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METAL- CONTAI NI NG NANOW RES PREPARED USI NG MESOPORQOUS
MOLECULAR S| EVES AS TEMPLATES, AND THEIR USE I N

WM NGARTI CLES BACKGROUND Certain filter nmap@r/iBE066/004140
have been suggested for incorporation into cigarette
filters, including cotton, papet, cellul ose, and
certain synthetic fibers. However, such filter
mat erials generally only renove particul ate and

condeneaht.ecOPIRNER! RatbRIRED *%i%ﬁﬂnéé“l\%‘é?q Tht gw&bo‘%ys

are usually not optimal for the renoval arn

e ftSs TEMBRATHhade® SHBKR USE §N, SMOKING |ARTICLES
organi ¢ conpounds. In light of this, a nunber of
addi ti ves have been proposed in the art to suppl ement
the performance of the fifA&CRIHNRrials. Despite the
déﬁ%ﬂt@pnefdk;dromda¢faaﬂéwaaeermﬁﬁﬁ @&g@@stdﬁiQb@slnéékporatlon into

c:Lgaqgi’@é ORi;Agel-BPr q\ﬂ%guéﬂq MALE L ef If InCIé%%}ét :TE%EE{'@O?%’ and certain

osifions for removing Cer
sy ntﬁﬁFh%t?é’ﬁﬁst obﬁ%‘é%"%ﬁml@échPfei@Jamayersalbzh getdradsyantly remove

part¢oupass tam&@ﬁ@ﬂb%mtcdn@%ﬁLsM@sei(f)cﬁﬁ]sdo\b%cg[) Ellﬂgﬁ?vb Thus, they

nd/or processi ng steps
are %%ﬂ'f§i %m’lgot %% ah'elgﬁ snaele%wosqfu% 23RodREetes components
fromabp]@actqp wbéet -75s B Kreﬂ]Et/ﬂeatorb&ﬂS& RRoCAAS! | tIlﬁerl‘EgQ{ of this,

H{gbps e GC in_the fi Iter egion of the
> argftgg%ﬂ&/ or gllag gﬁn II)rorpotsr? of ™t ﬁg ScPghr bt ¢ gPplement the
perfaﬁ???fif %ﬁhﬁgflmﬁve@@lh I ler, filter and paper
CmﬁBp$téI®ﬁ§ dstEK gk rAfst 1) efySuUC Cl e ’
deve\[l\rﬁglhods maof aég{fﬁge areties and %h%?grs&gl%ghérg\r}l glaereSt hn
i v H O FretHieddntunthicds madovigwesitions for
remogmb;egft@ﬁ.nr ey ingreat sl eastaiong reanstobiid shbee Preferably,
suchl %@56958%&6 co&nBoQE@lﬁ@oan% nSHt 11f'1§%i¥ bS’é%%nSJé’ﬁd or time

conpositions are provi Icn conpri
cons WQFEPW%ereQrOWp@gnst% More preferably, such

methomkd adreDrdoapBsNgi AN AMHKES BEeasiPaly] eQfh c'i:?@i” %H%tve at least
stituent fro obacco snDke I n anot

ne.co
one éﬁg dlt(?rrlgﬁfc CEMEKIRG “8PT EPRACSY 8MBKBvIiRIdde WRLERT region of the
clya s iasel/ At al orap rhai hengtmarfowheesi gated @l Bukhfy smoking.
net al - cont ai ni ng nanowi res are capabl e of renoving at
| east one constituent from tobacco snoke. Exanpl es of
smoki ng articles include, S®MABXanple, cigarettes,

pCpestildiegar Slﬁlﬂid: R\A- f)&M tdoﬁﬁégl'%lcgﬁr eLh&Rin Ig\.c}tlct:les such as

Clga]?ecl al_- cont ai r%éng nanow res mma spérsed 1P

er “Folatéd* ¥ n" ¥ ﬁ&?ﬂ%n%ﬁ%ﬁﬁé?tﬁ?ﬂ/@?dlﬁclé@éé gmeaprovided
whicl IJJITV@ﬂVpO’FllﬂE arseofoft hetsiraddmgiabhy ChhowkR@secspRKI NG £ removing
at least one constituent from tobacco smoke.

In one embodiment, cut filler compositions are provided, which
comprise tobacco, and metal-containing nanowires, wherein the metal-
containing nanowires are capable of removing at least one constituent
from tobacco smoke.

In another embodiment, smoking articles are provided, which comprise
metal-containing nanowires, wherein the metal-containing nanowires are
capable of removing at least one constituent from tobacco smoke.
Examples of smoking articles include, for example, cigarettes, pipes,
cigars and non-traditional cig‘arettes. The metal-containing nanowires
may be dispersed in a cut filler, located in a paper wrapper and/or
located in a filter portion of the smoking article. These smoking

articles may preferably comprise up to about 200 mg of the metal-
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articles may preferably conprise up to about 200 ng of

t he netal contai ni ng nanowi res, preferably greater than
w@bwan723ny of the metal - contai ni ng nanow r eBCT/IB2a@s/004140

filter for the snoking article may be a nono filter, a

dual filter, a triple filtep,-a cavity filter, a

recessed filter or a freeflow filter. The netal

contaimdiant ahnbwngrammnonefesaliny dreakat oFlpor dakediti At BIopk Bre metal-

contalnn?m% ﬁ!a% rdarts selected fromthe group consisting
aper insert, a plu a space,
P P

ar et
Fhé t S frapdior. FHEcPRORbEe HOdIee "V olres o’ licer, a quan

fllterF)()laVQ&QEYEeﬂﬁltﬁéx@e‘éecaﬂﬂ'dyaf:if]rt@&” bl pucsimelgilter or a free-
Prefera

T t orated into one
£low %gsre glgrt;g% con aln:c_:zgn n%n%lnEQ?Q g éﬁ%g%&ﬁ rated to on

or mow0NsfLéuerrtsr eﬂimetdslfr@aml'@nﬁk@up B@&ﬁﬁ?%@%?f shaped paper

:Lnsertrgona?‘t% ntac' slt,;l;?cte n@igggefgémffﬁémcﬂa\#ﬂs%, Butceal@lo®d acetate
dehydes, car bon

SleeveIS-%lPPédPE%YleereoﬁfL%ﬁ‘ée' o Pei ﬁee a@r‘iﬂ 8#6’?}’. le,
I@)felmmy:,yarum nethal ot aieying- naplbyliaes neare  capable of

n) Lrogen oxide, ni A CAld &, aaeﬁeé K
Selec‘é’a‘f%’%o’femﬁm Ga) qé%?ﬁr 8§%n(e:g£ \Zﬁgzl%g(a) pyT enéa:L and v Smexe:
Examphéstafr esnstidrusots Fhait @pxbPg reREefeingluds ot AFRot limited
to, M%Ql\yd%tgs aéaerb%rhetszﬁcgﬂozdlgefan _ﬁmlllﬂlﬁ:aaﬁ.éﬁ@,t i WeoppetiemDREerolein,

éast one constitue ro fstre
acryleppiiet Lo o MYBXIAPT Y g?er SBFny eas? mél%g{?%ne' nitrogen
oxidelDr e pesizenabl y awv- lnéascbsca’mrlmcgmfﬁléf at Pbgselone catechol,

benz(aﬁgrﬁéﬂxt et nﬁé{né%e(a)ﬁgggﬁg fa{rﬁnm@\:ﬁl?éé Qﬁf@r%@bacco
€ hanow res g [ ess than 500 nmi an amount
diraferaply | 658 Wel LoDt INY dPARELESS aPESRTIIRRE A7 FR

effec‘cﬂv@“ BOELERoPNUADr 1dte @ie aspect tnabt ofbet weemsdlrean tobacco
0 to about 1000 T 0 [ DRYrably at

