METAL- CONTAI NIl NG NANOW RES PREPARED USI NG MESOPOROUS MOLECULAR SI EVES AS
- TEMPLATES, AND THEI R USE | N SMOKI NG ARTI CLES 5BACKGROUND Certain
filter materials have been suggested for incorporation into cigarette
filters, including cotton, paper, cellulose, and certain synthetic fibers.
However, such filter materials general{y only renove particul ate and
condensabl e conponents fromtobacco snoke. Thus, they 10 are usually not
optimal for the renoval of certain gaseous conponents fromtobacco snoke,
e.g., volatile organic conpounds. In light of this, a nunmber of additives
have been propgaegh IdbrRenaid NeowiRRLCoREbArEM vRTIE AniRiEROBE. the T11Ter
materials. Despite the developnents to date, there remains an interest in
15 devel MPLBEGULARrINFYESaAd PRMRLATES, c ARt THEIRAEE AN SMUTHESs AR BFSES or
renoving certain constituents in mainstreamtobacco snoke. Preferably,
such net hods and conpositions should not involve expensive or tine
cohsuni ng manuf acturing and/ or pr GREESRAYRt eps. More preferably, such

met hods and.¢eaPoSiitiireRsnshiauldsbeawbliecnossgd@atdveby Tremmyeratidreasto 20
one constituent of nminstreamtobacco snoke in thge%£¢{er rﬁ%% n of . the

ci gar ELPRTENGT of TaF Ty t hBSTEhgih GFTtHe cPgRret t E54UP I WY snBkT n§ T SUMIRY
Cut fiskhengtfd Iftieerand papsferconpaisi f1lons, nshekiag arpechebdy sucly asngée
Ci gar gL es. N JLACAS Lo MK NOnELpBkeL Lt ANdLbLLD eldol @ BEOV) Ay
whi ch™TVoT VE the useé of netal-containing nanomnres_capé%le of renoving at
| Bast asheugdnbtY tuENtoHEam t 6BAcERS shgkeval of cerfalangaTAitdiFrERCN et

fill ek cAMPAsiddORscRE e IRV detitivhi chgsRMPrdcs@otifdaccan 8ight of this,
net al - cont ai ni ng nanowi res, wherein the netal - 30 contalnlnﬁ Eanomnres are
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20 cne constituent of mainstream tobacco smoke in the filter region of the

cigarette and/or aleng the length of the cigarette during smoking.

SUMMARY
cut filler, filter and paper compositions, smoking articles such as
25 cigarettes and methods for making cigarettes and filters are provided
which involve the use of metal-ceontaining nanowires capable cof removing
at least one constituenﬁ from tobacco smoke.
In one embodiment, cut f£filler compositions are provided, which
comprise tobacco, and metal-containing nanowirés, wherein the metal-
30 containing nanowires are capable of removing at least one constituent
from tobacco smoke. :
According to a first aspect of the invention, there is provided
a smoking article comprising metal-containing nanowires, wherein the
metal-containing nanowirés are located in a filter portion of the smoking
35 article and are capable éf removing at least one constituent from tobacco
smoke, and the nanowires cbmprise a metal, a metal oxide or mixtures

thereof.



5 tobacco columm; and (iii) attaching a cigarette filter to the tobacco
rod using tipping paper to forma cigarette, wherein the cigarette filter
conprises an effective anount of metal-containing nanowi res capabl e of
removi ng at | east one constituent from mai nstream tobacco snoke. 1In

anot her enbodi ment, snoking articles are provided, which conprise 10

net al - contai ni ng nanow res, wherein _the metal-containing nanowires are
capabl e of renoving at | east one constituent fromtobacco snoke. Exanples
of snoking articles include, for exanple, cigarettes, pipes, cigars and
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nanow res may be | ess than 500 nmin dianeter, less than 100 nmin
dianeter, less than 5 nmin dianmeter and/or have an aspect -rati o between
about 100 to about 1000. The metal - cont ai ni ng nanow res may
conprise any suitable nmetal, nmetal oxide or mxtures thereof. For exanple,
‘the netal -containing 25 nanowires nmay conprise at |east one transition
metal or netal oxide thereof selected fromone or nore of a transition or

