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[004] The ability of nanostructured material, such as that comprising carbon
nanotubes, to have a wide-ranging density, for example rénging from 1picogram/cm®
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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herein include fabrics, sheets, wires, structural

supports or nenbranes for fluid purification.
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This embodiment enabies very large nanostructured material to be formed, such as
a material having at least one dimension greater than 1 meter, for example a iength

of hundreds or thousands of meters, and up to ten thousand meters.
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material. Unlike the continuous or sem -continuous
nmet hod, the batch nethod conprises depositing the
carbon nanotubes froma m xture onto a stationary

substrate that is perneable to the carrier fluid.
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[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.

[Q16] Fig. 4 is a schematic of a continuous wire type system for making a

nanostructured material according to one embodiment of the present disclosure.



meani ngs outlined below [018] The term"fiber" or any
version thereof, is defined as a high aspect ratio
material. Fibers used in the present disclosure nmay
include materials conprised of one or many different
conpositions. [019] The term "nanotube" refers to a
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nanot ube" i s use
other words, while it is pOSS|ble it is not necessary that the “coated” component

A.

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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i nt erchangeably with "inpregnated carbon nanotube.”
[026] The term "doped" is defined as the insertion or
exi stence of atons, other than carbon, in the
nanot ube crystal lattice. [027] The term "charged" is
defined as the presence of non-conpensated electrica
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d" ref .
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A definition for nanostructure is provided in

thromlb m@n@el &ieptiga or sheicabloraas: draraxampkeduch connecting
can ¢ ﬂ@% Jﬁ% etff'acl imnkied EldiYik8'Y bt?: {t resists
gie o A

I'n |ncorborate erence
sepﬁuﬂmnhls deflnltlon [033] The phrase ' nanostructured

BB 7B Bl Pl o B R of BPRRET o6

defihed@blihe lméﬁacmdﬂﬁﬁ narfotdf¥s araiiomather fbeps inte adargehecale
t‘|%Erase "characteristic length scale" refers to a
malgfglsure of the size of a pattern within the

ARRNFRE RS ‘TiafBstATctited” BRE “hdrd-sfed Fefdrd® a structure ora
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material which eogsessesgempanentsthaving at leestdmetcbweeseettb@éﬁ 100nm
or sfrﬁé?lgf‘ SAQfeﬁB@%n FhrSh MY FruRRT YRS oviHBS AR PH SRS and Chemistry

of Materlals 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 iength 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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measur enent may al so be done through the nethods of
appl i ed mat hematics such as principle conponent or
spectral analysis that give nulti-scale infornmation
characterizing the length scales within the nmaterial.
[034] The term "nanonesh"” refers to a nanostructured

distamiechéteet gberest tﬁb%ﬁanc@ﬁ&m@hﬁ%uﬁﬁécﬁd&ﬂ fibér B@E8HSs. This
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i mLing exa
ong R8Pt Ui T ar ] 8 el orone PIETEa oo uid i
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narBRiiurl e BRL O BBk oA 7 Fhafler ke 406 heters
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%@ntl nuousl1y ves ch.“ ng the process until the
or PR SLAVERHT BEARESUCAARORRFUS S Bxdatinedne #izeiaf material made

via E'Ué&&hﬁ@cei@%heﬁ use8th d@%ﬁﬂerﬁb?]‘t'iﬁbﬂ@é 8PgEmi- &frﬁirnﬁoﬁé’ a

met hod i n which the dep05|t|on strate noves,
meibpdpviprae sahmenufagiuringantrncbatpase she pmdpcme'smatenal

havHLH ) “e%tgﬂh&ga?é?riﬁéﬁ“alw&ep rs%ﬁi@ é;réggr th l?lsé a[{h%tei%ﬁg\%oqg ten

uring a sem -'con ous
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i ha P th

P, B o R T h SRR R R B
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fOB&'? I A-“g6mi-BontiFryduE ?ﬁétHbﬂ TGTRE 85 8 $ethd8 FEWhRAAnEBBYSsition
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 multitayers 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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[ 0401 The phrase "sel ective deposition substrate" as
~used herein refers to a substrate that is
substantially transparent to the carrier fluid and
substantially opaque to the said carbon nanotube
conposite conponents. For exanple, a filtration
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conpon s described herein, such as glass fibers.
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5T o e e roelatinalls rrepdRe et Bt WiRanfldf iteg e
eleﬁ@ﬁ@nﬂﬂedm@@ra@awmmﬂueﬂhme cont am nant through
ei t her chem cal or biol ogical, processes that renders

{0451 c She dermm d’ﬁf"quga;()%ikﬁfé/ vérsien therrgl means dseiiRyines of
moalﬁ) ﬁq %rr%e S%Fyg cBHtanﬂﬁéﬂ@hb% at%‘@sﬁ‘oﬁ@'of q’ﬁ-‘ﬁfﬂl&\fvln@g

m Cr oor gani sns, bi o- npl ecul es,
mecmagesns opartuda @lzemwmabsqr@nam wrmt@nnchgmcal @1 kiological

ned by a nunber distribution, e.g., by
mtet%%get%n drsr Q&]‘o particles having a parti cuI ar size. The

e46)od hepHrygs ‘(rzhlehycatmablmlagﬂcdiynteracbomsc mgziction” is understood to

e e JuON AR CoRtAraBe BIHen B Risel onpjological
proé8dddiItRhe@nae A Ak REnRINGIRENt ThdpedRopfcaR Sy Mare. eberhples of

m croscope, or optical near field &wd@icope Met hods
th'%ﬁ"erf@@%@iqnnQX‘EQPer‘v(ﬂh@@“Eﬁ* depaturigg; g21NBe8 er ei n

mlc%frgéﬁlggf% blonm\%'chf’ers ﬁ:lgegﬁiﬂ AR chcgbedbnt. The Particle

An encycl opédira of 'techniques for small
fe47li dlhe terheripaticlessized g definsid byla npmibee Histribyitiande.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 eiectron
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 parficle identification), Vol. I, Principles and
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-7 Techniques, Ed. 2 (Ann Arbor Science Pub.), which
are herein incorporated by reference. [048] The
phrases "chosen from' or "selected fronf as used
herein refers to selection of individual conponents
or the conbination of two (or nore) conponents. For

Teandguese Edt zeAmAaﬁrrwéwe@h hHicRared®dteMAABS S fited by
fcar bon nanotubes that are nl'y one of inpregnated,
re§TGACEi onal i zed, doped, charged coated, and defective

Siowrfé%lﬁéé&e%hoﬁn ﬁ%r‘ﬁ' ot “ére‘f'e&éd #O%h” 9%; uSE{J P%\"exﬁ ?@f@?s to

types of nanotubes such as a mxture o
selegtioa ofdndividugsiomnenepts drdhe soothinasion oBmwmmndse)«zbmponents

Fo%ﬁsg@gg&%mﬁuém rréﬁi["'tn ”aCJﬁg%is?t?ﬁE '?JP@B.OtUbeS that are

onlyenerdf ihpregoated, funationadized ) dnpédb asarded) coateld, fdrer dafectale
ressure, techni . In one e iment, the nethod

carBR BERE DL E iy € aPion ah eBau oSl e aucy as a

mixtireest difterpointesitsentsi dpplieé & fHeafarldtubes, depositing the
carbon nanotubes onto a substrate that is perneable

to the carrjer. flu nd al | Qy the carrier fluid

0 Wﬁ%’%ﬁ? h'%'gagﬁggl"?téirﬁgﬁﬁqgﬂ?gf erenti al

mz@s (trerd id disaddedina tripthcy mrwwéhéﬁﬁétm&ﬂeaﬁﬁﬁéhaﬂ from a
desgri bed herein can be used to produce

cafr'ar @éngﬁ?ﬁsﬁ%le To'entiztaressuse dechaifise. ds one emhasimant, the
meftdy é&nﬁsés%%erﬂﬂﬁ%%ﬂ%ﬂﬂaﬁ%&%{e@%ﬁ onétllﬁﬁci} o‘fﬂgr cBmponents,

even greater th
ing @ﬁrﬂﬁ@ﬂwdﬁﬁmsg@g tegrogibeg nanetubesesto acsubstmterthates ipatmeable

I b
o 1 84155 i G S0 B oGP b g B
: dlffﬁwmtlabpneemé" ﬁrew;an h@éﬂrrmg nanostolotured ahatgrisli S viethed
decifi HErah oG Beisen i osife Mo Ao Gatdvateria: sich as 2
matdial having abastorasdimersionegteaRl &drdd oAl bﬁé‘\?@'ﬁjg%tértthan 100
[052] The substrate that may be used in the present

®Myi scl osure can be conprised of fibrous or non-fibrous

W@ﬁ(ﬁf ITHeSmeiNeA ‘rﬁé%ﬁh@ﬂc&fﬁgﬁgeé Fé?n&fn;gsﬂ‘\%h}afnog{rﬁbﬁreoaﬁgterlal

-fibrous materials in
f rOfBéF%ﬁPestraﬁa{ Inithis emussireentathe Suhsﬁatenmay zbﬂsretriweéd»ﬁ/ a simple

se;ﬁ‘?ﬁhcﬁf‘i%@ﬁhﬁﬁé‘tor &\ Be f@r‘hgvéoa%)? h?étﬁ]gg g}' élg%ﬁlg:lratfy Hlésglfnng the

/or pressure trea
Suhﬁﬁétﬁsar bon nanot ubes. [053] The carrier fluid

ncl ude.at | east one aqueous and
KO ATERAEH 0 e Bab ARG e SRemeren bt dombpioeu,
with ther earfotub@eanastradturéd materiziagtdchdd @@ui.d may have a pH
iwi%fr%m]}to 8. 9. . .

e substrate that may be used in the present disclosure can be
comprised of fibrous or non-fibrous materials. Non-iimiting examples of such fibrous
and non-fibrous materials include metals, polymers, ceramic, natura 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 ieast 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.
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-8 [054] The. non-aqueous solvent is typically chosen
fromorganic and inorganic solvents, or conbinations
thereof. Non-limting exanpl es of organic solvents

i nclude nethanol, iso-propanol, ethanol, tol uene,

xyl ene, dinethyl formam de, carbon tetrachloride,

(0543 - FheHopLaRRBES RBIveRnd tymaé]lyﬂﬁfosenfirohhefgahﬁc arﬁcﬂﬁlb}ganlc

I n"one enbodi nent, the carrier flui a uch
solvenis Qfmmq:@ﬁi@ngfthergpf Ngn-{l%@@ﬁax for&%&;nso \@glit%gwlude
metr%'n% i nawoﬁ@ﬁ@heﬁ%ﬂ?f ft?lggﬁé H(Fflenaeéﬁnetﬁylf@ﬁwmlde carbon

ereo n addition to carbon
tetranhlnudmbbg-dlabﬂdfebemnﬁoﬁ@@\pgﬂlbﬂ‘@[ﬂoﬁy"%éoﬁ ncl uded in

45, st B e e b oo o
air, NiRbgardloxpgare rargars ,castvsh momﬁenaaheonapmmhemuﬁ negrg lor any

opti.onal conponents typically have at |east one
Comalﬂﬁ‘ﬁﬂ%#&’ie?fangl ng from1l nmto 100nm [057] In one

85®10dh %B&lon%‘ Badh' naotdbes] ethen bbrlﬂlﬁbnémmnhatsmay be included
chem cal bindin

t I
in e GOUBBAETS, BT o7 RS CPBIeBa.of e

polyf; r’r‘u&gsné’tUF‘eﬂ &terid Qearfb@édmﬁhaféﬁé tﬁereaf Sl&Potional
er nat1vely conprises biomaterials chosen from

comooemﬁnmucauMAuavamle%ﬁﬁ a@ne gimenien mngingspotnm figjnm.
@Pﬂjlnare nD ﬁwem%e @%lePﬁUIQ%Iﬁﬁertébrﬁ e%%h'éhﬁéal binding

cont ai ni ng at ons chosen from
agemst smmas pdywnylralmhdt,asurﬁantantm bafferiby egemnis, poly-glentiohiies,

] andfqo q,ﬂgns ét&qrgbhﬁh 6?('%%' h?arvg%% of %g?#ﬁgtn{é§? @Br%pnses
| bnorhat@hmg%osérmﬁbmrot@ﬂs MENA,| RNA| &nd combmatibas tHeaeafm

pqsgﬂ,’ Q%%%nggﬂ&gganeisewségdﬁl (g%rpgrdﬁqjﬁ]a’re molecules
conPJ‘rﬂﬁg B%rh@chc@e%tﬁém AntifdR,] A0niduredbaiim, fbdirdi\@ riroine,

scandi um selenium silicon, silver, sul f
caldiumt earban, aeribm, chiosineushromigseabalt, GepRai ﬂHﬁ"nﬁ gl

gerﬁ\i ﬁ L@'ldr %%ﬂ‘hw Iagds oﬁ@ﬂhg@iﬂﬁi %ﬁé“?ﬁcﬁgﬁ\ erﬁ)qghth-'éHﬁm Idead

nponent s erein e’ pre-assenb
magum*srurat anganksen trwlybdenoan; bmkehamblum.ersltrogm arshium, oxygen

o GRTRS 55 e, AR, RREHT i, R, B st
siligoat Bivér Husat, Qémdldrn@rtm tita®ium engsten, vamatinmm vatrium, zinc,

mJItl I ayered structured by the sequential deposition
zircgpiug, qr s9E0NSHENABSIEO,t ruct ured | ayer and at | east

mﬁlaﬂbtdtm%“*mms WYcABe e niEbdele-Rembled and

structured 061] The method nmay further conprise
attached apis theaaarzen aan@tn % (@ gthes cPMPPRERIS, Ob@t%nyrp%mb'natlon

thep@fﬂ},g}{gtﬂéﬁgsg,g‘hgys{gg the carbon nanotubes in the

the depositing step
I[QBO]I iimohe agwbemanmteﬁweahemdmdmeﬂm@l @mbfausedatp fpan a

muHTc'ayerecp struc(?ured 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. -9 [062] It is also possible to

di sperse and or mi x the carbon nanotubes in the

carrier fluid by applying a high-shear flow field to

the carrier fluid. This sane process may be used to

[D62pelt sealgo possiblE o digperefahe br AR ﬂ{él@&ﬁoﬁ\"nbﬁoﬂbgg Fn the

conpopents, . when present. %OGS] It is also possible
Ca"f%qﬁ'&gbléa%%gr?a?'ggﬁhﬁrféﬁW elskiotthe carriar fluigh tThis same process

ma)fpbé‘\ﬁké’&% NisPBRbI rIesH rhixGRs' el nfr?d?%&@éé%ﬁb&lﬂh%t‘laénﬂﬁ%%nts,

low field, either sequentially or 1 n conblna
wheglprgsentor mai nt ai n di spersi on of the carbon nanot ubes

i he . ier. ' ' .sai ifi 064

(0B, s, 5186 BoStinle ufse botbohBrdf ot ol R Lete B O B
previowsly meptivhed frequerstyrraopemed anigh+shabr fow ikl eltitstdequentially
or ERSRRRLO B A 3 e P b e
carﬁqré@id%r,to%uﬂdépﬁqs&ﬁ@i_ ng ha functi Ional group, t cloat i ng

Kloteh, fiens clpostimants. Siaethoddupber spines teain the
nanB3M@RLFcdGhiHeRid] Wik &F leakt b st'-c?égl%'giéigﬂ ?reafrﬁgﬂﬁtsﬁrb?%;ns. Non-

. _.chosen frominfrared radiation, tron-beans,
limifipchepampies g such piasessss ingidaty) chamicaldtaatment sugtajs adding

OBEL. . N ; ; i .
2 RSl broy o E oD R 30 P RGPl ) BB Rt or
boths {bkisradiatiom sunhi ab extsinptheswanbatttictoted matdriakit £t least one

; | ng, it f pol yel ectrol yt
e it it BB radG0, 5lenakdtes "o Beres Ve
photinsc br ahy torabitiaflph1gf f‘?"an@@tﬂﬁ?i nations thereof. [066]

erein nmay further conprise

[;B% hod descr i bed 1 m
BF] SR BOBREPaSRaSURRHVEleationarares dassnbed heteirs aye
condhidle Précedrirdd Eid RAtrdrRr acd %Eﬁi’ngtjgﬁa&tﬁr‘@ﬁ@ra?@%tg,nmoﬁe%'hlar

exanpl e, finishi n% the nanostructure
gra%aaﬁqp@égloatof pelystecinlytermateripls leoating, fheating uspraying, chemical
o i ; |G ' Wr appi ng, or
or eLonbﬁﬁgtdﬂ%ﬁnsg?t%ﬁgrbgg?nﬁ?g%%&%ﬂfé di scl osed net hod can
196611 s &e method desdrived ks rain nmﬁurbhent:dampﬂssﬁnifslﬁﬁgiﬂw
e, th

[ . ructured terigl. For exa , e
nang Sy B e BR0 I5kh 4 358 Sris, pilfcietlor F epiquira.
appticetiona Fopekamptey finlshirigethé hahostrudeiedtabicfial &rbhies at least

r.fluid. This enbodi pent enpabl es very | arge

carli ) ) / _
one hed chesert Eom iting, lanaingling, sealigRrasring | Wrappinged,
combitztions tieerggt eri al having at | east one di nensi on

[gh ater than 1 meter, including length up to hundred

Rél elendisroaed maihed carbe used frggpntimeaus drseaiisontinuous
fashitrSfor AviéhcPa R3hG&rUBRERAIndtBhal M afp e 308 LL S Waedi ihes

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
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material. Unlike the continuous or sem -continuous
nmet hod, the batch nethod conprises depositing the
carbon nanotubes onto a stationary substrate that is
-10 perneable to the carrier fluid. While a batch
met hod does not typically permt materials to be

* perme@blEEd tRé chhRr RaidE VBhifea bﬁtt,‘?ﬂnémdd%&&fshwot ﬂfplé&hg permit

conti nuous or sem - conti nuous net hod it is able to
matepalstade farmed phihesame sizadiiiohas lepgth. aafhe sentinuoys en semi-

cont:ﬁﬁo@?g\gg?idTﬁgs gmet SRR Hpgméaga nahz?&h%&urh!matéﬂal

atc process r ma
suchrasnrst haning atléastenner dimiensiongreaier tha1T1Q/cmusef ul for

(e ithe e BrREBaEon B E0RoBhufish MigbrallR beripuieny

usef@llfblsprbduangmbdmeﬁ shaps amdydr amr@ducmlthaﬂ teasfitt#®m a seemless
ereo ter media ca

d
CO“SHPS%%E%M@R"\XB? éHbStt e IGHE @PP9$‘H§°t§ﬁ?Q§F?f§f il dﬁfR?Pﬁ%g thereon.
in orle"érAB6dimePad fildr nidifa Ean beprodutel iR vhicCAERMAAY G substrate

[070% I n one enbodi nent, the carrier fluid conprises a
formg @riptegralingh Qfthe BliasosHchamacarken blaek. g ass fibers.