Sm"keccoﬁ%ﬂes’?“ﬁ’ ' ST E 2% Pfe?éﬁieasq; ta ggglg% Lb?n%witéﬁé%s aply a

leastt tmascsn:f 560r ofxampl éeaﬁihe omet stonstdipanhi AgYndifowrpagved from

malns@g 48& admdieast -ane ﬂér@%&lr&‘aoﬁlaﬁeb& 185sNEh&h 500 nm in
% ereof selected from one or n diameter and/or

dlamettiaﬁnsﬁﬁsoﬁhé’i’- 10 PRaRT oS §F- olresgn%?’ %18fndl atom and

have BhXhHp&st thereobetween abBut 10Q t8i abBip MQ0.Mh, Fe,

c}_‘@'l Tt%étaév coGgalrlxlng ﬁ Ng’riu coﬁ]srlféj’alﬁgaswxﬁ%able metal,

Partl cul arl g gr efer{
metalnmetailde e m:;'}m\lreéoﬁ;,b@ireogt nc FOr| tSXR8AT vERBdMERT containing

nanovﬂ@legaqjda"}mcoﬁl@?ﬁéé,a@h&Qﬁ@ndﬂé apdinditipngaresd. ofhaetal oxide
-cont al ni Nng nanow r es C i

therqoéaaﬁﬁﬁc?ﬁd Fage eSS Ol anta alg?]igjrf]tc%%llll ﬁ% Pynt(hahlde metal or

a metdllQid HESOPAIDUL xtDres lEmresifeve. Subsl’e:r dtle ﬁta 'B?he or Mn, Fe,

o, PLGpt NELPIENG WRLNRSS RAPIAANS] O Siapsutoliuad k. 1, =t
W sé& cal’cination to form said nanow r es; g} e
and Auwsol ReFhEculee Liapoiicasdbyetadifodt Rgt THe ﬁBBB%’Eyr&} c.”titanium,

vanadiR€CHL B a $i BV, € cEBHSBE | alcflybdefum d1d/or manganese.

The metal-containing nanowires may be produced by (i) loading at
least one metal-containing composition into a mesoporous molecular sieve
substrate via one or more incipient-wetness impregnation steps followed
by stepwise calcination to form said nanowires; and (ii) isolating the
nanowires by removing the mesoporous molecular sieve substrate, e.g., by
extraction with a suitable etching solution. The mesoporous molecular
sieve substrate preferably comprises pores having an average diameter
from about to about 2 nm to about 30 nm (about 20A to about 3003).

Examples of mesoporous molecular sieve substrates that may be used to
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extraction with a suitable etching solution. The
nmesopor ous nol ecul ar sieve substrate preferably
w@oipiT2es pores havi ng an average di aneter frpoT/@200/004140
to about 2 nmto about 30 nm (about 20A to about 300A)
Exanpl es of nesoporous noBeeul ar sieve substrates

that may be used tosynthesize the netal -containing
synthezdmewthe sndted - gdet MONINg 1nandeNras HirdugBACMF L, f BrM-48 and SBA-
15, £dNSkRARGRee! N yet another enbodiment, a nethod for

making a cigarette, conprises &‘8%1}3% di_ng an effectlve

SRDUMRE ORNGENGT A STRAHETEY al2 - nitRG ASKGRer & t garette:
compridds f(i) | @cﬂdmgheheeﬂfetdtevaearaiuntcofltain Akeagt rareowetal jgpntaining

nanow:t%% El € Of rtenP:}(/ilr%% atw}l % Cng—ﬂzsdtl' EUEE‘&lr{fT@n nanowire is

pr OVI | ng e cut fil
capabbeonpk nsemgrmbe apellapst cenr aFFCmSl’?gtHSHBV\H%“ hphgoco smoke; (i)

prOV1%irg_:§‘)rt§Ielt %u@%h.ﬂ]gefmé‘d?dﬂi&s‘iﬁgf@lﬁénrﬁistiao.ba6ﬁﬂahﬂlngﬁmanawﬂre to a
i11) pl.aci

wr ap around the to Cc
cigarglis Mrita s B‘gﬁ]il%f%t otl?a&%m g 8]?acac°0|c§g}mtlt eb&}: &ll) placing a
paper eRagbeEntroust hdds € ovaamkiow vancitgariste aar@bacco rod of a

g{OVIded whi ch conprise (i) providing a cut filler to

01gar

Cigarette making machine to form a, tobacco col um nich
(Ilm pn ptERedAgeRt paSEROY FoBeP U AICIIRF 5RO PEgPiff, whic

compr.rfné)? I@.r)”%@ofrﬂhﬁfgch t 8. £Qel; flt'ﬂlgér(td> B cagwéﬂnengalalrrgggagbmﬁe to form
ilter to obacco rod _usin I.Ng. RAREHLO Jn 1

a tobRREC GYAFBy ¢ & 3?& t%é’agfeégvfée%&% flgfter ctgnptr;l%eso com

to foam ef ft@bhcve acdumndf (it )| edsachirg net alRHRtARNTAgter to the

tobachn(.)r\é(t:'tr %s‘l%BatH 1©SpPhg' %gﬁééfngoathr&a%eortﬁgﬁﬁéﬁtét UQAkrein the
om mal nst ream FO bacco snoke.., Anot her e

cigarpbfat B5L4%F RAMGAESF o n%ﬁ‘?fﬂ:lgecfiﬁl?\?@ft% OL %ﬁ%ﬁ NG metal-
conta&hin@r@a&w»m tdapablé 6f | tenotimga ati dapett engrakenrfituent from
Obacc% shgdorma t obacco colum; and (ii)
malnsgaﬁ%rf‘ & Papér Wrapper around the t obacco col um
fA;Tcmhart chiroddmend selates ghPefeéhodhelft n mt"‘ﬁén%aﬁer‘:lgarette'

compr%i‘ﬁ ef1)CYARYLE &8sy a:@leef:ﬁ@Cﬂll\lL%raﬂBLb.’l¥01gbratté eastingneachine so

-contal nin nanow le. o 4 th
I oLt o8 AON A, GOPORLE, Al LSRN el o v
tobao&aot:benmlenﬁmmcrmna telbmcms 110@1 it Rodsgduatteak WRgraln the paper

wrapperd 3b ﬁb{‘fséé la['ne ff%QE'P&é SidhniNeer REr 8dd 19 cdle metal-containing
ef f & ve anount | east one net alrtf?ﬁ_‘e‘ ain

n
nanomﬁowapébb%p%l ?éef@ﬂ“’llngrrﬁ\til A§2at PRAsTC BSHtt ?f?f%n?ldesweam
tobaddc0BmBRE NSt ream tobacco snmoke into a cigarette filter.

I pinl? Eaﬁnh%%g e%?(ﬁb qé"ﬁ% o o%@%ﬂo@ ]ﬁrro?ﬁélgﬁ% af 01garette filter,

noki ng article
comprieinye 1m:0Irpasatmge aonet faardive faﬁf@ﬁpﬁaloﬁstartealrﬁas*c one metal-

contal%%gcﬁaﬁ!}%?e capable of removing at least one constituent from
mainstream tobacco smoke into a cigarette filter.

In another embodiment, a method is provided of treating mainstream
smoke of a smoking article to remove at least one constituent from

mainstream tobacco smoke.

BRIEF DESCRIPTION OF THE FIGURES
Figure 1 is a partially exploded perspective view of a cilgarette
incorporating omne embodiment wherein folded paper containing metal-
containing nanowires is inserted into a hollow portion of a tubular
filter element of the cigarette;

Figure 2 4is partially exploded perspective view of another
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BRI EF DESCRI PTION OF THE FIGURES Figure 1 is a
partially exploded perspective view of a cigarette
WO p@oop2shat i ng one enbodi ment wherein fol ded peEEIB2006/004140
contai ning netal - containing nanowires is inserted
into a hollow portion of a tubular filter el ement of
the cigarette; Figure 2 is partially expl oded
embodimehspemira/iel wvieewl oforanatiny ewpodi nehtanshénepypanatgl in folded

- cqgnt ai n| K t d
paper gﬁ% iSertes Qﬂl&?\’! h%%o?\fz%éfﬁgeﬁ%%o?ggé?ﬁxg% ethwapekve of a
tubuldr G41FbOVP HTRAFENBTE o£Q T EFEPRE | 1155 TEPENEHEHext to a

§§§L|QH% gr ag- f4 opast eeMS; - efp%lgiﬂeel ?péx&p&cpaffél aliky of another
expl ode i ve vi.ew of _another
erbod RBE P AP C S bR PP ARORT Fos 418 Tsaragrbdn = Pl
spacedplug plilugspaciemepkug filter elenent; Figure 4 is a

