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invention relates generally to nethods for reducing
constituents such as carbon nonoxide in the
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art. 0093 Snoking articles, such as cigarettes or

cinglaing cigaraisiend mothodsiirmstokingreigasetisrewaighiinplee hepe of

and si destream snoke during static burning. One

Cﬁz{}iogﬁﬁi'd%@ddﬁfves baiaBloGH redicipat amolss afidariiuseshstipents in
sno I's carbon nonoxide (CO). The reduction of

carbon nonoxide in snoke is desirable. 0004 Catal ysts
St %“ﬁ’tsg,mlighd/or oxi dants for snoking articles arg ’
di scl osed in

Background of the Invention
0002 In the description that follows reference is made to certain structures and
methods, however, such references should not necessarily be construed as an
admission that these structures and methods qualify as prior art under the applicable
statutory provisions. Applicants reserve the right to demonstrate that any of the
referenced subject matter does not constitute prior art.
0003 Smoking articles, such as cigarettes or cigars, produce both mainstream
smoke during a puff and sidestream smoke during static burning. One constituent of
both mainstream smoke and sidestream smoke is carbon monoxide (CO). The
reduction of carbon monoxide in smoke is desirable.
0004 Catalysts, sorbents, and/or oxidants for smoking articles are disclosed in
the following: U.S. Patént No. 6,371,127 issued to Snider et al., U.S. Patent No.
6,286,516 issued to Bowen et al., U.S. Patent No. 6,138,684 issued to Yamazaki et

al., U.S. Patent No. 5,671,758 issued to Rongved, U.S. Patent No. 5,386,338 issued



the following: U S. Patent No. 6,371,127 issued to

Snider et al., US. Patent No. 6, 286,516 issued to
“KBawamuH§4al., U S. Patent No. 6,138, 684 i SSUEPRCT/IB2004/002176

Yamazaki et al., US. Patent No. 5,671, 758 issued to

Rongved, U. S. Patent No. 5,386,838 issued 1 WO

2004/ 110184 PCT/ 1 B2004/ 002176 to Quincy, Il1 et al.

U S. Patent No. 5,211,684 issued to Shannon et al.,

U S. Patent No. 4,744,374 issued to Deffeves et al.

U S. Patent No. 4,453,553 issued to Cohn, U. S

Pat ent No. . 4,450, 847 issued to Omens, U. S. Patent No.
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al so refer to catalysts, sorbents, and/or oxidants.
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|n tobacco products (see e.g., U S Patent No.
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and 4,195, 645) and has been used tg ?
cAN009RAT DAL 2HWBHI03AEL Ad 2d 2002400 2830 e}y Apquteler o Catalysts,
6, 095, 152; 5,598, 868; 5, 129, 408; 5, 105, 836 and

5sokBdnt§ 38Y/or BKGtRespi te the devel opments to date,
there remains a need for inproved and nore efficient

c ar({?) ds AR ARIRRRIokidRNs bedn d@edder bdenasBadad polducts (see
e.g., U.S. Patent No. 4,197,861; 4,489,739 and 5,728,462). Iron oxide has been
described as a coloring agent (e.g. U.S. Patent Nos. 4,119,104; 4,195,645;
5,284,166) and as a burn regulator (e.g. U.S. Patent Nos. 3,931,824; 4,109,663 and
4,195,645) and has been used to improve taste, color and/or appearance (e.g. U.S.
Patent Nos. 6,095,152; 5,598,868; 5,129,408; 5,105,836 and 5,101,839).

0006  Despite the developments to date, there remains a need for improved and

more efficient methods and compositions for reducing the amount of carbon

monoxide in the mainstream smoke of a smoking article during smoking.

Summary
0007  Tobacco cut filler compositions, cigarette fillers and/or cigarette paper,

cigarettes, methods for making cigarettes and methods for smoking cigarettes that



nmonoxi de in the nai nstream snoke of a smoking article

during snoking. Summary 0007 Tobacco cut filler
weomwposiigd ons, cigarette fillers and/or cigar ePCEIB2004/002176

paper, cigarettes, nethods for making cigarettes and

nmet hods for snoking cigarettes that -2 WO 2004/110184

PCT/ 1 B2004/ 002176 involve the use of catal ysts for

t he conversi on of carbon nonoxi de in mainstream snoke

to carbon dioxide and/or the conversion of nitric

oxi de in mainstream snoke to nitrogen are provided.

0008 One enbodi nent provides a cut filler conposition
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enbodi nent provides a cigarette conprising cut filler
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supported on a fibrous support.

0009 Another embodiment provides a cigarette comprising cut filler and a
catalyst capable of converting carbon monoxide in mainstream smoke to carbon
dioxide and/or nitric oxide in mainstream smoke to nitrogen, wherein the catalyst
comprises nanoscale metal particles and/or nanoscale metal oxide particles
supported on a fibrous support.

0010 A further embodiment provides a method of making a cigarette,
comprising (i) adding a catalyst to tobacco cut filler, cigarette paper wrapper and/or
a cigarette filter, wherein the catalyst comprises nanoscale metal particles and/or
nanoscale metal oxide particles supported on a fibrous support; (ii) providing the cut
filler to a cigarette making machine to form a tobacco rod; (iii) placing a paper
wrapper around the tobacco column to form a tobacco rod; and (iv) optionally

attaching a cigarette filter to the tobacco column to form a cigarette. Cigarettes



a cigarette filter, wherein the catal yst conprises

nanoscal e metal particles and/or nanoscal e netal
woziode1qas+ ticl es supported on a fibrous supporPCT/(B2094/002176

providing the cut filler to a cigarette making

machine to forma tobacco rod; (iii) placing a paper

wr apper around the tobacco colum to forma tobacco

rod; and (iv) optionally attaching a cigarette filter

to the tobacco columm to forma cigarette. Cigarettes
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according to the invention preferably conprise up to

about 200 h '
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particles and/or nanoscale netal oxide particles

catahyst pRs CHEFIAIS '¢P¥Penent s sel ected from the group
consisting of Goup IB-VIIB, VIIl, Il|lA and IV

@0gent b mpreféredRertiodithent ThphenasealEmstab pagicles gady or nanoscale
m xtures thereof. For exanple, the nanoscal e netal
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are carbon-free. 0012 The fibrous support can

Céjpe i 1c%ﬁrfé§g LBEhP ﬁgm%%ﬁpéeﬁﬁﬁoﬁ% 189508 S 8L he &ldsbe particle size
of less than about 50 nm, preferably less than about 10 nm. While the nanoscale
metal particles and/or nanoscale metal oxide particles can further comprise carbon,
preferably the nanoscale metal particles and/or nanoscale metal oxide particles are
carbon-free.
0012 The fibrous support can comprise refractory carbides and oxides selected
from the group consisting of oxide-bonded silicon carbide, boria, alumina, silica,
aluminosilicates, titania, yttria, ceria, glasses, zirconia optionally stabilized with
calcia or magnesia, and mixtures thereof. The fibrous support can have a specific
surface area of about 0.1 to 200 m*/g and can comprise millimeter, micron,
submicron and/or nanoscale fibers.

0013 According to a preferred embodiment, the nanoscale metal oxide particles

comprise iron oxide, iron oxyhydroxide, copper oxide, and mixtures thereof. The



fromthe group consisting of oxide-bonded silicon

carbi de, boria, alumna, silica, alumnosilicates,

WO paoani@Eg4 yttria, ceria, glasses, zirconia optPOHE220§4/002176
stabilized with calcia or nmagnesia, and m xtures
thereof. The fibrous support can have a specific

surface area of about 0.1 to 200 n2/g and can conprise
mllimeter, mcron, submcron and/or nanoscal e

fibers. 0013 According to a preferred enbodi nent, the
nanoscal e netal oxide particles conprise iron oxide,

i ron oxyhydroxi de, copper oxide, and m xtures thereof.
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nifttheogierit. oxdeingha bajnsticas smoka i Bitragws| pisratly, lesgdhan a
nanoscal e particles are deposited within and/or on the
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conprise from0.1 to 50 w. % nanoscale particles
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peipareitd papenand/ar filtepafdhe Giggeltan a di spersion; (ii)
conbi ning the dispersion with a fibrous support; and
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l'iquid and deposit nanoscal e particles within and/or
oplar}olgcealé IRf-9 HarticiR RR&/or nanoscale metal oxide particles and a liquid to form
a dispersion; (ii) combining the dispersion with a fibrous support; and (iii) heating
the fibrous support to a remove the liquid and deposit nanoscale particles within
" and/or on the fibrous support.
0015 According to another preferred method, the catalyst is formed by (i)
combining a metal precursor and a solvent to form a metal precursor solution; (ii)
contacting the fibrous support with the metal precursor solution; (iii) drying the
fibrous support; and (iv) heating the fibrous support to a temperature sufficient to
thermally decompose the metal precursor to form nanoscale particles within and/or
on the fibrous support. For example, a dispersion of nanoscale particles or a metal

precursor solution can be sprayed onto a fibrous support, preferably a heated fibrous

support. Optionally, a dispersion of nanoscale particles can be added to the metal

precursor solution.



0015 According to another preferred nethod, the

catalyst is fornmed by (i) conbining a nmetal precursor
wapa4a1884 vent to forma netal precursor sol ut PORB2004/002176

contacting the fibrous support with the netal

precursor solution; (iii) drying the fibrous support;

and (iv) heating the fibrous support to a tenperature

sufficient to thermally deconpose the netal precursor

to form nanoscal e particles within and/or on the

fibrous support. For exanple, a dispersion of

nanoscal e particles or a netal precursor solution can
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nanoscal e netal and/or t al
thereof. The metal precursor can be ciiecomposed to nanoscale metal and/or metal

oxide particles by heating to a temperature of from about 200 to 400EC.

0017 Yet another embodiment provides a method of smoking the cigarette
described above, which involves lighting the cigarette to form smoke and drawing
the smoke through the cigarette, wherein during the smoking of the cigarette, the

catalyst acts as a catalyst for the conversion of carbon monoxide to carbon dioxide

and/or nitric oxide to nitrogen.

Brief Description of the Drawings
0018 Figure 1 shows SEM images of a catalyst prepared according to an

embodiment of wherein nanoscale iron oxide particles are deposited on a fibrous

quartz wool support.



oxi de particles by heating to a tenperature of from

about 200 to 400EC. 0017 Yet another enbodi ment
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above, which involves lighting the cigarette to form

snoke and drawi ng the snmoke through the cigarette,

wherein during the snoking of the cigarette, the

catal yst acts as a catal yst for the conversion of

carbon nonoxi de to carbon dioxide and/or nitric oxide

to nitrogen. Brief Description of the Draw ngs 0018

Figure 1 shows SEM i mages of a catal yst prepared
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carbon di oxide. Detail ed Description of Preferre

RO dhdEniQ; nanoscale particles as catalysts for the oxidation of carbon monoxide

with oxygen to produce carbon dioxide.

Detailed Description of Preferred Embodiments
0021 Tobacco cut filler compositions, cigarettes, methods for making cigarettes
and methods for smoking cigarettes that involve the use of catalysts having
nanoscale metal particles and/or nanoscale metal oxide particles on a fibrous support
capable of acting as a catalyst for the conversion of carbon monoxide (CO) to carbon
dioxide (CO,) and/or nitric oxide (NOy) to nitrogen (N2) are provided.
0022 A catalyst is capable of affecting the rate of a chemical reaction, e.g.,
increasing the rate of oxidation of carbon monoxide to carbon dioxide and/or
increasing the rate of reduction of nitric oxide to nitrogen without participating as a
reactant or product of the reaction. An oxidant is capable of oxidizing a reactant,

e.g., by donating oxygen to the reactant, such that the oxidant itself is reduced.



