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Snoke of a Cigarette Field of the Invention 0001 The
invention relates generally to nethods for reducing
constituents such as carbon nonoxide in the

mai nstream snoke of a cr arette dur| ng srmkl ng. Mre

speci fi calCatalystito Radeee anexide @ @

conposi tions, Mtlmhfhmstmmeké ofa (]mdmdm r
cigarettes and net hods for snoki ng cigarettes, which

i nvol ve the use of nanoparticle additives capable of
reduci ng the anmounts ituents in

t obacco snoke. Backgrgﬁmﬁﬁ&éﬁwzgﬁ$ﬁ§%%t|on 0002 In

t Bégd1des dihe ptventiot heltict gbdomily b efathatsder reglucig@oh®ituents such
certain structures and nethods, however, such
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adm ssion that these structures and et hods quali1fty

a ggilrﬁlsclgﬁ %e V&?rf canpﬁes méJr er cﬁmp%%@h{l . t ettes, methods for
d nstrate that any of the referenced subj ect
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articles, such as cigarettes or cigars, produce both
nmadnoptitiekmddgivek eamhbts sigeduginy the amsbusisdé yhrieancswitents in
during static burning. One constituent of both
mMabAsdo' @R snoke and si destream snoke is carbon

nonoxi de (CO) . The reduction of carbon nonoxide in
snoke is desirable. 0004 Catal ysts, sorbents, and/or

oxi dants for snoking articles are disclosed in the

following: US. Patent No. 6,371,127 issued to Snider
etal ., U S. Patent %ﬁnckcround of the Invention

0002  Inthe description that follows reference is made to certain structures and
methods, however, such references should not necessarily be consfrued as an
admission that these structures and rllethods 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 mainsiream
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. Patent 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. 5,386,838 issued



6, 286,516 issued to Bowen et al., U S. Patent No.
WE) 218811987 | ssued to Yamazaki et - al., U S. Pat ertCTAB2004/062176
5,671, 758 issued to Rongved, U.S. Patent No.
5, 386,838 issued 1 WO 2004/110184 PCT/ | B2004/ 002176
to Quincy, IIl et al., US. Patent No. 5,211, 684
i ssued to Shannon et al., U S. Patent No. 4,744,374
issued to Deffeves et al., U S. Patent No. 4,453,553
i ssued to Cohn, U.S. Patent No. 4,450,847 issued to
Onens, U. S. Patent No. 4,182,348 issued to Seehofer
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3,720, 214. Publjshed applicatiaons WD 02/ 05,.. WO
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Publ i cati on Nos. 2002/0002979 Al, 2003/0037792 A

afuS 2ot 06 2330, 8417 istdusd ta @fvens, b S cRateatyds. ¢,182,348 issued to
sorbents, and/or oxidants. 0005 Iron and/or iron

oxkae has abeers. dasar NBed 1691 5 UsSuddtoMAERGE aR OGPkt No.
see e.g., U S Patent No. 4,197,861;: 4,489, 739 and
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5,728, 462) . - ' n j

3878 g Palt N, £720.20E puilBRed biaffiafinsvo oar2ecos
4,195, 645; 5,284 166) and as a burn _regulator (e.qg.

UV Yodiediog. Wss00/4D 684 bl  Feodonliceli ket

and has been used to inprove taste, color and/or
a@penaezayo(%l,@o0808377Rah and RBE2/0§2A59% Allsalso refer to catalysts,
5,598, 868; 5,129, 408; 5,105,836 and 5,101, 839). 0006
DesiehR, AdiPodsy@lennents to date, there remains a

need for inmproved and nore efficient nethods and

COMS. S 4T, B 0o o

durd N9 SEoKLo. £167BEY. 4,489,739 and 5,728,462). Tron 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. US 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.

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

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

D



0007 Tobacco cut filler conpositions, cigarette
fillers and/or cigarette paper, cigarettes, nethods
for making cigarettes and net hods for snoking
wogas@atges that -2 WO 2004/110184 PCT/ 1B2004/ 002176
involve the use of catalysts for the conversi onp@fiB2004/002176 -
carbon nonoxi de in mainstream snoke to carbon

di oxi de and/or the conversion of nitric oxide in

mai nstream snoke to nitrogen are provided. 0008 In a
first aspect, there is provided a cut filler
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t he conversi on of carbon nonoxi e INn mal nstream s

tsmokartb asarlstinodiosiRicanst/or thy torverstonl B nithc "BliAS tih ‘%‘ﬂé]}xstream
snoke to nitrogen, wherein the catalyst conprises ”

ranoks dahigogent at ppanidéd| es and/ or nanoscal e netal’
ide particles- supported on a fibrous support. 0009

X
%HO% seﬁbﬁn@fsh%ﬁ@é%ft thephismeoyidedy o ifidlericampdsifanmetangprising

sin flil wher e the cut diller '
i@q%% S ol B B Gy oL Py SRR REpstmgmsgnoke

tEsion of car oxi de,to

car %ﬂa I}S%IXIS e&/g%%‘ﬁnggﬁﬁ r| camgtreagésm%rﬁ PR, wherein the
\Mi\:ﬁl d&nﬁp‘ﬂﬁe%ﬁkéﬁﬁ meRIBAkiSRS AP0 S Et%.\ x1de particles
parti cI es and/or nanoscale netal oxide partli cfes

summﬂbdeda@br@sfsubp@us support 0010 In a third
as ect, there is provided a nethod of making a

r et ey secoshaspesi thgre( iis proadidiidrageigarett alny@isidgcut filler,
bacc cut filler,_ ci garette paper w apper and/or a
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es and/or o B | e. net al
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oxide to nitrogen, wherein the catalyst comprises nanoscale metal particles and/or
nanoscale metal oxide particles supported on a fibrous support

0010  Ina third aspect, there is provided a method of making a cigarette,
comprising (i) adding a catalyst to tobacco cut filler, cigarette paper wrapper
and/o_r a cigarette filter, wherein the catalyst corﬁprises nanoscale metal particles
and/or nanoscale metal oxide particles supported on a fibrous support; (ii)
proﬁding the cut filler to a cigarette making machine to form a tobact:o column;
(iif) placing a paper wrapper around the tobacco column to form a tobacco rod;

and (iv) optionally attaching a cigarette filter to the fobacco rod to form a cigarette.