P%S%eal Ly 1%Xp£og§gt9§fﬂpegﬂ>i/&ie‘&| eﬂéﬁpe@@@‘{réeﬁrlew of another

n nmetal -containing nanow res ar
embod iRz p@?%rteédl iTetelr RPRER Hiidte ??qué%eél @r’r’@nt”f?é’xﬁpﬁﬁated in a

three g @hmgér eﬁ.@lélhe ﬁaﬂr:Sng’:l tliha‘éél pldgs expl oded
ective view 0

g [ t
FigRES i g’ nAn&WE a¥e ShpLor porg%‘[e;é&)e:@r%%ggf o bl Zc%:fe anothex
enbodimdﬂtewhetemamtethévqxprg:aanpnsmglaélﬁéléée"plaﬁﬁ a’f*?%iﬁ@éﬁg?ﬂl in a four-

piece 3P @ N lQW, 8! REVEIg B $168-Bpd e H1RAN birdhhyerexpl adeda hollow
perspective view of “another enbodi ment wherein metal

sleevegont ai ning nanowi res are incorporated in a three-part
fmbh% &l erent im\mtmgllweppm«g@ecanueasmﬂww Stigay e0f another
I.S..a d I C e
embOd%lrﬁ%?%newheer ond ﬁ%% 14 %c])!n\éa?ﬁﬂllé) g persRectiye; NigWRhted in a

erein metal -containing nanow res
threegpart Mdditesr al ewentn having pard PRUPEeRPe|% Ka¥tFg e’

F‘ﬁ%uﬁ?lautgﬁ iéngd Fpa&?ztrlalﬁyl %x@lﬁgédl aklypeouvedediew of another
erspecti ve Vi ew _o anot her e n

emoalBeRt AR B e S e O e L PPPFar et in @ two-
part €l Etenteltdhentnhyviw tvedpiwgz @wdki ng article.

% LLER DESCRI PJAIQ\.‘ILaQ’JE/ fd h%&edfﬁbﬁfﬁﬁe@lﬁdrepa@ﬂw of another

ositions, smoking articles such as cigarettes 3
embodﬁr@?hbd@’hﬁéﬁl?mﬁlﬁﬁ@l e T e L
filtel REMIAETHAREMBY 6 deddwhihch suvkdngeatticlsse of net al

-cont ai ni ng nanowi res to renbve one or nore

constituents from mai nstream and si destream t obacco
sm)ke The term " maPEEAFIEIPESABERT ¥ ers to the

fl“ilQL S&8r %&'ﬂ&%e&hé&htgﬁﬂ:lﬂSnmtﬂlﬂ&)thgfaﬂthe[Les such as

a snokling art
c1gar@|t§aﬁ oeRGAEF Ak TS e ettt SE! h8enBiPOror enoiing

cigarettes are provided which involve the use of metal-containing
nanowires to remove one or more constituents from mainstream and
sidestream tobacco smoke. The term "mainstream" smoke refers to the
mixture of gases issuing through the mouth or filter end of a smoking
article such as a cigarette, pipe, cigar or nontraditional cigarette,
e.g., the amount of smoke issuing or drawn from the mouth end of a
cigarette during smoking of the cigarette.

Metal-containing nanowires are used for selective and effective
removal of certain selected constituents of mainstream tobacco smoke.
Preferably, other constituents in mainstream smoke, i.e., such as those
that contribute to flavor, will not be targeted for removal. By
nremoved" is meant that the concentration of at least some of at least

one constituent in mainstream smoke is lowered. This can be accomplished
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e.g., the anobunt of snoke issuing or drawn fromthe
mouth end of a cigarette during snoking of the
werganese. Metal -containing nanow res are uskCI/fR2006/004140
sel ective and effective renoval of certain selected
constituents of mainstreamiobacco snoke. Preferably,
ot her constituents in nmainstream snoke, i,e., such as
by a vehbely tdfameebarisisut eFeD TIREPSE, W19 |C°ﬁ6‘fl“t}éefttaf“@8t%*bemcaﬂif

react f%rltfle?EMtél m@&/al-rc%ﬁﬁl ¥efing s Iﬁaﬁﬂhrbbat t halternatively, the
concentration of at l.east o | eas

constifyprt i PEENPS P c#é] %’?flr é’é’m ke | s ﬁ[ omﬁ?eghg ﬁEtal sgontaining

nanowibe , agmd mptuiss he dismeredaf f @t \ehef tabetrmissele Rfjore reaching the

smoker é?npé r%{la &eh0PsE 'até"%@coﬂﬁyh&zt@@nﬁ)ﬂal y react W| th the

ining nanowires . Alternatively,
%néﬁ?%%@?ﬂvwwaédsdﬁbébew t‘l"lréa‘_sui:‘?’étcaemofc?ri’?tltuents are
substaﬁ@ﬁ.é‘%lj% GRitbakal :Ergmn &Bﬁ)ﬁ\ﬂ;ﬂ‘lfe,amaﬂtdo}td'}uwhbbe ragimev edorfatdments are
obacgo, snmoke ef or O /r or. e
ot sYPOEAM O s SRR hand Enake By ¥ 2 Ber ve Sy Pees
"prefdrenteaht rhmvaﬂerqfauqer@@hgt Ppa%h%%uea}té o8t FAtratyspm smoke,

i.e., remved, SIOMHR NSl et IRkent Wady epot B@rﬁoved but where one
constituents are not substanti al I%/ renoved

const tgensct F vEPmso tenR SHIFASEEs SFpTRT e Fﬁ?th‘?%rﬁ?mgpn

@Eétr?elrfbvﬁ%gt hseMay béomdsmmm bgaang mkéeable ecgchnique.  For
eem)retanone on' d t ini

inscager oL G BT RSN, TR BB UL conasrin

solut itdman iahotd eresopapdite Mole TR hH §ABVE rsé@sg%‘be mipigh gts subjected

to ond'dyped ?ﬂcﬂﬂ)én§%ét§ms% Eﬂ?%ﬁr&%&on@lﬁepm%am@&d tlyestepwise
nanow res may be forned by [ oadi ng various netal

calcinglgififai ni ng sol utions into a mesoporous nol ecul ar
gheVeanstalstoat &inini chole isuls) evteal for ortdeor inpspg ent -wetness

1mpre%1%act1%ne%a8/a}/<% £35e ! Qy%egaﬂéﬁma YeRirbelk| anefoPyat least one

ation met al - cont ai ni n%?siol uti ons

metal usen. f oFheheol Tiestpi &t ChflettRéed “FAPT LA oiflmggons Should be
selecCOAPELEE @t SWH tak)ieipaeesr sagrapd/idonatinteashe operes of the

metal ion. he sal vent f t ni
mesoPREPYH | BALS | PSS Eel ect el s(i&cgzﬁ ot%lhastl&%to gms:a)lgiv S ee include

ethanbnmmyimat wehet ntioxt I@Gapm%s of the nesoporous

e%ghggbﬁaeﬂ@s%po%@mgﬁe&fla&u|stlébéesﬁ]@éﬁlx&lﬂes may be used to

e et hanol t f
dlrec‘éwtth&bl%wﬁé”@ﬁﬁér Sis ‘ﬁ{ﬁ 2@%&2\3} %9%%\?3%(%{%5{1

materUsed dr@ dééeﬁibetdhefsy nixaepils, ofn htentpt melacmg g,onmqap@—zn MCM-
r I aryynate ape.de eghsfo
48 arécga%}é?% f§1 nsuc 3 r%a {Dﬁaé‘ér& {\ISs %C&b§ﬁ¢2548 5,098,684 and

patents relating nd

5,1025B43 15whédthags B3, Heaebt %@rpsra‘%ﬁai 7%, retogmipyin their

entir8y. O Mg %me%‘rd&fariﬂiea'xﬁaﬂlﬁh@éy idagoryeor édred-ddfed through
reference in their en

The d]
seLecaRb\T 6sTEAPBEEORT IS TH FhTGughoociate Ravidlf an appropriace

average pore size and pore dlstrlbution. By selecting and using a

w:yres Exemplary

mesoporous molecular sieve substrate with uniform dimensions, it 1is
possible to form nanowires of very uniform dimensions. Also, the final
structure of the nanowires can be controlled by selecting a one-
dimensional material to form a series of nanowires in parallel, or a
three-dimensional material with interconnected pores to form an
interconnected network of nanowires.