0021 Tobacco cut filler conpositions, cigarettes,
met hods for making cigarettes and nethods for snoking
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nanoscal e metal particles and/or nanoscal e netal oxide
particles on a fibrous support capable of acting as a
catal yst for the conversion of carbon nonoxide (CO to
carbon dioxide (C02) and/or nitric oxide (NO,) to
nitrogen (N2) are provided. 0022 A catal yst is capable

of affecting the rate of a chem cal reaction, e.g.
increasing the rate of oxidation of carbon nonoxide to
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reactant, e.g., by donating oxygen to the reactant
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2004/ 110184 PCT/ 1 B2004/ 002176 0023 "Snoking" of a

Gh&emaldderddean sokbestioa aédction, drawingithestipantto smokethrough the
cigarette to form snoke, which can be drawn through

the cigarehte. cenergll SOk '
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mouth end of the cigarette. The cigarett I

seledtechl byatot meanspaadascriegrin C@?@HWBIY%?SS%%HES d@?@i@? Elogrgy

be smoked by heating the cigarette and/or heating

us,D5g176!5e334,18%ab, She a8 andiBaRB075s described in

commonl y- assi gned U.S. Patent Nos. 6,053, 176;
e T T L
. xture of gases

p&xsestébna%cg 19(;%q and issuing through the filter end, i.e., the amount of smoke issuing
or drawn from the mouth end of a cigarette during smoking of the cigarette.
0025 In addition to the constituents in the tobacco, the temperature and the
oxygen concentration within the cigarette during smoking are factors affecting the
formation and reaction of carbon monoxide, nitric oxide and carbon dioxide. For
example, the total amount of carbon monoxide formed during smoking comes from
a combination of three main sources: thermal decomposition (about 30%),
combustion (about 36%) and reduction of carbon dioxide with carbonized tobacco
(at least 23%). Formation of carbon monoxide from thermal decomposition, which
is largely controlled by chemical kinetics, starts at a temperature of about 180EC and

finishes at about 1050EC. Formation of carbon monoxide and carbon dioxide

during combustion is controlled largely by the diffusion of oxygen to the surface (ki)
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t he tobacco rod and issuing through the filter end,

i.e., the anmount of snoke issuing or drawn fromthe
wormwkhimEsd of a cigarette during snoking of theCT/IB2004/002176
cigarette. 0025 In addition to the constituents in the
tobacco, the tenperature and the oxygen concentration

wWithin the cigarette during snoking are factors
affecting the formation and reaction of carbon

nonoxi de, nitric oxide and carbon dioxide. For
exanpl e, the total anmpunt of carbon nonoxi de forned
during snoki ng cones from a conbination of three main
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1050EC. Formation of carbon nonoxi de and carbon
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beaMEHS urt‘%%’ll?}“ngt is believed that the catal yst of

t he _ . .
0027 First, the combustion zone is the burning zone of the cigarette produced

during smoking of the cigarette, usually at the lighted end of the cigarette. The

temperature in the combustion zone ranges from about 700EC to about 950EC, and

the heating rate can be as high as S00EC/second. Because oxygen is being
consumed in the combustion of tobacco to produce carbon monoxide, carbon
dioxide, nitric oxide, water vapor, and various organic compounds, the concentration
of oxygen is low in the combustion zone. The low oxygen concentration coupled
with the high temperature leads to the reduction of carbon dioxide to carbon
monoxide by the carbonized tobacco. In this region, the catalyst can convert carbon
monoxide to carbon dioxide via both catalysis and oxidation mechanisms, and the

catalyst can convert nitric oxide to nitrogen via both catalysis and reduction



i nvention can target the various reactions that occur

in different regions of the cigarette during snoking.
wW@OR7/1Hi186t , the conmbustion zone is the burni NBCRIBE0402176

the cigarette produced during snoking of the

cigarette, usually at the lighted end of the

cigarette. The tenperature in the conbustion zone

ranges from about 700EC to about 950EC, and the

heating rate can be as high as 500EC/ second. Because

oxygen is being consunmed in the conmbustion of tobacco

to produce carbon nonoxide, carbon dioxide, nitric

oxi de.. wat ; Viak| ' nerbt@ is
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zone.. The | ow Qxygen concentration coupled wth the
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di oxi de to carbon nonoxide by the carbpnized tobacco
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monoxi de to carbon dioxide via both catalysis and

Qe Pahiuedy riBs dth 365ut 200HCttb about SDBEY S (The pyradyms/ zome 1s where

nitric oxide to nitrogen via both catal ysis and

d ' =9 i /Rajor reaction is the
B0 Sh P Rarobp b bt oRELiy B T ajor reaction is

and the heat genergted.is .carried to,the

pplysis (i theahemmah drardasionof B g@woethgwrgﬂ%eﬁ gaben

is the region behind the conbustion zone, where %ﬁs.

t iponedidd, earben dinxide, hitterpside smoke GROPEReTEH 30¢ CE‘EYS using the
The pyrolysis zone is where nost of the carbon

Pi’ékgg F%I%ﬁatﬁ]ﬁttgée EérhBustish dend. STHRrOR 0. 0xFhen prejant in this region,
pyrolysis (i.e. the thermal \

daeg tﬁgsa {hie %Q‘galy% mﬁgﬂ fetted Q%ﬁﬁf&s{ R thd:x8@H#e8 of ¢afbeAinonoxide to
carbon dioxide and/or reduction of nitric oxide to nitrogen. The catalytic reaction
begins at 150EC and reaches maximum activity around 300EC.
0029 In the condensation/filtration zone the temperature ranges from ambient to
about 150EC. The major process in this zone is the condensation/filtration of the
smoke components. Some amount of carbon monoxide, carbon dioxide and nitric
oxide diffuse out of the cigarette and some oxygen diffuses into the cigarette. The

partial pressure of oxygen in the condensation/filtration zone does not generally

recover to the atmospheric level.

0030 The catalyst comprises metal and/or metal oxide nanoscale particles
supported on a fibrous support. The nanoscale particles can comprise metallic
clements selected from the group consisting of Group IB-VIIB, VIIL, IIIA and IVA

elements of the Periodic Table of Elements, and mixtures thereof, e.g., B, C, Mg, Al,
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conponents, and charcoal using the heat generated in
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this region, and thus the catalyst may act as a
catal yst for the oxidation of carbon nonoxide to
carbon di oxi de and/or reduction of nitric oxide to
nitrogen. The catalytic reaction begins at 150EC and
reaches maxi mum activity around 300EC. 0029 In the
condensation/filtration zone the tenperature ranges
fromanbient to about 150EC. The mmjor process in

gh ',gébﬁegf Mﬁgeh BoCRNGNSAL GONY f74 Nbakhicd RuORL! P As sakee,

eomon oo anmgunt “of carbon nonoxi de, carbon

| oxi de and_ni | C use o f

SHiateoNe Rexyndn Pafnd §edFe ﬁ%sows e op (s p 2R Bobed
partial pressure of oxygen in )

cilivde cadidey hotia, |atmmna,csﬁ1%ﬁémm§wﬁ@§ tijniarfriay ceria, glasses,

recover to the atnospheric |evel. 0030 The catal yst

GRUBRib SpSoflyatabiiidd evithnaal cd onmbglesiaaausmitercy therdof] $éhile
supported on a fibrous support. The nanoscal e

pcﬁllreH éﬁh@eﬁe‘h@ Bf HRWRHafySinTRE RIbhé® cutfingmEs ?Jﬁefé@écf; ¢lieathtalyst may
e group consi'sting of Goup IB-VIIB, VIII, IIlA

i?g)lﬁllﬁ\éﬁtn& ﬁggcqga{l}%tf efglFert helﬁ(%%('g%%&qn g%bél%r&fte %@%ﬁﬁécatalyst
2004/ 110184 PCT/ |1 B2004/ 002176 ___Si V,.Cr,, Mh, Fe,

Qan alo, beqlacedhothda thetobageo onjhfil lq%andm oﬂﬁhlocgaonsp\g Sn,

Ce, H, Ta, W Re, GCs, Ir, Pt and Au. The fi brou’s

smpnor t NeoscahrpaIrices e devéotue df meterilsovhasa distigguishing
boria, alumna, silica, alumnosilicates, titania,

y{e&@hﬁsz e% thedy ﬂ%!r%%?lﬁﬁmeterz parfieRIoR ok b@lﬁtﬁhﬂa}/domaln size is

Cla or magnesi a, and m xtures

t her eo
below al Lout%o nanometers. The nanoscale particles can have an average particle

size less than about 100 nm, preferably less than about 50 nm, most preferably less
than about 10 nm. Nanoscale particles have very high surface area to volume ratios,
which makes them attractive for catalytic applications.

0032 By dispersing nanoscale particles on a fibrous support the particles are
easier to handle and easier to combine with tobacco cut filler than unsupported
nanoscale particles. Through the method nanoscale particles can be combined with
tobacco cut filler before and/or during incorporation of the tobacco cut filler into a
cigarette. The fibrous support can act as a separator, which inhibits agglomeration
or sintering together of the particles during combustion of the cut filler. Particle
sintering may disadvantageously elongate the combustion zone, which can result in

excess CO and NOy production. The fibrous support minimizes particle sintering,
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direct placenent of the catalyst in the tobacco cut
filler is preferred, the catalyst may be placed in

wWo b@4aiges ette filter, or incorporated in the PCTEB2004082176
paper. The catalyst can also be placed both in the
tobacco cut filler and in other |ocations. 0031
Nanoscal e particles are a novel class of materials
whose distinguishing feature is that their average
di aneter, particle or other structural domain size is
bel ow about 100 nanoneters. The nanoscal e particles
can have an average particle size |less than about 100
n ref. R : g hefia¥uyface
P R T A o b o B T R A R o e
hi gh surface area to volune ratios, which nmakes them
&M% active for catalytic applications. 0032 By

di spersing nanoscal e particles _on_a fibrous support .
10083 par In @destognaximizgdhesmewnt 9f peface FH@ Q;ég‘? %e}m)g@ie particles
conmbi ne with tobacco cut filler than unsupported ) .
neBoatal® caalyisischeserabiin tessan & meonviaykoadf tha mesesghle particles is
particles can be conmbined with tobacco cut filler

%F)&i%d%ﬁ{iﬂ bndHE b he FMFAISRAR . For@kainbR, tHeantet catl
fiftler into a

clgarette. The fibrous support can act

as a separat.or i i.nhi bit QIErAL r

SommeE g Bt R g e dicheiE BRRIE s haa it fuous
of the cut filler. Particle sintering /ma

diuppelt.aBy adivsiing thedoasingafdhe PRSI BEREISR DY Gieefibraps swpport:
can result in excess CO and NOX production. The

f ihb h@kSticLhE tataliystioxideascanaretregilatedi Byealeperiting lpss them 2
2004/ 110184 PCT/ 1 B2004/ 002176 and thus mnim zes
eJnBQ&Q&ér QP nRfiosbiE pERRY Sel @b oAAs RardREa] phitiskes ofill de ldsy dkely
sur ar ea.

ace

to sinter together.

0034 The synergistic combination of catalytically active nanoscale particles with
a catalytically active fibrous support can produce a more efficient catalyst. Thus,
nanoscale particles disposed on a fibrous support advantageously allow for the use
of small quantities of catalyst to catalyze, for example, the oxidation of CO to CO;
and/or reduction of NOy to Nj.

0035 According to a preferred method, nanoscale metal particles and/or
nanoscale metal oxide particles such as nanoscale copper oxide and/or nanoscale
iron oxide particles can be dispersed in a liquid and intimately contacted with a
fibrous support, which is dried to produce an intimate dispersion of nanoscale

particles within or on the fibrous support.
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0033 In order to maxi mze the anmount of surface area
of the nanoscale particles available for catalysis,
woee@herakl y | ess than a nonol ayer of the nanoseel/eB2004/002176

particles is deposited within and/or on the fibrous
support. For exanple, the catal yst can conprise from
about 0.1 to 50 wt.% nanoscal e particles supported on

a fibrous support. By adjusting the |oading of the
nanoscal e particles on the fibrous support, the
activities of the catal yst/oxidant can be regul ated.

By depositing I ess than a nonol ayer of nanoscal e

BRG] RseyBRp i g@ggﬁmdﬁ%&&u@@m@ cdifbe formed

conbi nati_on ofo S{ | ytical Do3a The Synergistic
O] . al ytica |ve nanos
Fasit apcashepina 1 rc&latsamm ti%‘m s RRRE R e e pER "

can produce a nore efficient catalyst. Thus,
rampoual. Fqraxainplees niital prsEEsonTIch af CHPRSY PeRARHiopate can be
advant ageously allow for the use of small quantities

Qﬁss@f%@llﬂ/ 8 bolvéntaattahyAeohof aid ensavpadevith héiboxisdappah Bie
and/ or reduction of NO, to N2. 0035

ﬁ‘%}l%?eg% %8 s &E@Jee}{eaﬁd tchETréMtFlﬁem@aﬂt%ﬁ@leﬁu&etfaf example 200-

or nanoscal e netal” oxi de partlcles such

as nanoscale cop oxi de. a r Qsca

HIOECe s T%We%gl CEBPSIPT %tge gL P s Sgr R 1|i)§r1ri3t e y
contacted with a fibrous support, which is dr|e
poadatiom and depositien ef wiropwkesineial emetaheddapaticlss W‘ih& Fon
wWithin or on the fibrous support. -12 WO 2004/110184

%@Ebﬁ%@gﬂﬁmﬂﬁ 0036 According to another preferred

nanoscal e particles can be forned
0037 An example of nanoscale metal oxide particles is iron oxide particles.