| ant hani de netal or a netalloid atomand m xtures thereof, e.g., B, A,

Si, Ti, V, M, Fe, Co, Cu, Zn, Ge, Y, Zr, Nb, My, Ru, Rh, Pd, As, Ce, Hf,
Ta, W Re, Ir, Pt and Au. Particularly preferred nmetals are iron, copper,
zinc, titanium 30 vanadium palladium cobalt, nolybdenum and/ or
manganese. The netal - contai ni ng nanowi res nmay be produced by (i) | oading
at :



| east one netal -containing conposition into a mesoporous nol ecul ar sieve
substrate via one or nore incipient-wetness inpregnation steps followed by
stepwi se calcination to formsaid nanowires; and (ii) isolating the 35

nanow re%&%ﬂ:;ﬁ% Yi ng the mesoporous nol ecul ar sieve pghft
26 .g., b
extraction wth a suitable etching solution. The rresoporous@t/r?gflggu?ar d

sieve substrate preferably conprises;, pores having an avera '
ge dianeter from
about to about 2 nmto about 30 nm (about 20A to about 300A). Exanpl es of
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Preferably, the metal-containing nenowires are capable of

10 selectively removing at least one constituent from mainstream smeoke.
Examples of comstituents that may be removed include, but are not limited
to, aldehydes, carbon monoxide, 1,3-butadiene, isoprene, acrolein,
acrylonltrlle,‘hydrogen cyanide, o-toluidine, 2- naphtylamine, nitrogen
oxide, benzene, N-nitrosconornicotine, phenol, catechol,

15 benz(a}anthracene, benzo({a)pyrene, and mixtures therect.

Preferably, the metal contaiﬁing nanowlres are présent in an amount
effective to remove ‘at least one constituent from wainstream tobacco -
smoke; for example, preferably at least about 30% or more preferably at
least about 50% of at least one constituent may be removed Lrom

20 mainstream tobacco smoke. The nanowires way be less than 500 nm im
diameter, less than 100 om in diameter, less than 5 mm in diameter and/or
have an aspect ratio between about 100 to about 1000.

The metal-containing nanowires may comprise any suitable metal,
metal oxide or mixtures thereof. For example, the metal-containing

25 - manowires may comprise at least one transition metal or metal oxide
thereof selected from one or more of a transition or lanthanide metal or
-a metalloid atom and mixtures thereof, e.g., B, 2l, 8i, Ti, VvV, Mn, Fe,
Co, Cu, Zn, Ge, ¥, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Ce, Hf, Ta, W, Re, Ir Pt
and Au. Particularly preferred metals are irom, copper, zine, titanium,

30 vanadium, palladium, cobalt, molybdenum and/o; manganese.

The metal-containing nanowires may be produced by (i) loading at
least one metal-containing composgition into a mesoporous molecular sieve
substrate via one or more incipient-wetness impregnation steps folliowed
by stepwise calcination to form said nanowires; and (ii) iseclating the

35 nanowires by removing the mesoporous molacular sieve substrate, e.g., by
extraction with a suitable etching solutiom. The mesoporous molecular
sieve substrate preferably comprises pores having an average diamster
from about to about 2 nm to about 30 nm (about 20A to about 3004).