Mesoporous silica can be commercially obtained, or synthesized
using any suitable known or modified procedure. See, e.g., D. Zhao, et

al., Science, 279:465 (1998) and Huang, M. H. et al., Chem. Commun., pp.
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sel ection of a mesoporous nol ecul ar sieve substrate
having an appropriate average pore size and pore
wale@oioirhet i on. By sel ecting and using a nmesopoPOLEB2006/004140
nol ecul ar sieve substrate w th uniformdi mensions, it
i s possible to form nanow.res-of very uniform
di mensions. Also, the final structure of the nanow res
1063 - 102 bez@@cn)trol | Btk bynsedmect,i ngesomedisnesisiigral SBA-15 can  be

mater to.for ri
L
oxide)t-pdlor(rthrléent ereomsect @@zq?@tvqﬁﬁpck G n&nolicFedate in  acidic

condltgﬁ%%ggr Q%?&h&ﬁ&ﬁ&b&@m@jﬁmm@y 2mbfiel {'ﬂ!ﬂtbs :HJO in about a
y si zed using any suit t abl e. knawn,_or er%q:.l ngeral hours at

2:60: zb.r%-?t.e'l.&upl@ss g’eaé:lo can err Eﬁ]éed a sFlrr
about 2/ dA65n01988) lemad eBuangl 0aC oMerneght-a| Th@hgqq_ld products can

be flfé’é%%{‘ off BRa1083::1Q64 5628089 - £405 HRSE3NCerne samples can be

porous silica SBA-15 can be synthesized usin
analymdr b¥ otk CoPIg) achpdryes eERYE eR@ 652‘1"0%’)91%8? D diffraction
and/of pE?Wéﬁ%l%' dedct R Wmi(eidaybppe oxi-de)i fyOXMRO7@REROhave the
de51rg%n.g\fe?s§$$ﬁ§%2%tgag: Ig%'ﬁg %%Indl tlllons(ﬁébhf}_é%.z}xge%abs e01flcatlons
relat2n§kdl.Rmtbernssta.ati o can be prepared and sti rred
for %@eﬁ al:o gﬁ;‘l’ega % %ggg&a%gpc on@N&t hgd-heah eth @int -wetness

overni r'oducts can be filtered
1mpre9hat:a¢rd stEps fedlaved ooy o@wws FeuFsnathpm §é‘ﬁp?’85used The

mesop@?@u@emlé‘f@ékﬂéﬁdﬁéé}rf@ matléztlrbgst %Méﬂls@ﬂﬁédsmnhaaaetal containing
| owangle X-ra i ffracti and/or

solutdprc ke ofrPrr‘ﬁ &r ﬁgﬁ%‘?ﬁfloﬁo Werl vt I tl;f%% Zd\%tgqgﬁt temperatures
for adesffademesopos dws aslewdther eolxa@qmltp @@e&ﬁyt@é@er ggres of the

mesop%@gﬁlsftlngféétﬁ%ﬁ: S@_EQE' Hgté&ﬂsamtﬁf a Qir"éfel:ﬁe@r&ﬁﬁodlﬁlent the
pare nanowres, one or nore I né_ﬁsdl ent - wet ne

Suspe}‘ﬂﬁpiﬁégﬁﬁm &ie steFEefo IBnetFIRFadt ishitSe Eal &F naf"iarorﬁlght The
suspefdfiohei #satn EhgteBsDpariassdnul e dedrnized evaretrer pafl ssubjected

are soak d |n net 0 t o]
co o2 SHRERTc el Hag? PILELNG PO OB 08 0L drpone e
1mprefg@atadsru¢¢a1m0@m:aww O 4EL BN EhE Bl HLFER { GOF Lhstance, the

calclgl%QgE)flgégeﬂ ReayPek eé?ﬂlédd" QuUEESO P eT a0l ec Lliaa:lWesnea]eout 250°C
referred e t, h
to ahenf 680399‘1}6&}’ FSF hek A &Ineggu?:g %“%ltegg:o%%r%%g%q‘g
smsmﬁrly, oahe siabefrds cherlkd, isolated byi ERtERAtGR z’éléﬁ Surroundlng

moleéN%,at Bll t.efg{:gdug C@hgtzli@ié QUichlifg sdmdffion.
e conditions to econposethel egnat ed net al .
” Ebmreteiln go%almlrlann%wfl&leﬁv VT GeECEPER AT Re 1% %’8 provided

along@eﬂl{é rl@nb@fi St ep tvbache eadrbediicutridtitienpeEreatmertesd - contalnlng

et ween 250C to.abou
oSS RO 2R0E 10 O A DA L Do ot site
toba@an uséng saxtyatsadt@”lyleemeﬁ:heﬂi ng-"hteh@e‘éatj‘rlceﬂh%ﬁfﬁglg nanowires may be
provf@%cfcnfﬂ AnsS BYS VST redradiSidy i@ sli daihltaoat Ghi e form of a

tion.
dispersion. In a preferred method, metal- containing nanowires in the

form of a dry powder are dusted on the cut filler tobacco. The metal-
containing nanowire may also be present in the form of a solution and
sprayed on the cut filler tobacco. Alternatively, the tobacco may be
coated with a solution containing the metal-containing nanowires. The
metal-containing nanowires may also be added to the cut filler tobacco
stock supplied to the cigarette making machine or added to a tobacco
column prior to wrapping cigarette paper around the cigarette rod.

The metal-containing nanowires will preferably be distributed
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The netal -containing nanowi res, as described above,
may be provided along the Iength of a tobacco rod by
wale@vniat i ng the nmetal -contai ni ng nanow r es PCT/IBRE06/004140
tobacco or incorporating the mxture into the cut
filler tobacco using any suit-able nmethod. The netal
-contai ning nanowi res may be provided in the formof a
throughoutlethorcdbacaosobditpartiion rheaf otga%stte, dthpersyyptte paper
I ’ ! od, et 3l 8k Nhdt1NaBRYA T Sigi Hlanowires
and/ortEhe@fégL %&%F{":gdf ?%Egbwd%r ar,gl%ﬁgjtqed,o t he eyt fi lljger £ of
throughoBadd® STREXPEtRRCCO ckRftraithi 1Y Hﬁ’&ﬁbﬁ?‘? & By RS F e
carbonP! €S deN iMe/drormefia seidd i ahremehespr ayed orgehette, and
. cut filler tobacgco. Alternativ it t : .
perticEFEL 3 (o2 GOPULT O CORC ATty The fok Al oo oRe
Amoricavahnipredn owi nedl fifde chgarat tec Bk HIhitEGR LMW PEsPe used
to inc@i‘%o?gﬁ@ B8 added dtbhgi sy tnanolh €€ I OlTiec desilaging cigarettes
supplied to the cigarette making, cg ne or u%gggd AQnBard or
can beo[MEEE3EBRERM BPi GVt R B pFRG diigarette pape
modi £ idc0engatber & ingdkiayt eeclod.quEkeandteduippent ai ifyggcally, the cut
. nanow res. wl.| f er Y, dLstrddpu rQuahette Rl6itives,
fillen GRURRY TSt 68r$§%ﬁ%§?g %Clghg)gglgtét‘)éltblt Egg%:]ih ar'éett 1
and ppapdedand/ arcidesesFgardting fprhere t&PﬁPS\%?ﬂi%gm?’ﬁ‘gco coLumm,
which ngia{hérgom@éﬁgdngnnmg%éesetlhaipmghmﬁd tdpeientite tipped with
. tobacco rod, it is possible to reduce the anount of
filteX%r bon nonoxi de and/or nitric oxide throughout the

ahgaretiteblandopacts cularune amay hee coapdstiosn thegi i filler.