[63}035% Bh@%’f‘ﬁb elﬁeth‘érb%‘?ﬁérqﬂ.u@ﬁo Ak&da W %lﬁ%}g:o‘f carbon

oxygen conp n such as ose osen
nandiymmdjglam (lb]ai)SY Glasg/fiyats ondyies uve@tedsy Zoatod ivdidr metal-

- oxvo Pomeiines, R ase Bl SR harafBR Mk ioMEAe
oxyhyatoxidesdigS£OH)., oride M@}eeanhymbum oxyhydfexycdaite)

OTI &_@n um Manganese, Iron, Cobalt, N ckel, Copper,
M<O#O conmbi nations of thereof. [072] In addition, A

[0 B1]atin heAsimiPNEeABbaIMehi 08 88 af least dhedsatda. chbseR Hofe,
Chloride, Bromde, |odide, Oxide, Sulfide, Ntride,

Magresinry AlUntipues Gafciirs, Tianiym; Mangpaeses Irepatabalthiskelt e,

CopsBil Ofrc! oGl irrediar bonat e, Phosphate, N trate,
rite, lodate, Bronmate, Hypobronite, Boron, or

[Q&iblln@ddtﬁﬁ@ Ais ateasiche é[rmerhwserhfa@n triyeiridelj Elooide ed
Crichg} pidieg ABRIBeOKAR. 8li68! NS MMM Shi A oD SfRe,

ers coat oxygen 'co
Peroédqram Chicabtep Ghidrites ayiposhiopiten Barboreste yWPisos phhaty] Nipate, Nitrite,

o 5 S T, Sl M

[erd1odi REnbestesistoversd feft GidicombinatioR 8t éA¥6N nahb@bes and
unl i ke carbon nanot ubes whi ch serve as an active

glasg Shprsirosted Wi meialraygen 6P@POHRES PIaYide @icgetoRAl @uuaﬂcatnon
propfeh%rvﬂaerﬁwéa t%scléeﬂﬁcﬁt?lﬁ&aftéd’ﬁwaﬁe?ﬁﬁ%%lﬂ?'re?ﬁﬂpﬁfﬁef e o

he active mat er i al er nm renove
the fw@& prasiicha®s ﬁﬁ%medlaeom gmibodimeniglesarilséd lrereiny dtl is betieved

that QriRE cBhEn fnotatBe S sofe B B o RaRE 1 Pimapy roe
that thenaeger sagledibers)isdch 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

broadl y described below. - 11 [075] As shown in Figs.

1 and- 2, the nmethod described herein nmay conprise a
conti nuous or sem -continuous nethod of making a

[OEBlo s showur ieFigatieand®, theimethad desdilfedeibrpmpaay outkaprige a

ool B SSFSano a Sndhes Al using o

modiffe@3dpRemakit typs pfabeeki pabitaih Renbddiferidl emethod
nanot ubes to " inpart desired chem cal,

compriges the-fellwing slePsnd physi cal properties to assist in
di spersi,on.: T Self 2 el ihd8h r £
B | ShERicIg85uEE slieh 38 M nakeind Ing BRI HATOHIRS to
post - diempesi desined chamical eslectro-ckemisakanchphysieal properties to

nor phol ogy; . of.. . f ' .
nanor (Bt i HisheEIOT AR PG of e fRrRRFPL Y material
usi ng Suth aareaess cady also add/desiraikle pmst-deposiiion chpracteristics
and/ or _an appropriate high- shear flujd field to form

a suspSiR %ﬁg@f'ﬁ%ﬁ’ B Vﬁiﬂb‘iﬁ%’ﬁ”@&‘ﬁb%‘@ﬁ? and, if
neesledgispbifiy waBRsERN With of WithoBtiaditicriad Bupport fifers| esing

toas a "loaded carrier fluid," (3) introducing the .
| oadedulgryanigatipp @na/qrmmaw&aba\&é@% ang/Rr AR ARPIRKiate high-

wher e ' | b SnciOBY @6rhponent
e, SRS £ e TR By fperen

deposi ehagf nerdedanthenisempaneniss Thisheyspeoaioprie rafered knas a

the lo Llier kluid onto the selective
deposi tqlg%%’dsﬁ s'yr@\{'%’ using a differential pressure

dr iés)en inrodacing the loaded matrigr flsid ihtectherdepbsitiobthaad bax where
tagtially-stable,. interl.ocki ithic, e
Ut BB BB Gl B O Bl specston

st ruct gpestfdtem t he sel ective deposition substrate,
(6) drying the nano-material through l?reSSi ng,

heatin
andfbr dgpesidng e nanothesand/er atper GUrpIPDreMdhe paged
St r ong caffRffnRAHS s ectVaMHosHibh WUBStratBRlsHd e;rjlbbﬁe?é]ﬂial

(7) optionally, post-treating the nanostructure
mat er i #regshreddyensproness ingr ApPr suffigentde ebtain Ader on

ore o B ARl ML e Shuciar®, 1 o
cr &) e optionallyiexfdlialieg &tk manolithiwtstricture 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
operation which is interrupted to change substrate
roll material. -12 [077] Alternatively, as shown in
Fig. 1, in one enbodi nent of the present invention,

{CWG’I] eAJItemzlaltlsé §0§§§ihcﬂvr$ RNEiG NYOH DnBRInSSHifrRht Hﬁiﬁbriﬁe?ent

. E? nanostructured materi al .
mv lgge re{

2 £PBiious Frethee far makiag @eqarbm pamilibe
narfoﬁﬂhctﬁ%%ﬁmﬁt@nabeﬁﬁm% o ét iy déﬂb%ﬁ%%?é&ﬁé’frcatté‘ % periodic belt

material, e.g., the met
thatdegs mcaiheégmetq/p@rt gp&wtemnostru@tu:enimatermi a&r.g.othd methoﬂeﬂay

cortide 4 LTl Shier o ERUARGRHEnd W e i 4

fabnkzqimlaystamsubstrate shoul d be sufficient to support

ess ur e di.fferenti o) e syste
I DERRALE sYrbin: 1 peChanien! e ity ot o o ansusiate
shoappbe edffitient ﬂfﬁs@pbﬁﬁlﬁ@ﬁﬁas&@re (ﬂiﬁ&l%nhél By WhRikBRnhé Q?stem
stem ows one enbodi rfent i n t he

opP§ %"Qﬁeﬁs \é’gﬁ) i%e %qg%iod""('@t@nd apyhtensionranniedite Ehajsubstrate to

mo¥PRtblgMthd ltéAr bon nanot ubes and opti onal
conponents described herein) is deposited onto a

08l 2 big: 41 shpweoviergmbedigentinevhith thesidaded aaier siujoeasthe
carl%r ﬂLﬁ’c? EomRamimy fPiBlc\ért%1 dh Adbormid 4 érﬁi{J oé}t‘o%a?ﬁﬂgldép?rg%\ndfﬁgcnbed

conponents I n the carrier
her@'ﬂélsdiﬁm@ﬁem antot aubmzonmw no@iing sabstraé eﬂ'ha|sﬁlbs¢rz§lte is porous or

{ bstr at
oorEARR AP SUEEHRE et o bt
‘thus aliteying thge carbba nahdibeb s elstRPal a0 es d@BBsnP&ﬁH{e surface

- n deg gé}l on., When vacuumis used, It
© 'beog@?%saie lﬁ‘ QRE:SRbediment.(asHUMSBAY Re applied ta:thel l@wmreﬂ}ure
&d@%ct? ﬂ@tsuwwhbbe diéifdéﬂldn%e%hﬁ)tB@édr‘t&%s@.ﬁi‘lnﬂd@o}%ﬁ% When

...1 shows only one deposition uni t,
vacyymig Uﬁ riigippseigle tonise aedligction Uwphameusfosyellwtmg,aand

optibﬂﬁ]@)’ﬂ%@?@ﬁn@ tﬁglcgmélrﬂuﬂepo& tion head box units,
especi a I's desired to forma sequentially

E@&Qbswwa Frigy ‘t Bh(aly/?ecnlstonzdelpoemo:ﬁ 68ad bBeuaisie lﬁ;ﬂ)gledlated
n I It
that e deoriubl SRR on TeBdiRt Sk cmerso hoas porgunts,

espediglle when itus desipciodem %@qnehfbll?lcmpo?slted’\hﬂmléfér‘ SirllSture.
ters to hundreds and even

{Oﬁggsgﬁﬁé‘}rs%f 'ﬂe{ @r%nqaré&?a%%%eftw'@@/@m#ssgt i possible to make
the diselosbe naAericied ﬁﬁ&éﬁél%sﬂd‘lﬁefdoﬁhﬁ% ;B}’begéﬁh&@{‘mbﬁg 1

ithS %Q{;b gat hered on a take-up can
withilg %6@@%@9 frem a {aw meterste burdiedy and even tlasusamds iof meters
B au 5

coBLsh 0 sl BeeeOeltfod b Eest AR Bl L Bpcosty
gathe@eq! RB atakenupaeelbwhare @aarm be é@neportétéfdr&lnﬂweﬂprémlsmg, such

as cégﬁ’rﬂ ﬁliﬁﬂ@%ﬁﬁgﬁlgp%cgﬂt Altterr]r?atﬁléﬁ/, %rlg ggéc’s%lle?g (ljncllurgie 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 possibie to use a stationary, horizontal substrate which may be

removed after deposition, and replaced with another substrate for deposition. As in
-13-



a batch-type process. For exanple, instead of using a

nmovi ng substrate on a reel- to-reel system it is

possible to use a stationary, horizontal substrate
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appreci ated that post-deposition sub-systens nay
layebe used in the systens exenplified in Figs. 1 and 2.
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e.continuous”nmethod previously described, this
[P86holtl isshilso passikie torerosit & naneatrucilirgsk matsviakdirectly onto a rigid
. . h e
o GEGR30 5 SUSEEAE Foaul ATERRS ARl Bremia
deseritieat] itie methodh alsgevorss oy addiffereptisi preesure uhaechaaism,dherefore,
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P | g:lr fl ui dl
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I's Introduced into the vessel, optionally under
contaie sxartsr fiuid 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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x 108 of carbon nanot Ubes per square

[094] Calculatlons 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 catrier liquid can be formulated such that the finished

“nanostructured material has approximately 1 x 10" microns of carbon nanctubes 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
material. It is possible that the dispersion of carbon
nanotubes in the carrier liquid can be fornul ated such
that the finished nanostructured material has
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b I
I00B] SR SXenfIBE BF e mahBaC L8R I e hbodfaure e
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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 couid 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
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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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[0103] Any or all of the above-described nmethods can
be further generalized to construct a nulti-I|ayered
nanonmesh nmaterial wherein each | ayer may be of the
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often present and needed in biological reagents. In one embodiment, the physical
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chlﬂmbysl,&lr&lddr@ttes{ GNhéh e%ed $0Bkan HiratHeSarticle thay &)@ a Mt form to
arettes xxhen used to clean air, the article nmay
proy eagre@FeJtsu 8Feares for air flow. Such flat shapes provide the additiona

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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provide a greater surface area for air flow Such fl at
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 nmasks, as
wel | as HVAC systens. The follow ng gases that may be

d|o>t|de3ajrepbrm; mtalhen paluraligae, pihyier| cilbfin WithiRiurds'6MarSof the
cl ean thedgas or renmove themfrom

fme&?ﬁ@u&"’ %ewateroa?rgew 2 greassed indbdes applisations such as

Helii/ORygdtehititileshy dr ogen, oxygen, ammoni a, carbon
nmonoxi de, carbon -19 di oxi de, propane, butane, natural

gad0 18 Hyuriwes, it ehauld baaotesk that what might beddentified isea
confé?ﬁ@gﬁf |H9yne%Hx?d1a ication rﬂ?iycz%c? Y t%e(%] ggﬁ{eazeré)gasﬁﬁ anshd

Vi ng I ons, su
Formxammieeéhe {:@mm]inam mayecqntam memwsini@mlﬁ ot edbehbﬁttlal\/\h at

onf bk BRI, SHEATE D b TSR | Pedte il o

separai¢ hretain afd bol@tﬁlﬂ’&l eonthdﬂn?w&ﬁ@f&ll%ﬁr’]taah jd&)‘?rﬁaﬂhg"aﬁd
neficia ar maceut i cal

deSB’P}S'Ba dhemibRabife 10 e %‘r?é‘defr?éﬁﬂﬁegéﬁ%'req goayingats, enabling

the wmfoh%f%beﬁ.lpcorﬁaﬁﬁﬁa?ﬁ§or E8tath Redtidn Fd%gktst NSy be
con am nants rather th {i;iSt removin destroyi ng

accpmprsherhy Wiving the zetn p@tafl anedpriutilizing eranaeidatesadic control of
the RAAGABEN aRick, a8 RRLHEKY int6re c?éléi?gé g, of useful

contam nants or certaln react yproducts, my be
ac&@?ﬁﬁ iArpYoatignstfonthegartitles zie*serltmdtmemahcladl@lhome (e g.

oA 8% BRI, S P S bt PRSI s

(e. gApplIvema'eclanmtrbnr raahmnapnnﬁdmn;ieg@oeém@awtae(é@ thd MehUAE
ter and air filtration),

B”“E%’neperg?{ch et 'taDéH?ﬁsr E%?eqlﬁiiqw afNbmedidah (ruganesating
roomne, @ear$Qir\aﬂﬂtfaéé%ﬁiaéﬁgtlb%bon%eaCt ant purification),

0 . the Immune Building Project,
a Y‘?{@E‘&U G'fee@Pt W@Weﬁém%ﬂmﬁ d&@ndg&!datjerj@al ca(reccg'nprlse
cartSZgﬁﬁéﬂdtLrlKés At2RARd t&baY gf;ﬂe"r c‘{?]'qg ahBfife mﬁzﬁg@%s g‘lﬁc %&@cnment