Examples of mesoporous molecular sieve substrates that may he used to



10 cigarette. In an enbodi nent, nmethods for naking a cigarette are

provi ded, which conprise (i) providing a cut filler to a cigarette nmaking
machine to forma tobacco colum; (ii) placing a paper w apper around the
tobacco colum to forma tobacco rod; and (iii) attachinhg a cigarette
filter tS"¢HR79722Y { obacco rod using tipping paper to' PO E* P garette,
wherein the cigarette filter conprisgs_an ef fective anount of at |east one
met al - cont ai ni ng nanowi re capabl e of “renoving at | east one constituent
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constituent, from mai nstream t obacco snoke. BRI EF DESCRI PTI ON OF THE

FIURES3ER Giire 1 is a partially expl oded perspective vi ew,of a cigarette
i ncor por at Tnge® rebedinsat nEMtLaRe rfeF N o ded (ﬁﬁﬁg?tt@oﬁfﬁi%oﬁb i g}ﬁ%
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[ a tobacco-column; (ii) placing a paper wrapper around the tobacco columm
to form a tobacco rod;. and (iii) aﬁtaching a cigarette filter to the
15 tobacco rod using tipping paper to form the cigarette, wherein the
. cigarette filter comprises an effective amount of at least one metal-
containing nanowire capable of removing at least one constituent - fxom
mainstream tobacco smoke.
Anothef embodiment relates to methods for making a cigarette,
20 comprising (i) providing the cut filler to a cigarette making machine so
as to form a tobacco columm; and (ii) placing a papér wrapper around the
tobacco columﬁ,to form a tobacco rod of a cigarette, wherein the paper
wrapper comprises an effective amount of at least one metal-containing
nanowire capable of removing at least one constituent from sidestream
25 tobacco smoke.

Another embodiment relates to methods for making a cigarette filter,
comprising incorporating an effective amount of at least one metal-
containing nanowire capable of removing at least one constituent from
mainstream tobacco smoke into a cigarette filter.

30 Tn another embodiment, a method is provided of treating malnstream

smoke of a smoking article to remove at least one constituent £from

malinstream tobacco smoke.

BRIEF DESCRIPTION OF THE FIGURES
35 Figure 1 is a partially exploded perspective view of a cigarette
incorporating one embodiment wherein Zfolded paper containing wmetal-
containing nanowires is inserted into a hollow portion of a tubular
filter element of the cigarette;
Figure 2 is partially exploded perspective wview of another



filter elenment of the cigarette; Figure 2 is partially expl oded
perspective view of another WD 2007/072231PCT/ |1 B2006/ 004140 enbodi nent
wherei n netal -contai ning nanowires are incorporated in fol ded paper and

i nserted ywol@e gl | ow portion of a first free-flow S'ﬁ,‘i‘l‘/l%z@fm&ﬁ&b“' ar
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partially exploded perspective vi'ew gf .another 5 enbodi nent wherein

nmet al - cont ai ni ng nanowi res are incorporated in a plugspace-plug filter
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15 embodiment wherein metal-containing nanowires are incorporated in a

three-part filter element having two plugs and a hollow sleeve;

Figure 7 is a partially exploded perspective view of another
embodiment wherein metal-containing nanowires are incorporated in a two-
part filter element having two plugs; and

20 Figure 8 is a partially exploded perspective view of another
embodiment wherein metal-containing nanowires are incorporated in a

filter element that may be used in a smoking article.

DETAILED DESCRIPTION

25 cut filler, filter and paper compositions, smoking articles such as
cligarettes, methods for makihg cigarettés and methods for smoking
cigarettes are provided which involve the use of metal -containing
napowires to remove one or more constituents from mainstream and
gidestream tobacco smoke. The term "mainstream" smoke refers to the
30 mixture of gases issuing through the mouth ox filter end of a smoking
article such as a cigarette, pipe, cigar or nontraditional cigarette,
e.g., the amount of smcke issuing or drawn from the mouth end of a

cigarette during smoking of the cigarette.
Metal-containing nanowires are used for selective and effective
35 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
rremoved" is meant that the concentration of at least some of at least

one constituent in mainstream smoke is lowered. This can be accomplished



30 m xture of gases issuing through the nouth or filter end of a snoking
article such as a cigarette, pipe, e.g., the anmount of snoke issuing cigar
or nontraditional cigarette, or drawn fromthe nouth end of a cigarette

during srRpEhmgedhst he cigarette. Metal-containi ng nangwrigsmedaiaidsed for
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The metal-containing solutions used for the 1n01p1ent -wetness
-impreguation may comprise any suitable precursor and/or at least one
metal ion. The solvent for the metal-containing solutions should be

20 selected such that it facilitates impregnation into the pores of the
mesoporous molecular sieves. Examples of suitable solvents include
ethanol and/or water, for example.