Cigarettes



providing the cut filler to a cigarette making

WOl PR140 forma tobacco colum;  (iii) placi BgrAganosonis
paper w apper around the tobacco colum to forma

tobacco rod; and (iv) optionally attaching a
cigarette filter to the tobacco rod to forma
cigarette. Cigarettes 3 WO 2004/110184

PCT/ 1B2004/ 002176 produced according to the

di scl osure herein preferably conprise up to about 200
nmg of the catalyst.per cigarette or nore. 0011 In a
preferred embodi ment, the nanoscale nmetal particles
ap@diaccdneindalte thawtisdbsuoxhateinaeieiableememrpnpde about 200 mg
“netallic elements selected fromthe group consisting
obf tlie ouiplybEpevEBArefelor MaE-| A and | VA el enents of the
Periodi c Table of Elenents, and m xtures thereof.

F exanpl e, the.nanosca [ I

bt o dBibreB S FROR R T nitp b e AP i hanoscale
oxi de, and mixtures thereof. .The nanoscale tal . .
paretil okisle paritries comprirsaaFtallifelearenEis t‘iﬁﬁ%‘?"‘r’@ﬁ%gﬁ’@gﬁons‘mng
have a specific surface area of from between about

2Qf CRoRPIBOVIIE, ¥ ITTaHL 4 ved B ghamente bEthsiPzaodief Tablesef Elements,
than about 50 nm preferably |less than about 10 nm

%h fa&ﬁ?egfiﬁé}eéf A exHRR, HRAIbSARSMAANbGHe Parioksehe
met a OoXI

e particles can further conprise carbon,
preferably the nanoscal e e ' /
P SABEEY BORERIE: BRY G5 HaF RAF ind Blrpb o3, 30 sdtures thereof
0012 The fibrous support can conprise refractor
¢ &ftisimieescalednein! prItiCles ped pPERRNOPGAFSHE 0&‘% d)ﬁmdgs can have a
consi sting of oxide-bonded silicon carbide, boria, o
al Btifia smFadel £€a of fbmrbetvomen| dboat 2510 2500an /@, anyaveyaigg particle size
ceria, glasses, zirconia optionally stabilized with
of Jess 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 pariicles and/or nanoscale metal oxide particles are
carbon-free.
0012 ~ The fibrous support can comnprise refractory carbides and oxides selected
from the group consisiing of oxide-bonded silicon carbide, boria, alumina, silica,
aiﬁminosilicates, titania, ytiria, 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
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cal ci a ormagnesi a, and m xtures thereof. The fibrous

wouoporivissan have a specific surface area of %200#0021%

0.1 to 200 m/g and can conprise mllineter, m¢
subm cron and/ or nano scale fibers. 0013 Accordlng to
a preferred enbodi nent, the nanoscal e netal oxide
particles conprise iron oxide, iron oxyhydroxide,
copper oxide, and m xtures thereof. The -4 WO
2004/ 110184 PCT/1B2004/ 002176 catal yst can be added
to a cigarette in an anount effective to convert at
| east 10% o he car bon nDnOX|de ip the mai nstream
Bt F bl 10 GRS 6P ot JESUYE 1e0Ua of et 10% of
nitric oxide in the nmainstream snoke to nitrogen
Pihe tarbaibmppokids ¢n theanaiasiraaomaheliedp cafbon deoxidmasiéal 2 least 10%
particles are deposited within and/or on the fibrous

sefh@hitric dxate Bx@RPhAnstidim Sadlaly slirogan PAREDISClely O o
0.1 to 50 wt.% nahoscale particles supported on a
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0014 cor to a rred hod t he
SRS Fo e&w&%@i& Splyittat Srphicro Halnfe Ve e epazcale
partlcles and/ or nanoscal e netal oxide particles and
apgriigjed Eppertéhenp fhraisspepat,dhe catalyst bewatpiresenigintthecut filler,
di spersion with a fibrous support; and (iii) heating
t igarbitdpapes asdippltér dfahacipgrnye the |iquid and
deposit nanoscale particles within and/or on the

Lg Braous mm% to %@ﬂ:ﬁ:réﬁ Qértﬁw @“Betc% ﬁg&%{@@ s%gs E&dbining

od, the ca or ned
netal%grec SOr. sol ve
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‘support with the metal ({Jrecursor solution; (iii)

d# gisprysipne(ii) combining the dispersion with a fibrous support; and (iii) heatmg
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 {1}
combining a metal precursor and a solvent to form a metal precursor sohution; (ii)
contacting the fibrous support with the metal precursor sohition; (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.



fibrous support; and (iv) heating the fibrous support

to a tenperature sufficient to thermally deconpose
WQ04R1MP4 precursor to form nanoscal e parti cl esPCI/IB2004/602176
within and/or on the fibrous support. For exanple, a

di spersi on of nanoscal e particles or a netal

precursor solution can be sprayed onto a fibrous

support, preferably a heated fibrous support.