nd | | YSiSs ZOPhe bl s OnYEstilaaRalindlude flue-cured,
Exampfr%sdi ?egng}:g%fréét%%é maki n ?echcni ue maélI be used 1. baccos
Burley ndérpdeate ot herhttal FOBARESPH r%‘%éfﬁ& i PesTPIHE Y ’
and bl&SHH tHRGeBE gare! ttedacan meardalf ast e gproviday kndie form of
speci fications_ usi t a s JRdiclbgd, 61 G Bld &xpanded or

tObachgk]r?TbuiaecI?ﬁloaﬁséssecg%é%ggglgpﬁ%%%l rypically, the cut i cred
puffefli tdlrcaoonpostedsed Febagid GHEMS w%%nﬁﬁn%%twaﬂeét%rcut'w &

stemsCl 9BEELLE: AAdd i@ ccBndaBeoVaTied 60 Blendsareidmeof. The cut

. freki ng machi ne to produce ttqtg:a%%g colum, which is
fillerheay \HedPpdaci i | @&P&Ff’es‘%%ﬁpér u

and optionally tipped |
wirt Rifhkéets manfmycsui¢ abite tobaceo ¥4 xaoymelhyyepeloyed in the
used for..the cuy Lilley. }E%(a@}rﬁs Of sisuid-alre deypagsotut into
, €., t ofr!s
form togbé:élé_‘o fr’fé{igﬂ al'$%incl'udé Tl ue-cured, Burl ey, l\/hrgtl g@dinch o
widther r@nieng afraORRAYGS 1/EhEMr &PeaBPYE pbd aFT v (Fasidc dds !
aboutaﬁ.‘gz@'di“x‘g:%?} Bbﬁé&e}‘ﬂ 1/18 ][‘@nt(gbacc;nTomm_terde leagtie (;Jf the strands
proviaded In the Tormaol. tobaccQ Dag 0£85:8d ¢ 25 inch to
rangey FERPC HREERR | s &cﬁ5a§W2Puﬁg°§§<ﬂpahde§{ or  puffed
aboutt 0PACCOncHr.oceghed tigbaetbest vay SUchhels EOEPLYSS | @f OF More
O nEy oz g—xf ed c#(:t‘: s egopnst L+ ediat PAGE 0 chBb@IdidhShodifying
flavogpnpp eonrdsf’l'é Rer ot . q‘%ﬁe' cutcbnf'i I'Ter may al so include
agentisobaotor st stbents esbinderei g&F€t t e manuf acture, the
t'f’ﬁ’éaccr‘:%sh§t% Mk by & Oy 8N bet h@anufactured to any desired
specification using standard or modified cigarette making techniques and
equipment. The cigarettes may range from about 50 mm to about 120 mm in
length.
nSmoking" of a cigarette includes the heating or combustion of the
cigarette to form smoke, and drawing the smoke through the smoking
article. Generally, smoking of a cigarette involves lighting one end of
the cigarette and drawing the cigarette smoke through the mouth end of
the cigarette, while the tobacco contained therein undergoes a combustion

reaction. However, the cigarette may also be smoked by other methods.
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formof cut filler, i.e., in the formof shreds or
strands cut into widths ranging fromabout 1/4 cmto
w@bwan7288 cm (about 1/10 inch to about 1/20 iPCh)B2006/004140
even 1/16 cm (1/40 inch) . The lengths of the strands
range from between about G.685-cmto about 7.6 cm
(about 0.25 inch to about 3 .0 inch% The cigarettes
For exwmpleur thercigamptteanaonbeosnofindeby| beariag shercimarstte and/or

heatiRAdEihYeSh AeBtril Readdi tdV@8scEEIUSHI @B f¥ddigned U.s.

ent bi nd t Th t
revent o261 600 Qo0 R e S48 LB M erarpe.
ﬁﬁ?%éﬂv@&t%ﬁﬂahﬁjm@ogiﬁiﬁiﬂmﬂthod o imbkédg ciigrmirette filters may
ng.t ni S example
be usgg g 9 nggr%%r L{:t% 5!:31% m%%gllpg&%aln-zggl% (Haglg(;v?{“égs MRYr ple,

r om mmto mm i n
varlomrmlguamgtt@ff:alt@rgarmqgeemreﬁéﬁLm@str@ﬁ@%a‘iqrn&aﬁng filters are

descr%@'iﬁt b@rﬂn&flyt—aﬁs 33 et te dechermm swpkey, saw] dnowh Ng hereby

snoke throu e snDkl ng article. Generally,
mcorlé‘?ﬁ?l 15 1550?%&F<?F¥e i nvol ves |ighting one end of

tFlmguﬁda gariatiuet stk sdravigardatire 8igaviot @ Selpkera pduyh a filter

portlctaxtle? Moyl e%gugfl%{&,ee Gi9Eet f)ﬁﬂg vhi | gyt %ﬁotvﬁbatﬁ&lihl containing
on hed t herein. und er goes ombustion react |

nanowkbEVERt PholeRdat ot ) drs §ABE7SHOkEABy Lot nopto 2 hollow

cav1tﬂe§1i@ﬁ%s':@ﬁeei(rﬂ:l&|16r édhen girgar£ldwe sﬂ&yvbagrmlradjn@ypart of the
% Ige cigarette and/ or heating using an
filter RATPal ‘heater as described in commonl y- assj gned

BiSurPageshonps .ciga068td 75; hayiggy a2g9bascagrBEs agf a filter
portlén %Za&gifﬂ.lﬁ UnLXBMREE p Y‘ f@rl\éembtm iar tlﬁ@d’idﬁ.llﬁd cavity of

mak I Nng ClI aret lters
a firphcliqeorars THReVitetal esariedi P ahBRiPRsHEfye Fitcer 8 ana
secon@XargY -Gl ovasieiie abgaree eapet ti@r canrigessnis fpygs other than

s for i S ,are I4inb [
oo = FELRORT B HA Spk RACE S BGCo s ipedy e EIRRLeo cne ox
more indbvisbredt edripe i toswewed reahl, EEgur &1 i FRESGTAEEEN g & desired

amoungI f"riﬁ%t %egat]aé/dﬂ%glﬁlﬁé’ Q%%Qlf@éj chn, b@ grdviiaed pior thencigarette
a _nout hpi ece filte

filterchAraion My ﬁaﬁBW%lEEnOBeﬁ?%gﬁ??& egn?m‘fnrh éoedrgg%gllt/ area of
the phBeirnspals the @ocaahodteaw cfavicayed updpeas erpdovad e¥it gihe filter

(e.qg. g]:)rl}a %ﬁee fmloi%\flvtg’l %%V%lea]:%lf 851%&[&91191@ tna‘i?l w'i?@sf 'ctahefbe provided

gar et havi ng
SlmPlUObacu@lrrg)dazfrgancPJ@CEFI @%rccmefi. B?’P%f \A/Fi@r%*il% Yiggrettes shown

in Fl%g!rggdl RaRek  10nd Stobgéé’é Q.d)dl A 4me thel fDWdialbbi‘iylcm‘ 6aare joined

irst freeffowsleev ed .bet ween thg
togethght Wi FdPPIPY é’rapgra fé" %8%% g g&e Sw" s P e/ efgportion €
may b&hepapmgdﬂlazabybﬁlmd owﬁermsllot her than as a
aﬁdeéggﬁtnlngoﬂaﬂdmkégc&n @elﬂﬁ}%@régec@ﬁﬁtgethe filter paper

as one or nore indi vidual str||za)l nd
in armpmbe:@tq;f a3y Sahi %V@xafnap,ﬁ,{ ge ICPél& :|.n1ng nanow:Lres can be

mixed with water to form a slurry. The slurry can then be coated onto
pre-formed filter paper and allowed to dry. The filter paper can then be
incorporated into the filter portion of a cigarette in the manner shown
in Figures 1 and 2. Alternatively, the dried paper can be wrapped into a
plug shape and inserted into a filter portion of the cigarette. For
example, the paper can be wrapped into a plug shape and inserted as a
plug into the interior of a free-flow filter element such as a
polypropylene or cellulose acetate sleeve. In another arrangement, the
paper can comprise an inner liner of such a free-flow filter element.

Alternatively, metal-containing nanowires can be added to the filter
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amount of the nmetal -containing nanow res can be
provided in the cigarette filter portion by a
wa@oroion28i on of the coated anpbunt of reagent/ aPEHIB06/004140
t he paper and/or the total area of coated paper
enployed in the filter (e.-gg,-higher anounts of netal
-cont ai ning nanow res can be provided sinply by using
or cidae@ee pém@ﬁuﬁﬁngoﬂiee@apapema)klngl prodessci gBreteweple, metal-

contanfnlpvg\n;nzlarrfow': r%lé S%n ]beagxgi.xgd ttt%gb{éﬂﬁ Q:%‘i@ui@éje %oaﬁgrrﬁ Qle cellulose

por 10N are ] ol ne er wth tip
pulp pagerrels. The hbttvre ganeb@ e‘éheft Hermedt élflt%oﬁlt%t@ﬁ 8rngjgarette

paper edghdntogsthey cQMvé:h&:‘!&falO‘é@erScﬂfﬂeh mebhbad .