113] Wil e not necess nano
andfps cenpneetion \wti‘rtmheseanaraema amsolt obfsced Actinped tm@namlmle

r| al attach and/ o
nonggﬁﬁg £ ?%mnb fes hﬁhe na Waﬁe%grcleés‘ﬁﬂ n?%\‘t bPB?'E‘@s'O"'C
bondingi ggoraetnctwnatuauotsc aleetrostnoa aghdtion @le%ﬁ@m@gﬁétlc,?for Casimir

al s forces, coval ent bonding,

forc&@g?%o%é%gﬁ?ﬁsg nmetric constraints, electrostatic,
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contgic g p%ntgwgatg%?gldﬁ@fm nsnopashriy theyarticle dessyibed herein. In
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oneAT AT LRSS o S brk AREFRS Byl i o

nangmepbavigreiputhe foprban fangdtebesoapriresant dotieatdriongeshhia an

amdunt'b&kitehito%educe 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 leve! below that of the untreated
fluid, such as below the maximum contamination levels (MCL) as defined by

-20 -



nanonesh, wherein the carbon nanotubes are present in
t he nanomesh in an anount sufficient to reduce the
concentration of at | east one contam nant in the fluid
that comes into contact with the nanonesh or the

i nteraction zone created by the nanonmesh. As used
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Richard B sKanerABpiehes| ZB‘IE/ébrOary A03; 209 botHRf Wil ar¥@icréig;
. and "A gh cal Route to Carbon Nanoscrol | s, Lisa M
IncofpoAted bY §efereNc®. mMack, and Richard B. Kaner:
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‘incorporated by reference. I N one
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o B R B R e SR g oan o
be pséd.eNos-linfitingpesmplds Besischceatben fanotubes include: “bumpy” tubes,
which have carbon dimers added symmetrically around the circumference of the
tube to create a stable buige; “zipper” tubes, which have dimers added horizontally
along the axial direction in every other hexagon, creating alternating single octagons
and pairs of pentégons; 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
di mers added symetrically around the circunference of
the tube to create a stable bulge; "zipper" tubes,
whi ch have di ners added horizontally along the axi al
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nanot ubes, the nore sites exist for attaching chem ca
functional groups. In one enbodi nent, increasing the

D. Tr@éﬂﬂ@{t d;fc;frgaﬁtumhbgg oups present in the nanorresh
sho i mprove the performance of the resultin

o fiia1a UThke fhe tevishe dousaPBa the/aYigh ortpopets that may
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rrier flul rrprl se corrponents t hat
i MioRA} Thus, thet @Jbom pandtubae Mayraiso pnderge chemice? 2nd/or

phygﬁgf%?étn%n?ﬂobﬁér rtt?é?roéﬁé%‘iéa l'@t’d/&] &R/SH:%P Bétg&i&llﬁmr %3 t)eing
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
fluid. These treatnments are typically done to enable
the resulting article to exhibit desired properties,
such as a unique purification performance, in the
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potenti a e isoelectric p |n where the zet
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car@{))’rﬁ1 Péﬁétﬁﬂé% ¥u¢|8eﬁmvr% | cu déc'lfﬁ.l ssé‘?fgf 8% %Jrﬁ%mmants from

am nan rom
a pariiculaefluidnbodi nent , the car bon nanot ubes conpri se

at i.ons cul.es or C ters ached thereto .
O e e e B EEndhb S RS EE TN, fons,
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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
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an oxi di zer can provi de unique properties, either in
ternms of fluid flow, dispersion of nanotubes in the
deposition fluid, or froma functionalization
perspective (e.g., having the ability to be
particularly functionalized). [0129] Functionalization

surféc%rcga%ﬂﬁétgl tb%oﬂ@rrﬁ%ﬁﬁfé tBXhé’@&Ffédé Ak RErsoH AdeRubds. These

ot ubes using chem cal techniques, includin

metheels arh esed to \actiyate'atherGarbers narptube auhigh (ﬁq@?ﬁt‘@@r%ﬁ brgﬁ%ng at
leasf gger @f}égggﬁ;@%@%ﬁ% %Bﬁ?"otﬁg}eb&%ngﬂb surfdt #F bltadira

emstr teri astothe surface
moleb‘ulet dweclaaertthare’narintqnbeembd'mmet fumttiondbzent earber faneiubes

i vate" the carbpn na
comp g pietycatdrofint SR As Eneny Giouhe: At P e itedtd, suon
as tné]ﬁut@byldm@n@ of the carbon hasstuber Fatthaz; Hhen gaaotutml ecul e
or cluster thereto. e enbod nct

f
func@gmjgﬁu%i;@ QR th r@HHBIai rggltlﬁ%prp@g,e ai:eowﬁgre fgncgtwngigroups

are @Mxh Qj’dé'dﬁé théhhasted té arriveat sleferfie, dssifd funstidnatized
er si'dewalls, of the carbon nanotube. Further, the
nanetyhet ube functionalization can occur through a
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functlonal grcP rpgca“?tached 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] Carboxyi functionalized nanotubes may then refluxed in a solution of
thionyl chloride in a nitrogen atmosphere. Without being held to any theory, it is
believed that this acts to convert the previouély attached carboxyl functional groups
to acyl chloride functional groups. Subsequently, these acyi chloride functionalized
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i ncrease the nunber of defects on the surface of the

nanot ube, increasing carboxyl functional groups

attached to the defect |ocations, and/or changes the

zeta potential of the nanotubes due to the negative

charge of carboxyl functional groups in water. [0133]
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specrfic con froma fluid stream
Th¢0138] unainothertaEspectgif mlaeirménuehj tﬁewalitﬂm hdrtbtibes! B carbon

narg bR fglar oy G PSPt et RSkmaY beitiaq witk Fadjation. The

radiafioh aney BN EResenOfori baRbEimitdteiot@o8u RSt [didctromagnetic
m croor ani sns adhered to the nanotubes that can

radiaiign @pdfor @t {eggt ene paiicleinosspifiamn electiens radianagligencions,
par@cg?@ gdri]us‘?érst ofedulBsSSHdrY bontbiRaticH RBRAI2ARHEAS usI) BEscribed,
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 particie implantation, 4) improve the chemical
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nanot ube material, or any subassenbly thereof may be
treated with radiation. The radiation my be chosen
frombut not limted to exposure from el ectronmagnetic
radi ati on and/or at |east one particle chosen from

el ectrons, radionuclides, ions, particles, clusters,

treagﬂleﬁf:&lk’)@% cglrboﬁrﬁ’an%gjggt ”8Fé lﬁgfn%%n tHeTe Y. q?’rb?%@b?( can lead

r on I nge upon
to acdiifémntlaiamsagb of the raanoﬂmhnm@fors&){aﬁmpje dne to dlffb)‘entkal paketration

of 15 rasfitny fNierC@ReF neR T hiBp B ceih 2 BPRRE g esn
strugffre! ThR rhay behred e prsvidea vanatior @qurbpeme:a Viaroladeton of

to substrate; orm artlclelnplantatlon 4)
functignal Q@UPﬁ@ﬁé‘ﬁré%H%alhe COEp W?%H@‘?ﬁ of the carbon

nar[@i.’&é’]eﬁwe SArb8RhahOMiBE8 3bs&bdd1sreR may Blsdteifilegnbrean
lead to a differential dosage of the nanotubes (for

impesgnaiecewith@ desirgrdmatedalttp achipyasertain kenefisial praperties. The
terr\F/n\Aé‘?fLI%H' 8Pme’farggu%teégl&éﬁ%eﬂ%%'dqﬂﬂefr%ﬁmg@ﬁg@?%%&tésfgrgtfot%%fbon

in the structure.
naqmramasdha’aamaahlesast partiatly filegpweith isesbstareef irderest.i dhe of

suste aRer fhPERe R RIS o ekt S BRI Fproye the

narm?]ésri filieatioor perfdl‘gfaﬁG? ahemrwpéb;ﬁeallvgstta@% iteapplicatioh0 A non-
. cni eve certaln eneri C propertie e rns - .
imiliig raaplecs the REURERL! EERCBINTAER inrregsed BAERMBe Fifniy
for 8péLificéstitammmaits, sy emmé Upa# aftitid isabDedlsed@8Femove an
partially filled wth substance of interest. The

eleclipnacaiive contamigani, suthﬂ%@rﬁsﬂ@d:qmnlqune waterh §e carbon
nary ntURe fran édrrf‘a‘?éd With %ré?é(&r g?)glt?/a %ﬂPF@ﬁr % tar get

tration perfofrmnce and/or s I ca
i t J04PAl incadditiom, carbeormanbiuties| accardingpid éhe presket disclosure,

i nQr ion..t ' easgd nanot ube
mal FRIASATER by Bbatild ot i it Toa BRECHRES QIR 8 ey
particiealtd assist inthé rerheval o€ doritamiremty froanfluied echbmaeeaithe«e

ont ani nant, . sugh as arsenl co | exes i n water
perfPie SHASISIRES Set 75 MEChRHERLRTENaU b SPyetivi: or nano-
me€h&uitsluhafddteristics. lehﬁm@ffﬁﬁctlc{r@ﬂiﬁgd cérﬁoﬁ‘ﬂﬂhbiu%es é‘o@%&PBr
nanot ubes, aecording to the present disclosure,

degiated farhaninanptelrs @rﬁgcocypr%ﬂewm adaygsy qma’se@alra@démoae or many
parﬁ@l@é WhicH) €infike SRiNctioR rgﬁjrbgb &% nbPnaSsdsatily! Jﬁﬁm&l&%\é@h to the

cont am nants from S or I ncrease ot
narpéub@ randrighicls havers wegurisce @ses ot theasanotutiessuifficient to improve the

filtrg %rfg%{fé}mg}&%lgf@ﬁ%qi%%mg# 0y or nano nechani cal

I'CS i onal i zed car bon
n ar[Otl Bﬁﬂe@armmamd)tlmes ubeddn dheedrticky destribed abree magraiso be

covered w of .material and/ or . on r
dorih B Pt hritn S H e U T B GPtGTutS fromiphde. As
userdeﬁéi%ﬁﬂbl ‘Uypedresairise handiepsl estetstotthe pratenes vbRns ¥ Gioms,

whi ch covers a surface area of the nanotube sufficient

othgpthamsmashen. ime the crysta sirdelupr et ibefalirdshaets athexagonal carbon.

Dopéd e4®eR 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
in the renoval of contam nants fromfluids. As wused
herein, a "doped" carbon nanotube refers to the
presence of ions or atons, other than carbon, into

“deddratell YSfer tosd ﬁé&ﬁéw €oaﬂ%d oh‘H:aJn%ﬂJb%h ﬁ?t‘cﬁu&gr’ I means at least

hexagonal car bon. on nanot ubes nean

twolaé%@ﬁ Obmﬂl%%ﬂ%@ﬁaqlnedtw arwdwaal ariphysical bortqarh@ced
ol 1A GBS AR A Sl prbEatie e A1BhEH ¢8RSl photo-

stabjecmlart-mdab& Ramdangstalrwith a Wd}e;abscs'pﬁﬁn speutrun9and a narrow
herei n gsecorated refers to a

emizS PRy CUeSleBacBisr Rt foEE. TV 66 omarchahmetas,
nonneestals arﬁj\f&nﬁlmn@fthmbﬁcﬂih@éé attdchaed eflidiersanyy 58%Hb§é’duently

bondi ng. [0140] The clusters can ex i b
phogq-aEE\i% EO @F"‘a’ﬁaﬁ'tsah‘ﬁ@ﬂd@fr@a‘?ﬁpy captaminamist & qtsarﬁwm:adot is a
paridé of n{alttéﬁ% Small 3R TR abiditioMot Fbrﬁ‘o%ﬂ( g?%ﬁkéfféb“tr%w ¢4 be

spect rumand a narrow em SSion usters
detedied..anchehanganits mmr&es megpnbesus,efubwaysdd ook embadiment, a

queRRTEbPls% SERARORABP i Bidihetel BF 8 Sodipagieters, aiso
callee @mp@ocmsmtihet lwuzhhee ofl és smai} smarﬂelinlmiveﬁﬂké ahp%témmnt/v@mthat
f t t Tt

confifits bRefon® i thiek Sr¥hsiik ek 2008 B alnsnolmtes: eq.

an qomrqnﬂusmbte&utasmtnetdsltas ndy ifel08e Mﬁﬁbghlc}b@mpduﬁdt@nle

nt um a sem conductor crysta

corfaIRRG 21 fbish e et SO EORah FRR BRI castiim megage .
alurﬁﬁtﬂuﬂﬂfpb‘@és%iumt&é?ézurhem%rﬁfméﬁlﬁnﬁ@hé iSi? ShRSERERES

like a potential well that *confines electrons In
manpganesediror cobalhighks!, a:qp@gr, @incogalliumewbidinowstrontum, yttrium,

zchQ?:ﬂiL]nly\ﬁncon HbREmOf 08 dﬁ?ﬁlgdlﬁﬁy %I\r/]crI Lo |nor ggllu%n

oun |n|ng a one
banum)rlﬁnthamtrmmﬁnugnanmodlyammsmenﬂymlmhwpTdm@thlum samarium,

curl Sinif Ehil, S5GPELU phE B B fgmieroium,

lutetiumg ha@mjmltamalmwuudgstén b?bhmm lolsI:]r'ﬁludmt fridivA) platénum gold,
zi rcon obi u enum rhodi um palladi um

visrBphatil tTkadt ofe ool P ranostm romhViagenaberen. carbon,

nitr&gs, u»srygem AGEHEL) 1SilidBh, W&%%ulﬁfr%ﬁ&ﬁé”quoﬁ\ﬂ'@%hﬂ%ny,
eur opi um . gadol i ni u?r? terbi um ' dysprosium’ hol mum
e

iodie gn ﬁP”lq‘Rﬁt'PUﬁqth%F? rbium luteti um haf ni um

Dl 2 e HDELIES or LR o 2988 WSl del ko B ompppunas
con&uyng ehlsashone preteinyideloding, natuarabpolymersbmmmséd sfegRifo acids
foing B9 BRRude HAHIR Sartkieit, PO aroiad ce aiphalisaleaniols,
andtriveleiobr ndrdhudbic Horisyeleie st @NOsne byt ers may al so

| nfd1%? l\?orrglanftlﬁg %ga p\Jesddcf 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,
sulthydryls, silanes, and combinations thereof.
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containing at | east one protein, including natura

pol yners conposed of am no acids joined by peptide
bonds, carbohydrates, polyners, aronmatic or aliphatic
al cohol s, and nucl eic or non-nucleic acids, such as
RNA and DNA. [0143] Non-limting exanples of the

o SR CTHEEREa TRLGraRMH” cBlamE ety né BERGFRL

mateériaiglescompddsea diss sarhk MSnalattl'hqtmay filh Ifendtiohslizee bheoat, the

cort i AR B L0155 48 4 s, e aachoa o o

placBd WA the chiidM Sandtibahbrs éasﬂ $itht yefayd of thel dafss,
and conbi nati ons thereof. {0144] The foregoi ng

nangtues isfpusRPSaLAeiecteder ani c, rret allic, and bi ol ogi cal
mat eri al s enconpasses the sane materials that may

E. Fibdrs!Incfudeatihn@iaNatfomesh coat the carbon nanotubes. It
has been di scovered that such materials can b

at [044Rkdhe Hagpmeph seserikgd: harainiRay alsoBM TR APgruwhich act to |
maifain%hé giﬁdegse?ﬁ é&r@d@lié"t%ﬁéﬁﬁ tRé chfb%ncr?dd@)%besrtﬂﬁﬂaa%&?es'smg,

pur pos bers Included in the nonesh
andod whigh maxe add mgahahicabistedrietd therdsipesitiay substeate enths final

orodp5ig i 'l rfPR iy AG S8R g urner
prowsemgssmdhgas byanldémlcalgbn ldat m;tmetutsh?mamnea:raam antriggral part of
t tr I ha
the Slshed iBEGS 434588 hBtRR (o Sorl TPREBOARE 70 BRRFHE lenath L and
dlarﬁétbbl DtSUcﬁ thkatrL i@tggr{aaltbtr Bein ct) PuiesreisD g thesdiametst dﬂ}?hte circle in
chem cal ea r S 0 an re in an integra
WhiGHLIPG 5PSs SARHOR G A8 B e S BHDSths LA e IR BSPHE T kD
(or sﬂ g@eféﬁtgﬂqi‘eﬁoé’éh %EPW fd?fexéﬁ{b% lirom 218 10d's%?ﬁta§rfro@1 5to 107

rrthan D, wherein Dis
andduah@“t%mh@s ftcrm dp r1@| e Typicalpnthepe finersdiayes diametesiapging
fror} Afim' b3 SUTSERLBSAna R GXAAP) & the aspect fatto
L/ % shape Tactor) Is c n'rangi ng, for exanple,

f r g0 48] tTche]fﬂié,rs that mayshd used 15 th@ chfiposidind disctdske heszic may

be el oraaie e of FUPSti s dalSit arbic eYusy Pashart o long,
indi@dal ¢ ckgéhipged, fbloé)@hpléhﬁrafdeﬁeéﬁd hbﬂ'diw Eﬁ&Sol&E 'Eh‘@d‘nayl have

the co SItI n di sclﬁﬁed herein nma neral

a“Vo‘-‘r'lﬁaﬁ: o i 7 SRaTPln Hare B EUREPLEGOSRE g erafigragonal or
i@@gﬂﬁ?&é&o&éct@h ehaing GfinG eoRrsneeifa BbaRGior o

brai ded low or solid may have
any0

dioTéwe fibats haye afI@mgt@mg@m@ fonwmecfr@@lmoam for10m,
sucRYFR3b s 'R lchh, 14?1%?? a:iec%n spec lfahln)a Gt 5f diameter

secti1on, depending on t i ntende
rangipp) ioa:et(ample [rOrM‘thTtme1 fnmners have a | ength rangi ng,