Optionally, a dispersion of nanoscal e particles can

be added to the netal precursor solution. -5 WO

2004/ 110184 PCT/1B2004/ 002176 0016 The net al

pr rs can, be e 0 - GH_

mopLs" Gl Breblor bl Sphe Bl e A AR E ol
and the nmetal in the netal precursor can conprise at

| dinpptesmctal exalaes avd Bt gy e@%‘@rﬁ%‘i mgtA%/}q e mptgl|precursor
i A and NA of the Periodic Table of Elenments, and '
Mcxh voreprisehe feast ond elguictseleses from ronpalB-NillE) 818 dkA and IVA
of nanoscal e particles, and solvents used to forma ,

e @le MERAW BMle of PldMdrRd) afidikiedsuBGett. Mitphildsdsed to form a
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neehifion ghe gisbide dstilad WalEh pRBlancS, DEXANSH [REQRARIC hydrocarbons,
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deconposed to nanoscal e netal and/or netal oxide
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t 17 In a fourth aspect, there i$s

prqvi.d t ho Sk the cigarett scribed .
A e e e R e S
snmoke and drawi ng the snpke through the ci Igar ette,
whideeoh By atg! PRREUESPHRIThEE SFcoresd igdiapegcalc mefal and/or metal
cat al yst )

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

0017 In a fourth aspect, there is provided a method of smoking the cigarette
described above, which involves lighting the cigarette to forni 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 Ihonoxide 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.



acts as a catalyst for the conversion of carbon
WBY19E84% 0 carbon dioxide and/or nitric oxi deCT/AB2004002176

nitrogen. Brief Description of the Drawi ngs 0018

Figure 1 shows SEM i mages of a catal yst prepared

according to an enbodi nent of wherein nanoscal e iron

oxi de particles are deposited on a fibrous quartz

wool support. 6 WO 2004/110184 PCT/|B2004/ 002176

0019 Figure 2 depicts a conparison between the

catal ytic activity of Fe203 nanoscale particles

(OANOCAT, Pch'tsne?chﬁ%} %'b%ée}?ﬁe@a £, t0 ?203

he. Kin ussi a aV|ng an ave age pa
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size of about 5m 0020 Figure 3 depicts the

t Bingerfdtrugsin, §dp davias as avorage herticlsrsiasrofiabeutr s vefsus Fe,O;
CuO and Fe203 nanoscal e particles as catal ysts for

t pewdesi(ftain Aldrioh Chambeid O exvindl dnhavertgd §Brifcl: size of about
produce carbon di oxi de. Detailed Description of

Prgherred Enbodi ments 0021 Tobacco cut filler

conposi tions, cigarettes, nmethods for making

DO Ve R dabolE Rty SeRch SR e Sy eretes of

particles and/or nanoscal e netal oxide particles on a
f CBQ@@@ Fuppemoscalaputirles af caielysta fordbe exidatian ¢istartfoprmonoxide

the conversion of carbon nonoxide (CO to carbon
dmmhmﬂggéfﬁQMmamdkamonmmmnaeOX|de (NO.) to nitrogen
(N2) are provided.
Detailed Description of Preferred Embodiments
0021 Tobacco cut filler compositions, cigarettes, methods for making cigarettes
and metho&s for smoking cigareties 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 carbpn
dioxide (CO,) and/or nifric oxide (NOy) to nitrogen (N;) are provided.
0022 A catalyst is capable of affecting the rate of a chemical reaction, e.g.,
increasing the raie 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.



0022 A catalyst is capable of affecting the rate of a
whzsienlisy eaction, e.g., increasing the rate dfcragaoesoozi7s
oxi dati on of carbon nonoxide to carbon di oxi de and/ or
increasing the rate of reduction of nitric oxide to
nitrogen wi thout participating as a reactant or

product of the reaction. An oxidant is capabl e of
oxidizing a reactant, e.g., by donating oxygen to

the reactant, such that the oxidant itself is

reduced. -7 WO 2004/110184 PCT/ 1B2004/ 002176 0023

" king' of .a . cigarette neans.the heating.or . - :
cBitst i FRf i gaele FEam e oM R iip Af g figarete
be drawn through the cigarette. Generally, snoking of

ato fingametkeewhrohatands dravgh thragehothe ciaaeptisf (gwerally, smoking of a
cigarette and, while the tobacco contained therein
URfbarge esvdvenliditii i@ chea tiicaigaretteanrid) g/hilb ehe tobacco contained
cigarette snoke through the nouth end of the

A0, A 0100 AR

means. e cigarette my

e Sod P LAAT S epand ol heat L9y isiRled by ofher means. For
commonl y-assigned U S. Patent Nos. 6,053, 176; . )

5 egaupiRgthe cigaBeic 368 basaokebbohatine typcigarthie apd/prheating using
“mai nstreant’ snoke refers to the m xture of gases

paksifal Beuws mehe, hodhaetbed iadoantbrly-asHigrgdtUiSo Dagntt ¥ies.
filter end, i. e., the anount of snoke issuing or

dr t ipgarette during
smiﬁl h{;%g?lg?%gg??ggr@é’?t@g.aﬁ%gggg’logg'addi tion to the

c tituents in,the tobgcco,, the tenperature and the.
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smoking are factors affecting the formation and o

r éhe tabeercofod sadbesingthenugh dhe fiterand, b e ameynt el ke tssuing

di oxi de. For exanple, the total anount of carbon

nogteiawhe frioar e dneuth iend of avigangic dareg sfookimg of the cigarette.
0025 Tn 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%),
combusﬁon (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 (ko)