For instance, MACH I, Inc., King of Prussia, PA sells Fe,0; nanoscale particles
under the trade names NANOCATI Superfine Iron Oxide (SFIO) and NANOCATIN
Magnetic Iron Oxide. The NANOCATI Superfine Iron Oxide (SFIO) is amorphous
ferric oxide in the form of a free flowing powder, with a particle size of about 3 nm,
a specific surface area of about 250 m?/g, and a bulk density of about 0.05 g/ml. The
NANOCATU Superfine Iron Oxide (SFIO) is synthesized by a vapor-phase process,
which renders it free of impurities that may be present in conventional catalysts, and
is suitable for use in food, drugs, and cosmetics. The NANOCATID Magnetic Iron
Oxide is a free flowing powder with a particle size of about 25 nm and a specific

surface area of about 40 m*/g.

0038 The fibrous support can comprise a mixture of refractory carbides and

oxides, including amorphous and crystalline forms of such fibrous materials.
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in situ upon heating a fibrous support that has been
contacted with a netal precursor conpound. For
wesz@apless a netal precursor such as copper penperEB2004/002176

di onate can be dissolved in a solvent such as al coho

and contacted with a fibrous support. The i npregnated
support can be heated to a relatively |ow tenperature

for exanple 200- 400EC, wherein thermal deconpositi on’

of the nmetal precursor results in the formation and
deposition of nanoscale netal or netal oxide particles
within or on the fibrous support. 0037 An exanple of

E&?‘«o it ng}“% glag%%: at c&ﬁlﬁem%ﬁﬁlkm éHéaﬂ 5e lhsreﬂ rds Q&ib?&ls support include

I nstance |ng of

et a RanCos gL ?ffzea%'fiffgﬁ e 'a?% QR pheR

NANOCCATO Magnetic Iron Oxide. NOCAI Superfine
| contpofkit ghtas¢eSFIBOEh ﬁ@eémr@d@%ﬂéﬂma@f%%eﬁéo mpst gibstances.
formof a free flow ng powder, with a particle size of

GhREd qdr T maufbReEdd usingspovideeel qraeta cofstehboa feedsock and is
erI g, and a bul k density of about 0.05 g/m . The

an({;gl ¥9ar§§&%ﬁf el fh QA s%d gﬁocﬁﬁ@a@ gbrierdyirbésded €bnbligh

se ﬁrocess h renders it free of

|rrpur|t|esth ent_in

caiPHy e satindn P catrey s poplofd L % b emperature
and cosnetics. The NANOCATO Magnetic Iron id

f fomer Z000%A) oSipowesuilgblEeat paIeENEAEE SRS a7 © Og‘ﬁE{?P Iy powered
nm and a specific surface area of about 40 nR2/g. 0038

H?ngcbgfﬂ%ew&pﬁﬁ)c@@n conprise a mxture of
ractory carbides and oxides, including anorphous

and crysial o gpecﬁ{cné%rﬁge e Bt 1fhb bibetsSisBRhEthe Fbsous-sbpport is
preferably low, typically less than about 200 m*/g, but greater than about 0.001 m?/g,
preferably between about 0.1 to 200 m?*/g. The length of the fibers is preferably
greater than about 1 cm, e.g., greater than about 2.5 cm, but typically less than about
25 cm. Preferably, the fibers are not woven like cloth, but instead are randomly
intertwined as in a non-woven mat or rug. Preferably, the fibers are catalytically
active fibers.

0040 Molecular organic decomposition (MOD) can be used to prepare
nanoscale particles. The MOD process starts with a metal precursor containing the
desired metallic element dissolved in a suitable solvent. For example, the process
can involve a single metal precursor bearing one or more metallic atoms or the
process can involve multiple single metallic precursors that are combined in solution

to form a solution mixture. As described above, MOD can be used to prepare
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WD 2004/ 110184 PCT/ |1 B2004/ 002176 Exenpl ary cl asses of

ceramc materials that can be used as a fibrous
waepportisd ncl ude fused quartz and fused sili cBCT/Hee@d02176

quartz and fused silica are ultra pure, single

conmponent gl asses. Both fused quartz and fused silica

are inert to nost substances. Fused quartz is

manuf act ured usi ng powdered quartz crystal as a

feedstock and is normally transparent, while fused

silica products are generally produced from high

purity silica sand. In both cases, the fusion process

is carried.out.at hi . idine th
D ph DR BN Sy U AQURR i e

electrically powered furnace or flane [ OGER
pedBlepiiet PY PBYLA R RS ’5?1"3)5 COptartiRg 3 |1§I§Pg % ed asﬁa1
the fibrous support is preferably low, typically. |ess
tohetal prb@usor R6I0tioR Ared thbunalbfrcteaﬂ@PO%lh&%eé%étPre‘?"é to give
n2/ g, preferably between about 0.1 to 200 nR/g. The

Ifgﬁggcgleqjaﬁgm.fi bers is preferably greater than about
cm e.g., greater than about 2.5 cm but typically

less t (ﬂ)?,@ o a@%gcgeﬁ?%gaétiﬁbn @B‘%@P&Eﬁ@ lo¥ thetrh&@all pro@irsords thenot

woven I nstéad are randomy

intertw ned as in .a non-wovern . Q. -8 3R th
T S R
Mol ecul ar organi c deconposition (MXD). can he used t
phehatomsn Rcing diie prreessithe b@t.lds'hﬁlé"’qmﬁl‘iﬁ%?@& é‘n‘iﬁ’ﬁr‘?egal atoms
wWth a nmetal precursor containing the desired

MRt dkdlich sBbIEMBNhe Qicastslavedhpionized suitherwliss sspareiedronrgie metal.
exanpl e, the process can involve a single netal

Sﬁ%@a@ﬁy PSS ﬁga\}gl dREQPYsE. MRkxlEr, SardisCdl® particleb enay also

can invo [tiple single netallic
pcr:(?r?teltjiilscgb%nto %&ne "fFoms %Etc%flc?e%o}n%o?ﬁbﬁ' bt @R organic or inorganic

components present in the metal precursor and/or solvent.

0042 The metal precursors used in MOD processing preferably are high
purity, non-toxic, and easy to handle and store (with long shelf lives). Desirable
physical properties include solubility in solvent systems, compatibility with other

precursors for multi-component synthesis, and volatility for low temperature

processing.

0043 Multicomponent nanoscale particles can be obtained from mixtures
of single metal (homo-metallic) precursors or from a single-source mixed metal
(hetero- metallic) precursor molecule in which one or more metallic elements are
chemically associated. The desired stoichiometry of the resultant particles can

match the stoichiometry of the metal precursor solution.

-15-



to forma solution mxture. As described above, MOD
can be used to prepare -14 WO 2004/110184

weamahBa®N4/ 002176 nanoscal e netal particl es BeMIB2004/002176
nanoscal e metal oxide particles prior to adding the
particles to the fibrous support, or in situ, by
contacting a fibrous support with a nmetal precursor
solution and thermal |y deconposing the metal precursor
to give nanoscale particles. 0041 The deconposition
tenperature of the netal precursor is the tenperature
at which the |igands substantially dissociate (or

R

t he bg s and the nmetal atons are

broken such that .the |i.gands ]

otisl W G PeRbE e PSR Ao 5 Sp e prespr
the |igand(s) deconpose, However, nanoscal e particl.es
mhgolaysas walbast ppAuics SiokbIPTeEYai IFRIEFOMPEIAT 5 A F U OrS: OF i other
deconposition of the organic or inorganic conponents

288 Gy bfflertadeesed Aktapsyatamsswhosastighy msiel preprson baye
The nmet'al precursors used in MOD processing preferably

ar ' iy 2 i easy to handl d
s‘{ngfb%%a%vﬂ\) St%ﬂé‘?g@ﬁ@ﬁ’b%‘g%%@gsi r Z\b| e Sﬂysiecgln

Compatts: | Mpiprabiees o4t (iRl ey 888 roactions o
mul ti-conmponent synthesis, and yolatility for .|ow

t ebpiitnon reactignsduesisinggnetabasoities W(‘%ﬂ@%& A3 RERSEEsgFsSuch
particles can be obtained fromm xtures of single

Rt fbtafdd OpAikERSatds o€ hitikesc Besarss thercobwbimation reactions are

si ngl e-source m xed net al
controlled by thermodynamics, however, the stoichiometry of the hetero-compound
once isolated may not reflect the composition ratios in the mixture from which it
was prepared. On the other hand, most metal alkoxides can be combined to produce
hetero-metallic species that are often more soluble than the starting materials.
0046 An aspect of the method described herein for making a catalyst is that
a commercially desirable stoichiometry in the nanoscale particles can be obtained.
For example, the desired atomic ratio in the nanoscale particles can be achieved by
selecting a metal precursor or mixture of metal precursors having a ratio of first
metal atoms to second metal atoms that is equal to the desired atomic ratio.
0047 The metal precursor compounds are preferably metal organic
compounds, which have a central main group, transition, lanthanide, or actinide

metal or metalloid atom or atoms bonded to a bridging atom (e.g., N, O, P or S) that

is in turn bonded to an organic radical. Examples of the central metal or metalloid
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(hetero- netallic) precursor nolecule in which one or
nore netallic elenments are chemcally associated. The
waele®isnedsst oi chi ometry of the resultant parti cPEBIB280W/002176

match the stoichionetry of the nmetal precursor
solution. -15 WD 2004/110184 PCT/|1B2004/ 002176 0044
In preparing nulticonponent nanoscal e particles, the
use of different single-nmetal precursors has the
advantage of flexibility in designing precursor

rheol ogy as well as product stoichionetry.
Hetero-netallic precursors on the other hand, may

fer S QBVIBHRE 81,31Vl € @b, abe, Co, Ni, Cu,
ﬁﬁ%ﬁwgors é%ﬁn&ﬁn é%?%a 1€ sghublflfy, vglatlfity or

AN M S S

subst itution reactions by mxing netal al koxi des
Sudh atetal chmponmadsahayinelude elspxides; Sndikefenaies cagbaygylates,
(3-di ketonates or nitrates. Because the conbination

ro%ﬁf%&ésoaﬁat% GhydEi08Y, (ablars, dnidéshattrmdy crabomsss, tomatessplfates,
t he st0|ch|onetry of the hetero- compound once

3 O LB Q0SB GBS, ANIRASAI rurdch chPBlsb Be bi36-

was prepared. 'On the other

'Fé‘aﬂgcr a1 @?s'gv@?léé e

than the starting materials. 0046 An aspect af @1 1
nbieadribastonbefiarhengatia grayp. Mk@%@%pr@a%sarnﬂé’fﬂh c{afyeta
a commercially desirable stoichionetry in the

gﬂeaﬁgﬁggreaﬁgdulsgddqgkﬁ;an be obtai ned. For exanple, the
sired atomc ratio in the nanoscal e particles can be

achi ev@%SbyPre tﬂ){‘éﬂe @yrﬂﬁés@ ofHaBEIERVxid¥s abd MbleceleOhaving

net al SCUT Sor s aV|ng ratio of first
pre-existing metal-oxygen bonds such as metal alkoxides M(OR), or oxoalkoxides
MO(OR), [I = saturated or unsaturated organic group, alkyl or aryl), B-diketonates
M(B-diketonate), (B-diketonate = RCOCHCOR") and metal carboxylates M(OCR)n.
Metal alkoxides have both good solubility and volatility and are readily applicable
to MOD processing. Generally, however, these compounds are highly hygroscopic
and require storage under inert atmosphere. In contrast to silicon alkoxides, which
are liquids and monomeric, the alkoxides based on most metals are solids. On the
other hand, the high reactivity of the metal-alkoxide bond can make these metal
precursor materials useful as starting compounds for a variety of heteroleptic species

(i.e., species with different types of ligands) such as M(OR),xZx (Z = B-diketonate

or O,CR).
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netal atons to second netal atons that is equal to the
desired atomc ratio. 0047 The netal precursor
w@eospounss are preferably netal organic conpoRCiEB2004/002176
whi ch have a central main group, transition

| ant hani de, or actinide netal or netalloid atom or

atons bonded to a bridging atom(e.g., N, O, Por S

that is in turn bonded to an organic radical.