Any suitable mesoporous molecular sieve substrate may be us_ed to
direct the synthesis of the metal-containing nanowires. Exemplary

25 materials are described, for example, in patents relating to MCM-41, MCM-
A8 and SBA-15; such as U.S. Patent Nos. 5,108,725; 5,0.98,684 and
5,102,643, which are all hereby incorporated by reference in their
entirety. - The diameter of the nanowires can be controlled through
aselection of a mesoporous molecular sieve substrate having an appropriate

30 average pore size and pore distribution. By selecting and using a
mesoporous molecular sieve substrate with uniform dimemsions, it is
possible to form nanowires of very uniform dimensioms. Also, the final
structure of the mnanowires can be controlled by selecting a one-
dimenéional material to Fform a series of nanowires in parallel, or a

st  three-dimensional material with interconnected pores to form an
interconnected network of nanowires.

Mesoporous silica can be commercially obtaimned, or gynthegized
using any suitable known or wmodified procedure. See, e.g., D. Zhao, et

al., Science, 279:465 (1998) and Huang, M. H. et al., Chem. Communl., pp-
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i nci pi @ndpanstinessay be stirred for several hours up to o@%rnight. The
suspension is then filtered, rinsed with deionized water, and subjected
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20 to a calcination step under guitable conditions to decompose the
impregnated metal-containing solution to form wires. For instance, the
calcination step may be carried out at temperatures between about 250°C
to about 400°C under either an inert oOr ambient atmosphere. '

Finally, the nanowires can be isolated by extracting the surrounding

25 molecular sieve substrate using a suitable etching solution.

‘ The metal-containing nanowires, as described above, may be provided
along the length of a tobaccé rod by distributing the metal-containing
nanowires on the tobacco or incorporating the mixture into the cut filler
tobacco using any suitable method. The metal-containing napowires may be

30 provided inm the form of a powder or in a solution in the form of a
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 golution and
sprayed on the cut filler tobacco. Alternatively, the tobacco may be

.35 coated with a solution containing the metal-containing nanowires. The
metal-containing nanowires may also be added to the cut filler tobaeco
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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5 particularly at the combustion region and in the pyrolysis zone.

Any conventional or modified cigarette making technique may be used
to incorporate the metal-containing nanowires. The resulting cigarettes
can be manufactured to any known specifications using standard or
modified cigarette making technicques and equipment. Typically, the cut

15 filler composition is optiomally combined with other cigarette additives,
and provided to a cigarette making machine to produce a tobacco colunm,
which is then wrapped in cigarette paper, and optiomally tipped with
filters.

Any guitable tobacco mixture way be used for the cut filler.

15 Examples of suitable types of tobacco materials include flue-cured,
Burley, Maryland or Oriental tobaccos, the rare or specilalty tobaccos,
and blends thereof. The tobacco material can be provided in the form of
tobacco lamina; processed tobacco materials such as volume expanded oOr
puffed tobacco, processed tobacco stems-such as cut-rolled or cut-puffed

20 stems, reconstituted tobacco materials; or blends thereof. The cut
filler may also include tobacco substitutes.

‘ In cigarette manufacture, the tobacco is normally employed in the
form of cut Ffiller, i.e., in the form of shreds or strands cut into
widths ranging £rom about 1/4 cm to about 1/8 cm {about 1/10 inch to

25 about 1/20 inch) or even 1/16 cm {1/40 inch). The lengths of the strands

' range from between about 0.65 cm to about 7.6 cm (about 0.25 dinch to
about 3.0 inch). The cigaiettés wmay Ffurther comprige one Or more
flavorants or other additives, e.g., burnradditives, combugtion modifying
agentsg, coloring agents, binders, etc.