-8-



a conbi nation of three main sources: thernal
WiEDOHPMSs4t | on (about 30%, conbustion (about 9

and reduction of carbon dioxide with carbonizeé%%ﬁBmm“mnrm
tobacco (at |east 23% . Formation of carbon nonoxide
fromthermal deconposition, which is largely

controlled by chemcal kinetics, starts at a

tenperature of about 180BC and finishes at about

1050EC. Formation of carbon nonoxi de and carbon

di oxi de during conbustion is controlled largely by

the diffusion of oxygen to the surface (ka) -8 WO

2@Buyid a@uﬂacemtioazégmﬁcs@é@@, kaznd ki axe abauithagmme. At 400EC,
reaction (kb). At 250EC, ka and kb, are about the

S@lBeachbn HOQEEGs diffidof eaatdiien. BralyRSe didubisi ONcarbon dioxide
controlled. Finally, the reduction of carbon dioxide
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snoking there are three distinct regions in a
ctfifette: the conbustion zone, the
pyrolysis/distillation zone, and the

c 00itbe ns Adirony dondltingthieomare Awaedistiiit regioms inve Ggdrette: tthe

be bound by theory, it is believed that the catal yst

OforhhBtioh PYEL thOPyeRRisiddtiligtion Bthey Mid BidToh®GhtidHMSltration
that occur in different regions of the cigarette
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spoking of the cigarette, usually at .t | i ghted end
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zone ranges from about 700EC to about 950EC, and the
heigtiettg dnab@smeakinge as hi gh as 500EC/ second. Because
oxygen is being consuned in the conbustion of

t @0ZCOo Rifktihe doBushlzon: Buhokithg Rk BOthe cigarette produced

—

during smoking of the cigarette, usually at the lighted end of the cigarette. The
temperature in the combustion zone ranges from about 706EC 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 aﬁd oxidation mechanisms, and the

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



di oxide, nitric oxide, water vapor, and various
“R;ﬂﬁ#ﬁﬁnﬁpnpounds the concentration of oxyge5}Clrlsnn‘:mmm1,76
low in the conbustion zone. The | ow oxygen

concentration coupled wth the high tenperature

| eads to the reduction of carbon dioxide to carbon
nonoxi de by the carboni zed tobacco. In this region,

the catal yst can convert carbon nonoxide to carbon

di oxi de via both catal ysis and oxi dati on nmechani sns,

and the catalyst can convert nitric oxide to

nitrogen via both catalysis and reduction -9

26@dhail OB AT TRCHNBEO0M ¥oB82s hizhiyeetibereand thedeat generated is
conmbustion zone is highly exotherm c and the heat

ge&%&&@ﬂlelp?mlyﬁmisanaﬁcm dne. pyrol ysis/distillation
zone. 0028 The pyrolysis zone is the region behind

B e i e
Io;q:rﬁmge%tgreé g%igtgcfggnt ng%ﬁgﬁgp lgggg’tﬁ(}gﬁqa nﬂte::]éltr(r)lygis zone is where

pyrolysis (i.e. the thermal degradation) of the
t ofacobitt: katbop nexhosik: and mitoie oxadsris preficed aFhomajor reaction is the
d|0X|de nitric oxide, snoke conponents, and charcoa

$iD6 . HeherARDBEGh@Mion of 1he tSRizbeitat prodacsearbon
re |s sone oxygen present in this region, and

thus th ca aI t r :

o X P8 é ﬁ%ﬁ%&%@é ?ngéggbﬁﬁ%mﬁgg?h3$MBMﬂUQngﬂw
and/ or reduction of nitric ox de to nltr)?y% e[ thi

c dieal grnprataddadhy epmbEEgn Reng; 11@56 ECEORM Et’&ﬁ%m in this region,
maxi mum activity around 300EC. 0029 In the

c aadehsahé oatalyst mapbdton azetadyst fue thﬁewpéﬁiamﬁféiaﬁm@g@@ﬂmlde to
fromanbient to about 150EC. The mmjor process in

t NdaShZQNExiHS 2hd)8r fANSRASAiaN dxidd thatiirogeno fTHelatalytic reaction
snoke conponents. Sone anmount of carbon nonoxi de,

¢ a}ge%?nrg‘. ag Y8 ﬁ%g i 3 reac ést rﬁﬁﬁmum activity around 300EC.

0029  Inthe condensation/filiration 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 1ITA and IVA

elements of the Periodic Table of Elements, and mixtures thereof, e.g., B, C, Mg, Al,
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wdi Joby$Rsgsd Nto the cigarette. The partial pre

oxi de diffuse out of the cigarette and sonme oxygen

oxygen in the condensation/filtration zone doe 00“002176
generally recover to the atnospheric |level. 0030 The
catal yst conprises netal and/or netal oxide nanoscal e
particles supported on a fibrous support. The

nanoscal e particles can conprise netallic elenents

sel ected fromthe group consisting of Goup |B-VIIB,
VITI, TI'lAand IVA elenments of the Periodic Table of

El ements and m xtures thereof ., B, C Ngf'\;ﬂAl’

- S0 T, 200 M Fo1@a NCTa E@d@%ﬁb@l@ﬂ%@ Mgj Ru;Tih, Rd, Agy S, Ce,
M, Fe, Co, Ni, Cu, Zn, Ge, Y, Zr, Nb, M, Ru, Rh,

FHf, AW, S, (selr, PiHind H@., THY fReus %pol‘ttc,an Bomprige éxide-bonded
The fibrous support can conprise oxi de-bonded