Exanpl es of the central netal or netalloid -16 WO

2004/ 110184 PCT/1B2004/ 002176 atom i nclude, but are

not limtedto, B, C My, A, S, Ti, V, G, M, Fe,

Ni, ; : thBwrotbhs oflargddvariety of
o o Mt QI o ity i e e et
conmpounds_ may, i ncl ude al. koxi (3= dj
EBEiEsH Abations eamahedient fiepg ag it R Bk o
thiolates, am des, nitrates, carhonates, cyanateges hol
stoidhirtnastty bybising, derscxagtle pragass, by %YWHPQ}% Scuﬁg pagpohols,
The nmetal precursor can also be a so- called ..
QN ARNOIES I, @lyeoTORI(EH,) 01 eitoxalic and hydrorwsagioxalioiaids,
is bonded to one or nore carbon atons of an organic

QR 1 LEREGHS %E processing with these netal
PECtTSors are’

precu I scussed bel ow. 0048 Precursors for

the synthesis of . nanos Lde ul -
5050 o S Aeaind PP O HRORBRE TR Gy P Rl
al koxi des OR) " or oxoal koxi des 0 0 = .
&Mt@h@dgg(nc %&W%M legp SGF‘@QHPIE B %%a%‘éltk% n%’r'ﬂuormated
aryl), (3-diketonates M(3-diketonate)" '
(alkoxitidé e ThBRE @ateri RECEHBORY aaprecsorsl for Breridep) erides or

M QR2CR),,. Metal al koxides have both good solubility

e e T
hi 9ol QY JLBSRYP! ©
0051 Modification of metal alkoxides reduces the number of M-OR bonds
available for hydrolysis and thus hydrolytic susceptibility. Thus, it is possible to
control the solution chemistry ir situ by using, for example, metal B-diketonates
(e.g. acetylacetone) or carboxylic acids (e.g. acetic acid) as modifiers for, or in lieu
of, the alkoxide.
0052 Metal B-diketonates [M(RCOCHCOR )] are attractive precursors for
MOD processing because of their volatility and high solubility. Their volatility is
governed largely by the bulk of the R and R' groups as well as the nature of the

metal, which will determine the degree of association, m, represented in the formula

above. Acetylacetonates (R=R'=CHj3) are advantageous because they can provide

good yields.
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and require storage under inert atnosphere. In

contrast to silicon al koxides, which are liquids and
woroneirensL, the al koxi des based on nost net al SPEI/BB2004/002176

solids. On the other hand, the high reactivity of the

met al - al koxi de bond can nmake these netal precursor

materials useful as starting conpounds for a variety

of heteroleptic species (i.e., species with different

types of ligands) such as MOR" _,,Z, (Z =

(3-di ketonate or O2CR). -17 WD 2004/110184

PCT/ 1 B2004/ 002176 0049 Metal al koxides M OR)" react

easily with the protaons. of : =18

37 c i Mt iR s T Qi Ueh Bl Bt can fead 0
thus control of stoichionmetry by using, .for exanpl
degreasicn thedrigleprioeRsn @ECCUier- d<1°8 fg?lwgﬁggﬁgcg
(R3SiOH), glycols OH(CH2)" OH, carboxylic and
Rusiinxapehoand padymeiizision ithibitarsy Thes smhald pasticles car be
0050 Fluorinated al koxides MORF)" (RF = CH(CF3) 2,
Bladned afher ggclﬁ%{ygé% MHOFORL Bl b, 0B Bétglasabneans faand

"ess susce to hydrolysis than non-fl uori nated

al koxi des._ Th '
T R B R

as F-doped tin oxide, which can be used as nanoscal e
retfatred firgeeppeng nenassale pasitlerbdi f i cati on of netal
al koxi des reduces the nunber of M OR bonds avail abl e

fT(f]Hsm\/ di M Shfbor{ikiel Buch Aydetatey (MCOsLideRpiesohingrcially
us, it 1s possible to control the solution

g@%@?@g £ ¥l aBl, il cdfHe/Hnddh O arflijibal By hemirdlwith acetic

anhydride or with 2-methoxyethanol. Many metal carboxylates generally have poor

solubility in organic solvents and, because carboxylate ligands act mostly as
bridging-chelating ligands, readily form oligomers or polymers. However,
2-ethylhexanoates (M(O,CCHEt:Bu)n), which are the carboxylates with the smallest
number of carbon atoms, are generally soluble in most organic éolvents. A large
number of carboxylate derivatives are available for aluminum. Nanoscale
aluminum-oxygen macromolecules and clusters (alumoxanes) can be used as
nanoscale particles. For example, formate Al(O,CH)3(H20) and
carboxylate-alumoxanes [AlOx(OH)y(O2CR);]m can be prepared from the
inexpensive minerals gibsite or boehmite.
0055 The solvent(s) used in MOD processing are selected based on a

number of criteria including high solubility for the metal precursor compounds;

chemical inertness to the metal precursor compounds; theological compatibility with
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(e.g. acetylacetone) or carboxylic acids (e.g. acetic

acid) as nodifiers for, or inlieu of, the al koxide.
WO 1Masal (3-di ketonates [ M RCOCHCOR )"],,, BEEIB2004/002176

attractive precursors for MID processing because of

their volatility and high solubility. Their volatility

is governed largely by the bulk of the R and R

groups as well as the nature of the netal, which wll

deternmne the degree of association, in, represented

in the formula above. Acetyl acetonates (R=R =CH3) are

advant ageous because they can provide good vyields.

VR Q0L QB BNl B200 MR dvisCUIR3, Weitability and/or
feSgpR

onates are prone t0 a chel ati ng behavi or that

can |l ead ta_.a .decrease i.n I o1
me@%%w;waggﬁs e LB BRI YopBh pfcBEREand rte
reagents an ol ymeri zation inhibitors. .Th .
pAvagiotizations and peonopte ficiast (e Cott- 1GAINEH ‘é‘iygtsf’éf"slg?‘l’*tlc -
MOR) "_, t((3-di ketonate)x. Acetyl acetone can, for

i nst anoss Sohlehtsitha ngyriescad & M1 piagessinpriggludpdisilled water,
(3-di ketonate precursors are preferred for preparing

g&&%&aééfgf{&gfa@ba)ﬁ%hy@%&bwﬁi, alclenexancy koleass, sthyhacastes,

cetateé are coommercially available as

hydrates, which ca |
n;fgeaﬁwseea %ﬁﬁﬁé&%ﬁ%ﬂ%ﬁ%&%ﬁ e By
: ~car boxyl ates gener al | | ubiil j j
eghenzenssiveds, awti! Beialoura arasnep PR T Aepil iy
nmostly as bridging-chelating |igands, readily form
Net@esrhioroformomyreeal spirite wed grixtures thereof.

0057 Nanoscale metal particles may be incorporated into the fibrous
support by methods known in the art, such as ion exchange, impregnation, or
physical admixture. For example, nanoscale particles and/or a metal precursor may
be suspended or dissolved in a liquid, and the fibrous support may be contacted,
mixed or sprayed with the liquid having the dispersed particles and/or dissolved
metal precursor. The fibrous support can be dried and/or heat treated during or after
the coating step.

0058 According to a first embodiment, a liquid dispersion of nanoscale
particles can be combined with a fibrous support. Nanoscale particles may be
suspended or dissolved in a liquid, and the fibrous support may be mixed or sprayed
with the liquid having the dispersed particles. The liquid may be substantially
removed from the fibrous support, such as by heating the fibrous support at a

temperature higher than the boiling point of the liquid or by reducing the pressure of
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2- et hyl hexanoates (M Q2CCHEt" Bu)"), which are the

carboxylates with the smallest nunber of carbon
w@t@ag10184 e general ly sol uble in nost organi c BOI/1B20044002176

A large nunber of carboxylate derivatives are

avai | abl e for alum num Nanoscal e alum num oxygen

macr onol ecul es and cl usters (al unoxanes) can be used

as nanoscal e particles. For exanple, formate

Al (Q2CH) 3(H20) and car boxyl at e- al unbxanes

[ Al OX(OH) y(RCR) Z] m can be prepared fromthe

i nexpensive mnerals gibsite or boehmte. 0055 The

ﬁ}%l %\'ﬁgéﬁﬁé%e s‘ﬁﬁl%ﬁnﬂl?g E@??ﬁaﬂ’ﬁf’?ﬁm go Blaetieg)aeidledehaiech the

er of c udi ng high solubility for

the nmetal precursor , ' '

o S
conmpatibility with -19 WD 2004/ 110184

BIETlEEAA0, FOFNTS hexanss.deQrnali iy e, Falohgansy yings

(e.g., the desired viscosity, wettability and/or
cafyPatdtid, idlvienti, bénzetdsetetralnsiod o, aestens; earbyn diselifideng
poi nt; vapor pressure and rate of vaporization; and

g?%?%gh%@&tsg{u%béﬁeﬁeshﬁ ine, @Byl el clhibl, iethy] alcoholchutyl,

S oebss| _ Ivgntz that may be used in MDD
S nc e di.stilled F i
Wée@%ﬁ@%ﬁ‘@mﬁlﬁiﬂa@f@o@?@f i MR R hereot

yl acetates, toluene, benzenes, .
acet oS¢ Antgsherel, SEIGFFAIE PATIPIER FEY B Bl RSt R bombined
ni trobenzenes, pyridine, nethyl alcohol, ethyl

ah@al ehitabiayib tabivehalesiral Idatipg eSmetak pertilss on the support. For
chloroform nineral spirits, and nixtures thereof.

i"%@%gﬁ%@g afgﬁto%hde%ﬁtdwsl @Toppt otitlei pactivlgouaatbe gombined
with ceramic fibers to produce from about 0.1% to 50% wt.%, e.g. 10 wt.% or 20
wt.% nanoscale particles of iron oxide or copper oxide on ceramic fibers.

0060 By way of example, a 5 wt.% mixture of NANOCATIU iron oxide
particles was dispersed in distilled water using ultrasonication. The dispersion was
sprayed onto a 200 mg quartz wool support that was heated to about 50EC during
the coating step and then dried in air to give a catalyst comprising 100 mg nanoscale
iron oxide on the quartz wool. SEM images of the resulting catalyst are shown in
Figure 1. The catalyst was incorporated into the cut filler of an experimental
cigarette that was smoked under continuous draw conditions at a flow rate of 500

ml/min. A multi-gas analyzer was used to measure CO and NO. The amount of CO

and NO drawn through the experimental cigarette was compared with the amount
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support by nmethods known in the art, such as ion

exchange, inpregnation, or physical adm xture. For
wex@apliEgs nanoscal e particles and/or a netal pPEDIB28@Y002176

may be suspended or dissolved in a liquid, and the

fibrous support may be contacted, m xed or sprayed

with the liquid having the dispersed particles and/or

di ssol ved netal precursor. The fibrous support can be

dried and/or heat treated during or after the coating

step. 0058 According to a first enbodinent, a liquid

dispersion of nanoscale particles can be conbi ned
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[ educi ng the pressufe of - 2004/ 1{1.0184 NO (mg)

PCT/ 1 B2004/ 002176 he at m)spg e surrpunding the
i brous_support so that the particlest+erain—on—the
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support . ;g&_lqu|d used tozggrn1a di spersi on 0£31 he

nanoscal e particles|can include disti|led water,
ananas,_he»eaaes——Zvaﬂwa* He—hytrocarbofs;
bycl ohgxap@eatalxy! engs, et hylb.sacet at es| tol uen&,167

benzenes, tetrahydrofuran, acetone, cafbon disulfide,

ﬁ'ch!o.obcuLcuca mrtrobenzenes,  pyri dine, th

| coh®eduaiohydo) al colfol , butyd5.7 al cohol | al dehy
et ones, chloroforn1 m neral spirits, $nd m xt ur es

Lhereeft—00859—tn—generat,—tanoscate parti cl és and a
fibrous support _can be c
0061 pgccordmg toa seconcﬁrb mgocgment nanoscale particles can be

formed in sifu on a fibrous support via the thermal decomposition of a metal
precursor compound. Suitable precursor compounds for the metal, or metal oxide
nanoscale particles are those that thermally decompose at relatively low
temperatures, such as discussed above. The concentration of the metal precursor in
the solvent generally ranges from about 0.001 molar (M) to 10 M, preferably from
about 0.1 to 1 M. The metal precursor solution and fibrous support can be combined
at about ambient temperature, e.g., by spraying or dip coating, or at elevated
temperatures, e.g., through reflux. The temperature of the mixing typically ranges
from about ambient, e.g., 23EC to about 50EC. The mixing is preferably conducted
at ambient pressure.