F?l?lgt@gltgéggpggﬁgﬁﬁsﬁ@rogégeﬂ%;gor acto% alping hgnowires are

incorp@taaledcdntai thaof itaoosi meseckl v Wﬁedlmrﬁt\ﬁatféﬂtﬁé portion

or s I th e
ltsel.li. r%u%h E“ﬁé{f mQE%rg%gér %nncfji%@el ﬁtﬁ‘tbfroéf‘glr%‘: @}rrﬁ{e\i% Itto, fibrous

flltelpameréahStlﬁéﬂuéén?ﬂ REBEFOP AT @S hIRP e PRPTE &F POV O fibers
such Ug acEi DRI QI eabdcdthe Aoy shawpdlgpkogyles: 1faberD This

Al t er nat.i eI t h drl aper, ¢ d_i nt.
embod JpeRf sf’ﬁpe‘“\al\L eecft 21 g 7] ta‘glr1Pcs§n \r/\%lﬂ%ﬁgm@ r%%a&}ette 2
comprisghret te. tcﬁmccexanpl e, an@eapépbl're-’tawrlﬁéow fppedthat form of a

plug-g]?gééj% a@?tﬁ.@@:‘.j 1'153?1@{91 ed n@%tﬁpf?éé@ ittt e bnb@ﬁgom, and a
re ow filter el ement h as a f %y Cpey ene . crial

spaceoi8 cel TP 081 h et AR SPERYASS Gt REr *3rtanysient,

such &Q%dl@@@bp??éhd?@ﬂ’péemmlaﬂel mraTatbl Atrersf. sTied tdbacco rod 4 and

the fléggffa#%%fl | tE»erare gj%qglted %&S& 'vyleéhy t %?)Eﬁ{g paper 14. The

g Thahowi can be~added to the er -
filteor potigmetst mapaperluder pnfl iRy PASEFT MR g EPSCE%JSF“ OVerwrap
11 coﬁegﬁﬁﬁ%&dlﬁbﬁél - £ iUl BEDgePnandyiad aad betal-xetitaining
W t u

/ cellulose tg forma_cell P t

nanowfhEs it oo IBEFFARESERR T GPREB LAt G rr T op iDL Suck as by
beingCgate&d tithepaper a@dmr@bngvely.amet@énv@mawg ppnowires can be
:anorﬁgg {:égdlmﬂéo%gut}h&%mfh@&ei?rﬁf efd atheephagi M®Ntand/or in the

-contai ning ‘nanow res are incorporated into the . . ..
spacef jLBr oUMORBPEF ames Pl t FRATEIGAREt PROFYIHSS B8r PFoh O P

any élte'idélnfc o%umef |f|1tLeérn§bﬂEi@1 sof ne| atiggrdute . ar Fayotexample, the

ted fibrous f| I d r -
fllt%u@ﬁraéo?l%?y n%OIﬁ&Ste:r p?ug paiel| @%@Eghgugm&a@ and metal
contadelihgl @saoanmsat@ammrsnmqmtyérd@w% nqysdpdece filter 8
and/o'lghllﬁ @H@%ﬂﬁg&t df lustrated in F| gure 3 , which
e

are rised of bacc rod 4 d

flﬁ&ve,rle éo?ltq‘ﬂiﬁanC%@f?rFﬁggf%rcrﬂ“‘BFl%e Phg? SPAEEESpF Uy o Fafla filter
portifdnl ser WRYE ngrrangenthpi bcesimilber t8 th?s;t: mfugl%re aho?}%?ept the
spacepqgggsl ille I?iewgl: %ﬁﬁég &P%rtb§ec@nﬁéitﬂ§n8rna%@w1§es or a plug

opyl ene or cellu f
15 mateetodt @atebeaﬂs sunheaﬁoﬁalewsr SPLAEREYI9RE (91 FSP“ ose acetate

contaﬁ‘?ﬁ‘hboﬁeéaﬁf@orit@lﬂﬁﬂg tegeifieesw t st i ppiitg mrepevud Jembodiment,
the plug 16 can be hollow or solid and the tobacco rod 4 and filter
portion 6 are joined together with tipping paper 14. There is also a
filter overwrap 11.

Figure 5 shows a cigarette 2 comprised of a tobacco rod 4 and a
filter portion 6 wherein the filter portion 6 includes a mouthpiece
filter 8, a filter overwrap 11, tipping paper 14 to join the tobacco rod
4 and filter portion 6, a space 18, a plug 16, and a hollow gleeve 20.
Metal-containing nanowires can be incorporated into one or more elements

of the filter portion 6. For instance, metal-containing nanowires can be
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filter portion 6 may include a filter overwap 11. The
filter overwap 11 containing traditional fibrous
wo pdover22amt eri al and metal -containi ng nanow r BST/THE20d0®4140

incorporated in or on the filter overwap 11 such as

by being coated thereon. Al twernratively, netal

-contai ning nanow res can be incorporated in the
incorpoyebest dedof Fhe efle@ve 20 atherphukeslOf wefddloconpaitiag nanowires
can bEP2¢81d8. iV @AY epadielabn SO MRl Bl 88,130V £ L3LBRehRe _Ebe plug

incorporated in any el epent of ihe filter, portion of

16 ang §Leer: &0 EF R ARPPeCT (L SFiP e%ucaoﬁﬁ.%wrﬁayﬁ RoHEgpylene or
celludplsy @fcethEemuhh@ime_; fméttaer-c&naaﬂnimj ah@osviaiedi.Nng As in the

previfAIOULESS: A, Denk NOAIPUIALE] 4 g cIouL Rl aee T ter

I'n e ti paper ure ovvs
cFimraest € Qn%dnﬁhpgeﬁl ex W@%ﬂa@@@tﬁeﬂs Pladref ifnteerr portion 6.

In Hg_.cgdﬁeore 6o1g£b$§%e;rz ameémﬁlﬁésllséd?bm Ea[:obf)%échaﬁod)ftl and filter
Figure 3 exg e.s | illed w ra .
portignORe S SAAPRT RS LRIt AbosT % MRRE e enhRh g B, & filter
overwrgpellLal a sploly ag., f aid cusslpelgp? OpHrehectnl cedriidliodeg nanowires
can l%cqglﬁbﬁpgﬂgéﬂ @_ ngnéméialmor%ogtfa'&l{ggég f&@EQW éfé?erf%% ' Nn Figure

grew ous enpodi nent, the plug can [ ow or
74 thé?olffL t e PO gh A UfeH %"QHHh?Jrﬁfcteelflb‘b?‘-i iBoAn® HAdug 24, and

metaﬂwoﬂedlmg@tﬂwowwméa tap e gneappbrdded Tihﬁfo&el 3rains:ee &f these
overw.ap 1 FiqQure 5 a CI
flltecrorg?% }ngren-ds of Lé'ﬁ){ he lgh 364 ggd aLﬁ l? Qte4 can6be solid or
hollowherélnnttlhecmdlteértepoﬁh@m B iMelydess aarrd)m hphecgobacco rod 4
and fil1lte®r p8reidh fd L,&@rj&\&?erd/vrt@geéﬂertﬂyprallﬁglﬁ%&%pew 140
omtﬁeto accorod4an il

ter rti
TERTIPHH G5ORBL TR SAPNBE | BT TBE D0, PNEaPontaiing nanowires
to filoat afhbegs nanowthes eahstl:neaumcsnmmratsed i T exmumire, metal-

contéﬁ{'%]gehgﬁgxpzt.?eso aglhgef 5!1&&5 tf%)orthbo%ﬁter Fﬁbéf&ﬁﬁog@&;ee they are

-cont al ni ng nanow res can Del ncor por ate
formechelmice @y £ i egr cgramidass of-dret 81 tiBoAPHI Ai A§Iarette. Metal-

contaﬁ@ﬁ@l‘é{' h8SowtfedRahi bé eidddt @ot BRe SPAGRWELBEFs | M®r example, in
sleeve 20, |If desired sle ve 20 can

the STy oRe R haERREEI % o R ISEEY | DAGUBSHOt YFTERyT oitb Fgpovizes axe
applicel linl che doehade xoslwinyi, nghaefabers:c&nealarmnged to dry before

they %O%Eﬁé? £H%d 3 E‘:‘DFt%f %Qr%%?td&é‘b‘)d' ment, the plug 16

can be | ow or so gur es and 7 show furt her
nodi PREERFHNRrOfeRIsE fei'qbﬁéﬂm%ti"t |‘6*FF96L COPﬁaFi”g‘Eﬁ en@o‘”lres are

empl&igRriat taehallcsw GUHRibACOf 04 AidunlateoriDtbrd amdrf ekb@ple, some
cigalfeiq:lrtt IG? %ters LPS?Iéelrtlglé Oarxcgeﬁ?.hfg concélgggg?%nngmm{c%c%he plugs
complsilseeaefﬂl@qowndlmnalmategmhuamdnghﬁaamwerE@, sgaplbea void between

the ERGOFPOIAL %ﬁdg@ On%‘hg‘: BL & @gntﬂ@s?l]‘_iéé &Fit®l @®ALScontaining
In Figure lter portian i ncl udes a,

nano"h‘ﬁi?tshpl é*é’eePﬁaF‘Pé? 8f ahdt %ﬁ?@llﬁ‘ﬁntahﬁ Ao in Figure 3. The
metal-ceAitaifAing RaReNrse amabebn igeanpar at@th bR GNE W& loaded onto

a suir[:%rbq.eOfsuéggf"te such as a fiber or thread.