SRl b Do TR Pl e A AR O Bves
frorfl b BiirRdralization 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 10148] The
fibers can be those used in the nanufacture of
textiles as derived frombio-mneralization or

bi o- pol ynmeri zati on, such as silk fiber, cotton fiber,
vvool fiber, flax fiber, feather fibers, cellul ose

b
of Iagl lcggéd eaﬁj fj@jy%ﬁ)é%l%g §1 grﬁa;ga&%r néﬂﬁtﬂg}é’@éi rflbuésrg g%ﬁ??s%ébable
fnbemrsﬁ&ﬁlﬁs_sml?lggsswwthré@js mawmamﬁd t he resozJI b?bl e
t i ber i ncl ude: those prepared from
Sy&égs é-ﬁeé'bf'% %ﬁg%éé;ﬁpﬁ?'g PBhe; resgr bgbl e synthetic
fi[pansy] o) dtheadt bRE polyintdiic rAakeriaDESemE om 2ot of Mot C
acid and of glycolic acid; and polyterephthalic ester

compppeRtRolyBRIEESh AEHIVioN, BERlis smethasnals, eperynpilisanasiubbers,

syntbgﬁ@ 8?@% @9@5 ieHee pBIyGPétﬁaﬁ@X)ol%tﬁaﬁé en
A K ORORS RE  C
tere?ﬁtg%}gt@ 'bol?éé?%gh?leng%r%gﬁtra@rhﬁel @5\? g%-'phéh%lbﬁé? ttephtalamide),

ers I'c rubbers
and polyestdndstarketqns, polyesteenie, g mdlg(ewremderephthalate ), such as

Dach Yo g R Eae BB i iogRa™) PEb ST p PO dobtate,
vnto@ﬂh&ro@%ﬁs.&ﬁharg @D@ln'tstmwniﬁtbéc&y’ltaeha i. ep:?ﬂawg{(la?@nemd maigacrylonitrile
ester ester ketone
(i-e. ﬁ'&w%@&[@%aﬂwq%@% ene terephthal ate), such as
Dags 253 b at IQQétHn%tde@éMé%Q@nBV&%%%n(ﬂ'orﬁ bo?@ﬁﬁf ¢£Bia8) boron

ponV|nyIchIor|de, pol yvi nyl acetat e,

nitrifle Leningl| grrnekianthasing feendd, ca{g:wmélpyng@ @ll(cpné:arblde carbon

enH BB i A, BBBVSGEHRENLS) gy g

mtnﬂeaaturmnumdwmld:e rrefrduimaioricleo theniufm oxidéocrcodients; biulée,
nitr

ferrBS Pahe e SN carB Fny PRERRL SR 3ol fE: ziroonium
cartaué oznroopem beride, cztroomumdﬁtndgl a:s@cgmb&ratmns thdréasfon
' t
0158 e G tine A B dbate et ¢t b BIBUR U hoToB,

copﬁt# |c'ob8|at gdi& hiatirim, PERBRLAE silieb s AtédlCtitahiun® th&dum, jridium,
carbide, titaniumnitride, titanium boride, zirconium

md'ém, P8 egalliyr caprmaniusay ind éungstens mhjtmmmmagrwé‘lurlarmanganese
BRIV AL AioRs, LiNsF, %EOHI{JIQ! n‘?l%r}urﬁc%ueﬁtoﬁo%%sh %b}a'd@s and

terial chosen from a oron per
allog@thﬁre@ﬂ ati num palladium silicon, steel, ti tanl um

00 Lo LA e PR 5<8PAEn o
cotion| ydilidoverwool, Giiglandseathers, and rcoatiinationy tthereafnantihei r

[ 018518 ShlearEing YheR brastyBP chpScmfih Sndig el double
walderdratltiveallebarsdn fariestsi thahave 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
car bon nanot ube chosen from single walled, double
wal | ed or nmulti-walled carbon nanotubes that have
either a nested or non-nested nDrphoIogy of

rangiig g o0 e 2 Bobfh, Toeltaeiiies wiRgint By ssipa macroscale

wired riB6é af ) snetalipteondly enditibRBAE 28y febistek ! TheTEs@tMe thetallic
helices; [0156]. (f) at least one netallic oxide or

OXI%@@]!QWI@SWr inesize FRIWING fropp1-10@ nansmeters ingiagpeter, such
as REDIBNBARANS HPABRIMAS iR 9% RndHiael dBfnler il BRe

oxygen I n react | essel to a tenper ature
advlaatageﬂgs BEpeAt 28this proess,dhe gupaee efithedsaseanine isgatiraded to

pro%ge'g %ﬁgﬁénéoosﬁfa%g lfé)?tureTi!?)e d{ﬁ{‘é) B’eﬁglsn:%/ﬂoltube%%%?gn within the
usrng croscale "wres mnade previ
nanoemshoasewelbas antﬁmm@sthe@unﬁé“dﬂmrrmafdrtnange ok thed brrtlcle These

mefl e RE Pt RIS Bfnodirh S8t BB Tnehall perci

suppli@ret er, including 2-5 nanoneters in dianeter. In one
advant ageous aspect of this process, the surface of

th ase W.r S abraded to provide a roughened
F. S"Qﬁ?'f i'lsgfilt e P§VISeanl e better nanot ube adhesion

Wi t[bﬂB?]t honerssugRabneinciEbs aasippbianestratador depositing the
Cargurlfl ca i on ﬁerformance of the article, These netal

Qn Bé”%‘i“ revsing pydiferentia niasue PERCESSnWRPESH e substrate is
porBQE 6!' Bﬁﬂnéém&tﬂmﬁ%réﬂmd §ékRPch @ép%SIt’fhe SR Rretubes. The

the Device [0157] enbodi ment 1 ncludes a
porgug §@DID0F§ aukstiate wayde in a@ds‘otm syitabie fordhe Isbape ahtheugaulting
arhUI%' Ql?clf"?gbrbs keﬂfbbﬁbr %{Iﬁaéﬂr gh%{t%?‘?&l? taﬁ\é}‘?ﬁéf??rgﬁ)nge mdaterial
chqwedrqm: CeEpus,i ctarlncbre noeiah metalaaiblyebmsplaéﬂmeor qmmhnnstlons thereof.

In éf?og'&BtB‘F'ﬁfe}% t %tgﬁ?stqa%% cog{p?lrsﬁ;é Wivf?g’]rpsr:@n-wgye&{ﬂnrop% H@terlal
(or[OWBJ néearther, Wmfeﬁtth@embstfa_\te takes tﬁeyomoa?gr?@ee e substrate
ntromceramc , neta .
mel e " g E CaAne B Bh it RlecbetL or e, et ploated] o being

chesehagiin@Bhse thBesufHbs bFed @f tﬁ@ﬂ‘%rnbﬁ%%h% Pﬁyé‘d‘td)éontamhnated fluid,
non-woven fi brous materi al her

Wh§(l|l§§§¢3¥@U'ﬂfﬁﬁéﬁtaﬂh@atﬁdﬂmdﬁf sheet t_he substrate may
he[@H Fb]ef h@o{;é @Fnbgamh’érﬂ”ﬁ% s?}B‘éﬁ%te% al B B¢ Rl %\%ea‘?gnf i} the

eated form beln osen 5 Thcrease 3 urtace
narmmash)fs ddpesitath dndkis mamﬂema wllecnayt bersoatied thrbugld a2 series of

e HiEhiohS; Rigoecnid BB §74fesia Pyt pr Simefprtndous
manhes stdescriteansoeeh i s deposited. In this process, the
rol [Jo1g8]y li)rme ar?g gll en%goélrr]r{e% héarelsnetrhleensang%esh 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
above. [0160] In another enbodi nent, wherein the
nanonmesh is created by a rolled process, it may be
used to wap around a hollow, porous cylinder, block

OF JIEAT In SRR EHE eHifiobbrl SN SalLh Bloxide

nan’owﬁreb,anadeu Bs ﬁeacra.badwtpwes myaalsccbe beed uaiaafubstratesfoc the
f’a\ carho ber), the outer §.urface
dep8§|t|%¢séﬁ carpon Nang b tl.lﬁlnlghaed arantial pressirg osition process.
Thetesalting ﬁdnh-&fu@/(farbeﬁ Banbiabe Aanbmeah ahidiesr BEY et H@ﬂ’éate@
col | ecti on .of net OXi de/ hydr oxi de npanow res,

thermallyeaierhanigalyn 8y efﬁ’&? hatosenhpace siyctialdntegrist arui/%r improve
the beﬁf.éd%i@n ﬁé@f@ﬂﬁéﬁé@ﬁ(tﬁb #licl€aTRE Bhemka %Sﬁncﬂﬁé AthyAnclude the

fferential pressure deposition process
fu n¢twallzlng»gcqaa R@ ohdeepretien ohtheaastltant nanaweek witheghesrical

groﬁ'ﬁé’ A ca b@eﬂaf‘rﬁ@é sth%r'Bﬂl;&Mers”%%@l‘ ﬁfgsla)bhegﬁcal treatments

to eﬁ ance structural integrity
may hpldone sotth@t thay tHei womesrpmmlerqmann@lkyformgsmauy relaets or

inefeiie S TN e hg e D BRP Ty arod B bEBp RS gpmae. or separate

themesul t ant nanonesh with chem cal groups, netals,

cndRil wesirambedieds e Borus sUPbRR submEIS e during the

différ@RaaRFEssuré depesitich Broceas nayle &ithes iseafificyal ro@ @%&& oflly
interacts with contam nants to destroy, nodif

temperIy dunng derasiian todprm dippanamestvied rr{e@‘msqnal@gqusﬁ@rpaper

maﬁﬁg@@ H§_nts the porous support substrate used during
t he of ferential pressure deposition process may be

ei ther sacrificial or used only tenporarily during
G. @ﬂlﬁfﬂﬂ“&ﬁtﬁboﬂﬁﬂﬂlﬂﬁgeﬁ@%msh in a method anal ogous

e S
iayefen@aafs@Sthh gy e smmﬁnaﬂh aridapdepsndeatin tuhed\,throhghms/zeta
pot§itje] 87 Gliel fifan® 10 PEpke P RERHE Astsh HE Comepiitfe ot T
|mpdom oﬁhbupertﬁcwméncemmbmtemts obthetarticle ﬁ'ﬂh@\tmré%eh epther means”

nce ha acter stics of the article.
is "ﬁﬁ (0 Mg 16 WBRIGkOf SPesTiE preRgikes ¢ dhﬁ@aﬁomﬁféhﬂmrﬁgch as
its Mro§lﬁe‘¥hé° entBmERt bRty 06.gt RIACARAIRRH &ﬁiéﬁ"{on%é%tboﬂ?'ponents

its porosity, the contam nant affinit
Speplﬁ'ﬁcﬁor‘tﬁﬁ@ﬂﬁfzt{ﬁ)u repeRipralRroesathcem &im%mg or crosedinking agents
use@?m am nant (s) receptors], or strength (e.g. binding
cross-1inking agents used)
[0165] in another embodiment, the nanomesh contains a binding agent (such

as polyviny! 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 polyvinyl alcohol) that acts
to inprove the filtration perfornmance of the article.
Such a binding agent may be introduced into the

suspensi on contai ning the carbon nanotubes and ot her
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t hrough the ositiogn an external field. This
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sub?é&ed)fo ébbtr&ﬁabﬁ’&nd’bimﬁh SRR Ab AT STthd REndrhasidlto
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puq‘fﬁgﬁ&péé,@&nﬁ%{aal ning sone or all of the conponents of

e nanomesh may be subjected to el ectromagnetic
stimul ation during the formation of the nanomesh to
H. Nmnaelﬁ!naoﬂé\ﬂtlped conponent al i gnnent and/or weavi ng

”Fﬂ%&&f)&ﬁn@' d purification, perfornmance. H.

ani sms on 1. Fluid Sterilization [0168]
W t[bcbas] Withbuhgishimgte Uedmm@dmy arrwthebwortys belteved the

nefiReRt SnctioRr PERS D & GRECe ABNOTRL: MsTEiecra et fees
chahical i pHysicse fortes fo first atirbttrtheh té hxify or sBpkrhe mrcrobes and

separate m crobes and other gens fromthe fluid
othef p@t@ﬁgemfoﬁowaﬁﬁp@ strqanj. s:qs@ QKPEEH 1 Belienad that dying the

steﬁﬁz%'t.bh'o% %tfltuﬁtﬂ Ero%r%érﬁélﬁ cHineliRR Sttt WithGREBahHh8sh, causing
focuggd ?o?cesm:o be app?hegzio ?ﬁ:ﬁncrog%gi:s?rgs These forces first attract, then
either cause adherence and/or modification of celis. 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
adherence and/or nodification of cells. It is possible
that this nodification involves disrupting the cell
menbranes or causing internal cellular danage, thus
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ectively a ficiently renove or d
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such nec sms, i.ncl ude ani ca
penet ;ﬁt Wawa}?jjﬁ?%%&%h bJ th‘?y%@m | wall through
oou3 OBubble ISAbEIARA)
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around t Ie@ptura@ndolthbiotagins comtaotinatdstage the cel |

SL[Q}T'%]UVan DLOS%Z@ ?ﬁll)gﬁégr&e ri(hﬁ'\ thglvﬁ:?l%itry osftn%tnogtructures 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

nanostructures via zeta action causing danage to cell

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

envi ronnment around the nanostructure, due to specifi c
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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
di scl osure, a process of liquid desalination is also

based on the descri bed nanonmesh article. One mechani sm
bel i eved to be capable of desalinating liquid with
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e e g Ll A BT
freagencyrsigniabis to dismliptithe DéRyecdtonospharenshiéleing the doreniasolution.
Ag raeljegﬂl't \c#i‘sl%e%ding 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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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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been postul ated to cause biom neralization in both
humans and animals. It has further been postul ated
t hat nanobacteria may play a role in the formation of
ki dney stones, some forns of heart disease and
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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 uym, 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
nanot ubes generally conprises an initial sonication
of conmercially avail abl e carbon nanotubes in a

sol vent. Such carbon nanot ubes include nulti-wal

car bon nanot ube powder made by any chem cal process,
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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 from 0.2 pm5 pm [0198] In
one enbodi nent, the process conprises stirring the
gl ass fibers with a mxture of distilled water and
col l oidal netal oxide or netal hydroxide solution for
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[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 fiuid 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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the nanonesh. 5. Article Assenbly [0202] After the
nanonesh material is dried, the coated substrate is
covered wth a porous protective paper and a coarse
plastic netting to protect the nanonmesh material. End
caps are then attached and the edges of the nanomesh
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[0206] Using these methods described above, and as exemplified in the
following exampies, 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 thrdugh 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.
-40 -



Washi ngton, DC, which are herein incorporated by
reference. [0206] Using these nethods described above,
and as exenplified in the follow ng exanples, strong
adherence forces between bacteria and carbon

nanot ubes was observed. For exanple, the bacteria
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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 wll
provi de insight into the nmechanisns active in the
i nventive nano- purification article. The procedure
conpared an untreated sanple containing bacterial
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them in 35mil 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 outfined 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 nanot ubes were then
wat er washed by suspending themin 35m total vol une
distilled water, sonicating (as above) for 10 mn,
centrifuging (as above), then decanting the
supernatant. This water wash was repeated until the

| i
colRnpSralon 12361 SulyfoA AR TR 6540 Gpsfififn
#2)EvetScnﬂepew@smyeafido irgh 25 prepidtncticnalized haneldbedto/the olleer divided

= Sl Rl R348 TR e e

sam eoridentrationl b Edeali &s inctdst Ssligioarisi. This diiutibn deéfmtgﬂ |1u8 g
t tt t
Conem%non?ozafér@fm”n?n%%es wzf@sgﬁﬁgﬁgg%%fr & ot
Sol
PR BT S b ERE ¢ it Bt S ka0 Perealy senicatglwith a

BraResmes s Sonichiirdos® |miﬁ l%swaﬁes‘t Bofutidhk Wepd thdr ébntnfuged in a
distilled water to _achi eve the sane concentrati on

corpmetsiglly 2yaliahie peairiuss Bi50R oM for ringtas toiem pelais tand the
sudeﬂwa’lant%ﬁﬁfgd" l@éd\nﬁﬁ 1%! &%gg%ﬁ%@ﬁ?@ﬁg t'|"h% &Eﬂ?fs of Tegh

tion #2 of I 'ons
SO'E{WW arg #QSNﬂfa Itln%me&ﬂclsﬂoynemwaas@uplnst (#1 and #2) descnbed
bellyanson- 2510 Soni cator for 3 mn. These Test Sol utions
were then centrifuged in a conmercially avail abl e
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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
snearing) a drop of the carbon nanotube/E. coli test
solution (Test Solution #2) on a glass m croscope
slide as described above. The sanple was thermally
the Fé atsrifet Aed b ' HAEH ti
o el oS L YRR e A CARAREy s
agajneeendystast or at 4C for 19 hours, after which tine it
was renoved and AFM anal ysis (as described above) was
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bacterial cells of normal cells have sharp boundari es.