0062 After contacting the fibers with the solution containing the metal

precursor, the fibrous support material can be dried in air at a temperature ranging
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in any suitable ratio to give a desired | oadi ng of
metal particles on the support. For exanple,
wWoamesoEBe iron oxide particles or copper oxi deCT/IB2004/002176
particles can be conbined wth ceramc fibers to
produce from about 0.1%to 50%w.% e.g. 10 wt. % or
20 w.%nanoscal e particles of iron oxide or copper
oxi de on ceramc fibers. 0060 By way of exanple, a 5
wt. % m xture of NANOCATO iron oxide particles was
di spersed in distilled water using ultrasonication.
The di spersion was sprayed onto a 200 ng quartz wool

i R L e e Y
ool pr SO TG e P OYRD bl e b e DB un

in Figure 1. The catalyst was incorporated into the
Whcofdind @ronefpreferrek pabodimattathe dried aresurserfiysqusgapport can be
snoked under continuous draw conditions at a flow rate

ka2 e.g. Ve 00 §dcoBiPascAN@ et pradassot amilfdrm a catalyst
AUrs ang LT

e anbunt of CO and NO dr awn

t hrough the experinmental. ci gargt |
B o L L S A
through a catalyst-free control cigarette. The data i
Tabther ambbdient, dheedniadeprequnar-SIPErHs FIPRYBE SHHRRCHIPI %‘f?{ﬁﬂ cut
a nanoscal e particles/quartz wool catalyst. Table 1.
Regipct i on of CO and NO usi ng NANOCAT/ quartz wool
catalyst. CO (ng) NO (ng) Control 23.7 0.233

Exper i §iRat afhe frefil Bre%@rgor can be decomposed to form nanoscale particles

that are dispersed within or on the fibrous support by thermally treating the metal
precursor to above its decomposition temperature. Thermal treatment causes
decomposition of the metal precursor to dissociate the constituent metal atoms,
whereby the metal atoms may combine to form nanoscale metal or metal oxide
particles. Where the metal precursor comprises more than one metallic element, the
nanoscale particles may have an atomic ratio approximately equal to the
stoichiometric ratio of the metals in the metal precursor solution.

0064 The thermal treatment can be carried out in various atmospheres. For
instance, the fibrous support can be contacted with a metal precursor solution and
the contacted support can be heated in the presence of an oxidizing atmosphere and
then heated in the substantial absence of an oxidizing atmosphere to form nanoscale
metal oxide particles. The oxidizing atmosphere can comprise air or oxygen.

Alternatively, the fibrous support can be contacted with a metal precursor solution
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Reduction (9% 55.7 28.3 0061 According to a second

enbodi ment, nanoscal e particles can be fornmed in situ
wo@eooa/1fG1R¢ ous support via the thermal deconposPCT/BR0@H002176

a metal precursor conpound. Suitable precursor

conmpounds for the netal, or nmetal oxide nanoscale

particles are those that thermally deconpose at

relatively low tenperatures, such as di scussed above.

The concentration of the netal precursor in the

sol vent generally ranges from about 0.001 nolar (M to

10 M preferably from about 0.1 to 1 M The netal

precursor sol ut] f '
B Bstpiaa Rl e oL Bl B SRR [GWERD AoGEY QO

coating, or at, eleyated enper at ures .
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from about anbient, e.g., 23EC to about SO0EC. The
miitxogeq, dnsmpnief @rlai! dioida dud méxures thegeai &Pfe%r@ééﬁﬁl%.ing
0062 After contacting the fibers with the solution

%ﬂﬁ&s?h@ljeriga hi@op&i-altrogpl edxtuede.g., frmih gaus suppor t
material can be dried in air at a tenperature rangi ng

22 VBR004 410350 ECTLYERN0N BRI s preRaBsCitica S

to a ow t he deconposition tenperature

of the neta recur [ .

Serneeamvel b e sy B RA R b the metl
preferred enbodi nent, the dried precursor-fibrous. ..
supposdr. The prederrddelzaatiog tengraturg el élem;@é@ tfh{a Qm%cular ligands
deconpose the netal precursor and forma catal yst

MRLEhE Fll 69 BR Hicsdperdatanramestyaof thelmeialés) andany plepdesired

support. According to
groups which are to remain. However, the preferred temperature is from about
200EC to 400EC, for example 300EC or 350EC. Thermal decomposition of the
uniformly dispersed metal precursor preferably results in the uniform deposition of
nanoscale particles within and/or on the surface of the fibrous support.

0066 By way of example, nanoscale copper oxide particles were formed on
quartz wool by uniformly mixing quartz wool with a 0.5 M solution of copper
pentane dionate in alcohol to the point of incipient wetness. The support was dried
at room temperature overnight and then heated to 400EC in air to form a catalyst

material comprising nanoscale copper oxide particles that were intimately

coated/mixed with the quartz wool.

0067 In general, a metal precursor and a fibrous support can be combined
in any suitable ratio to give a desired loading of metal particles on the support. For

example, iron oxalate or copper pentane dionate can be combined with quartz wool
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anot her enbodi nent, the dried precursor-fibrous

support can be conbined with cut filler. 0063 The
woredoali1qas€£cur sor can be deconposed to form nanPGTE2004/002176

particles that are dispersed within or on the fibrous

support by thermally treating the netal precursor to

above its deconposition tenperature. Thermal treatnent

causes deconposition of the nmetal precursor to

di ssoci ate the constituent netal atons, whereby the

metal atons may conbine to form nanoscal e netal or

netal oxide particles. Wiere the netal precursor

rise et % lLic 5}

i onarord B8 §af R L 18 SHPE0k 20 W% nanoscale
apprOX|nater equal tq the, stoichioneiric r
hgickastod irem oxidenBoR BT Y AR i SOPPS S Brl™ é’if’
thermal treatnment can be carried out in various
at mos 068 e Thefdrous suppermowy indhederant thamaliy sﬁgbwﬁr@é?ﬁl%@t
contacted with a netal precursor solution and the

dl?eﬂtxﬁﬁ'clﬁ WRAhkate@ b Henipraied at whiche metebprcwsafis an
oxi di zing atnosphere and then heated in the

f’éﬁ%?gegtt'% %lmee%‘l aﬂ%ntfig s@ffac@ R, r0Adels Bt ﬁEmbﬁ.ﬁ@ cdrfiple@tyTor

oXi articles. The i zi ng
at nosphere can co e air. or ;Lernatively,
taierpise s eRMS H5BeR . 8 FHPpYttiog °é¥%8 PRECITSs et al

precursor solution -23 WO 2004/110184

PCT/ | BG604/D0217e candbrsine of Gtta &iQelthepidsangsaqlqparticles
heated in an inert or reducing atnosphere to form
NARPBSRNR raMical. PaF &teips naddseale #ei@ prgticlesmep be raslugethto

conprlse hydrogen, nitrogen, anmonia, carbon di oxi de

apegOA,, R 5S% &L{}ﬁfgecﬁé reabridd &f @O kEE O, e IUE ifiBbus support
advantageously acts as a spacer between the nanoscale particles and prevents them
from sintering together, which would result in a loss of surface area and catalytic
activity.

0070 Tron oxide is a preferred constituent in the catalyst because it may
have a dual function as a CO catalyst in the presence of oxygen, and as a CO and/or
NO oxidant for the direct oxidation of CO in the absence of oxygen and/or reduction
of NO. A catalyst that can also be used as an oxidant is especially useful for certain
applications, such as within a burning cigarette where the partial pressure of oxygen
can be very low.

0071 Figure 2 shows a comparison between the catalytic activity of FeyOs

nanoscale particles (50 mg samples) NANOCATI Superfine Iron Oxide (SFIO)

from MACH I, Inc., King of Prussia, PA) having an average particle size of about 3

5.



at mosphere is a hydrogen-nitrogen mxture (e.g.,

formng gas). 0065 The nmetal precursor-contacted
wGaupportisdi s preferably heated to a tenperat urBCETB2804/002176

to or greater than the deconposition tenperature of

the nmetal precursor. The preferred heating

tenperature will depend on the particular |igands

used as well as on the degradation tenperature of the

metal (s) and any other desired groups which are to

remai n. However, the preferred tenperature is from

about 200EC to 400EC, for exanple 300EC or 350EC.

Ejgf }rlrr%lﬁ (@5\9?%%% (tr)'%ﬁgw&’ r (hgﬁl AldRth ehenicall CoRpasPthaving an

ursor erabl’y results in the uniform

deposition of no | j i thj

eHeaEFagE S8 of AT P BFSE IOt LBk S S h belance
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0.5 M solution of copper pentane dionate in al cohol

1 AndR8le paHitles@howRahideifhetperoestage Theonyensisoraf oaebon
ried at roomtenperature overnight and then heated

gqg?ﬁﬁ)%%ﬁ?o Rodh rdi&&}é‘ BLMR 1&%&@%@)5 pari@les i al

[

C
il I fl Ing nanoscg/ e copper "oxide particles that were

imtely  coate i xed w t 7 .
gener &0/2a Ahse‘_?lﬁli‘tl%}eg] @E P weztacgdl aggsfclg%ﬁ%%}gc 1%%% g?éég%aor? ating
be cpnblngd in any suitable ratio to,give desi r.ed
| azddinan ofidantfer the g(pmqegm@goﬁﬁqu{qqéngrtp&&?prtp_ca%&p d10%idS and as a
exanpl e, iron oxalate or copper pentane dionate can be
CORAN RS tHé Edhvatsii & captiin merd4idafo 2aban diaxidyand/or nitric oxide
PCT{J B2004/ 002176 to produce from about 0.1%to 50%
V%o'm/‘t’rog%ng For edinffile MmOFeS) nthostal PaRRLRIceN act as a catalyst in the
pyrolysis zone and can act as an oxidant in the combustion zone.

0073 Nanoscale iron oxide particles can act as a catalyst for the conversion
of CO to CO, according to the equation 2CO + 0, 6 2CO, and for the conversion of
NO to N, according to the equation CO + 2NO 6 N, + CO,. Nanoscale iron oxide
particles can act as a oxidant for the conversion of CO to CO, according to the
equation CO + Fe;03 6 CO, + 2FeO.

0074 To illustrate the effectiveness of nanoscale metal oxide, Figure 3
illustrates a comparison between the temperature dependence of conversion rate for
CuO (curve A) and Fe,O3 (curve B) nanoscale particles using 50 mg CuO particles
and 50 mg Fe,03 nanoscale particles as a catalyst in a quartz tube reactor. The gas

(3.4% CO, 21% O,, balance He) flow rate was 1000 ml/min. and the heating rate

was 12.4 K/min. Although the CuO nanoscale particles have higher conversion rates
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particles of iron oxide, iron oxyhydroxi de or copper
oxi de on quartz wool. 0068 The fibrous support may

wo padasany thermal |y stable/fire resistant PElt/EB2064/002176
whi ch, when heated to a tenperature at which a netal
precursor is converted to a netal on the surface
t hereof, does not nelt, vaporize conpletely, or
ot herwi se becone i ncapabl e of supporting nanoscal e
particles. 0069 During the conversion of COto C02,
t he oxi de nanoscal e particles may becone reduced. For
exanpl e, nanoscal e Fe2Q3 particles may be reduced to

A, FeO ol 416ble
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bet ween t he nanoscal e partlcles and prevents them
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of surface area and catalytic _activity g é
OXI de 00F5a Tebds 2shasws eensparisoe hetwegn ffWéa%%\P fareen monoxide to
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oxygen and/or reduction of NO A catalyst that can
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S ) S ﬂé&%’é&g can_be
3;ry 'OW 0071 Figure 2 shows a conpdri so

atManascale particlet y of FeS€¥C Qﬂanoscale palt @P “’PE(C[B

anml QQ\ (NANﬁ‘ATn Qllnarf: re—+er—0-de \SFI CJ)

rom MA%de, Inc. | King ofo_B’[ ussi a, HA) havi ng48n
average particle size of about 3 -25

CuO 0.29 67

—

Fe 03 0.23 100

0076 In the absence of nanoscale particles, the ratio of carbon monoxide to
carbon dioxide is about 0.51 and the oxygen depletion is about 48%. The data in
Table 2 illustrate the improvement obtained by using nanoscale particles. The ratio
of carbon monoxide to carbon dioxide drops to 0.29 and 0.23 for CuO and Fe,O;
nanoscale particles, respectively. The oxygen depletion increases to 67% and 100%

for CuO and Fe,03 nanoscale particles, respectively.

0077 The catalysts will preferably be distributed throughout the tobacco
rod portion of a cigarette. By providing the catalysts throughout the tobacco rod, it

is possible to reduce the amount of carbon monoxide and/or nitric oxide drawn
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WO 2004/ 110184 PCT/1B2004/ 002176 nm (curve A), versus
Fe203 powder (from Al drich Chem cal Conpany) havi ng an
w@e@sagasparticle size of about 5m (curve B). ACEIRPAGH/002176

(3.4% CO, 20.6% 02, balance He) flow rate was 1000
mM/mn. and the heating rate was 12 K/m n. The Fe203
nanoscal e particles show a much hi gher percentage of
conversi on of carbon nonoxide to carbon di.oxi de than
the | arger Fe203 particles. 0072 As nmenti oned above,
Fe203 nanoscal e particles are capable of acting as
bot h an oxi dant for the conversion of carbon nonoxi de
Q 1A Q%] k ¥&tbhiiontrBEon and in the
%%ﬁ@@ggggﬁg%gébar on &%%g&?é@ﬁp% car bon di&%ide and/ or
nitri¢c oxide to nitrogen. For exanple, the Fe203
i ®Cparticles can act as a catalyst in the
pyrol ysis zone and can, act as an oxiqant.ip t he
conbu$07®n Thersatalygtsy whithireawpasenanosraloRattgles spRRogied on a
can act as a catalyst for the conversion of COto CO2
FHOusHupgort, andyttee quided elong GO lengl2 oba Kd@Rcaaied Hyakistiihgting
conversion of NOto N2 according to the equation CO +

bARH 85 GRbEARIB theth teo tRad ifitlee®bacuo. The
§%§%§g®%sg§?%§ﬁt for theﬁ%onvgrsion of COto CO2

accordi ng to the uat i on * : {oarett
capsry i by e Ble P alel GiERSRR shhict 1§ i igerere
nmetal oxide, Figure 3 illustrates a conparison

selioe machiae pbisEre o ebAURHRIGEIE > BTDREIR L TP popst gound
for CQuO (curve A) and Fe203 (curve B) nanoscale .