In another embodiment, the metal-containing nanowires are employed
in a filter portion of a cigarette for use with a smoking device as
described in commonly-assigned U.S. Patent No. 5,692,525, the entire
content of which is hereby incorporated by reference. Figure 8
illustrates one type of construction of a cigarette 100 which can be used
with an electrical smoking device. As shown, the cigarette 100 includes
a tobacco rod 60 and a filter portion 62 joined by tipping paper 64. The

filter portion 62 preferably contains a tubular free-flow filter element
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filter elements. Like the plug 16, the plugs 22 and 24
can be solid or hollow. In the cigarettes shown in
wor@anez3t and 7 , the tobacco rod 4 and filt ePCPBWI@V4140

6 are joined together by tipping paper 14. Various

techni ques can be used ta apply netal -containing

nanowi res to filter fibers or other substrate
102 anauap[%ﬁtfh ikee exnrey elugetatcomtha Mirag- FowViidésrcakement 102

the fjl A re. f,0 Tu

and mepEpgPSSs ey dle (s p i 10 BB R P ETRGinea piug
110 wilit aplomntveran rﬂgl%anoWlGF eEOW%erooi’doséH ‘f%’t%"?l‘f?@"us forms

1ncorpE?:Q€{1§g cfn%r o?xﬁcm@ &f %:Hetﬂlﬁ.lfaﬁilﬁg Qfcents dran mmﬁhfzfa];onla another
-contalnln nanovm [ p n

tubulatrhequﬁ—ﬁ]lsfv éléltﬁ’r”r fqefnﬁg{: géér & ar l%.%ld?ﬁgag Qo!bggcga plug 80

prefex’@t&bﬁ.?r erifimd dneafphnredrapnt © a i thbagce avebor fsgg@mgrﬁs:mg a base

web 68ana(1)'1tdh bQE§£ G reHngQH@I‘Ho ”%hé' a~-$OH 3éprzh|c@zg 91. The free-
now res-ar np rtiaq

w
flow @]g&ire?l@m#ﬁrtl t7érprcps@rdeéxaﬁﬁ%turé&r@gg’rwg’flt %n‘? JypBPEt at the
tlppecf‘%\h%l 32 pb O/ 1P @e8kLpEY gradEi. gurat tien fireewbnd 78 fng the tobacco
rod 6(? . .;%S G2 rglcégxf fgéo Q42 %Iﬁ v?:i,\%ﬁ%tv%'ﬂv% apd grréevﬁ*gﬁﬁgd about

58t i ['ter plugs.
cylmmmcmblaecm bled #9th “erspus mﬁlépﬁah@orrﬁarfm rkées made to a

fllterl_ a%ggg%rﬁerg Qs ﬁ[@pdbmﬁgd&tﬁaoﬂhdd}p&rguiﬁgBtbe metal-
-contal ni ng nanowi res can be in granul ar
contaimimeg FANeYAT®E | oaded onto a suitable support such as

anf bhed Drcithreads, et ahotdiem iehbo dianemtires ranrbe ajncorporated

seontainin NQWi fes ednk8 &} t&F At @ldbstrate
in vaptous g‘:tutg fGr SEQ%MI? aésaréo 'ng g?e%l ce as © c 1
materiiescthdedis nfmmmma@eg@easww%aqfenﬁh%w ular free-ilow

filten O0%nO10b henRtlihl e o altabicomtiathing Hweioglyes may also be
I ncor por at ed by refe ence t’kzl' gur

t £1
deploy§perdfa domStr BEt‘?olﬁ & di'gare ?rl#oé) V\%fagh%ﬁl% free-tiow
Filtewselembith B0 ol aulitrvakizeiki mptedviceatawinghganovifgs can be

1ncor8898{ s t]bo%ﬂengé y ey avia@@aﬁgﬂ?t{&gs 60F afigk attfbd]Ia&f free-flow

] ol ne |ngpaer The fil
£11teporl boRR® 245 ALEPRD] y RONtARHENES { i PR e, Fagy flov filter

elemeht! I&¥ 8lespnt 162 ansh abémubbpl e:cﬁe &ultadrlep| waterggls such as
Polypglfggé{%lgﬁel c{:Fla?;eBL J[ & s g@é]t%%ggs anth %Ugbpé&ﬁ%lﬁhh%%anow1res

o ether as a conbi ned ug ¢
can bai tlxed ugl vir apcﬂlﬁlbéﬂﬁepﬁfé@ﬁc% Gro@S6B EarPhipe Sieeve forming

proce%grl ous forns incorporating one or nore of t he
ol'| owi itens: an overw ot her ; b
Foo FROWTT | BIEIaRER  7HC AL SRR PabeE o e

acco
:anor@o%gtg@ pheberabl ywomtappece i Aibtegt uplwer aJﬁ)Oég41n%tead of in the

0 wgb 66 conprigi 58 @Nthld0BABE@iment s, the
ele“‘?“l 3@? o it e , aﬁdeﬂe%?%‘ﬁ;"’sﬁ?? o1 The free flow . Cion
meta]f—.cbnemrentrgmnnowqﬁ oY dos BCPEBCIRLEE HRTY APEF orPhdne Porti

of a %@ngts@h talgeb§'|1£&§@ eAdoridrated hmtiooblae cowutbdié: fAlter plug
104 and 11[11?3 %gg Z:ubu{alg hgrctagbtalco%vo filter element 102. The filter
portion 62 of Figure 8 can also be modified to create a void space into
which the metal-containing nanowires can be inserted.

As explained above, the metal-containing nanowires can be
incorporated in various support materials. When metal-containing
nanowires are used in filter paper, the metal-containing nanowires may be
incorporated in support particles having an average particle size of up
to 100 um, preferably less than 30 pum. When the metal-containing

nanowires are used in granular form, larger support particles may be
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rod 60, the tobacco web 66 together wth overwap 71
are w apped about cylindrical tobacco plug 80. Various
wore@zorrat i ons can be made to a filter arrangeP€niB2ai004140
such a cigarette incorporating the netal - containing
nanowires . In such a cigarette, netal -containing
nanowi res can be incorporated in various ways such as
used. bysusdi AgpboLH athrshtbep apmfespbdy Hedves gheerht elsmicd fgpm 18 to

60 me%lbahdo?o ft'ot tz%@ hAtPodde Passsgenay-of Adw tEilbLl}” ar to form such
flow filter el ement 102 ther

e

particlagt dHERG RARGH 19SS %fggﬂ%eﬁaet%%ﬂao%%&”gs °8"| PReproken ©p

into éﬁaﬁidﬁ pgrtfblékéhbn&ﬁgl@rdaﬁirbhesiz&nhyamn&reeltébﬁﬁ technique,
elene 1 y I Ni-RY

such ﬁ%n%gi%e ﬁ%b g%ﬁ%ﬁ%é ateéﬁg%tgagﬁ%é ?%&%ﬁ%ﬁﬁake produce &

desn@ibmarcmglsf sitre naghel ?aY 4¢}e@MlFPB§'f\Pf"r€qué?lq€Fen%‘h‘fh f§p sieving.

wheeLf the’::o.x.rnv'eﬁﬁﬁéﬂ Chs tb'é%nt 88 @bdar aech | ¥ drichteérco preferred
el enent or sl eeve 102 ca ge made_ of .s.ui

embot TRt ACR HE WASHRORy) BRY GF tuii i oses dpgigteptions ey
be rebbbesd wncagretidll beoapparsmiy trmartbwsaeskchlfﬁ%émmt%@dart Such
VarlaFl('D:r'J:]S Sa%%hmghPchsatEBhQ ral.I{I £Qf b@sc&@'fdeggdt\pﬁ:lﬁlneﬁﬂg purview and

process. nbodi nept, netal
scope- eBritie mnﬁgnha%vﬁsr deTenRT ithCoFpotat APRSROE: Rgreto:
maut g eee bbbt&mdltugndf4réfstardsohrenhtheim| emenfporated by
wever, as.n.th preyi y [
refer@ﬁﬁ%d?ﬂeﬁPglft?ﬂaﬁﬁﬁﬁgl%Pcoﬁfag%ﬁ%geggﬁgan%%ghﬁmfa b, individqual
referkencerypay apedifntal lypaedt rtivédeapby tingacated 9 e%ncorporated
u [ ted into the nouthpiece

herelﬁi%?er EQ%O£95E%§?%?2E?H§ tubul ar free-flow filter

el ement 102 The filter portion 62 of Figure 8 can

al so be nodified to create a void space into which the

nmetal -containing nanowires can be inserted. As

expl ai ned above, the netal -containing nanowi res can

be incorporated in various support nmaterials. Wen

metal -containing nanowmres are used in filter paper,

the nmetal -containing nanowires nay be incorporated in

support particles having an average particle size of

up to 100 mm, preferably Iess than 30 mm . Wen the

nmetal -containing nanowires are used in granular form

| arger support particles may beused. Such support

particles preferably have a nmesh size of from 18 to 60

mesh (1000 to 250 mcrons, U S. Standard, ASTMElI).