%IJI&S‘\!'P &IﬂE kﬂogl% alBRLA silRh, WA thosichtt€ fitania, ytmm cerla, glasses,

umnos I cat es, titani a, yttria, ceria, glass

5780 BT AR bt e e v

pI acerrent of the catalyst in the tobacco cut filler

i dirgst plaspment, of theocatalystiiy tie tehieco mat e dvprefaredpihe catalyst may
cigarette filter, or incorporated in the cigarette
pappacedinahe aitg&ieyts filter; an irmos@ried it te etbalrotelpaper. tHe catalyst
tobacco cut filler and in other |ocations. 0031

W&@B@ RALL it B iHR EbARcH QUG afd fr GherBERTONA! S
ose di s I ngui shing feature is that their average

AhRAEt ehhy, PALLL CLE PL QUNEE SLEUCLUE AL AOTRLD. Fitfnkihing

RE“hANOSEAT & "part
can have an_aver age tlcle size | ess than about_
1 5etas hricheir aprpes 5@% neloR HATHES 9F OlbEr FUR{ETRRsloma size is

preferably |less than about 10 am Nanoscal e

pacloiwcdtest bévenvarejerhi Ghe sandseade patielas tan heok wmaverage particle

ratios, which makes themattractive for catalytic

aRRkL &R hRNHout 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 6n a fibrous support the particles are
easier to handle and easier to combine with tobacco cut filler than unsupported
nanoscale pariicles. 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 NO, production. The fibrous support minimizes particle sintering,
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0032 By di spersing nanoscal e particles on a fibrous
support the particles are easier to handle and
AN 108 combi ne wi th tobacco cut filler than PCTIB2004002176
unsupported nanoscale particles. Through the nethod
nanoscal e particles can be conbined 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
aggl oneration or sintering together of the particles
during conbustion of the cut filler. Particle
Sk Blus RSnRY.cslé1sasHRRIARRAIBIsBHRPERE MdldBss of active surface
conbusti on zone, ich can result in excess CO and

- production. The fibrous support mnimzes
pa‘?TcIe sintering, -11 WO 2004/110184
PCT/ 1 B2004/ 002176 .and thus m niJn zes el ongati on of .
t 833 onpisegiios SAPQUR YAufach e ol fip gaRoscale particles
area 0033 In order to maxim ze the anount of surface
ameailabfe foheambnizs palicalhniass thasst menalpyeaiof Ercfrgmoscale particles is
catal ysis, preferably I ess than a nonol ayer of.the
naResGRl Svitah bh@besn ti ﬁkﬁ@«mpf)@d Rt hiatph) dhOEatalpst can
the fibrous support. For exanple, the catal yst can
conprise.fro t to %%ﬁﬁﬂ%%
pé:gﬁpﬁs%gognu%gﬁg??gcfogg%g‘ /Oi r%%%le suppor ?‘.%%;t/ed on a fibrous
adjusting the | oading of t nanoscgal e rticles,on
F oppachy i sSb e 10a R0 IEE PR OROE PEREI o1 e Hibidls support,
catal yst/oxi dant can be regul ated. By depositing |ess
t Hheactiviiesd] thy eatalyst/ madens cail ee 15gulnied) &y, dapeiging dask Hign a
nanoscal e particles will be less Iikely to sinter .
t Qa8 Bfer 0P AdthsdAle padtidRis Jheid itoring Mahdieble@artifles will be less likely
catal ytically active nanoscale particles with a

c [ active fibrous support can produce a
ngéghééﬁggééﬁf catal yst. Thus,

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 ﬁbrqus 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 NGy to Na.

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 Hquid 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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nanoscal e particles disposed on a fibrous support

vg(gvant a(ﬂeousl y allow for the use of small quantities

@494t to catalyze, for exanple, the oxi detiraB200400217
of COto CO2 and/or reduction of NOX to N2. 0035
According to a preferred nethod, nanoscal e netal
particles and/or nanoscal e netal oxide particles
such as nanoscal e copper oxide and/or nanoscale iron
oxi de particles can be dispersed in a liquid and
intimately contacted with a fibrous support, which
is dried to produce an intinmate di spersion of

"L &AL KA OB A LA Y o e o
R R R A S —

fi brous support that has been contacted with a netal
pFEBReWEr FoE 6¥yBRisaa et pierwypl Bichas fepper pprtstwdiovate can be
such as copper pentane dionate can be dissolved in a
sdissdmtd suciviast atdbasalcohobhelminacteddvith & fibsoukistus The
support. The inpregnated support can be heated to a

r ﬁhﬁt‘eéﬂd@é&sﬂp@ﬂlﬂcﬁ%@ hahtd @ a #eRitiveKABR! BmpBrurd 30EGample 200-

wherern therimal deconposition of the nmetal preéecursor

r A4S dn .t formati on...and .deposi i on of nanoscgl e
0 Srhg gl e P g T DR oG Purger opg i ho
fibrous support, 0037 An exanpl e of nanoscal e net al
oforenatipn pnd deposition dfmenosexi aretplar metilaxdide poticles within or on
instance, MACH I, Inc., King of Prussia, PA sells
Far(droanogppaite particles wunder the trade nanes
NANCCATU Superfine Iron Oxide (SFI O and NANOCATU

Magnet b3 I ofh Qe o EDRNEALIH SRS bl i 8k Sk Farticles.
(SFI O is anorphous

For instance, MACH I, Inc., King of Prussia, PA sells Fe,O3 nanoscale particles

under the trade names NANOCATI Superfine Iron Oxide (SFIO) and NANOCA T
Magnetic fron Oxide. The NANOCATH -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 cénventional catalysts, and
is suitable for use in food, drugs, and cosmetics. The NANOCATE Magnetic fron
Oxide is a free flowing powder with a particlé size of aboﬁt 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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ferric oxide in the formof a free fl ow ng powder,