PRE Ligaterts rodi Agedifingto Cpfpread dntodémentnwhgonangseaiopaticles
nanoscal e particles as a catalyst in a quartz tube

[ ?%rﬁ{ed z{g 4asg MED4¥ERin@dhReibddaibans hekting the dibrous

at e ‘was mn. "and the heating rate

support comprising a metal precursor solution to a temperature sufficient to
thermally decompose the metal precursor into nanoscale particles can be performed

prior to adding the impregnated support to the cigarette.

0079 The amount of the catalyst can be selected such that the amount of
carbon monoxide and/or nitric oxide in mainstream smoke is reduced during
smoking of a cigarette. Preferably, the amount of the catalyst will be a catalytically
effective amount, e.g., from about a few milligrams, for example, 5 mg/cigarette, to
about 200 mg/cigarette or more.

0080 One embodiment provides a cut filler composition comprising
tobacco and at least one catalyst, as described above, which is capable of converting

carbon monoxide to carbon dioxide and/or nitric oxide to nitrogen, where the
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was 12.4 K/mn. A though the CuO nanoscal e particles
have hi gher conversion rates -26 WO 2004/110184

weanahBa®N4/ 002176 at | ower tenperatures, at PECTIB2004/002176
tenperatures the CuO and Fe203 have conparabl e
conversion rates. 0075 Table 2 shows a conpari son
between the ratio of carbon nonoxide to carbon

di oxi de, and the percentage of oxygen depletion when
using CuO and Fe203 nanoscale particles. Table 2.
Conpari son between CuO and Fe203 nanoscal e particles
Zgnoscg 8 ggrticle CO C02 02 Depletion (%9 None 0.51
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o carbon dioxide_js about 0.51 and the oxygen
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depl etion increases to 67% and 100% for CuO and Fe203
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tobacco materials such as volume expanded or puffed tobacco, processed tobacco

stems such as cut-rolled or cut-puffed stems, reconstituted tobacco materials, or
blends thereof. The tobacco can also include tobacco substitutes.

0082 In cigarette manufacture, the tobacco is normally employed in the
form of cut filler, i.e. in the form of shreds or strands cut into widths ranging from
about 1/10 inch to about 1/20 inch or even 1/40 inch. The lengths of the strands
range from between about 0.25 inches to about 3.0 inches. The cigarettes may
further comprise one or more flavorants or other additives (e.g. burn additives,
combustion modifying agents, coloring agents, binders, etc.) known in the art.

0083 Another embodiment provides a cigarette comprising a tobacco rod,
wherein the tobacco rod comprises tobacco cut filler having at least one catalyst, as
described above, which is capable of converting carbon monoxide to carbon dioxide
and/or nitric oxide to nitrogen. In addition to being located in the tobacco cut filler,

the catalyst can be located in the cigarette paper and/or filter of the cigarette.
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IS possible to reduce the anmpbunt of carbon nonoxi de

and/or nitric oxide drawn -27 WO 2004/110184
weFansnBaARN4/ 002176 through the cigarette, andPCT/IB2004/002176

particularly at both the conbustion region and in the

pyrol ysis zone. 0078 The catal ysts, which conprise

nanoscal e particles supported on a fibrous support,

may be provided along the Iength of a tobacco rod by

distributing the catalysts on the tobacco or

incorporating theminto the cut filler tobacco. The

catal ysts nay al so be added to the cut filler tobacco

st ock pl FRAH

added D872 4 Bl st BEIACEBUES o FREIEDIR: ga%“%f%ém“e

paper. around . the ci arett rod cor.di n
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formed in situ using MOD processing as descri bed

aligavette fileeas (i) g»rmhémg ither ety llexsta gragaretteompking maghipe fp form a

precursor solution to a tenperature sufficient to

1{584ceB kb linhe ﬁﬁgph&ﬁtgbflﬁpmppemamﬂsm tabata cvduros tafosm a
particles can be performed prior to adding the

t”P%eﬁg 3. %Hg )%;k'r? B@%(%nagg a&étl%ng HALELEE 108 Ihd iBagiabdto form

cata ed such that the anpunt
car bon nonoxi de and/or nitric oxide in nmainstream
Sangg%rett% reduced during snoking of a cigarette.
Preferably, the anmount of the catalyst will be a
cat al y8085al Technisfube faricigaretigunanuiaciirg are knog 1&6}6"(1?“

fewmlligrans, for exanple, 5rrg/0|garette to about

200 BRH HiaDéY 18b dific0 kigaretie mAAfte@miquerhadberesed tpinpeingese the
a cut filler conposition conprising

catalysts. The resulting cigarettes can be manufactured to any known specifications
using standard or modified cigarette making techniques and equipment. Typically,
the cut filler composition is optionally combined with other cigarette additives, and
provided to a cigarette making machine to produce a tobacco rod, which is then
wrapped in cigarette paper, and optionally tipped with filters.

0086 Cigarettes may range from about 50 mm to about 120 mm in length.
Generally, a regular cigarette is about 70 mm long, a "King Size" is about 85 mm
long, a "Super King Size" is about 100 mm long, and a "Long" is usually about 120
mm in length. The circumference is from about 15 mm to about 30 mm in
circumference, and preferably around 25 mm. The tobacco packing density is
typically between the range of about 100 mg/cm’ to about 300 mg/cm’, and

preferably 150 mg/em’ to about 275 mg/em’.
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tobacco and at | east one catal yst, as described above,

which is capable of converting carbon nonoxide to
w@a00Bomisd oxi de and/or nitric oxide to nitrogePCT/IB2e04002176

the -28 WD 2004/110184 PCT/1B2004/ 002176 catalyst is

in the formof a nanoscale netal particles and/or

nanoscal e netal oxide particles supported on a

fi brous support. 0081 Any suitable tobacco m xture may

be used for the cut filler. Exanples of suitable

types of tobacco materials include flue-cured, Burl ey,

Maryl and or Oriental tobaccos, the rare or specialty

t obac ?@?&eg‘{n“.‘g @b@gﬁ@%@&{%ﬁa& 4 RBACE A bRk Fhe Giddtette

be pr acco | am na, processed

tobacco material s. such as vol.une expand Qr f .
dopthed sbptesbeduvolpuie e eSS AE G Yok sh f lrgwine
or cut-puffed stens, reconstituted tobacco terials,
dhe stobleniisoughdhe oigaretthevhestindepng the saoking ofche gigarette, the
tobacco substitutes. 0082 In cigarette manufacture,
tguly<0 B@s 69a baalysy fonthe\cosvapsioy eficarbort menoXide tn esfrbandioxide
filler, i.e. in the formof shreds or strands cut into

W&Qﬁﬁ%mﬁgggkgq %% nabout 1/10 inch to about 1/20
i nc 4

or even 1 I'nch. The lengths of the strands
range m het n. about ,0. 25 i t
i nche S(S Jg%h e ll\égﬁee’tnt"%@loms 6 bl r%%%?geg ovgiﬁl?%géeﬁ%%é 8 8 Feferred
more flavorants or other additives éﬁi%f Qurn b
actubadiments, it isdathgsnpersions ehat Yariayony, odiigpiipnsgay be
agents, binders, etc.) known in the art. 0083 Anot her
eriegident will Oiagpaent to ilgae dtitled indhpeits Sneh vaniasioas awl
rod, wherein the tobacco rod conprises tobacco cut

f L loi8lcafidid R9tPbe LfRRIErRRA R IR PiS¥iewand scope of the invention as

defined by the claims appended hereto.
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descri bed above, which is capable of converting carbon
nonoxi de to carbon dioxide and/or nitric oxide to
wopdonogasd | n addition to being |located in theP@DEBEOGKN02176
cut filler, the catalyst can be |ocated in the
cigarette paper and/or filter of the cigarette. -29 WO
2004/ 110184 PCT/1B2004/ 002176 0084 A further
enbodi ment provides a nmethod of nmaking a cigarette,
conprising (i) adding a catalyst to a tobacco cut
filler, cigarette paper and/or a cigarette filter;
(ii) providing the cut filler to a cigarette naking
chi.ne to f.orma tobacco colum; (iii) placing a
S@B%ﬂsaflfﬁég around the tobacco colum to forma

tobacco rod; a iv) optionally.att [ '

filted-to t%%ukr}glfgée%P?%%orl SrRTsinE té’g%%la grggtatcg{_agggg)g&ﬁe
Techni ques for cigarette nmanufacture are known .in the . .
aohversiny of cashemonoxide iomaingaram BOkS (9sAEonaliofle pRy/or nitric
techni que may be used to incorporate the catalysts.
&8 ShHifdeamiingikeab hittgem wiheeeimitreufatadyst centptisesaraposcale
known specifications using standard or nodified

cigarett i i <ahaegie brtedl ¥k Cidtdug,
ﬁﬂ%gld%éﬁ? er&%%%g%%¥¥ﬁ%%§13 oé?@%ﬁgﬁﬁg conbi ned with
other cigarette additives, and provided to a

c"gesTet t e maki ng machi ne to produce a tobacco rod,

which is then wapped in cigarette paper, and
optionally tipped with filters. 0086 Ci garettes may
range from about 50 mMmto about 120 mmin | ength.
Generat |y, Bhéegulirr canhpmitatte Glsinabowkerdip themingseple getal
"King Size" is about 85 mm |long, a "Super King Size"

il%éagﬂnd}%MJameta%}gd@pé}ﬁéleﬂéoﬂlﬁri%%|o|r ynoeb agtallic

clements selected from the group consisting of Group IB, 1IB, 1B, IVB, VB, VIB,

VIIB, VIIJ, IITA and IVA elements of the Periodic Table of Elements.

3. The cut filler composition of Claim 1, wherein the nanoscale metal
oxide particles comprise oxides selected from the group consisting of iron oxide,

iron oxyhydroxide, copper oxide, and mixtures thereof.

4. The cut filler composition of Claim 1, wherein the nanoscale metal

particles and/or nanoscale metal oxide particles are carbon-free.
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mmin length. The circunference is fromabout 15 nmto

about 30 mMmmin circunference, and preferably around
wQ200am1018he t obacco packing density is typi caPCHIB2004/002176

bet ween the range of about 100 ngy/cnB to about 300

ng/ cnB8, and preferably 150 ng/cnB to about 275

ng/ cnB. -30 WO 2004/110184 PCT/|1B2004/ 002176 0087 Yet

anot her enbodi nent provides a nmethod of snoking the

cigarette descri bed above, which involves Iighting the

cigarette to form snoke and drawi ng the snoke through

the cigarette, wherein during the snoking of the

cigargtte, h?%ut ﬁ@éﬁ:lo bsiftsh Sf @Rid 16 dthdtey$ thefspécifibgurface
conversi on ‘of carbon nOX|de to carbon di oxi de

and/ at, DLLELS 0% e ot 8.0l 1090, 00R% W b8l Pliticles s from

preferred :Tn’godl nents, it is to.be understood that
wheit0itoRS08Mi/Srodi fi cat i ons may be resorted to as
wi ||l be apparent to those skilled in the art. Such
variations and nodifications are to be consi dered
within the purview and scope of the invention as

definegd by fle.f ifibfGonaReRiod o Olafet,Gvherdi thianoscale metal
2004/ 110184 PCT/IBZOO4/002176 What is clained is: 1.

A fildl
o o RSN FPS0) D RAEER P g s

nalnstrean1snoke to carbon dioxide and/or nitric
than about 50 nm.

7. The cut filler composition of Claim 1, wherein the nanoscale metal

particles and/or nanoscale metal oxide particles have an average particle size less

than about 10 nm.

8. The cut filler composition of Claim 1, wherein the fibrous support

comprises oxides selected from the group consisting of oxide-bonded silicon
carbide, boria, alumina, silica, aluminosilicates, titania, yttria, ceria, glasses, zirconia

optionally stabilized with calcia or magnesia, and mixtures thereof.