30 7 The resulting cigarettes can be manufactured to any desired
gspecification using atandard or modified cigarette mzking techniques and
equipment. The cigarettes may range from about 50 mm to about 120 mm in
length. _ .

ngmoking® of a cigarette includes the heating or combustion of the

35 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.



.25 The netal -containing nanowi res, as described above, may al ong the
| ength of a tobacco rod by distributing the netal -containing nanowi res on
t he tobacco or incorporating the mxture into the cut filler tobacco using

any suit abbeimiand. The netal - contai ni ng nanow res meyThe208600p40vi ded in
the formof a powder or in a solution in the formof a dispersion. In a
preferred nethod, netal -containing-nanewres in the formof a dry powder
are dusted on the cut filler tobacco. The netal -contai ni ng nanowi re may
al S0 Berpeesmit, | the kéghuatreofan beobuekesnbaftEaspra & SHOTTRECELIRG/PF| er

tobacgg,, #%@%iaﬁFEYecﬂﬂ%ﬂ ahagee é@ne@@fi_?ﬁa n0abatoyt Bssigaed ut.ison
cont ai ni ng the netal_-containi_ng now_t.es e - 6pnt [ OW r es
may aFabePle XoFdel ?%'tlﬁgf c%rtrb%*i'??%‘r Oﬁ'gggt%soa S O%EZ?QBBPI e%r?_ggfgﬁ%&n
cigarette makimpvenciineé or radd&ied oreghedpicuriiawl ahEppRtt6r THIGSHF dBEi ng

ci ?ar eLt e.0ares ahound-the choanaldiecbRthinihg ARiGHreeNt aiFbirngxamsiew r es
will preferably be distributed W) 2007/ 7%%&10%99 Bzm%g%g%%g L hraughout
the t SB&EELYS 1 9G3pRTES SA'bT ATEPYRFETER “ThESEiGar 6Tt & paper and/ or t he

ci gar eleberfbdd én. cdiyopiprvastiigged Wb Spekadlent din-af n#dfg SAhan ot st Resghout

t he ent.i i’% co,r Lii+sP0ssible to reduce the anobunt of carbon
rmnoxiq%ilggg%é./ oran??riﬁ% gﬁzde tyﬁr.ou ut t1§1e .Cl ggrt%tbtagmm 2 Raet{gy arly
at the conBagt¥or Feyrahny & r?l?ﬁg&pq?r 81585789, 8ne Any “convent i onal
ononDgicktedn of ,gamdt & emowiipiges ebhieguplemyt -ber8sEtPWo MABDY FERERE e

net al -cont.al Al NG, NANOWJ88a Ther s e84l ddanpapbgal et imsertan hetanauhallaw ed to

Kk _ t t d difi ' t [
e NNy o8 BHorTCoay 851 1y LoPhE UL TS T 171 P RERpe T o s

. opt i ormAlikyr cosdriibedéewi t h ot her cigarette additives, and provided to a
cigarette maki,pg smaghifaest 0 R RA¥Ee2 andARCE OrSiflddN rodi Gind & Ehbter
wrapped in cigarette paper ngd optionally. ti d; wi L1148 SavifDYor
st afoEtieh cHhﬁ?WhFBenféﬂ}%ﬁg ‘ﬂ%ee& ?(grlst h%ca%% 1‘%’MI .gr&lf%§Ex§rr%p es of
sui t abl €itypesreaf Flobadeovardteilpodtsd hetvege theuBogimages Birltey 8 RBR A and

or ori{e@g@lg £0N8GE05 5 11h6e BT € She SRBEE alot Yak MRaGEAS inanskral etids ther eof .
The tobacco naterial can be