Wth a particle size of about 3 nm a specific
WOPHEW I3 ea of about 250 nR2/g, and a bul k denEFEJBYL4002176

about 0.05 g/m . The NANOCATU Superfine Iron Oxide
(SFIO is synthesized by a vapor-phase process,

which renders it free of inpurities that nay be
present in conventional catalysts, and is suitable
for use in food, drugs, and cosnetics. The NANOCATO
Magnetic Iron Oxide is a free flow ng powder with a
particle size of about 25 urn and a specific surface

aﬁﬁanpfégaa%&s G iBhit mB0AR s The chi Be 0sedl ssupfRchs aupport include

conpr a mxture of refractory carbi des and

i des, including.. 1. ne. £
<t o Sy R SR G g A Bursinel
P L BB o 28 e ar 8o Gnost substances

include fused quartz and fused silica. Fused quartz .
amdsddifaezss maaaastuedulsinpppudasd giang aysted apdpedstock and is
gl asses. Both fused quartz and fused silica are inert

t @ offRst %ﬂg&%ﬁ@ Qhile HRARHiGURBATL e BRNMERY prodieced from high
usi ng powdered quartz crystal as a feedstock and is

normal |.y transpayent i | : L s : erature
QBRSSP PO o g ops g iyl CUbi Saifichn
bot h cases, the fusion_process ilsngﬁa”i d out Ia%lghilg,h d
{ drpera00E6) ugiay aRy SOBbIEAICALEE HSDHAYC SR SRS G owere
techni que such as an electrically powered furnace or )

f | iRt usil@ne pistaesece®®N39 The specific surface area
of the fibers used as the fibrous support is

o A, b ks phancaba 00 8o
]? ie}%g ea?qlg osgtéﬁg?%lmt ]%ssztggn gﬁ%ﬂ 208- Iﬁ??/é, %ﬂgéljgat%; tHafl8bout 0.001 m?/ g,
preferably between about 0.1 to 200 m*/g. The length of the ﬁbers is preferably
greater than about 1 om, 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 c;atalytically
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 muliiple 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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greater than about 1 cm e.g., greater than about 2.5
C but typically |less than about 25 cm Preferably,
Wto:?ém‘f’f]ﬂé‘ff’*s are not woven |like cloth, but insteadim2er+/ 002176
randomy intertwined as in a non-woven mat or rug.
Preferably, the fibers are catalytically active
" fibers. 0040 Mol ecul ar organi c deconposition (MD)
can be used to prepare nanoscale particles. The MDD
process starts with a netal precursor containing the
desired netallic elenent dissolved in a suitable
solvent. For exanple, the process can involve a

sigb&idmbal pREAEHESDEr REBELMIMSRLoAHe PRESIIBEB} 1o Ading the

atons or the process can involve nultiple single

nmetallic precursors that.ar. N [ lution, t

o e SdPLEPSRS Arshety 8 ARy B I TR el i o
be used to prepare -14 WD 2004/ 110184 . .
roTRl Browarcoiirs and dhpaelly desppnsngdhe metad sregheopio give
nanoscal e netal oxide particles prior to adding the
peariobeliepartides. he fi brous support, or in situ, by
contacting a fibrous support with a nmetal precursor

sol uti g 1anghd HLIRIkNioH/GAPRAsINE thdfet® balcursor is the
precursor to give "nanoscale particles. 0041 The

deco si tion. tur '

¢ REPerEsal QRishIERE e Ry gl s B SELRRE) fim me

di ssociate (or volatilize) frg% the netal togs :
paetahgioms PusingdbisPreeess Bisihyads peeaning figaydsand thgmetal atoms
and the netal atons are broken such that the Iigands

ame braporsugiethavthedighndwirs eapopard ar etefwistsapamierbirain, the metal.
Preferably all of the |ligand(s) deconpose. However,
NGREREBLLaIPSN the GLAKI(HRIEcahPpOse. JhRldicr] naasdesia paBicadsiagy also
frompartial deconposition of the organic or o

| D488 Vafbon obtained from partial decomposition of the 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). Desiréble
physical properties include solubility in solvent systems, compatibility with other
precursors for multi-coﬁlpcnent 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.
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conmponents present in the nmetal precursor and/or
sol vent 0042 The netal precursors used in MDD

W yeesniisg preferably are high purity, non-toxcens2004/002176

and easy to handle and store (with long shelf [ives).
Desirabl e physical properties include solubility in

sol vent systens, conpatibility with other precursors

for nmulti-conmponent synthesis, and volatility for |ow
tenperature processing. 0043 Ml ti conponent

nanoscal e particles can be obtained from m xtures of
single netal (honmo-netallic) precursors or froma

si ngl e- rce mxed netal h ro- t ' :
precurgﬁﬁynEWB%@P%pgﬁl P%W88%%§%$mﬁggéﬁﬁ%¥§%FFEmeOfdﬁﬂﬂmn
elenents are chemcally associated. .The desired
ssioElsHneabpregusers tpe theagypmtagn of 2 Biliy-e deglgmngpeqyrsor

the stoichionmetry of the metal precursor solution.