9. The cut filler composition of Claim 1, wherein the fibrous support

comprises ceramic fibers and/or glass fibers.
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oxi de in mainstream snoke to nitrogen, wherein the

catal yst conprises nanoscale netal particles and/or
wmanesoeaBe netal oxide particles supported on BCT/IBXON®2176

support. 2. The cut filler conmposition of Caima1l,

wherei n the nanoscale netal particles and/or

nanoscal e netal oxide particles conprise one or nore

netallic elenents selected fromthe group consisting

of Goup IB, IIB, IlIB, IVB, VB, VIB, VIIB, VIlI,

I[1'1A and | VA el enments of the Periodic Table of

El enents. 3. The cut filler conposition of Caim1l,

wher ei.n the,nan 3 I; 16 RSsre S kinFace
OX| deslrbsel eclet ??1?1%1]”% F@E%PSSS%%Q’%%%EM Fron

oxi de i ron oxyhydrqxide, ¢ er oxihde, and m xtures
tthesr @ffhe SRTOUFREDROGELS fip %@u&@-ﬁﬁ%épmfe- of daim i,
wherei n the nanoscale netal particles and/or

nanoscal e netal oxide particles are carbon-free. -32
WD 2004/ 110184 PCT/ | B2004/ 002176 5. The cut filler
conposi t.i onTRS efifaietchpostiRmaifiClaine 1 syplaeihitce Sbwobasepport
area of the nanoscale netal particles and/ or nanoscal e

net al . oxi de: t] ' SMind?RHho £l ffbedR00 N2/ g.
éxmﬁﬁge%Hﬁﬁ?%%%é?&%gﬁﬁggP%%on of Cla?%?l, wherein the
nanoscal e netal particles and/or nanoscal e net al

oxi de particles have an average particle size |ess

t han about 50 nm 7. The cut filler conposihigg of

C ai m 12. wh@heiwt fillee compesitéen @f (Jaim 1, wheremn the fibrous support

comprises catalytically active fibers.

13.  The cut filler composition of Claim 1, wherein the nanoscale metal
oxide particles comprise iron oxide and the fibrous support comprises ceramic fibers
and/or glass fibers, the catalyst being present in the cut filler in an amount effective
to convert at least 10% of the carbon monoxide in the mainstream smoke to carbon

dioxide and/or at least 10% of the nitric oxide in the mainstream smoke to nitrogen.

14.  The cut filler composition of Claim 1, wherein less than a monolayer

of the nanoscale particles are deposited within and/or on the fibrous support.

15.  The cut filler composition of Claim 1, wherein the catalyst comprises

from 0.1 to 50 wt.% nanoscale particles supported on a fibrous support.
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particles and/ or nanoscal e netal oxide particles have

an average particle size |less than about 10 nm 8.
wab@4autisfd il | er conposition of Claim1, wherei PCT/B2004/002176

fibrous support conprises oxides selected fromthe

group consisting of oxide-bonded silicon carbide,

boria, alumna, silica, alumnosilicates, titania,

yttria, ceria, glasses, zirconia optionally

stabilized with calcia or magnesia, and m xtures

thereof. 9. The cut filler conposition of Claima1l,

wherein the fibrous support conprises ceramc fibers

and/ ot gl ass .f] 5 t R4 kBB fhe cut filler comprises
PCT/I%QOO4?%8§%g§éa¥%P @ cut filler composition of

Caim1, wherein t speci fic surf [ .
PGSR I Pt HRCDG B R o EfpRasib §f cathon
cut filler conposition of laim1l, wherein the fi bthu%
snempaide to caibpn divsilerantior pittie PXidgite REFOLeR IR Spe catalys
and/ or nanoscal e fibers. 12. The cut filler

CORPASLstaABsafe hital particlesdreleinanosvelefmsalouddepaspeled
conprises catalytically active fibers. 13. The cut

%@h%ﬁkd%%ﬁp 6£§$#@ﬁgéCIain1l, wherei n the nanoscal e

oxi de par conprise iron oxide and the
fibrous support conprises ceramic fibers and/or glass
fibers, the catalyst being present in the cut filler
in an anount effective to convert at Ieasﬁ 10W’°&¢%ﬂ§
car bonl hroncKhedagarette ofcClaim A8+ WagipindhpRAos e ?:ﬁ‘reB'%R !
di oxi de and/or at |east 10%of the nitric oxide in the
MRS AR TRkE dxidepartideecomprise one or more metallic elements

selected from the group consisting of Group IB, IIB, I1IB, IVB, VB, VIB, VIIB, VIIL,

IIA and IVA elements of the Periodic Table of Elements.

18.  The cigarette of Claim 16, wherein the nanoscale metal oxide
particles comprise oxides selected from the group consisting of iron oxide, iron

oxyhydroxide and copper oxide, and mixtures thereof.

19.  The cigarette of Claim 16, wherein the nanoscale metal particles

and/or nanoscale metal oxide particles are carbon-free.

20.  The cigarette of Claim 16, wherein the specific surface area of the

nanoscale metal particles and/or nanoscale metal oxide particles is from about 20 to

2500 m*/g.
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14. The cut filler conposition of Claim1l, wherein
| ess than a nonol ayer of the nanoscale particles are
walepesitied within and/ or on the fibrous supporeCT/IHER004/002176
The cut filler conposition of Claiml1, wherein the
catal yst conprises fromO0.1 to 50 w. % nanoscal e
particles supported on a fibrous support. -34 WD
2004/ 110184 PCT/1B2004/ 002176 16. A cigarette
conprising cut filler, wherein the cut filler
conpri ses tobacco and a catal yst capable of acting as
a catalyst for the conversion of carbon nonoxide to
carbon di oxide and/or nitric oxide to nitrogen,
wherein the catal yst conprises nanoscal e net al

particl es and/ or nan al e t.al .oxi de il .
supporiled dhegigar W(ﬂ% Zﬁ%Ibe PyReres @%B%afgear%ttﬁf%arg?les
Claim 16, wherein the nanoscale nmetal particle
and/oo nanmanas omtad oxisle prrtisidsdavp an aYEIgEP size lesg than gpout
nore netallic elements selected fromthe group

nghsting of Goup IB, 11B, IIIB, 1VB, VB, VIB, VIIB,
VITI, Tl Aand I VA elenents of the Periodic Tabl e of
El enents. 18. The cigarette of Claim16, wherein the
nanoscal e netal oxide particles conprise oxides

selected frgmthe gro consi st i ' [ ks
oy hy i AEEOp e 208 bR By iSO e pafeRs
19. The cigarette of Claim16, wherein thépnanqsc%ﬂe bout
reetdédr npaoschlelinestal axidt Rartigleslenye 8 8VeRAELPATHR S JEC loss than abou
particles are carbon-free. 20. The cigarette of Caim
1fp nwherein the specific surface area of the

23.  The cigarette of Claim 16, wherein the fibrous support comprises
oxides selected from the group consisting of oxide-bonded silicon carbide, boria,
alumina, silica, aluminosilicates, titania, yttria, ceria, glasses, zirconia optionally

stabilized with calcia or magnesia, and mixtures thereof.

24.  The cigarette of Claim 16, wherein the fibrous support comprises

ceramic fibers and/or glass fibers.

25.  The cigarette of Claim 16, wherein the specific surface area of the

fibrous support is from about 0.1 to 200 m?/g.
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nanoscal e netal particles and/or nanoscal e netal oxide

particles is fromabout 20 to 2500 na/g. -35 WO
wQen1e4 84 PCT/ 1 B2004/ 002176 21. The ci gar ep€EIB2004/002176

Cl aim 16, wherein the nanoscale netal particles and/or

nanoscal e netal oxide particles have an average

particle size |less than about 50m. 22. The cigarette

of Claim 16, wherein the nanoscale netal particles

and/ or nanoscal e netal oxide particles have an average

particle size less than about 10 run. 23. The

cigarette of Claim1l6, wherein the fibrous support

SO bReS  RE LARIBRE R d bA o ERR BAGY Sbindses

of ox on i con car boric, alum na,

silica, alum nosilicate titani ttria, ceria,
griliacter, H&?TPJ&’&HB%H%’% F‘%Fﬁ%‘i rl‘aglilos‘?ieg%]?%?'zed with calcia
or magnesia, and m xtures thereof. 24. The cigarette
of Claim 16, wherein the fibrous support conprises
ceram c fibers and/or glass fibers. 25. The cigarette
of O aim 16 he\tkiereticrf tUisins p&oiterain therfitaoes suppart ghmprses
fibrous support is fromabout 0.1 to 200 n2/g. -36 WO

2004/ .1 . B2004/ 002176 26. The cigarette of

erein the fibrous support conprises

28.  The cigarette of Claim 16, wherein the nanoscale metal oxide
particles comprise iron oxide, the catalyst being present in the cigarette in an amount
effective to convert at least 10% of the carbon monoxide in the mainstream smoke to

carbon dioxide and/or at least 10% of the nitric oxide in the mainstream smoke to

nitrogen.

29.  The cigarette of Claim 16, wherein less than a monolayer of the

nanoscale particles are deposited within and/or on the fibrous support.

30.  The cigarette of Claim 16, wherein the catalyst comprises from 0.1 to
50 wt.% nanoscale particles supported on a fibrous support, the catalyst being

present in the cut filler, cigarette paper and/or filter of the cigarette.

31.  The cigarette of Claim 16, wherein the cigarette comprises up to

about 200 mg of the catalyst per cigarette.
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mllimeter, mcron, subm cron and/or nanoscal e fibers.
27. The cigarette of Caim 16, wherein the fibrous
waapportisconpri ses catalytically active fi berBCT/BR004/002176

The cigarette of Claim 16, wherein the nanoscal e net al

oxi de particles conprise iron oxide, the catalyst

being present in the cigarette in an anmount effective
to convert at |east 10% of the carbon nonoxide in the

mai nstream snoke to carbon di oxi de and/or at | east

10% of the nitric oxide in the mainstream snoke to
nitrogen. 29. The cigarette of Claim 16, wherein | ess

than g,mono| %ﬁ{(’dooffélﬁ%?ngoﬁag%%&%c%r @kiCl es are

deposited wthin an us Support. 30.

The cigarette of Claiml6, wherein the ¢ I

conpr i®es fafiglﬁ*g@ opiglyst t%@bgﬁcp%uﬁgﬂgsgg?ree%%§er1§e?é’}'rg]%p er and/or
supported on a fibrous support, the catal ysail bei gg /

pr @gaette fikers Whereint the icatalyst cmrgm%m%r@wif‘p@?t Ryyfig}es and/or
filter of the cigarette. 31. The cigarette of Caim

16moVARI 8] d:Hee pirfeleebipportedp b Sibsouspupmort;about 200
ng of the catal yst per cigarette. -37 WD 2004/110184

PCT/ | F@S’gg’ &?fi}hﬁg 8 8a TR ekl FiMnalshoRr ik e,

conpr Ing a catalyst to tobacco cut

filler, cigarette paper wapper and/or a cigarette
fiobacsp o8 ei n t he cat al yst conpri ses nanoscal e net al
particles and/or nanoscal e netal oxide pa[ti cl es tob
suppor (idd oplacing HMWSW@BW@FQ‘%M the tobacco column to Torm a tobacco

rod; and

(iv)  optionally attaching a cigareite filter to the tobacco rod to form a

cigarette.

33.  The method of Claim 32, comprising combining nanoscale metal
particles and/or nanoscale metal oxide particles comprising one or more metallic
elements selected from the group consisting of Group IB, IIB, B, IVB, VB, VIB,
VIB, VIIL, IIIA and IVA elements of the Periodic Table of Elements and a fibrous
support comprising oxides selected from the group consisting of oxide-bonded
silicon carbide, boria, alumina, silica, aluminosilicates, titania, yttria, ceria, glasses,
zirconia optionally stabilized with calcia or magnesia, and mixtures thereof to form

the catalyst.
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(ii) providing the cut filler to a cigarette making

machine to forma tobacco colum; (iii) placing a
w@apeniusapper around the tobacco col unm to f oPeT/EB2004/002176

tobacco rod; and (iv) optionally attaching a

cigarette filter to the tobacco rod to forma

cigarette. 33. The nethod of C aim 32, conprising

conmbi ni ng nanoscale netal particles and/or nanoscal e

netal oxide particles conprising one or nore netallic

el enments selected fromthe group consisting of Goup

IB, I'IB, IllB, VB VB, VIB, WVIIB, VIII, IIlA and |VA
el enents of  the Period b fs IC%FM iSo ashsBale metal
fibroEé‘ sdﬁﬁéwﬁm%%%gg?g?gg‘%ﬁﬁ%@%é%e ecfe% fr§n1$he

group consi sting, of oxide-bonded sil.icon carhbide
oasideapartiglesrAomprisiig 1r<Elanl‘§q= AP QEEIT Xl SOPYIT OKjfie, 2nd
yttria, ceria, glasses, zirconia optjionally

shighirés the@doftda filtdons supportiefrresthe catalyat. mi xt ur es
thereof to form the catalyst. -38 WO 2004/110184
PCT/ 1 B2004/ 002176 34. The nmethod of O aim 32,

conpri sing conbi ni ng nanoscal e netal oxide particles

compr i3 N9 HORRKA IP 13D, ArulideQhaiea neRBRGE: of the

oxi de, res thereof and a fibrous support to

formthe catal yst. 35. . The. nmethod [ wher ei n
| rewgscaleRriclerHe Fiﬁl?f&i‘te@)f"'ltsweand{f’é r?ggf&ea 1e1%|'gg]rs?;|?pé) Mas are

deposited wthin and/or on the fibrous support.