Th r idwpi ' | exy
e e T Pl A RoRR o 2 L oS e Pebled ot ThE
bacierigheeHsraf rmn@abwllsdwveis\%ageb@ﬂndanﬁes. Frepéarease ersibeahd

; - , s cells, he
packhGUeen) of battahd wag SBb if oA ha88 B staley LPetbroheat
treafmentcirid aptical insddesofitbisrsantlé bftecteandaanestamaged. | n

fact, after
[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 £. coli and functionalized carbon nanotubes in
distilled water, the two components aggiomerated. 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
presence of sone diffused E. coli fragnents was al so
seen in the wvicinity of the nanotubes. [0226] On
soni cation of E. coli and functionalized carbon

det@&l@:‘ﬁt HRRS dugen/@d&hai élﬁsl?]dt@ﬁ@rn sdsla»ensmﬁ v@é?gﬁ’r? B8Ret with the

aggl oner at ed his is thought
nangiuhss; 8ad aﬂhefednﬂhar@merernwlaaggr fl'Qﬁ Eeogllmllern Solutiam #2. This

|Ilu§(§%z%c?@1§ dﬁﬁlﬁgﬁf ’gﬁ-glodl%ggrgéé E]cntboﬂfnan%ﬁlb%gttg %{Hoﬂglg 41:%10\4@8’ and

érra 1 n suspension
immoabilizzchacierizh t he nanot ubes, and adhered. There were
no longer free E.coli cells in Solution #2. This
i 1 1[0227F]at €de tisertedration pf tie Elmlicdeﬁp,eﬂlswditmshmted appeared

t { atta and iliz
=t 3 bolRECarh g i3t [t sttaRf Wish She Binotl BT 2 Pty these
bacﬁ@ﬁd §ellsvﬁt@>§aréd toassd tHeftbhafP BEIRbGhdafiet @ihdithir #éinal contents
intqQ I ntimte co tact with the nanotubes. As a

apﬁe@é‘%ﬂl to srihautdrorpitg e¢ll-a cel I's appeared to I ose thel r
sharp cell boundaries and their internal content
apd@g%ld tnothgsells afigeted, thmbaginning of thisgarogess was neted after 3

ho8! arkd atdrest s Eﬂheln?eﬁﬂbl%n%tQEBFeté'd%o%Pﬁ?a‘ﬁ W& difficult to

noted after 3 hours after 22 hours the internal

distingwisinthe shigpe afitheocellaA highly matilekactariem; Pspudersonas
ﬂo«@'ggéééf;é?gﬁr%ﬁﬁggg E% zﬁg%@q{uftr}i%ﬁ rb?@th éfron‘% lﬁl'rf(%hLé(l?dFBfoPQeat room
tenpmnatare, wasuninded ntithba soluti¢n obearboh manbtmbesat ory) at

room tenperature, was mxed with a solution of carbon

nar{622%les Viguz@jdevicedard fisldmicrescdpekthii motile bacteria were

m cr t he tlleb eria were bs
obBrid PR RSl et e g et ng G Gate SRl rAnotSSS Shd
becft&ﬁ@ftﬂﬂ?%tta&@bd foetbersxpbseditarbah haﬁbﬁ@etﬂbew EWGHRRPS Bfinutes of
coqtﬁg g_‘nﬁtnanotu e fipers. Wthin m nut es of contact,

e § the C@F@%ﬁﬂ@&tb%ﬂﬂf@%@ wapP@paed with
huﬁhﬁéd§8f/iﬁfa%@ b&btbha \DHlBHr & oBfnoUé‘leﬁ?hlybfﬁcﬂéb%md@ﬂhg?

vvereowousy |r yattac hed since eare
apraarag & atruggle, b were BaBble, tql@aveea%eserm@na)m gl mptmty and

ool Bk o SEBRIFOLRR STkt Lot e

fibérs bEis indidsted thedtapaciy o:; the T}umpenh'qursed cai'tm‘;T marr&itlybes fibers to
: a

L LN AT R R PRE T

for tlanéffeatvehdus dfagirison hamotubeilgdr @t tdrHONRS m%o%(rh/iéms.
nanot ube filters in renoving m croorgani Sms MPLE

2: 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 distilied water and 9.62m! of 10N sodium
hydroxide (NaOH) was made and stirred for 1 hour. A quantity of 16.66 grams of
Ferric Chioride (FeCl3*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 9.62nl of 10N sodi um hydroxi de (NaCH) was made
and stirred for 1 hour. A quantity of 16.66 grans of
Ferric Chloride (FeCl3.6H20) was added and stirred
until a final pHof -2.2 was reached (-24 hours). To
i : -
T D (S BB Ul e ig Rl stiing was
contipbac sintitaetition s glearofdmmed3etrs)t i 'ﬂ'ﬁe isglutiap was diluted with

oGBS st SERY ORIl Wit 1o

obtain a glass fiber concentration of 10 grans/liter.
b. WRRneparatiamotbPepespitional Suspemsiopensi on [ 0231] A

F urger Dot EReRSFR U8 hrePl sBrRn SO En Shiunctisnalied carbon
nartogda&sem_rcgir@rsbydrbhideﬁrqmtc&i/glassfi?erprpﬂfﬁbaflyﬁe&ﬁ@ch'sbi@dcribed

aboye. To prepare the conponen arts. o o
abQiee S iRLP RIS 1A CORPPRENKIRIE Y OFrarY SRATSIat PO thexfietipnatized
carbemhbnaiibes eshrbyiated throegtntte mitricoadidl wWaRE broEes HeScribed in
deslg#ﬁed in Exarrplie #1) were suspended in 1 liter of

Ex3ap NE@rppUeRRNded in 1r"t§%frﬁftv@1@rea plased jin e spom dempeiature
) i i t
wafdr SalinRAc aR P AtfRt QQW'Mf&E?ﬁ@r%é}gtﬁ %fjfl.fﬂl peongr\g?re%o |

_power _for 20 mnutes. Four St
mingiee Benrditers of disdillebwatasweare afidad to Hieasonieated danttiomalized

cort3AROABEBRIRLSE ADALSE ks 4 LS A ANSH i e
carbppnerotubes pypr 10dvwatef. Asprdeiaately @0l af Sefddesrated glass fiber
soiffort g P8 i Xpeiatd pBusBER AR B BRR \Ror PR isgtest weter

Thisasixiure nde diented in anovpiimerial bletdde forfDmifutas. nut es.
[02@%& To_m x the first depositional susgensi on, 600
m the Tomaixdne ftst depesiiqnah sHsRan®ian BRBmie{ike susrended

bt g o i i o v

|
glags fibefrsolutien (§i4 GNdplass E@%mhytvueighta;y Thédhhcg.lra vepsadiluigdyto 4

. i i t . di.Sti g opicated. .
e MSSRGe RSBl S B AR WA SRS v
Bratispotecded B00B prolpGenicator fdbdfaminuitesom fullGeoviesrn

Nanomesh [0233] The structure of the final nanonesh

vase ASERGRgn ¥ CLEBBAINAndfydhn | aver of the

functi onal 1 zed carbon nanotUbes/iron hydroxi de coated
gl 49833 bé&he strurtune of thetfimabnareorbesh Wbeelchiéubéiby@blaositing a

e e A AR
miglresshteriaxiatich biscklegisstidied as fol lows. A filter

b1 dORS4h: SR ppRracer [ deRanitinG ne umRionsied caron nanotube/ion
hyc%??%gg%gafgggge'gg%(ﬂed‘bfags iR FPs AR ABOP hY RS IoWs2 S fitter
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
turmned 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
Tri Scroll vacuum punp and then was subnerged in the
filled deposition chanber. The vacuum punp attached to
the filter assenbly was turned on and the entire

uno%P%Q&Rﬁ'h Qibdb@ﬁm@raaﬁ‘éhdrﬁééhu&h |t§ Bﬁte‘?%hh@@e f théleéenpé)sﬁlon the

substrate - under vacuum GDOSI INng a na
denosée®ﬁ¢%'@5§ambtwas rémeveddfeproshe deppsitior champers réradined

cortc 5 Ay N S A AT B v
dnetdhmddaepawﬁmcﬂorrr&ﬁdrrmsmmfa diyirrg onsesregdtla 50RE within &itro 5gen

" aﬁr vacuum for 1-2 hours in a drying oven set at
am@S in a nitrogen atnosphere. [0235] The fully

as S{Bzﬂﬁ]edT hé Flllgrasaemnbldddilten artkfsak TothpPised oFS'%bﬁf?Jal carbon
ilter core coated with the functionalized

fitteg 5?'&5’09?%%%'@6 ﬂmﬁ%@ﬁe@ﬁarwwumna@wmw covered by

a p@fo%b PFStEV IRV PFRRr HRR] A ﬁlébeQ}vﬁ‘ﬁ% Wﬂdrﬂ&apdlhéﬁlgﬁétﬁﬁéd Thns cartridge
| astic netthg%%ﬂ” s cartridge was capped

wa%g@wdoanq the 196 e Rangnaesht Sﬁqiﬁ%dsttlepltevemﬂmﬁ cnrcumventlng
the e Bt e ocd R AP BB Hodlg ) B8t e stk o

Cylindrical Purification Artl cI e [0236] As a fluid
Effﬁ‘éﬂ‘(ﬁﬂ%ﬂﬂcﬁt”t@ﬁ&“’wﬁﬁaﬂyn|A1mde: al formof the

R e
artidlesmi w:atalr domtamuited Mﬂas(ﬁghd actgd avith( AT EC):dr;]h ?é}]cﬁértwhgul@ure
[Ob% @ﬁi@ﬁ A ass‘?fé' TAfPeaéﬁlgF msc{ﬁ} &b‘hﬁéﬁp?esgnt exanpl e

R)bacteridn
Lot Koot ey oot hrgis i

i} BFSRA WF&dfé'ﬂbV‘e RIeFoIY exagnds (Fxarmple2dgvitus Ch@ltqmge fluid of
recORSMIBE H. bl &étdt\(@ﬂu\t@@ ﬁc“) ct 9#?59?9"1%9 chQ%JeLfldld Q/fas tl’ltn?dye by

reconstituted stock and streaking it comer
using, ajstefite biokngieal leapaicopireareially ahauab;m)ao gemase ahlmp fuII of the

l
ech IR S S RS oot S U o e
Thip plate was[tlm?JBBl]cuthelrigor?1 %ﬂ&lhlohles ol 36f°02|g: Thé fchl?.ﬁ@ was then
one .| o u 0 e
remRATRRE b HE! fLeRanBE MY acea”i n 10 m of

st 0238 cUB’lmgra:stahleyblolay@all I@b%) Qco'rrhmwguywén%@) &ne loop full
07228). E was then grown in the

of té%mﬂibﬁfﬁa qwﬂyfﬁ weageénewﬂ IDPIRCES b0 of stegiaromeraly
avaﬂaﬁlbl"l’frykﬁtfé élfy B %H@tc%{ SNCJ- 0’?&982 cgl Q&Vwéé’frﬁhﬁowﬁ'lﬁ the

(cfu his stock culture

resaaa@g'ypf@awwyrhrotﬁf %@@s at §7He taifrnh 4 ouliurbef appriokiemately
De10EShont AN ufhA b, T ODRGIR 948 Bock Byt yes aaces
100zt efr wates ta be nsedifdide challenge test, thereby diluting the concentration
to approximately 1x107cfu/ml. The resulting challenge water was then passed
through the Cylindrical Purification Article.

[0238] 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 £. coli
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through the Cylindrical Purification Article. [0239]
The test was perfornmed in accordance with the
"Standard Methods for the Exam nation of Water and
Waste Water" cited above. Results of tests follow ng
t he protocol s descri bed above established consi stent

f 0 9
badg%g;g.é@g;ég é%ﬁq ?géygdr (ggtéggrggteﬁ a{ﬁrtb @rﬁté%ﬁh 7t l'agg é%é g@@g% %)

whemte ehallepgriivid vrs passed tmgbéb,% weﬂhva)n@momﬁ@ These test
reslify 88 &eﬂqeﬁfé%élhﬁte-g\ﬁﬁlﬁg%E%%%oeﬁﬁkm%tﬁé@Mté?&ggdards

rermva rates whic excee e wat
(referenvedrapove) foe femevat of baﬁeme)‘roimwatmrfﬁlvaEP@f stand4aresi |d$ctate 6

oo b1k 95U E78 £ A L4 b e

pumaﬂon by gmatmeldg r@uovéls OAEL ooli bactgrie abes bkl abﬁn@‘)é’@irﬁsuch
have be&mﬁchl eved in such tes

tesf}, bl paSSing 2 OLURONT SHOM BRGHIA RaARTElPh GohcBAlenangihe

narldmésh Wit highBgEdrbentrBond\8NENESIhatkdria éHaﬂlEﬁée suspension, made
concentrations of E. coli bacteria chall

as desgridRdiaoRYe meiRh tegls withs bighBeeonashyations cenfiragemarat fates of

oo, RS OB Sy ) ey, g

teSt hr@caéwsmghcnm inghistexampés; testallisk this esateial @si dbariento £.

er fto
coletSEc? eﬁ&?@hbéﬁ{]ﬁb@ﬁo epen%“#gsﬁ@%%a re)}han 6 logs
of remnval mfechmbreet elhbbaciena (Kebialta fertigeyta ard Breimttahorids),
ffer test, bacteria llebsiella terrigena and
cor&r "ﬁaﬁﬁﬁ'ﬁﬁi‘t@'”adsﬁf%f\%‘%&%"ﬁ%&mtq%& gt erial is a
general barrier to bacteria. EXAMPLE 3: Fabrication of

EXAMPLE 3PEabfication ohaRiat m:er&mhnma ogously to
made from comercially

flat
o PRaB) cnadioopRtly E BXRRIG Arib T mnomRshavaomade fom
corﬁhh‘éecdally ARlidpeqRIYiFien @afb@hrd@oﬁkﬂé%tdrﬂtéfnoﬂ_ QREA] use&oo

flunctional i zed_carbon nanotubes (carboxyl ated

pol??rpaweﬁeaabﬂqwb@traa dovesin, 490deg of fusstionalizes gatiian menptubes
(ca¥h§\didEthro@fHis ?\ltﬁ@aéngﬁgbhoés &é’%‘ﬁﬁé& 'nfgké{m?féa#ggg%g then

neat i sopropanol and soni cat ed ran
addﬂtd o0l ©h commexcialhp oy ailonte neﬂttlsdpropmat anbaepnicated i |n a

rQ ure mﬂ@#sﬁp i@%g{ ' %ﬁ(ﬁ’f) 3’833“@? u&ﬁl&ﬁﬁga N 'f%]%é&bgs were wel

dlspsrspd ¢gizoud 11 OsmiabteshaThe heixtues alas Vm’thumnmfedtlﬂeaddlng 2 liters

resultin s 2.4 liters. This  dilut
isofgEpAnPLALEA e S ofiiesiasiitng maiuio was s ers. This
dilutét? flbttufienis s&40ateB 6 arpaddifibmdl Qoahinktedvai | abl e 200 nm
di anmeter glass nano-fiber was honogenized in a

corue4 €] aNext, 800inh@bt & cBhﬁﬁkﬂi@irau@bvéuté'bie %’@aq\ﬁﬁb({llgﬁ'lew glass

mputes in 500 M of the conmerci al é
nancsiibgroyasRmogsizethingy ermnmedciali sailablekiendarat full pawesdor 10

mlrWesaﬂCBdb%ﬁé‘f RELohnERtaly abbittie ALatiOOBIERSAA! he homogenized

aval |
mixture was then diluted by adding an additional 1 liter of commercially avaitable

neat isopropanol.