To form such particles, larger particles of

aggl onerated material can be broken up into smaller

particles having a desired size by any suitable

techni que, such as mlling. The smaller particles can

be separated to produce a desired particle size range

by any suitabl e technique, such as sieving.
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Wil e the invention has been described with reference
to preferred enbodi nents, it is to be understood that
waQ arrari2ens and nodi fications may be resorted POI/ER006/004140

wi Il be apparent to those skilled in the art. Such
variations and nodifications are to be considered
Wi thin the purview and scope of the invention as

cratmgdefi ned by the clains appended hereto. Al of the
above-nentioned references are herein incorporated by
reference in their entirety to the sanme extent as if

1.  Bachti Atlven zdmpost biemceoiri s§pacPPaar? yaihdietal-containing

nanowuré | Vi Huatdy th@dlh@t?éle@ohgaﬂﬁdgnﬁ&ﬁ&ﬁrx%bedr@&fa@bbl@)bf removing
egrence in Its entiret A.cu

ac Leqgimssi EPBRCLOITD £ 7T COPREERE B rBldl HEORPAPR Ty comprises
a metdBNCWees]l akirlecior thetusisaltheceafai ni ng nanow res are

capabl e of renoving 5 at | east one constituent from

t obacco snoke, and the nanow res conprises a neta
2. mocar DK GPUTBICPRSHEIRILR. B AT h VTR the st least

one cOREPOSHEAON; ACEOT LG tO-dwl &l Igrouthes@isdsthegabl aldehydes,

east one constj i s sel,ected from oup Eril
carbog o igRFXIG of - aﬁg’é’%‘gég €0 clg’Pgoﬁn?TbnOX|Igﬁe% acrylonitrile,
hydrogan htitzadidenee - t slopdéne, amanle:yrlamamylrelmrtoeﬁneomde, benzene,
N- n1tr¥ ér?%lc%\é?ﬁéde 0 ﬁl'@nwld' ne, Zsfaplyiyl am nBenz (a)anthracene,

F0gen oxi benZene, K- nitrosonor ni ine. phenol . es
benzoéat@cme BEAAICHPIERL Hioheoe, 2B E C‘si‘bi/r ERE LR
are pFebsf esnthierauntasdrédeietal recoweaani hepstrarmpwiukedos of at

leastaBJa%tcg es%n%flle%f ammt)nléltn%sgiﬂéa%?té bRel O renmove at |east

eas one constituent from
mai nst r eam snoke. . Acut filler conposition

3. aﬁﬁ%ﬁ:dffﬂl&o cG&ﬁds‘I‘t-lon ARS8l Ag the cnanevl I eRefdin [theSnanowires

an 100 nmin di aneter or th nanow tes are |
are 1§Sﬁnﬂ1<ﬁn Cp,o&ngfne}n cblaﬁneteﬁ\ 8ﬁt ?lnlaélrow%]é?r%oasr l%§.§ EM 5 nm in

diame®egOrding to claiml , wherein the netal cont a| n| ng

nanow res conprise at |east one transition or

| ant hani de netal or netal oxide thereof £al-
4. fhldwlr fGGAPOSEINRNFikéeBr AFFREIIFI Y FIAIM thé’PSFﬁl’f- ehe me

conta'I‘ﬁEﬁ!; COMHA RS LdpIovE! &5 1GRBPT ke s rahsieiast opnkannbeaide metal
or _netal oxide ?:el ected fromthe group consisting of

or matadn OX g pEter Y] titanium vanadi um palladium
cobal t, nol ybdenum and manganese. 0 6 . A cut filler

5. C&"BRTQ'iéil@.@rag&%%f%g.ohoagé@fcmn% toWBes&h M t Rerein the metal-
nanow res are produced (i) . loadi ng ?t Iea§t one 3 lected
contajwiag D%Imﬂla‘ieﬁl?@“&r&ﬁﬁﬁs?'i WSASEneRs getal or metal ‘oxide selecte

from the group consisting of iron, copper, zinc, titanium, vanadium,

palladium, cobalt, molybdenum and manganese.

6. A cut filler composition according to claim 1, wherein the nanowires
are produced by:

(1) loading at least omne metal-containing composition into a
mesoporous molecular sieve substrate via repeated incipient-wetness
impregnation followed by stepwise calcination to form said nanowires; and

(ii) isolating the nanowires by extracting the mesoporous molecular

sieve substrate.
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mesopor ous nol ecul ar sieve substrate via repeated
i nci pi ent -wetness inpregnation followed by stepw se
w@adogiora28i on to form said nanowi res; and 5 (i iPCT/IB2006/004140
i solating the nanowires by extracting the nesoporous
mol ecul ar sieve substrate.v 14 A snoking article
conprising netal -containing nanowires, wherein the
7. rdtEckiss el A gCoRRTORE RS ISR - e R ReNG flanemdVERng WiReTein the

metal-%@%i:a@ﬂﬁng?oﬁﬁhbtvﬂﬁélé fa[anm EQ{S&E?@ &JfDKEem@kashgt h@t 1east one
nano S CO i se a netal oxi.de or m Xtures

consﬁﬁjfélre T8 SR KNG ar?f‘gl 'éh%cl&ad}"d"lﬁﬁst GowPLt§fi 7 metal, a
metalezudenorrmixhﬂnab thergadi.ni ng nanowi res are |located in
a cut filler, a paper wapper and/or a filter portion.
A snDklng article according to claimy7 , wherein
8. tﬁeﬁ@ﬁ&?&ﬁ 2GR G AFFRF KBRS 1eeitr B hesPPortdteBetal-gontaining
nanovl®s0kr80L6cdidd €m parus selraied bepsr tWa@e@UBRnd/or a filter
conS|st|ng of : shaped paper insert, a plug, a space,
C|garette filter paper, a cellulose acetate sl eeve, a
pol ypropyl ene sl eeve, and a free-flow sl eeve. 10. A

9. ”Et Q&fi’uﬂ& Mcﬂg &%h@gt@rctﬂagn% a%@‘:giﬂ‘ EreOmEt B J'Bontalnlng
the met hod conprising: (i) provid 9 acut fille

nanorig'og EF fal RETPTRAPAG LRBR 7T T2 TSP T Al tbdeGS selected Erom

the gxﬁu@naonélétqﬁgaofngsﬁagaﬂppapawzmm@ettaranpmﬁgthe da@G COigarette

£11e&0l4 g@ e(lfdlksgté@&ﬂ@ sﬁegb eg}oﬁry{skgﬁggfer} 108ve, and a
Yo co’ ro o F

using tipplng paper arette
freevyfHerepheare] east the cigarette fllter or the cut
filler or the paper w apper conprises an effective

t t al t bl
10. TENBOFAG a0 | BHEAbrb BBAGAEL QURE CTP ORFRBT It dimelaim 7, the
methdéd anpeisimke.

(i) providing a cut filler to a cigarette making machine to form a

portio

tobacco column;

(ii) placing a paper wrapper around the tobacco column; and

(1ii) attaching a cigarette filter to the tobacco rod using tipping
paper to form a cigarette, wherein at least the cigarette filter or the
cut filler or the paper wrapper comprises an effective amount of metal-
containing nanowires capable of removing at least one constituent from

mainstream tobacco smoke.