- #ieo WDy 20 Qv 1kt 8ducPEbichR20A7. Jd&trmemellipreerrsors, on the other
preparing mnulti conponent nanoscal e particles, the use

ogxaﬂjd,frﬁ £ S aSdeRFEmPRL st LHNGR QI dStal BRcursors have
advantage of flexibility in designing precursor

r heol il oy -l try.
gt SRS Pl EEr En B OTTer” hand, may
o1 cour D645 RMUSLTHHALTEY SbT BUPBBR Ff LAytT 8¢ bergrenctions or

or conpatibility. 0045 M xed-netal species can be
oktimtimetbnvieactionniby meigingt-rhetslealkexides adgormther metal precursors such
substitution reactions by m xing netal alkoxides

a%lg/ Q{cat% I;P‘%ﬁik%glﬁies BE f%dfel OB cAKE he @BIRAIA BRotions are
( > Gi a

diketdnates or nitrates. Because the combination
reactions are controlled by thernodynam cs;,..h e
B B Biee A e D R AT S ol B Lomponna

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 mor;e 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; fransition, 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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once isolated may not reflect the conposition ratios

inthe mxture fromwhich it was prepared. On the -
WRNLYIMEHA, nost metal al koxi des can be conbi NRTIEI064/002176

produce hetero-netallic species that are often nore

soluble than the starting materials. 0046 An aspect

of the nethod described herein for making a catal yst

is that a commercially desirable stoichionetry in

t he nanoscal e particles can be obtained. For

exanpl e, the desired atomc ratio in the nanoscal e

particles can be achieved by selecting a netal

PiSGURSde, Pt Bickiod lighiel 118, @, Mg, eCUBE TSV eV Vi 1R, Co, Ni, Cu,

ratio of first netal atons to second netal atons

that . | i nhedeat e t 094

BE G 3 R B SR A SR PR, TR W R B i P

organi ¢ _ conmpounds, which have _a central main_ group,

t Puchanetplorpmpoidh sy decludsralispsiqsn Belikeipnaigs, garboxylates,

nmetal | oid atom or atons bonded to a bridging atom

( exafntes, biirafss, RydrideS)thiolwads, anidelsmitraten, dadndaids toastes, sulfates,

organi c radical. Exanples of the central netal or

nﬁ%ﬁﬁ&é&i %lbﬁ@es%@%ét}é&é%ﬂ PER4 h:%?a@B C%kg%ilz& aélﬂl%‘ﬁ S0~

i nclude, but are not limted to, ,

-I\%dlleéggg%rﬂﬁme icI;: %anl?@%ﬁxd,l\l i%&éer%ﬁ’fa c&%%hl %ﬁak%foné% 'bo%l%‘d tg,tone or
and An.. Such netal conpounds, may incl ude  al koxi des,

(100%; esbanaipws of ap PHRIF SPWs  ASRskE) of pecessipg Wih dlicse metal
hydri des, thiolates, am des, nitrates, carbonates,

cyanataes arsdistasesbhelowr om des, chl ori des, and
hydrates thereof. The netal precursor can also be a

so- cabbfyl PrAARRRRIRHel sGnIGOTP 8FAshosWIEHRIBs fre GRIMIURSS having

metal atomis bonded to one or nore carbon atons of

BSOS 04REPORE 38 BESE PRI ML ! Bt
MO{OR), il = saturated or unsaturated organic group, alky! or aryl), B-diketonates
M(B-diketonate), (B-diketonate = RCOCHCOR') and metal carboxylates M{O2»CR),.
Metal alkoxides have both good sclubility and volatility and are readily applicable

, to MOD processing. Generally, however, these cbmpounds 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, thé high reactivity of the metal-alkoxide bond can make these metal
precursor materials useful as starting compounds fof a variety of heteroleptic species

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

or 0,CR).
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0048 Precursors for the synthesis of nanoscal e oxi des
are nol ecul es having pre-existing netal -oxygen bonds
WE 2044/a18det al - al koxi des M OR)" or oxoal koxi des PCT/IB2004/002176
M OR " a = saturated or unsaturated organic group,
al kyl or aryl), [3-di ketonates M 3-diketonate)"
((3-di ketonate = RCOCHCOR ) and netal carboxyl ates
M ®2CR),,. Metal al koxi des have both good solubility
and volatility and are readily applicable to MOD
processing. Generally, however, these conmpounds are
hi ghl y hygroscopic and require storage under inert

h
i rdg@f lpq E\{i Ss k1 (j& M?gf{ [ RagehifORiRteDrHERAS of Wi variety of

c, the al koxi des based on
_nost netals are solid On.th ot.her gh
regleetips-t (higAlPwS e dhenieal %ﬂ% %8%811 @gjﬁg r?gbgg]t %{ese
nmetal precursor materials useful as startin

cginjbiontryfhyrusingy Sor exeypds, orgen: IR ©TRWERRguch as aleohols,
(|. ., speC|es with different types of |igands) such

1_0¥§>< ?fZ@E QB OMANatsxylic atR BRjroxydrbaBlic acids,
2004/11018 |BZOO4/002176 0049 Metal al koxi des

y with the protons of a large
%3 Wsﬁ&mﬁ?e%l es. This allows easy chem cal
rmdlflcatlon a h 0 ry .
i ?fﬁﬁl@%?ﬁ;@ﬂbi‘ M@fﬁﬁ@ﬁ%ﬁ %%m‘f‘ﬂy
al cohols, silanols (R3S OH) % ycols
c solobleyth brganiecsolantoRadassaRyaphElede haérolysw%s%wﬂuﬂfmﬂted

surfactants, etc. 0050 Fluorinated al koxi des M ORF)"

( Riomdokl( T 20at6645 can bd uskies peadisoys fos Blatifles, brides or
organi c solvents and | ess susceptible to hydrolysis

t %Bn&@ ﬁg}é&ﬂ%ﬂ%@ﬂ as ?l di)%ééi 48 xidENeBRLBah iuat S as@hoscale

recursors uorldes oxi des or

metal oxide particles.