[0242] The mixtures of carbon nanotubes and glass nano-fibers were
combined and then quantity sufficient (Q.S.) amounts of isopropanol was added to

obtain 4 liters. This 4 liter solution was then sonicaied with a “Branson 900B
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neat isopropanol. [0242] The m xtures of carbon

nanot ubes and gl ass nano-fi bers were conbi ned and

then quantity sufficient (QS.) anounts of isopropano

was added to obtain 4 liters. This 4 liter solution

was then sonicated with a "Branson 900B -48
Ultraganicaéerhat8@ %rrower fanth pinwies.ftich sausasdthesarken ranotube

ﬁlﬂ% tube nanomaterial to uniforny
nanéﬁg?e‘?glfohﬁ'[ﬁg@gfa gntl re 4 liter solution was then
I | r
no en “fus %ﬁg@?%og&t%n %%Sr on +§@b?@%l9%%r8&§nmem'a"y
ava'nﬁtflé érmintdnahonmce&aufusedfactlvaednamrfabtlo D udegros diffetdrdial

e S50 PSR S0 B 5 R REPEER Bt

nandhle8WeEThd resufli n? riamofibsP\Rds ﬂaﬁmﬁ@@ff@ﬁ the fabsicatoP 8Ad hilowed to
The resultin squar e nanonesh/ substrate nmenbrane

dry jnsamypyeiat 5%&‘1@@ dWS.NSF conpl i ant hot-nelt adhesi ve,
into one side of a flat housing. ThIS hal f of the
hol@244) i Ehe resHitingifial savarenanainesy/ wbsstr@l%ﬁrmmtzsﬂn% s glued,

usir%?@ik glsgqgﬁn;@\g{\gﬁé@gblt‘éeﬂéﬁée 3&&&%‘ sEé’éJ bt %'fl%ﬁﬁdéghrﬁ This half

nt am nat €
of thmhoysing is[tben Bjatat end gluegierily cvowanidiet seab resul ts of
a chemcal analysis of filtrate froman E coli

Tedi WF el oh8s} of PRI AU AtEh ARRIC' A1) Cl'e mmde in

ac @ Witer Contarminated avith ExcolpF Ehemiical Aralysis e

of 124555, TRERIBYESSR LS 1 ERVATRNE bEhichP RIS of rate

frorh ancEreli chalieérgyectest) pegarm:éd aadésaibedesﬁé(;a\mpllqeag, egf tHel®at
cont E. cterla was tabl 1 she t
'?Rr@%%hn%%rafnwt'é%éﬂ'%fﬁ? aa aB?%W&ﬁ r%eSrerFttePi%mPYe

exaPht bRiited édrﬁé @menéé)%’r@brr& @rhaurht%%strséﬂonv@% rdéll bacteria
foll ow n%ét e sanme procedures as in Exa 2, except

passig thiqyg B%w@ntlv%nammeﬁt Ttievidenee @fdmanlalmswe@tlonpof the
con}(%é%\%ﬁ’é {jﬁfj ;&/og})a{;%?ls E‘éls{abhé’\éoolf:ﬂheg;re&%e%f Bdctdrith DNA and

aI I'enge so n was d
proteﬁm?oim@heDhellarmelfﬂﬂﬂtaanonesh/substrate material using a
differential pressure of -0.25 psi. A control

fil[0248]le Hehatengs testiwbg rlpmwow@gtthe sBmecpriocedurak lasrim e

=255 IS ABORUBH 51 e BB bt

of E;cumdzem totell efl 100 e (totasi w1t 0F cfu)l of tisis eBalle)‘fget dututibeniamtrawn

G P CPEOr PR SR P Epl TRE B 60 rorpotal reraurs e

~0.bb %spfﬁéﬁﬁtﬁﬁ fitfat® wsecbt;ta.ﬁeei b%smh@‘ﬂ?é’g colt RalRAGE Yifkiate
of the filtrate with

a
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 io determine
the presence of protein and DNA. However, the analysis of the filtrate with a
commercially available spectra-photometer revealed 40 pg/mi of DNA and 0.5 mg/mi
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
pg/ M of DNA and 0.5 ng/m of protein. Concentrations
of protein and DNA at these levels in non-concentrated
chall enge filtrate were 6 times higher than the
control test material obtained by -49 filtration

filtrattlmn;ibwmgg al\nr/]IIIIIpqw fiker Thesy conlamﬂel’u@@sﬂ eerfirhidi tﬁé%iestructlfon of
confirmed t str at | east sone portion o
at IR0 SGERTEN TS YR oL b IR RN EHeTa, o

Contam nated with M5-2 Bacteriophage Virus [0247] The

Fl 3, vPatert;iommm“atéawmi MS-ZBdetériopieagy Vruge W th the
present exa nple 3) was tested with water

co@iln an&ngﬁ;r Pwsﬁqat@ae‘\rweo@ﬁggén ageQrdaneas il theheresent
exa@%ﬂ’ ?*Hng)@%? g@gg§€tg§9§t}ﬁ%@8ﬂc<§ﬂa%ta Eg'ﬂﬁ’@rzdoactenophage

viruprusinggae ipsereEbimereesaribed abpue god ur;theekleﬁ%gmardmatmm
ProEEAERbEIRCS BoE bRl B UER PRSI HS r
200te Abriive Retirencm Prbtocol.” t VI8 bactedophdgengrusds eomniddBFused in

assGRHIE0 FerRurheapap IHPeg oo Rbrra desiafiecdr fesbRutinkinawater
(Nsmeegar)otm@qiréssimzéd chaitbngB e Y& thiEhskaMipl8 wehé bbb AB@ed with 100

| erl al s were i)ared I n accordance w th those steps
m ‘g'?ﬂﬂ

ﬁﬁg%lﬁ%lHt'%%ng hepretocols defceibed above e MS¢aohallenge
mafBRBRNAER rELIRE S ﬁgc&ﬁaﬁ&éewﬂ‘?‘fﬂ&% st@ﬁ?@ﬁ&fﬁ@rate%ab%ve

nanostructured material nade in accordance wt

pr E[@@ﬂi] epaiR! tBst, E@‘IW'O? n@mbr\é’ﬁé? csll?\ﬁhg&f‘ 8fhe Cf-gpforh

chal | enge materi al "used was wat er tam nat e
narmltze nrostCiypRhaeterial madedn aneordancenith dhe preseﬁt example

EERIEH. G hleipta: heldbifoe BaliRP i vab S s »
'°°r“@"“’9'“§5 208 T a@m'”ﬂm. o B0 un o damanat st oy g mately
X1 i@@qf%g)é%% f( &fe)éﬁ er ?han 4 1 ogs (>99. 9950/%I |
E dar d 4

TBEh obrIfE 9 el ek Bk S S R 8
(ggvgmex) origreater *"Sﬁ'f’ggg g@rfﬁasé%geajk eThé %}ﬁahln‘gl 3cyu16|tyhgher
derﬂ?@%ﬁ@?ﬁ 63031,%{8%9&(@)@ geatgpthan ‘?/ wsﬁdmg ﬁ?/%frer@aval&ﬁ MS-2.
Whhé{ EPY ﬁﬂﬁé‘érd’s PecdrhiteN '4%@5 rel}%\%l @ﬁlvﬁeé 'B%%@%‘@HQ&& f achieve

been achi eved In suc tes engl ng
potabietyarien #iv beliryed dhatrhetter sm&imn’ﬂyr(h wheo kc@alemvafl)tchntliee

T LN e ——

grestes prnenmvalsnefddS sBaeteridpiage Fevevisenl auhipedde Blich &sts by
made i n accordance

chaflpoging 1 FA1B3R BN SNER JIREOMERAPES ) ScAeate Wit fis resent
exafeie (Exdm@is 39, Wit higher Eshd¥htratiGiReoaVIBPBasRriophage 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 Contami nated with Arsenic (As) -50 [0250]
The Flat Purification Article, nmade in accordance with
the present exanple (Exanple 3), with water
contanminated with arsenic. In this test, a 100m

wat er sol ution containing -150 ppb (parts per billion)

ar §6260 Whise Pl Pexdfld:dtfoﬁlﬁgﬂcleh fadedh e@aolﬂaﬁ@érmh tﬁ@ﬁﬁesent

in a ord the present exanple (Ex 3).
XAl SATIF B K WAISE op ERT BatoHa B BiaaSCalhiyeriet, & 100m
watéﬁwuﬁémgoﬁtﬁlnidbe«%%{déﬂ@ d@'ﬂllhé@ %%ﬁct | of‘Pa%Eé‘é Yiitbgh the

of the challenge filtrate confirm

carpgrseanamestemnede by ageyslansy with the pmest expnaple (Ehampbn'@e A
sanfHié BPitfe disEAL AN Ghter HAE Bl RUUcoldifa I EERA Riethod #oM

nanonesh
183¢6aB amfhearadysid oﬂthBa:bal&nga fitbate1donime aHledtiction of the arsenic
RPur ifd.catd,pn Article n accordance with the
lovel By et 2 R ol b i ehallehoR S AE Bgtatpater, Bnee through
the mvehtive nartbed riadbriashimatérisianpl e of contaminated j et
fuel (JP8) was obtained froma 33,000 gallon storage

ta l.oc t.he.United, Sta s Air Force Research
g( E%FgﬁteFd‘{er\?W?ﬁ‘maqﬁﬂMé@a? o3 Force base.
Af [@25190! Ties FiatPurifibatiohoaratie, WitkieGH lacbb@edned with the present
F}{gg}%fas %?y\mgar and found to contain three t pes
exagy Ry testsd Pﬂgoefeean%@dmuene'* fREPlcccus
conﬁd?ﬁlﬁbﬁa@ jet fllRe(JFBYRIR oMSnSE RBAAL SE, dd@ %é‘l‘@n %g&'agp riSlocated

liters each Bot h cont ai ners ente
at ﬂéﬁ* thﬁe Statgy éyird-orpe Resganch facitityat almvmmhe PatiersoheAir Force

oo RO ROA, U OB ARG RS GBF L o o

contdie thiree ItypeBoofthacteria: Evalnf?»hglllsh specles hn?j bhe Micrococcus species.
act er,i

The MR Sfiretd  RSpeialiee STA LB rthnmotidcBraineism

pre&medutwe dlanct[IQQérE] JeNube{)n b@p 86d hetsrasihaabitowicohtamsr A
shaki n chaIIen%e t est

li shed
confHIEF9 BBy GARRETaISy BOMD Jayey Sidhe Meranet tstween tha weter and
the filie. Comdineels ehlyRaHowed! ﬁgﬁ@ﬂtﬁﬁ%tﬁhxﬁ'ﬁ’é €héﬂ’%§g8 3S§t8fhcteria

ng using -1.5 differential pressur
Wer?rﬂ%(%lgﬁ fiom @@rlﬁ@ﬁfaﬁeﬁbtfeﬁeel anthwster fionuCodtainerd.i al |
made in accordance with the present exanple (Exanple
3) [%@’ﬂssﬂ\ﬂ%@mg 8pmpaeeized.avbich |\Ma8cﬂmbhmh§leed by shaltieg the

e e E T T

fuelémihr/ba@tpoa ehallengachixtues wasggsised vas tnm@mmgom 8@ar differential
ze bacteria

| e ated to a
prositi, it e b HAHER. RepbSrliiliBataa. riasie
accb&iaspee&hmrtaetp@emﬂlexzmpléq@taﬂfpﬂ@\@h No bacteria or
nmold culture growh was observed on the chall enge

f i |[m25&1]e Ties fuahwaitertoagtdriarchanengatinage saapRaiay oW to
separate II’%O 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
temperéture 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
colonies of bacteria and nold -51 growh after

i ncubation at 24 and 48 hours, The results confirm
that the carbon nanonesh, made in accordance with the
present exanple (Exanple 3), was a barrier to

groRBCAfSr iRcubatib %lt 28 Qindids i?&ﬁg'fmé eifs &Sﬁm%ﬂqa?fthe carbon

bacteria and nold fromthe fuel beyond
nanggetasts MeHevR BACAEaneayithitihe pasest ©xExanPI(Example 3 was a

barfit éFtbea%?etr 29A fl’%ltfbl‘cll( FB@Q@%R%F thbilélto?%acherﬁeand olg from the

Funct |ona i zatlon nanomes
fuelreyent theriimisnt detieatiory with dédtengl protocplsr i i ed, car bon
nanot ubes and a non-woven, fused, 0.5 oz/yd2 car bon

EXAMBRLE 0 Purfabh B nE BiAG8 i Hgation
nar@2@gh, Adiat dammmesh devive waSpeadd fromedopatneagialR évlaweble
ent s, Were _use

nd el ectron tive,functional
o, A58 FEGEBLL o RGBT, S B SA MEEEEES, e
subseate. Tha mohsmltaionzﬁdhlwdbhlcé mtunmcga pmtsw ebIf @as@ﬂmy of the
ositive zet

nangAiasth R ASTHREAPQNE SBeGll Sidpiaapaiive ang elfcpeegate sncional
comBITRNECHEFAIRM toVirabid fhsdiy SER¥iHR 'IEHeU%IFrSBﬁ nEH@t‘ines were

caused themto be el ectronegative sper sed

funglianglized With 2Nee GrRuPs g sases thermdodunelriseposiive (i.c.

po sﬁﬁr@ct fe E&ﬁ W;@?@@gn cﬁ%ﬂ%ﬁ fFrW%tg a‘?ﬁe @ggr@e uﬁs X Odecorated

witmiser hydresidemlustersfthatxealisad ttlhem(ﬂ@ bmelen‘troﬁ@@atl\ﬂﬁwhen dispersed

itric id at ,2110C for 30
i vt WhEn s o S05pRleh e Rt biael i npiie o SegPped
arogmabﬂresgltass fithers cluetto elevdmied fdress. These car boxyl
functionali zed nanotubes were filtered, washed in

di 5[02d55]edTm99m 20d of ba:;mﬁd rnaﬁdtuﬁésgfbée %ﬁl{s}(ggt%ﬂ@@@@ ml of 60%
I S e en suspende I n
36N ﬁ'?'BH&ﬁy G pg HB% 15,8 gt sl CHor3 mipuies CThisre known
to ddli canlydxyF flnefibsks g‘i“@@péjﬂosthé lch&fbnHdnoRilsbst hﬁéé%rﬁ?ﬁbxyl

nanot ube sanpl e was dehydrated using a vacuum pu
fungtianadized aanatubes waretitased, \M%&hﬁdgnsiwﬂdéwmer ammwned in an

ovehidtvloprediragl Spﬁ&’tuﬁ@@ 8 fﬁfgﬁég Gl Wéo@ithqgr%d chioride

a nitrogen at ere i am ne
andg3aiti¢ated d0 dotrsaatb Qe Thmtinmra'l Waiehxﬂlwv&stdtstmed offland the carbon

nangH S5t wiaserfinratbt YSER Pl PRGE, ROl "
nanotut&xsd.lvamsmepémw inﬁwmlmigg%@éfr%r@ihﬂlﬁﬁgaﬁ@s@ﬁ%d@ fr 20 hours

at e i, FHoeR Mg DB rea PR St IPRed it AR istiastaft and the
sanﬂﬂ@walehe@ WatA®. 119G/ drSCHXrid écﬁéﬂm@réﬂ é‘ﬁnﬁ%%ﬂ o4y with

ined and then a quantity sufficient
d'Stl’JPd (YY%?" i@ Wf@l P'Wd% reaghed. {Tbedinsad aming furetisnalibled<carbon

nan@)tdﬁets%eré%é’ﬁ HAESH WRSn gp&gsg/?%bgmbg@}? %Ehm nuBr anson

B U trasoni cator tes,
Vm'[@i“&S 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
uniformy disperse. -52 [0257] The entire 4 liter

sol ution was then drawn through a commercially
avai | abl e, non-woven, fused, 0.5 oz/yd2 carbon tissue
under a differential pressure of -1 atnosphere to
de@257] tTiee sslire-Alitsestiltich waathamdmamohrhet 4 eafdtbreially

avef QB ook HES-2or PEMBFABRA tSPYS HBGET & M@rental pressure of
~1 atneusphbreldGdpokit %&%If-ﬁssdrﬁ’&é&] cathén hﬁﬁ?!hl gﬁi%aié@{g]lass fiber