36.  The method of Claim 32, comprising adding a catalyst having from
about 0.1 to 50 wt.% nanoscale particles supported on a fibrous support to the

tobacco cut filter, cigarette paper wrapper and/or cigarette filter.

37 The method of Claim 32, wherein the catalyst is added to the cut
filler and the cigarette produced comprises 200 mg or less of the catalyst per

cigarette.

38.  The method of Claim 32, wherein the catalyst is combined with the
cigarette in an amount effective to convert at least 10% of the carbon monoxide in

the mainstream smoke to carbon dioxide and/or at least 10% of the nitric oxide in

the mainstream smoke to nitrogen.

39.  The method of Claim 32, further comprising forming the catalyst by:
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36. The nethod of C aim 32, conprising adding a

catal yst having from about 0.1 to 50 wt. % nanoscal e
w@artitolies supported on a fibrous support to tPEI/1B2004/002176

tobacco cut filter, cigarette paper w apper and/or

cigarette filter. 37. The nmethod of C aim 32, wherein

the catalyst is added to the cut filler and the

cigarette produced conprises 200 ng or |less of the

catal yst per cigarette. 38. The nmethod of O aim 32,

wherein the catalyst is conbined with the cigarette

in an anount effective to convert at |east 10% of the

carbon nonoxi| ' by &ald Mefl bR particles
i oxi G R pigsCyle e BRYPRL LRPOF REBNAIS Becfobiad s

the mai nstream spoke.to nitrogen. 39. The net hod of
andiadiqysd torfgr BHSPEEMIY i si ng forming the catal yst by:
-39 WO 2004/110184 PCT/ | B2004/002176 conbi ni ng

nanos caibineg the dspersion with pafiyounspetial e netal oxi de
particles and a liquid to forma dispersion;

combi nigadng he flirsnesupbom tond temaviehd lidgridasd degnss mgnoscale
heating the fibrous support to a renove the liquid and

Sﬁ%ﬁagw{}ﬁﬁ%%r%ﬁéwf%ﬂﬁé gfpﬁw_t hin and/or on the

ous support. e method of C aim 39,
conprising conbi ni ng nanoscal e netal particles and/or
nanoscal e metal oxide particles conprising one or nore

netallic elenments selected from.the grgu consisiingtl
of G o | BIhe pmethodiof glaimAs, cpprigipgcombining nanoscale meta

particles and/or nanoscale metal oxide particles comprising one or more metallic
elements selected from the group consisting of Group 1B, IIB, [IB, IVB, VB, VIB,

VIIB, VIIL, IIIA and IVA elements of the Periodic Table of Elements with the liquid

to form the dispersion.

41.  The method of Claim 39, comprising combining nanoscale metal
particles and/or nanoscale metal oxide particles having an average particle size less

than about 50 nm with the liquid to form the dispersion.

42.  The method of Claim 39, comprising combining a fibrous support
comprising oxides selected from the group consisting of oxide-bonded silicon
carbide, boria, alumina, silica, aluminosilicates, titania, yttria, ceria, glasses, zirconia
optionally stabilized with calcia or magnesia, and mixtures thereof with the

dispersion.
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VIIB, VIIl, Il A and |IVA elenents of the Periodic
Tabl e of Elenents with the liquid to formthe
wale@parason. 41. The nmethod of O aim 39, conprPGI/IBR004/002176
conbi ni ng nanoscale netal particles and/or nanoscal e
nmetal oxide particles having an average particle size
| ess than about 50 nmwith the liquid to formthe
di spersion. 42. The nmethod of C aim 39, conprising
conmbining a fibrous support conprising oxides
selected fromthe group consisting of oxide-bonded
silicon carbide, boria, alumna, silica,
alum nosilicates, titania, yttria, ceria, glasses,
zirconia optionally stabilized with calcia or

20, veboo e bkt BEEHBID ol A AR ppor

of Claim 39, conprising conbining a fihrous rt..
fhaving gnifiteternsnigron, sbaperqn aa Bﬁ?%‘l"é?ﬁl%ﬁg?ré ran&@ﬁ@a@@gp%ally
fibers and/or catalytically active fibers with the

dicE pefibére withdthe difpersivat hod of C ai m 39, conpri sing

conmbi ning a fibrous support conprising glass fibers
and/ or ceramic fibers with the dispersion. 45. The

nmet hod of Cl aim 39, conprising conbini ng nanoscal e

met al Xi articl L Sy L] X6 Mhols fddort
T aai 4o 1 opEREed el SHERCR boh{iing AinBhlich Mokl hitbor
39, conprising conbining the nangscale. particles with
acanmmising 2las I/ Q5 FEFAHEC g%fa Bv@&ﬁg ﬁ‘s??%ﬁ’émof

distilled water, ethyl

45.  The method of Claim 39, comprising combining nanoscale metal

oxide particles comprising iron oxide with the liquid to form the dispersion.

46.  The method of Claim 39, comprising combining the nanoscale
particles with a liquid selected from the group consisting of distilled water, ethyl

alcohol, methyl alcohol, chloroform, aldehydes, ketones, aromatic hydrocarbons, and

mixtures thereof.

47.  The method of Claim 39, wherein the dispersion is sprayed onto a

heated fibrous support.

48.  The method of Claim 32, further comprising forming the catalyst by:
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al cohol , nethyl al cohol, chloroform al dehydes,
ket ones, aronmatic hydrocarbons, and m xtures thereof.
wa@Z004/Thiassret hod of C aim 39, wherein the di SpePGI/IBR0042002176
sprayed onto a heated fibrous support. 48. The method
of Caim32, further conprising formng the catal yst
by: -41 WD 2004/110184 PCT/1B2004/ 002176 comnbining a
netal precursor and a solvent to forma netal
precursor solution; contacting a fibrous support wth
the netal precursor solution; drying the fibrous
tsupporté and he?ti ng the fibrous support to a
enperature s |.€l eXapaTs)
net al _cg?ggﬂ?%%%e#agb%g@%gﬁﬁ%g{: ai eltg)afr()tﬁiﬁ E:hl es }tslﬁgflhgre
deposited within and/or on the fibrous support. 49.
FlEtast hod of C ai m 48, conprising conbining a netal
precursor having at |east one netal selected fromthe
gr oup confastisg & figrous sugpertpvifiethe metal nrequgor splyon;/g
VIB, VIIB, VIll, Il A and IVA elenents of the Periodic
Tabl e @finEtenEHbes suppbit; dnde sol vent to form the metal
precursor solution. 50. The method of C aim 48,

conpr ih%%ﬁl?%ﬁlg ‘3‘#{}{6{& shiP§orf 1ol feHPeuRe Giifficledt ® thermally

:J:?.tpie{:?es and/ or | ﬁiaﬁgsct oef ?nretm lnanos_cal gy
G e T
and/or on the fibrous support.

49.  The method of Claim 48, comprising combining a metal precursor
having at least one metal selected from the group consisting of Group IB, IIB, II1B,

IVB, VB, VIB, VIIB, VII], IlIA and IVA elements of the Periodic Table of Elements

with the solvent to form the metal precursor solution.

50.  The method of Claim 48, comprising heating the fibrous support to a
temperature sufficient to form nanoscale metal particles and/or nanoscale metal

oxide particles having an average particle size less than about 50 nm.

51.  The method of Claim 48, comprising combining a fibrous support
selected from the group consisting of oxide-bonded silicon carbide, boria, alumina,
silica, aluminosilicates, titania, yttria, ceria, glasses, zirconia optionally stabilized

with calcia or magnesia, and mixtures thereof with the metal precursor solution.
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51. The nmethod of C aim 48, conprising conbining a

fibrous support selected fromthe group consisting of
wo@ziodetd@aended silicon carbide, boria, alum na, PCHIB20@02176

alum nosilicates, titania, yttria, ceria, glasses,

zirconia optionally stabilized wth calcia or

magnesi a, and m xtures thereof with the netal

precursor solution. -42 WD 2004/110184

PCT/ 1 B2004/ 002176 52. The net hod of C ai m 48,

conprising conbining a fibrous support having

mllimeter, mcron, submcron and/or nanoscale fibers

and/ oz cat gy hepdld of Claieh 48 eohipsieing cohdbimihg e fiveduelsupport
precursor solution. 53. The nethod of C aim 48,

onpri sj,ng..conbi ni g hSd icall
G 1B P by i Y5 ARG o BRUbusytically
precursor sol ution 54. The nethod of C ai m 48,
@émﬁ@qfﬁ@’ltbéhﬁ)mﬁﬁah@reﬁurﬁ%&S&’f“t’é’amder conpri sing iron
with the solvent to formthe netal precursor sol ution
55. The nethod of C aim 48, conprising conbining a
sol vent selected fromthe group consisting of

di stildzed VEieaheth6d BYC]agh c8hedmpriskidydmtihinghadibrous support
chl orof orm al dehydes, ketones, aromatic hydrocarbons

d m xt BN Sdution.
s S AR oy B s b B o

solution is sprayed onto a heated fibrous support.
57. The nmethod of C aim 48, further conprising adding

a di spersion of nanoscale particles to the net al d
precursbr sBhametbad of Claim 48, comprising combining a metal powder

comprising iron with the solvent to form the metal precursor solution.

55.  The method of Claim 48, comprising combining a solvent selected
from the group consisting of distilled water, ethyl alcohol, methyl alcohol,

chloroform, aldehydes, ketones, aromatic hydrocarbons and mixtures thereof with .

the metal precursor.

56.  The method of Claim 48, wherein the metal precursor solution is

sprayed onto a heated fibrous support.

57 The method of Claim 48, further comprising adding a dispersion of

nanoscale particles to the metal precursor solution.
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-43 WO 2004/ 110184 PCT/1B2004/ 002176 58. The nethod

of Claim48, conprising conbining a netal precursor
w@edogatmEss from t he group consisting of netal PCT/IB2004/002176

(3-di ketonates, netal dionates, netal oxal ates, netal

hydr oxi des and m xtures thereof wth the solvent. 59.

The nmethod of Claim48, wherein the netal precursor is

deconposed to nanoscal e netal and/or netal oxide

particles by heating to a tenperature of from about

200 to 400EC. 60. The nethod of C aim 48, wherein the

nmetal precursor is deconposed to form nanoscal e netal

par ti glges ﬁﬂﬂ%’n‘?&h@%ﬁf’é%ﬁlﬁﬁ:e & Jgisgﬁ GenthAihk aGh&sl frb@irsor

are Fbo ree. G aim48, wherein

| ess than a nonol ayer .of {he oscale parti,cl

deisoisi flem T EHRP SHEIORE SHE LD AT BT DL s pop gy ekl
The nmethod of Cl aim 48, conprising heating the fibrous
SokaReds] metal hjdroxides am mbdares theeof withdhgolvgtianoscal e
particles deposited on the fibrous support. 63. A

met hodseof  spmkshamol be Criigaigevherenf thEnmetahptdursor is decomposed
conprising lighting the cigarette to form snoke and

drawi ng t he the: gl : ' ffi
oo AR oo i e ARSI 1R 10/ b efhture of from

as a cat aI%sOt for the conversion of carbon nonoxi de
t abouh2Mble 490B% de and/or nitric oxide to nitrogen. -44

60.  The method of Claim 48, wherein the metal precursor is decomposed

to form nanoscale metal particles and/or nanoscale metal oxide particles that are

carbon-free.

61.  The method of Claim 48, wherein less than a monolayer of the

nanoscale particles are deposited within and/or on the fibrous support.

62.  The method of Claim 48, comprising heating the fibrous support to

form from about 0.1 to 50 wt.% nanoscale particles deposited on the fibrous support.

63. A method of smoking the cigarette of Claim 16, comprising lighting
the cigarette to form smoke and drawing the smoke through the cigarette, wherein
during the smoking of the cigarette, the catalyst acts as a catalyst for the conversion

of carbon monoxide to carbon dioxide and/or nitric oxide to nitrogen.
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