inorganic solvents, wherein said organic sol vents

re. chosen f.rom nmet hanol, iso-propanol, ethanol,
Wﬁﬂfﬁeﬁ@!m%’l@ne, di met hyl f or mami de, carbon

tetrachlaoride, 1,2-djchlorobenzene, and conbi nations
t herleof . fzmegﬁ@'lﬂémﬁkwgoa nanestpyciureghaatarial samprisingegarbon
nafBfHRR eFéig rﬁgﬂﬁgﬂiﬁné 'isl??é:s, clusters, and/or
0

particulates conpose netal s, polyners, ceramcs,
nat suapemding caetan namefubesbi asbimerdluichty foon a hBxtuiide

T il SR e TR APl 6 e

cafie® fied Bpdifdrestia ipredsurdhitrfion, sai d ot her conponent s
are conprised of nol ecul es containing atons chosen

f r ofeRAsIingBaid earban mamotuhes fuom seid Brdurs emongaid substrate to
forﬁ?%ﬂa‘ﬁ%gﬁ&w@@ma‘f@ﬂlum chlorine, chrom um cobalt,
COpper,

uorine, gallium germanium gold, hafnium
Ihyd gogen,T hentethod dfatkine?, Whérréiimg:gididamner ﬂlLﬂEfclbﬁmn‘I@ibs
ead, esj.um nganese, nol ybdenum ni ckel,
Commﬁﬂﬂ%agtﬁﬁf b’@gb‘fﬁf}'gegr'ﬁaﬂﬁf‘{%gen, pal I adi um
phogphor g rﬁét%uwalai FHeRei Q&G'éﬂl‘ﬂs}r?’c& fb?ms“e{'g?rt of said
scandi um selenium silicon, silver, sulfur, tantalum
nanosiyuctiiteshinatgrial.ungst en, vanadi um yttrium zinc,

cl aim 2. ThrarePRRdtRint RS GomeRBe PmovNg Sad Substrate

 fropf eaigsRmestdcirsy atdtagned onto the carbon nanot ubes,
to ot her _conponents, or to any conbi nation thereof

pri & toThairaethegsdidaionl, igereirhsaidsubstiatsf iscamprised of fibrous
orﬁ@ﬁgﬁir&ssmag%r?a%” er fluid further conprises chem cal
'n )

I'ng agent's, ‘'surfactants, buffering agents,

pol 8- el eTheohythed of aidncpEidAbicuSortitit-Aious iateBR comprising
t hod of claim 16, wherein said chem cal binding

melalsnPRlY k% rGesaMifo INAlira fibensc ard combinatinns theraesdwiaerein said
el PSS N A T L Al oS T o e
carbompiaratilmess t hereof . 19. The nethod of claim 1,

further npri.si form a nultilayered structured
by (he siﬁﬁ@ﬁtﬁaﬂ%&@%&yiﬂ N $Aid ICaRar Thiid 1s comprised at least
on@ﬁgﬂ‘@t, bH§AS I FEOMBIRETIGHS ﬂfé'?&?ﬂ sing carbon nanot ubes,
and at |east one additional layer that may or may not
be Banosthéemethed of claim 7, wherein said carrier fluid is a dispersant chosen
from aqueous and non-aqueous liquids.
0. The method of claim 8, wherein said carrier fluid is an aqueous liquid
having a pH ranging from 1 to 8.9.
10.  The method of claim 1, wherein said carrier fluid further comprises at
least one aqueous or non-aqueous solvent or combinations thereof.
11. The method of claim 10, wherein said non-aqueous solvent comprises
an organic or inorganic solvents, wherein said organic solvents are chosen from
methanol, iso-propanol, ethanol, toluene, xylene, dimethylformamide, carbon

tetrachloride, 1,2-dichlorobenzene, and combinations thereof.
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20. The nethod of claim1, wherein said carrier fluid
is a gas conprised of air, nitrogen, oxygen, argon,

w@ 2000049100 oxi de, water vapor, helium neon, orPERYS2006/034225
conbi nation thereof. 2 1. The net hod of claiml1,