_ squar e_nanonesh/ substrate nenbrane i s
na 00 3¢ resitingnanamashivas sameved fiem tbﬁfﬁm’lcamrca‘ndaallowed to

dryn‘n gﬁ ob@H%’nQ@CfU?'z%d?ﬁéf of the housing is then mated

to 1ts conpanion to seal. Test of

Bf f[@%S]V CTRE Fosthtin %, Satd haRdrhEthyahibdifh n{e(?ﬁt?%bﬁ@glued

flat purification device construc
using rm«bFSeF cqrexiiand het-melt adbesiye tinte e side fofi adlat bnaémg ethis half

o SRy R O et 2 0 =

described in the Tests of Effectiveness for Exarrpl e
Tesf@f[ﬁf@ﬂtlvapeEs of fiat Famflda)‘lowsqﬂldt@ct eri ophage]. These

hat .t h d h
o 2 TR e R 0t SRR RIS oS Presat example
(Examlef#4)u£551rtg‘ tlrmaamns fmnmtantalﬁzédkdégcfgg nalﬁA&ggéfbhH fbH - hydroxnde
ui i on ayer
decRASh 85 AR5 455 RS SReI9E DI ! COER san cpstaines b Fests

of E;ﬂectnfeu@s forERinme i3 [eat aF & Ben
testﬁﬁg measur i n ‘ﬂloo[ S0ohm J:’Dér? 3ham M?Q::\bnmﬁggﬁlp jhese

I“'EW@F atedthatingselirassemblegmmmashastightachieved a removal
f.. 20, 000
capBBlproKactahs R vt bafbrBIoge yha T 1A5Y, HteSin B, 0
as_an insulator; a non-woven, fused, 0.5
Exﬁﬁgﬁﬂfle%egaliwomar bon tissue paper subst rat e:
si oy W%qq%rcﬁg}%ﬁhhhgh%glc'e%%d% 'dﬁgr\%? %ﬁrﬁjﬁﬂplqﬂg

pl asti ¢, non-conductive housin
avag@mﬁ Py Flﬁedi\ﬂllmoaahmdscafmrh namiu b @lagsdfibens fndﬁsunng 100-

500?‘ ﬁP@tLbﬁ %HHQ% zeg%nanotoﬁgiﬁrlfﬂg 8%%*1&9@@?5%}1%59/%b3éwelght of
polyviryt ak:obollwitmaa’mlmtﬂmadei Bt GEROUTO0Y ihRestinka m@f@rﬂﬁ'%ﬁ}&m

(descri bed above) we re.

ce"@ﬁ%ﬁﬁ%@mﬁ %ﬁ al”l“?%#%tggfa rRRsweven dused, &5 eslyaed monguctive
cartibrOtis3betpapensetiitiay; isierdmbRali¥y cop #u&fvé%ﬂ'lnﬁ?aﬂldq‘j ;F%es a

Sgbove The susgen& on was stirred
plashig, nogrcenduchiye Ppusing: 1@Nd amewer suppty tmetepliat . 55bBEdicBoss each

ne@hQ,aﬁ.’q’d,Pﬂa@cgﬁd&@mg@gﬂgﬁlggﬁ Lpss fiber suspension was

deposited on area or a 5.5"x5.5" sheet of 0.5
OZforM 2 &FEENA 34 g 6t f@r?c?n%haﬁﬁsédnrgandoltljt;e%r(gg%o?clylated through a
nitric acid 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"x8" area of a 5.5"x5.5" sheet of 0.5 oz/yard? carbon tissue paper using differential
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-53 pressure of -1 psi. Four 2" dianeter discs were
cut fromthis 5"x5" nanonmesh sheet, thereby
conpleting 4 layers of the 64 |ayer, 2" dianeter
device (32 of the 64 |I|ayers are conductive, the
others are insulating). [0263] An electrical |ead was
presgwrached psd. Eauvh2’tdiathetdridiscsneerenes froha iy 5°xBShatbriesh

Lver-fille uctlv nducti ve
shoflitReh bhirplb B8 I P e R Wi ot the 64
laydrayes somiudtivbehe otisa dvé pieRitinger € then stacked wth

the electrical |eads being equally spaced azinuthally

( ) [6263] ot An etbctrichl 168 \idaRadhed th @ags c@ﬁdtﬁ&ﬁ'gunﬁﬁhgsh layer

bel ow). The electrical |eads were

US'%% snle\feg-&?g@ CPH‘?‘&I@{E apRy-lleandyctivrisangmesh layers wére
san[EW%é]d%BPéé/n ﬁ‘\‘%glattng I/ élt’?% fs}%%@“@!aﬂ%vyl}éﬁés ﬁlggrsjﬁen stacked

A static retention was
witht theileairical Isadsrbeifg aquaily spabed ezmmihalty (@s. l(oiat&(@ ~%1)259 from

the ﬁ%dts/o%QRQ % ta%%)/e tami %lé 'Jvr)m Iﬁ\[ gé’étfﬁ%lg%%tgs wgﬁebundled and

cal ar e or

rouifedlthnougb thmplastls hedsihg waﬁ 0 thecpowernsuppitand theesntir® H8Sbmbly
e lost -13ng of salt. Therefore the inventive

ha
Wasd%?ﬂl% in static node (i.e. no electronic

- e P o R ARG LR o538 peliorhe bylining 4 v s saline
soltgmrn %if dgrs@t}’ﬂ OMQQﬁatbﬁ)?ehrbD?ﬁ e d@M@é‘Wltﬁ‘?\odéié‘étﬁ%{ char%e or

' trr{y?% %/namc retention test was perforned
st iOPf'EW@ﬁ d-all hexiitraje wes dested for. s@mcqné@t applit wabs foond to have

Ioste-aeh\gocﬁfshﬁ ISR § tHéQn él(/é d%@lC@C?ﬁ‘@’fé%'r?{gde mg@nﬁg@?e%tromc

yers (i.e. even nunbered nanonesh
Stf"]é'b%‘tiom {(rduged g g@lmltartw ~163fh. r'ﬁmstredecndrmmomtw te®0.42 grams of

S AR
A Al s bl o

voltam/oi:fépnﬂ/ 686 applidgtbtoseddh ofd$ neighborag. paldic chedmRyioh

lent to O °2 f salt f carb
nanf B e T4, 435 Bt Best dandingsnizy v bereashivetianarged and

oddrmembexbd iaay@rs waes ﬁé@éﬂv@lyctfhva %&s AS@érmb%ngqe &}{&fbnaof 1g of

vol tage enhanced t r enoval

S“PPBE‘?‘Q”&AH{S@P‘V§ iy PR m! phdistilad weten ﬁt%wsathmw wasaJsed to test
the BHIBAC)EbRAE deticke H‘P&?é p§‘§sf tﬁF&ur%hEH%'ﬂ@Wc%i tggpsﬁ& \f\%ﬁ

the salt renoval wll certai e ac
rempwed. afleis remevali raty \eras equmlenm 53 gacbfs,aft\pier gh:f darbonpt

nanﬁfﬁggpz E)ér% vgéé@%%ﬂ%qf 2?9 cl;rjegg%{s{f gﬂgrqmq\{aé pv%ége s{atlc device,

showmléhawmm usnthgeafm:]miaﬁe eahaAcst th@a’gh@va{]ﬁr&h%ﬁmm a
t.hrough .t nitric acid wash as

watéc{ s@)&nﬁ?}g d%rRon tmg%he 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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Exanpl e #1). The procedure suspended 25ng of these

functionalized nanotubes in 25nl of distilled water

and sonicated for 10 mnutes in a Branson Model 900B

Soni cator in a water bath at roomtenperature. This

solution was then diluted to 4 Iliters with distilled
ExamBle1 )athenstbyadumy lsushareieal 25vg oﬂﬂl@eé fenctiohalized nanotubes in

concentration of Q.125% pol yvi nyl ohol bl%
25mpabiablifcaNear ah oneaiga et MIMRSLE ioh rAred Mipge!

Son {Bftn‘;r‘ ) v?é’teﬂﬁ’éiﬁ%bfc%rﬁ kdHlpSrathreD TR $bibfichIWaS %nTéﬁJted to 4

as| C | nersi on ender. The nanonesh was created

litersiwjtb siistilet waterang"nayvinyi elsobpl was addedso tet es@mmeetra%/ ion of

Lece of _
0. 123>ﬁ P8W¥W§’F§F%ﬁ byd ur% éh ac':fkilg\géndr Strgeces géﬂsl%n was then mixed
for Sth'f fgesat $;§éedweamﬂ wrtbfan UltnaFurraXdds Ba‘SICEMmetsloreuesder

Al r rrbran 0267 ,0Qi ca "
TheagOaS ERS FERIEG APRN PR LA o0 81 @ Gt Loz sauare
piedetst pRFdRs fpb%féﬁ‘i@ﬁsubi&l@te%s%g didsfiesential erassurd filatiomerocess
square nenbrane and were nmounted between two fl at

withredifiprentighrressureof i P, 5° oD, One disc was used to
nmeasure the pressure drop versus flow speed curves for

Teslt bf EfRERvanes bt Afrl Me®rane Artfible e the other was used
. for biological renoval testing. The bio-

{ ORUATY \EISIOBRAbraROVR AP VA RETATEE Ty e bERng 10
detérﬂn Yt ’é#ﬁbtﬁéheg‘é ”ﬁw&%’ﬁ‘%sc‘!ﬁ\h@r‘é cdﬁ%n@%@%{u@r@f'nembrane and

ting the capture efficiency of bacterial spores of
werBam)umteé bstymam twg, flak matpldings of@d dpt 28 O r@padiscrwas used to

b
el O 0 6l S BEEPJUEo rle
devivel, aihile the etheawan gsed fortdcibgicblenspal stinghsThe dwn-mfmova|
testinicvas He0s B maintng SR Bertisd B2t b ipREd i el dnich
~ wad tapdbid of fegting e cﬂitlﬁ‘é&‘efﬁdi@mdmrba@teriahep&em Bae#ns enbtilis, a

of the testing apfpar atus. A controlled set of
widglyracepiedt WAL 19 Plolpgieal aggnisyt Rat 8 HRENgRRihegen, making it

safé %rQQtSérﬁfbr?iesttlHS testing apparatus. In this biological
testing, we achieved over 6 |ogs of renoval of

BadP2f4 s Ihetesting e@ﬁﬁjledsreleaamﬂbfﬁ baW@“ﬁleﬁF@F%UEStham of the
. I
it R P terof B Bl Shoh AL 4% GRLCALAH padsha trgugn e
filtemivda difsid- ﬁﬂkedf all-gass smpmgesaiameeiotmsueanﬁérmwf thedaing 7:

RS e R e ARG P o

retéﬁlbﬂrdlfah% astng dpﬁ@'taﬁus tIh&hlBrb&tﬂ@git‘,alde&ﬂigowerabm%d%ver 6 logs
exanp| e descr e pre- processin

of remﬁgh@‘r@aqllﬁﬁ :?’34’3 sRes F EEH%" » W&EW qob(l\e %éetggpmeépat

rerﬁdVé! 915 blﬁﬁ)@léahﬁgerﬂ? m%ﬂé%%éhft of {2 refovardf rfdrﬂbn@lo?iﬂa@gamcles

roug a novin strate. Post treatnent
and of the filter'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 -



t he deposited nano-structured material and testing of
the performance of the nano- structured material is
al so described. Pre-Processing of Conponent Materials
a. Carbon nanotubes [0270] The carbon nanot ubes were
treated with nitric acid solution to renove

theGiapoaredIraNc strestafedanaiial ShQ tstiRg P e pé‘ﬁt%1 n&BX%f the nano-
interfere \@I:fétﬁglstgthe surface chem5Stry of e nanot ube.

strugiyred rpaigy cHPed was performed to increase the
Pr@P%sﬁﬁq@F%h%éhé}ﬁ eflls Sites in the nanotubes

and to attach carboxyl em caI group to these defect
Si t%&arhonagansﬁubﬁs of functl onal i zed nanot ubes was

cr e r

e ac) The EoBh ity Ry B R R S g Sgtion to remove
contamn‘_ragtglerxgz aé ammphoumjcarbonl wbllels n&!lqsmm”rtmf 3] A\gﬂg r:g@@fumace

. di e t . a total volunme o o}
st Bl el o ediRer S b e paTarmad ipncragse the
nurpbenrcﬁfcbrystalﬁn@defe@'ﬁ§|té3§3|ﬁkﬁé nahbebBedaRd kb aftadh 858%0x Irhhe?mcal

nlce&?%n batng\] gnd stirred for 30 m nutes.

arofjp o Hibss R A Bt 736 GeiRRor ws@ma@qua@anqt@hewas steated

fromi¥eeral Brahachatb ey €in BBk §|l?\§|lércﬁa‘i|c rIF
the carbon nanotubes using vacuum tra |on hese

perfprineddyamixing 2@nag ofi Py aﬁe;sbmnqtabm sitapenvied én 6@ miwh tistiled
walbR A ot Vbl RS ot Sdin ok g§ﬁcé'é@‘al?éq {vgr?cpgﬂb\gs At

liters tota Pune was 'uge
abol@27%] 5. hlsrmegtumsn% pbared sntszegidss beaker Vehith W%é?ehéﬁ placed in

2 7 BREa DA it efiTar T By 5 cTbB i AGGUperion nanotube

mixttrervess thiediposiréd into a&&ﬁuérefudhéleStﬁé désd Wlls ArdwiTbff of the
d and 10 kPsi pressure drop to

T TR e ke
nardE3] wérerth¥h WaleroRas ids-a an%%o\QlJ?Hlsghétfﬁlafér?Fc{@hW liters

£re ared fromJohns- NManville ass
total yelymsiwas paeduntil theopld wars at@b@ﬂfsé50§he$mr¢ thesat espended in

75 WRkLsf rﬁO&s@tdsH ﬁjshtfr@étgﬁQvélTérn $heT cg%hﬁlfg%ib %_Pénﬂ)ﬁtgﬁétgpe

was passed throu I'verson
mlmwema%pme@eddpmmu anWierofl ribickthight-priessur@ediSparser using a 75um

|nt rati head. These gl ass fibers were

diaf it h Hob B8 1P e pirssuaIgop BT eaIguBpaBdebRg
agdleametations.xture a 1 liter solution containing 220g of
Fe(I\I03)3 9H20. This m xture was stirred well until

th r ual i zed and the pH was recorded. This
3?3?01 ﬁkfe P%¥en covered and all owed to age for 60

P sostena ) 404 s A e
Mar&wl&peéode 90 glass fibers suspended in 120 liters 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)3-9H20.
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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automatically at a rate of 2 mM/mn to the iron/gl ass
m xture using a MIlipore Waters WMbdel 520 punp for
24 hours. This titration was continued until a pH of
3.950.05 was reached. At this point the titrated

sol ution was allowed to age for another 2 days

f3§t & 4 fiter solutiorf bf 0 ,50NyaRdixm ddeseide wags pr&p@éeﬁm@d added
g B A B R A TRLBER

ModéI326Huri fo¢|24mcmrs> fm§$iﬁ'atﬂtg1 wab eontimyeairent alm-t afr3. asso 05
wer e conbi ne ar.ed

was (reched: REUTRARET Biraiaied soiBE e BB G0 LS 2aRd! FRbTer 2 days
to cogﬁ(eﬂiét@tgé* g'oh r(ﬁl?'i—%r&hé’é SodtirResracadureU e fiat penafledsfter the

To m x the depositional suspension,
additfehal agmgsaeaﬁdweé‘t 6g#@RP! i ter functionalized carbon

nanot ube suspension was added to 120 liters of the 5

b Asiorf ARE'DIS ,gﬁé,pn and passed through a
Pre eer}ég?rm Sb AEHNXU X(') I n-1ine, dual -head,

hi [§A74ln eétﬁer mexrérloceésmttae gomPONent materigls werg gpmbined as

oo P g eam o an

iron Bgdrogiaititeatehglass Eetsomixtires pecpaned as deagrites above. To mix the

d
dendiiehsasiendiiny 76 Wre AT 1 et EfcRORa AR nangube
sus;ié‘rt@ldnaﬁés AddeceiRl 12Mitersafties bajramylteiuglasofibercolytioarand

The conbi ned carbon n i be si,on

passReCBERGE SO RRCR P ARTDUR. HE0Z3 IR Qua-BRBty g Snear
mixéritd obtain 4\95 NihB ees 158 hanstlii® o Hlaks Raticelby Wightaegsgeheion.

sequentially through Advanced Sonics 4kWand 20kW

16/ 20 kHz dual frequency, jn-li Soni cators at a
Deppsifipn Qf Cappon Nasg Cit’h?ﬁAﬂyﬁ Séﬁ@@ﬁ‘ex nmodel 12F- 90