. provi ded.i n_t he rm,of .t | am_na;
procesksed £8bRE SRt er iFng”EElf@ﬁcﬁs%\}lgI B ereégan 'e%eo?%)%%%% celdégtng%gcc():ro,
pr ocessaft tabbeicmast sumipsuch vasmduto¥lo| Bsg- oEncigpErPeF IO st dfpsired
" SGONSIIL LG (ORAREQIRLEEL 15 Alndh 80MITahNY @bvi e s uinel bldaettmy
al’so m_cﬁ ude totbkacco substitutes. = | n gégaa{n%ru%‘? @rygaggﬁwe&,eatg@
t obac B JternBeHEI TRy P8I BRI Fhe St BPmm S Ut T er, T .8., in the form
of shrggs papest amitts thée toted wirds het rapagedpapesnrEdbed1 12 &6 (fd15Bout
1/8 cm ab.OUthiéfth%Q 5@8@#30 25 AboNt cLh20iringhhagbwBMan ddnl Goet Brclk 463
inch). The 'l engths of the strands _range from et ween, abol ar%t?és CLLR
about FAWIYPY BRI HILILY RLRCTD “LbGeR"%S. BHHLR) . T cygélr etfes nay
f urt hein GagREESE @AG D therecHdcagvorahtsant thehiiltaddrarties 6 rg. 101kt n

addi tiyes t o0 RALE Y NG 420 Botk Wighiditedgeites £ibiardeostictt €.
30The ?%%él}ﬁtg?n@l% Egﬁ%ﬁ%‘g% %{an be manu?acthged to any desired
speci fresatieohe i iRyeshahidyr F1oFeTdiFEW cigaret t e maki ng t echni ques and

equi pnent . Hd@lctagahiss rapywirasgeal renizteRerE8Gdninte the ot LD PHAT | n
lengthin a number of ways. For example, metal-containing manowires can be
30 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 aund 2. Alternatively, the dried paper can be wrapped into a
plug shape and inserted into a filter portion of the cigarette. For
35 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 sieeve. 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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30 containing metal-containing nanowires. As in the previous embodiment,

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 ig also a
filter overwrap 11.

Figure 5 shows a cigarette 2 comprised of a tobacco rod 4 and a

35 filter portion 6 wherein the filter portion € includes a mouthpiece

filter 8, a filter overwrap 11, tipping paper 14 to join the tobaccq rod

4 and filter portiom 6, a space 18, a plug 16, and a hollow sleeve 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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the two filter plugs. That void can be filled with metal-containing

nanowires. An example of this embodiment is shown in Figure 3. The
30 metal-containing nanowires can be in granular form or can be loaded 6nto
a suitable support 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

35 content of which is hereby incorporated by reference. Figuxe 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



Figures 6 and 7 show further nodifications of the filter portion 6. In
Figure 6, cigarette 2 is conprised of a tobacco rod 4 and filter portion
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15 herein by reference inits entirety. -13- CLAI M 1. A snoking
article conprising netal -containing nanow res, wherein the

met al - contai ning nanowires are located in a fitter portion of the snoking
article and are capable of renoving at |least 5 one constituent from

t obacco snoke, and the nanowi res conpkise a netal, a netal oxide or

m xtures thereof. 2. A snoking article according to claim1, wherein the
at | egst @2ae constituent is selected fromthe group consisting of
aldehséég, tarbon nonoxi de, 1, 3-butadi ene, isoprene, ac-rolein,
acrylonitrile, 10 hydrogen cyani de, o-toluidine, 2-naphtylamne, nitrogen

oxi de,, ben ZAe&ﬁekivluﬁ] %;iﬁl':ié Qzﬁﬂ'{gﬁgih? %étﬂl&:on@ilﬁ?hano@ﬁé@,%rein ik Fetp-atdthinagene,
a ur es

benzo(a) pyr ene, m xt thereof, ?n %ige r’rgt al -cog‘t atmﬂg’gmna?lovmtr es
are pmesewies are lpsatadduaiilies ppEiep ol Be BEOFRGBVES FPY PEEPARE SUPTSNES 5 4T

| e@st RREJnefd: RN iobhETeiBke|Sdridethen ranokiess ddingBisA a5 melkl ng naatali cdide or
according to claim1, wherein the nanowires are |ess than 100 nmin

di anet@iktugss 9@ anowi res are less than 5 nmin diameter. 4. A snoki ng
article according to claim1, wherein the netal-containing nanovvires