furth t field h
i féaa:ﬁcﬁ Thghiog o Chamre Whereisad ather (ampRRaITts chptise
fibaR, Bﬁf?s't r?chF phARtuRlted ESmf)grsQ&’%f Redtalsy gSIS}Meﬁ‘st&é@amécs natural

cafrier prior to said depositing.2 The net
maiérlalsaam n:prrfomatimes th@’lepfl si ng applying a hi gh-shear
perse

oV L L O B oo

oné%mﬂéhglbmangﬁ fidie 1fed BPdo@ime! ai m 1, further
conpri Si 3% app ying an acoustic field having a

f r eddencyhedngineg aiciaima, whereirosaid atiper earapanents are comprised
of H‘Ioﬁ%b@%ﬂ@é#ahﬁ@ fat)q{%éj chgéémﬁpnf%rﬂﬂﬁgﬁ%aellu%lrﬁfm rjym, boron,

aln or nmaln persion '0

braraingo saleiunet ¢drbsn] ceriune, cHiom m@rchfrd)miLdnpdtobHIt topper, fluorine,
depositing, 24. The nethaod of claim 1, further

gallig i gesmagium.caald neafpiven, r{w%gemdﬂ@wu l%lfl@f Irigjung igqq,

larfthan iR SieafN M %tsluﬂ?ﬁﬁéh ?ﬁtﬂ E@éﬂu%gh%ﬁél hio®flm, nitrogen,
chemcal trea rrent |rra|at| r conbi nati ons

osinileneoXygerh paﬁa@unemhodpkubrusl, alalmﬂm,, rindravien, mhadiuoh, ruthenlum,

s SelT BTy SR Sufor SR i sty birgsten,
valﬁ@dlﬁfﬁ @hnuﬁf zﬁ&%ﬁ@érﬂ@ﬁi op c@htﬁr@ﬁtloﬁﬂﬂeféﬁf 26. The

of claim?2 ereln said irradi ati on conprlses
expd§| ngThﬁdnﬂf@@dﬁfrolﬂimﬂ,e&dhmfewldlOth@ ¢Qmpqm¢miﬁ are pre-

as%%ﬁ@r@a e)ﬁ(ﬁo?%é&ﬁegﬂérﬁg ﬁgggﬁdﬁﬂa%&hﬁ% tg rpécgﬁents or to any
coRbination thetdusriof td:!s@dﬁieb.osftkbht her conpri si ng
finishi ng_asal d nanostructured material with at | east

one TRet hd@ecneied af cincLitwhergin saifiGeatiemgid &efgrigmprises
R L L
compireatioak thaeof t ubul ar shape 29. The nmethod of claim

navithg. alNeaReioR S Ciie i el salfanertizal bivdlig sgents
°°%ﬁ2?}9%6‘9?‘292a'§%@‘2{“ naving at | east two di monsi ons

gr edBer tTharmeihodmf cim. 1, Mieensin said asfrier fhlidf@ther comprises
bio%&@ﬁé@ c%%'sgn Po(arr?tpr&%ﬁ”ls?bl\‘ﬁaﬁhAf ARd combinations thereof.

19.  The method of claim 1, further comprising forming a multilayered
structured by the sequential deposition of at least one nanostructured material
comprising carbon nanotubes, and at least one additional layer that may or may not
be nanostructured.

20. The method of claim 1, wherein said carrier fluid is a gas comprised of
air, nitrogen, oxygen, argon, carbon dioxide, water vapor, helium, neon, or any
~ combination thereof.