L/ g) RIPEERDRI WS G584 foYachveRand) S+ &ihtaih b@éqtﬁtﬂé @@persion
ared, the fiber/carbon nanotube suspension

of trafmartcetbqnmam@beeatsp@@ﬁlooforutwth\tp the thtqmrdbhea%@x of
the Pe%?—%—ré@%bﬂ&n@tgnélgﬁo?wgﬁﬂ'é?ﬁt dtherfd Tfh%eédn%lﬂé’d Earbgﬂ' S
epos| on a

suspenst on was substrate onpose
nanBiube/dlmsrfiber shbpm‘tsmhptbp@ﬂm astesarived avave waalptmmact tlh\eough

oo e 3 e S BB PR R
AdvaBesthEohias dkivngn@ROKWOH Bmchmammquen@gﬁmm Seaigators at a
roo i a2 e, 38 8 G B vt

pumiggaction conditions, and so forth used in the

speci fication and cl ai ms are to be understood as,
beil0RY Gl difterdgingprapared shefleerécashon RanqtbasuspRision was

supéﬁé:ooto%@%le}éd bok%? 218" 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] Uniess otherwise indicated, all numbers expressing quantities of
ingredients, reaction conditions, and so forth used in the specification and claims are

o be understood as being modified in all instances by the term “about.” Accordingly,
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unl ess indicated to the contrary, the nunerica

paraneters set forth in the followng specification

and attached cl aims are approxi mati ons that may vary

dependi ng upon the desired properties sought to be

obt ai ned by the present invention. [0278] O her
uniessiiedicated ie ther carteary, the numenical parahetarpsat ferth ib the fuliswing

I AT pee——

the tieslmchpropertues songhirtdé ditainet iy taems‘enc mivegtiorand

o B 6] Pt Bromee 3 tschv Bl il i drareride thasp Skiled
in thtel‘an froal donsidegatidredfitRe spe@ifiddidn Ari SradidEeek the inventibn

gg EZHBOf maki ng a nanostructured mat eri al conprising
discloge fe'ﬁa#dﬁdH@@de%tﬁ'@tjthﬁe?nﬂfdw@B%ané|ewgmplﬁsstme¢mw@red as
exefh fihyi
FRlare oniYeaRh s PR TR Lot thirtehfion Befdbablfig e
followdngyelaifebl e to the carrier fluid by dlfferentim
pressure filtration, depositing said carbon nanot ubes
fromsaid mxture onto said substrate to forma
nanostructured material. 2. The nmethod of claiml1,
wherein said carrier fluid conprises conponents other
t han carbon nanotubes. 3. The nethod of claim]1,
wherein said substrate forns a part of said
nanostructured material. 4. The nmethod. of claim1,
further conprising renoving said substrate fromsaid
nanostructured material. 5. The nmethod of claiml,
wherein said substrate is conprised of fibrous or
non-fibrous materials. 6. The nmethod of claiml1, said
fibrous or non-fibrous materials conprising netals,
pol yners, ceramc, natural fibers, and conbi nations
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 nethod
of claim7, wherein said carrier fluid is a di spersant
chosen from aqueous and non-aqueous |iquids.
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9. The nethod of claim8, wherein said carrier fluid
is an aqueous liquid having a pHranging from1 to
8.9. 10. The method of claim1l, wherein said carrier
fluid further conprises at |east one agueous or
non- aqueous sol vent or conbinations thereof. 11. The
Whaeiseliméd éd:ai m 10, wherei n sai d non-aqueous sol vent
conprises an organic or inorganic solvents, wherein

said or gamiethosiadfveaking arineBe&&krdd m&terﬁeb&ﬂﬁﬁémg carbon
0- nol t hanol , tol uene, xyl ene,
naqgtggqp g‘g §8MPEsingon tetrachl ori de, 1,2-d
| cmu%bemﬁg e%onmoﬁm&'.n HNer AiCIERIm 4 Al The

of Claim 2, wherein sal r conponents
corﬂi&du@@ saif paikisre b9 law érreughadiubstrpterthatis permeable to the
ceramcs, natural
carﬁ%{‘@.ﬁ&?? dﬁfer&g a"iibﬁebl ng%?“g%{s'&? 'hereof . 13. The net hod of
c| adaposiing shigr earbors aadotobée froonsgid neirilise batoesaid siigssdte to
for® engﬂc?@?fpéfgf’éﬁ fﬁﬁ%‘*' ng froml nmto 100nm 14. The

'‘Akher ei n sai d ot her conponents are

cormr | s dthe méthod|of cldiras!, ateiréin iafDotiontuié keFpRisés om
um num barium boron, brom ne, calcium

CC”EB? X@@Fimc%h‘?'bf‘??@” be$r omi um cobal t, copper,

1 uBr i Nerhe rddihbly WiclfArMT S saf] &bsﬂ%ﬁé‘fdr‘ﬁ‘ib 3 part of said
hydr oge i ndi um iodine, iridium iron, |anthanum

naﬂ‘@é’&c‘g“ﬁ%dgﬁ@éﬁrlﬂh manganese, mol ybdenum ni ckel
ni opi UMy rhéﬁ%@'bf clfihm lﬁfﬁhé?"%ﬂﬁﬂlg n@aljehfog)irﬁg%alﬁ Substrate

hos hor us num rheni um
ffO@(ﬁ@i@hQnﬂS’frslelum onatertsl) i con, silver, sulfur, tantalum

LS.l R ARl Do g e

ormiraﬁbmﬂsrrmma&én sai d other conponents are pre-
ass, and, at,t ac ed ont fthe car bon_nanot ubes, to
ot JRgthed of 6 gAY TIrBHs PHaeR-Ghrous dnalsralg ogiprising

metdls, lﬁnd’ﬁpé&‘bﬁrh@'hatdrﬁl fanJﬁ@ éfﬁi&&ﬁbnﬁétl&{ﬁh&éof FH §bld

sajd carrier fluid further conprises chemcal bin
magﬁg’@,lﬁ are apiippalivt Igﬁﬁtgandmyfpr%ﬁqqﬁg tragteg prior to said deposmng of the

cargghy]aﬁbﬁgg§ol ytes, and conbinations thereof. 17. The
met hod of claim 16, wherein said chem cal binding
agehts Tdwrpethod qﬁ@la}mﬂny\meaidalo@lam cartigr fluit és carhpisbdodt least

on%].@[,@&ﬂawﬁg( rﬂblﬁgﬁafnr CALFd zr fluid further conprises

al s chosSen om proteins, DNA RNA and

conbi natliremaethbe rof afaim 79 whhein raicheatriof fluldl & adikpersant chosen

f further comprising fo ngarmltllayered
rorm aqueous and non-aguéous

rlqm

9. 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 fiuid further comprises at
least one aqueous or non-agueous solvent or combinations thereof.

11. The method of claim 10, wherein said non-aqueous soivent comprises
an organic or inorganic solvents, wherein said organic solvents are chosen from
methanol, iso-propanol, ethanol, toluene, xylene, dimethylformamide, carbon

tetrachloride, 1,2-dichiorobenzene, and combinations thereof.
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structured by the sequential deposition of at |east
one nanostructured material conprising carbon

nanot ubes, and at | east one additional |ayer that may
or may not be nanostructured. 20. The nethod of claim
1, wherein said carrier fluid is a gas conprised of

Doz THRIAGr 6Rfin 20BGRein SAAReHibAantd B brise

vapor, ium neon, or an | nat i on
fibeTseclustetso8nd/pr padicwiates ¢Qmp¢&ad Qfmmtalss polymepn| apramgicannatural

mafgg%%gtabégfobgﬂrg%mhgmé}goﬁ frequency ranging from 10 kHz

tarn or maintain dispersion of the

carisin - ridweonathed df clairne 2¢ aherein shidutbepeomporients havk at least
The thod of claim11, further

depositing. -6Q 22.
on%gﬁ%qsgqrhr%ngmg&ggrﬂangl QPP Shear flow field to said
carfaer THeungthod oficRars evhiein @idbthef &ﬁnﬁ@rﬁé}ﬂﬁ are comprised
nanotubes in the carrier fluid prior to depositi n%
oron,

of mglecyigs cRBiaining atones ehoRen, frqru .anh@pnﬁ cAgmindmdparium,

n [ h
A SR8t el Ry, bl S gk

galiumnhgermanidmegeld ahafpiusy, hydrag@nbindmnn geding oiridisrmiionor
B 165 ARSI it rPRRsoARR S Ry yrosen

osrnlum ,mxygen, maillaémrm @hpsphnrug, platmmn rpenilien, rhodium, ruthenium,
ostryct.ured.. nmat | east,.. one
oo R A IGEY Sie . sty BoBiium; B titsfime nosten.
variddiahpfium, difd, 2#tetiu@n or esmbpakbmaidrests t her eof . 25.

The thod of claim 24, wherein said chem cal
tre&gewen he.prfiadfclaima, wheteingaid ethse coRANERE SR Pre-

ass(é?hblé@ aht Htabhdd oRtoRRE ﬁﬂﬁfo'n%a‘?lbtdﬁé%a{d d)tﬁel“ﬁédjbb?:’ént? QYr to any

conbi nati on of (a) and g). 26. The me al m
comhlnam@#@rﬁofstwoatq paig dleppsiian.conpri ses exposing the

nanggt r U'Fﬁéjg'l%%d%fecré@l 10,:\/\?}106&:@1%3% %’Qru%ﬂtﬁ@@u&lﬁe’qr@omprises

infrared radi ation
chemical/bindipg@gents, surfactagtscbufisringtagents, ipetyeaitctraytes Tamd

CO%F”%%P%L’}G?%&I m 1, further conprising finishing said

nan ed nmmterial vvlt_h at Ieas_t one net hod
chos$en fTieemettidd ofalailnatd, wadréig sakEehdmigal lﬂﬁ@iﬁ%'a @nts

Wr appi ng, .or copbi nations thereof. 28. The net
CO'E‘PHQ% %'Wéﬁgpﬁb'sal d nanostructured material has a
tubggar phaRRthodlof cldifm Wﬁ&gln@alc%éﬁ@ ﬁum‘m%?'cﬁ‘mﬁﬁls@s

nanostructured material is a sheet havin east
biomateda! ﬁghgﬁ;@jﬁ@@@gﬁgﬁ Dt RNA,rand comblnatlons thereof.

18.  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 rahging 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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30. The nethod of claim 1, wherein said nanostructured
material is a sheet having at |east two di nensions
greater than 10 cm 31. The nmethod of claim 29,
wherein said sheet has at |east two di nensions
greater than 100 cm 32. The nethod of clai m 30,

V\IheZEI n T&élrﬂembd@f chis 1a¥ur{rféfi%bn$df\@mgcﬁﬂﬁﬁﬁ% rh?h-s;hear flow
ho

ngi.ng f 00 cmto 2 neters

fi el@ itqaﬁaﬁi farrwﬁ 5]%# tq dispegserandeamixthe eriben naaetibas irgthe carrier

fluid tdeeds@hgc! @i m 1, wherein said inducing conprises
wagﬁ?';‘il%nd& S gcuumto the opposite side of the

subdd.r ag’é’ledﬁeﬂvﬁﬂﬂﬁ ctdire n furter cootpristng. am:ﬂ)eng ah acsustlc field

v 88 B 9P A SO e

sequengaﬂy ordm c?ngﬁatlpaaiocbbtah Imdnﬁilnmir:j d;sbe%iorﬁ@lﬁﬁé l&ditrbwl
on_nanot ubes in arrier flui o forma mxture,

nar?ﬁ@ﬁﬁ?i%&%ﬁ?ﬁ"*@%'ﬁﬂ’@rf QIERSHINGr ough a movi ng

subz4.r afreletrhémoUSDf D%ﬁrﬁﬁahlrmdr%ontﬂiiglr@&féétﬂg thé Hhﬁoélbhctured
depositing said

eren ess t rati on,
mag%{&a[)wﬁh ﬁ Pes$ dfﬁp@a!ﬂan theafrneat iasen drany chervicatireatment,

,rragmgﬁr&t(%nqmngwn@tﬁe%postructured materi al having a
g@vh q_reater than 1 meter. 36. The method of claim
er

dermethiod Qﬁafﬁu@t%uwgrem saigh cheinaiballegatment eamprises
o AT T 00 I Pl e P, o

cornpr i
_ COf’gbinh’mri ofga) Bed (manostructured nmaterial on a take up

er.e

ool e Rl 8huBl2dr whe T Said TRHRYOr Ramprses prResing

thegiatlesipdcttited raetesitl wtradtiomshesert fﬁ@mﬂﬁﬁé’r‘éﬁﬁé@k%@ Glectron-
ted. 39. A nethod of making a

{
beﬁﬁgérlf Bﬁ%’%‘gr)ééaﬁa b?"ioﬁﬁ rEANYIGamRinatiep heredfast one
conpan Mmieafefhodidd cla?rﬂ'1d fdméﬂ%gp@?i@mg' fHidHin §é’iﬁﬁ%ﬂgéﬁl§’ctured

car bon nanot ubes . andcg ass fibe i n~a carr
matesiaf withehleagt Qpemetha @lmengrosracuﬁlngxkamneatmg Beaing, pressing,

Wréfqbfjr%ugpcﬁnsm gBﬁ?fl‘%ré&at is permeable to said carrier

contam nated fluid by differential
pr eg%ur  heimethatiofclairarid wheegio satd manastiudtueed haterial has a
tubP%?Qﬁ%ﬁ’ees fromsaid mxture onto said substrate to
nanostructured materi al .

The method of claim 1, wherein said nanostructured 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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40. The nethod of claim 39, wherein said glass fibers
are coated with netal -oxygen conpounds chosen from
net al hydroxi de Mk(OH)y, oxyhydroxi des MOy(CH)Z,
oxi de MkOy, oxy-, hydroxy-, oxyhydroxy salts
I\/kQ/(O—DZAn. 41. The nethod of claim40, wherein Mis

?éea% u%ﬁ&'o?%%%ﬁtrhﬁ r?ne%gggg , ,g ﬂngﬂ%ﬁ?ﬁﬁmred

ani um ganese ron
matéﬁabpempr@ng@adrommﬁntmbﬁs ealcbmethwrmflprism The net hod

of cl ai s at | ea sen

? r ovrengine e idhutes f f bar i Blicd Sadfia Mo oo
O<in@ﬁcm§ls!;|afd ixturditd Iﬂbdr&hro'ﬁgljhf @h@vmgﬁubs&aiefmatebs permeable to
Sulfite, hl or rate Chlorite,

theWB%ﬂ#‘%lbb’ er@ﬁfﬁ@ﬁ%ﬁsé"e F’ﬁggﬁhate Nitrate, Nitrite,

: Ogéﬁ@sﬁn% éﬁmbﬁrbom%fdﬁéstfﬁ:m %@F@mxt@rb d‘rﬁb’f’@bﬂ&he\ﬂﬁg of
t her eof . 43, The nethod of claim3 wherein said

substrate delfars epemeﬁt@@turﬁd matetalthaving@ lQﬂgﬂseﬁﬁaiQ!dh@n AUBeer
Magger e E%"tﬁﬁc?oﬂﬁ&ﬂ?ﬁé qﬁﬁé&’eﬁgsé\ah%hbﬁhéﬁﬂehqﬁat@nal has a

| engt h rangin rom1 neter to 1000 neters. .
|enghterartg1hg)fromlgieahe8manmmeéerrursm?tDﬁ@Q)mﬁieﬂSs operat ed in

tc t | th
A
nanbﬁtﬂmttlrednhatenél ored wke-dﬁ reeThe met hod of clai m 39,
FoBh . TRAgR oL Bl ABLEhsiam A e O cAngbing &
vacdtm td fife HE{BCM’&@ sife 61 thi %UBQbrat‘éftﬂ'r Wwhizgh3hé Hanowitietured material is

conpri ses applying a vacuumto the opposite side of
depppiéedubstrat e on which the nanostructured material is

depesi t adnethbd oT?r?ali‘Wé head n8§tr&étﬁr‘e@ rﬁgterlﬁh%l‘ fikdtirgPatdeast one

fluird conprises I't'quid chosen from water,
conpa&'nlneteeilfmldmeld metheguearersing: bi ol ogi cal  fl ui ds,

{ Disigbilldig c2bBR MAnbRRE KREARES, GANd P BRGARS lld JB%ﬁn a

osen tromai gases,
mmtudaaust froma vehicle, snoke stack, ch| rmey, or
arette
arg

e P B I B BB B g s
car@ér fiidraha shiduontarhinad Mg by kiifferentfsd 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)y, oxyhydroxides
MyxO(OH),, oxide MOy, oxy-, hydroxy-, oxyhydroxy salts MyOy(OH)An.

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, Chioride, 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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