conprise at, | ecibt one tr | L. 0R..Qr ' A ;
theredr. 20 Snokinealsls %cé:o@vﬁ ttglngéhagt‘gﬂféglgh H%{Héﬁ-:%l al m%%?ﬁfv\herig_i%%let&ﬁgﬁém
net al -thegioap oomistingoialdahydes; caben mesoxds, 1, dighe. isRPreNe: FFolpRasYIpibige
sel ected fr : S S hi Sihd) N-nirob cHdkriidbiine,
v oiaa oS i i BlURR 2hak AL, g S e et & S D
arti clphenalc ortgch, benziaanthracene,nBRREP{R RN @Y | THXIRS, tereRl A 36 PEs, o

i ncor %B%Tirﬁrgg} hdHoWire BrePredE fh dri Arh6unt pHdtive RokroUE dt ibasimbbltc0l afigpleast
consisting of: shaped paper insert, a plug, a space, cigarette filter

paper,OrEC@éFﬁt'dﬁrB?@méﬁ%g Mk, a pol ypropyl ene sl eeve, and a free-
flow sleeve. 30 7. A snoking article according to claim1, wherein the

t al - cont aj ni oW : i i )
e of A REORRGRtRE srpprarecc oot L ViRl ehahofiltes ol oGt 1R BDer
wher ei diarhbier Betnenaricedrea e jese thanddnm i diameter.

4, A smoking article according to claim 1, v_vherein the metal-containing nanowires comprise at
least one transition or lanthanide metal or metal oxide thereof. '

20 .
5. A smoking article according to claim 1, wherein the metal-containing nanowires comptises at

jeast one metal or metal oxide selected from the group consisting of iron, copper, zing, iitanium,

vanadium, palladium, cobalt, molybdenum and manganese.

25 .6.‘ A smoking article according to claim 1, wherein the metal-containing nanowires are
incorporated into one or more filter parts selected from the group consisting of: shaped paperinser,
aplug, a spacé, cigarette filter paper, a cellulose acetate sleeve, 2 polypropylene sieeve, and a free-

flow slesve.

30 7. A smoking article according to claim 1, wherein the metal-containing nanowires are also
located in a cut filler and/or a paper wrapper of the smoking artlicle.

8. A smoking arficle according to claim 1, wherein the nanowires are produced by:
(i) loading at ieast one metal-containing composifion into & mesoporous moiecular sieve
35  substrate via repeated incipient-wetness impregnation foliowed by stepwise calcination to form said
nanowires; anc
{if) isolating the nanowires by exiracting the mesoporous molecular sieve substrate.



(i) loading at |east one netal -containing conposition into a nmesoporous
nol ecul ar sieve 35substrate via repeated incipient-wetness inpregnation
foll owed by stepw se calcination to form said nanow res; and

(ii) isolating the nanowires by extracting the nmesoporous nol ecul ar sieve
substrate. - 14 - 9. A nethod of nuki.ag.a snoking article according to
claim1, the nmethod conprising: (i) providing a cut filler to a

ci gar et e MRAkhetBod HHUKIRY é@m&ﬂﬁ@hﬂid&%@&@iﬁg@@&!ﬁﬂi tﬁé hbeﬂ-BB%hﬁss.ﬁg paper
wr apper aroynd tgle t[%Hitﬁco col.um “ﬁgi ii1) attaching
cigarette ffRayidipga IFB'S&@SB% “Hd""’lq‘ﬁ‘ﬁlt?lﬁ‘"ﬁﬁot@Pa‘{‘-‘B °P'Hm'i‘1 a
cigarette, Bi)pheingeapapéraviapparebirg the kdatceeomnm @@ an ef fective anmount of
et al - cont aig)) g AANe W LESECHRAR e Wbd BRI D homig Sipe? Boro%e Tl dE

5  wherein the cigaretie filter compnses an effective amount of metal-containing nanowires capable of

removing at least one constituent from meainstream tobacco smoke.