21.  The method of claim 1, further comprising applying an acoustic field
having a frequency ranging from 10 kHz to 50 kHz to obtain or maintain dispersion of

the carbon nanotubes in the carrier fluid prior to said depositing.
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di mensi ons greater than 100 cm 32. The nethod of

claim 30, wherein said sheet has at |east two
walesensitons ranging from 100 cmto 2 neters. 3BCT/Ukm®06/034225

nmet hod of claim1l1l, wherein said nethod is a batch

d f | 1, wh d
i nd[}%dng?ri"@ ﬁ?@’*hcg ) @ Ie{r'/nﬁe'fﬁ‘tﬁ’ﬁ'?%eéﬁpﬁﬁl g Fduphshear flow
fiefd ®Esid chitferTRptd dﬁ%ﬁe% MY 6hmbd@en@irBsh héﬁbtﬂtfé@ in the carrier

material is deposited.35. A continuous or
fluigbpiorderfteposting. net hod of making a nanostructured

mat al not ube

Comad o TR BB, GaRE R BReR R BTsE bt ARL A goqustic field
haling aifrquémyn@gmg(twnmo kA€ U6 i50kH2aad @il b It:l-rshebpﬂé\lvwe'ld either

t hrou a nmoving substrate that i s perneable to the
Seeaerﬁhléw Cfrumcerfﬁgm%tm & ehtaimpr maé@t@m dispersionef e, carbon

naﬂ%ﬂfb%'s ih Igeﬁﬁfr%r?lﬁ dgst oK e%{p%@,?ﬁ,lgf romsaid mxture

ont o sa| movi ng M a nanostruct ur ed
mat é?r4| aI Tthmmaghmi d>fe<rh@hh1,gfuethtaecom1paeing tneting. tha@andstuctured

m 35, ere nanostructured
malgtigiiL = {zehonE pgshdsarTor Terir g Riosen o ghemical reatment,
|rr§@§ﬁ(§n Lmdo@ng,ﬁam tMet&srs. 37. The met hod of claim 35,
further conprising gathering the nanostructured
mat 9. al The methaideof ghaime24, wixgreinmpeidrahenydaldreaimanircomprises

e N N T X

Conmtdhl,tﬁft ayaddiger.erial is deposited. 39. A nethod of
‘ i?pgananostructured material for filtering at
| eas0- ond hednetipdrRficdaint 24, whereln ﬁa'ﬁé'trﬁ@@tl@@ﬁﬁmpﬂsﬁg exposing

théHéH@sﬁﬂl ui ??@??Pﬁp%ﬂ% a{&eﬂlfﬁ%ﬁ |ﬁfr51%53rag%;[ﬁ8)rgtﬁlregtron-

carrier orma mxture, inducin
beamsf iambeamswgmy.s s;;)hbmnsabeanjnabmmnatmmlhetécﬁ to said

d d ted f|
o O s P bbb ales osurysiucire
maﬁéf HfthanebePsse MARdS 8hdsdh fﬂ)gf &Jtﬁ@éq?ﬁ@ﬁﬁgﬁé %gé{) rfé,epressmg,

o forma nanostructured nmateri
wramnm agcombisations dwrdotyl ass fibers are coated with

Tt 8 o OB A LSl SN TRB DS el s o

tubwalrshepe, oxyhydroxy salts MOy(OH) An.

29. The method of claim 1, wherein said nano'structured material is a sheet
having at least two dimensions greater than 1 cm

30. The method of claim 1, wherein said nanostructured material is a sheet
having at least two dimensions greater than 10 cm.

31.  The method of claim 29, wherein said sheet has at least two
dimensions greater than 100 cm. '

32. The method of claim 30, wherein said sheet has at least two
dimensions ranging from 100 cm to 2 meters.

33.  The method of claim 1, wherein said method is a batch method.

34.  The method of claim 1, wherein said inducing comprises applying a
vacuum to the opposite side of the substrate on which the nanostructured material is
deposited.
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4 1. The nethod of claim40, wherein Mis at |east one
cation chosen from Magnesi um Al um num Cal ci um

waeaaniauny Manganese, Iron, Cobalt, N ckel, CopEEDS2006/034225
Zinc or conbination of thereof. 42. The net hod of

claim40, wherein Ais at |east one anion chosen from
Hy dBSde, ArOOERYQKS Otsemi-tortinuusThekod |Qfdm%#@n9 @daanestructured

el lfen ebotie, e Sty ©

indFtarbph ala@otidsriateecariiet flurddo fod atrajxture,
Brormte Hypobrom te, Boron, or conpi natl

t hemggmng@aldrﬂ‘@d%q iolowthrougha @@Vlm tps&lanjj is permeable to
the@rh@rdﬂl{lﬁ b?/Qﬁl”féVeﬂﬂaf &e@sﬁ%‘“ﬁlfrgws or semi -continuous

rma nanostructured material having a
| engépositmgsaid dartoon manelmbeslfr@nlse@ mitwesonta saidrmeving

SulFHsie i e A BER YO L ROt PYREL o oERREFHER { Froter

i s ggsheghe aAinBASf @Fa%%twr@wlnobdi@ AShoestricod Gatdrizhas a
1 cmto 1 meter. 45. The met hod of claim 39, wherein

length danmg}ﬁfdm greafasrthard mates upaoct, PR matetso form a

TheShet not B npaoRcleh i it galfRefo e

naﬁ@é’fﬂldt@r%@l rAatekiyl 68 attakewip@ct.0 the opposite side of
t he substrate on which the nanostru inc[ed materi,al is

© depd8i t edhe methgd o AIMGD. sherel RIS NAUGNG eQMPHSEgaPPlying a
vaéstPp GRB5D SI&%’H fhe él?ﬂ?gtldat% BASHCh rtl’i’é"??ﬁé?cfuctured material is

7 & AN yproducts I ol ogl ca
de;f)@mtwt uffs, al cohol i ¢ beverages, and pharnmaceuti cal s,

(D) B SR a5 LB eERSE g at st one
coﬁt‘aﬁﬂﬁ@tbﬁ%mc}'\@%ﬁcﬁfﬁétﬁ@d BopAYmgF i al gases conprise

argon, nitrogen, helium amonia, and carbon_ di oxi de;

or sgspENding carbopfngnofukesiandplass fibers in a carrier fluid to form a
mixture, ,

inducing said mixture to flow through a substrate that is permeable to said
carrier fluid and said contaminated fluid by differential pressure filtration, and

depositing said carbon nanotubes from said mixture onto said substrate to
form a nanostructured material.

40. The method of claim 39, wherein said glass fibers are coated with
metal-oxygen compounds chosen from metal hydroxide M,(OH),, oxyhydroxides
MO, (OH),, oxide MOy, oxy-, hydroxy-, oxyhydroxy salts MxOy(OH)-Ax.

41. The method of claim 40, wherein M is at least one cation chosen from
Magnesium, Aluminum, Calcium, Titanium, Manganese, Iron, Cobalt, Nickel,
Copper, Zinc or combination of thereof.

42. The method of claim 40, wherein A is at least one anion chosen from
Hydride, Fluoride, Chloride, Bromide, lodide, Oxide, Sulfide, Nitride, Sulfate,
Thiosulfate, Sulfite, Perchlorate, Chlorate, Chlorite, Hypochlorite, Carbonate,
Phosphate, Nitrate, Nitrite, lodate, Bromate, Hypobromite, Boron, or combination of

thereof.
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43. The method of claim 39, wherein said method is operated in a
continuous or semi-continuous manner to form a nanostructured material having a
length ranging from 1 meter to 1000 meters. '

44. The method of claim 39, wherein said method is operated in a batch
manner to form a nanostructured material that is a sheet and has at least one
dimension ranging from 1 cm to 1 meter.

45. The method of claim 39, wherein said method is operated in a batch
manner to form a nanostructured material having a tubular shape.

46. The method of claim 39, wherein said inducing comprises applying a
vacuum to the opposite side of the substrate on which the nanostructured material is
deposited.

47. The method of claim 39, wherein said fluid comprises:

(a) a liquid chosen from water, petroleum and its byproducts, biological
fluids, foodstuffs, alcoholic beverages, and pharmaceuticals,

(b) a gas chosen from air, industrial gases, and exhaust from a vehicle,
smoke stack, chimney, or cigarette, wherein said industrial gases comprise
argon, nitrogen, helium, ammonia, and carbon dioxide; or

combinations of (a) and (b).
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