0051 Modification of metal alkoxides reduces the number of M-OR bonds
available for hydrolysis and thus hydrolytic susceptiﬁi]ity. Thus, i_t is possible to
control the solution chemistry in sifu by using, for example, metal f-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)y}m are atiractive 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'=CHs) are advantageous because they can provide

good yields.
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fl uori de-doped oxi des such as F-doped tin oxide,
whi ch can be used as nanoscale netal oxide
WELPHEES. 0051 Modification of netal all coxi dESIAB2004/002176
reduces the nunber of M OR bonds available for
hydrol ysis and thus hydrol ytic susceptibility. Thus,
it is possible to control the solution chemstry in
situ by using, for exanple, netal (3-diketonates
(e.g. acetylacetone) or carboxylic acids (e.g. acetic
acid) as nodifiers for, or in lieu of, the al koxide.
0052 Metal (3-diketonates [ MRCOCHCOR )" ]m are

A5 L ARUORRES ko d P BERRES ﬁéi]%%é}‘%ﬁﬁ%%ﬁ hitoa

volatility is_ governed |argely t he IIs of the R
dirareree ig logartsyed ‘ihe%'spf?ﬂJé’SQ%’at e ékga% anpst & surface
which will determ ne the degree of association, m

rmmmEQEﬂ@emsamip@bnﬁdzﬂ@hanhﬁbomeJﬁnaemyﬂhweﬁdnamﬁdm
(R=R =CH3) are advant ageous because they can provide

ORetnyd Sied$: drb%‘%ls\e@ﬁ@@ﬂ 1, 3E0AR4oR%Y, | BRBBAHLRAL tan, for

0053 Met al ket onates are prone to a chel ating

avi or t at can |ea decr e.in the

S e g RS Folsi cDvE: g gt feftagresuon e
as surface cappi ng reagents and pol yneri zati on
i prifepied dorprepphing naserskle patraléscl es can be obt ai ned
after hydrolysis of MOR) " _, ((3-di ketonat e) x.

Aoty | agedtaingrieanlatdsGich bsdeanaeM(OLEMd),)) 26 canosntdlly
colloids. Thus, netal (3-diketonate precursors are

B 0 R

Canrﬂg;ﬁrigel: (?rl W1¥h 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(OQ,CCHEL,Bu),), which are the carboxylates with the smatlest
number of carbon atoms, are generally soluble in most organic eolvents. A large
number of carboxylate derivatives are available for aluminum. Nanoscale
aluminum-oxygen macromolecules and clusters (alumoxanes) can be used as
nanoscale particies. For example, formate AI{O,CH)3;(H,0) and
carboxylate-alumoxanes [AIO(OH)(O.CR),}n 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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avai | abl e as hydrates, which can be rendered
anhydrous by heating with acetic anhydride or with

WO WV REK 8%t hanol . Many netal carboxyl at es geneP&E[1§2004/002176
have poor solubility in organic solvents and, '
because carboxylate |igands act nostly as
bri dgi ng-chelating |igands, readily formoligoners or:
pol ymers. However, 2-ethyi hexanoates (M O2CCHEt
Bu) o), which are the carboxylates with the small est
nunber of carbon atons, are generally soluble in nost
organi c solvents. A large nunber of carboxylate

deE ByistieSeaimgrMRiilNed (¢ g7, thd duvirad miscoiityoseditglity and/or
al um num oxygen macr onol ecul es and cl usters

PR gl g i st
p?fe\ﬁlap%@tppom Wnomfkﬁ%éﬁg%o%thwgy%é@@gmémg’r eic.).

boebm te. 0055 The sol vent(s) used in MOD processjn
are sel@ift eSolventethas may bernsat ér MID preqcssinginchide disiitigd water,
high solubility for the netal precursor conpounds;

Cﬁ&ﬂéﬂé@,' helxBfdst st dylifteartebs cypibhexmmss xyloay athyd scetates,
r’heol ogi cal conpatibility with -19 WO 2004/ 110184

5@1& Iﬂ?ﬁe&é@&%ﬁ%&%@ﬁr&%ﬁ ROsibhd, @RrbbR GBS dlfidibenzenes,

Iscosi'ty, wettability and/or

conpatibility wth other, rheol ogy,ad] : .4
pBIIPENAERGS, Pﬁ&d@&sfa?%ygﬂa@@t %tﬁ)g‘oﬁr‘“{cﬂgﬁ”ﬁlﬁg é%‘ﬁ“%?? oldefiftcs
econom ¢ factors (e.g. cost, recoverabiljty,

t bationés, yhloettorny,, nlimé seits; end snichigs thetppe used in MOD
processing include distilled water, pentanes,

hexanegosar oimbbcaldwetad patiols snaydyechosresairesnio the fibrous
xyl enes, ethyl acetates, toluene, benzenes, '

fj SWE?‘%L%%@;@%E lgacﬂﬁﬁ AL arC BhdIOR 16 SxdHahE 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 afier
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 dissotved 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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ni trobenzenes, pyridine, nethyl alcohol, ethyl
al cohol , butyl al cohol, al dehydes, ketones,
WEht08#81%84 mineral spirits, and mi xtures ther POT/IB2604/002176
0057 Nanoscal e netal particles may be incorporated
into the fibrous support by nethods known in the
art, such as ion exchange, inpregnation, or physica
adm xture. For exanple, nanoscale particles and/or a
nmetal precursor 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

RBE hingdDBeRNABlindhSGebeshs SWPbet s BREtHeGAFticld Bmain on the

fi brous support can be dried and/or heat treated

durin ftor t 4. i -
SUpbPE ThrBohnesd DR RR-IHE B0 AR LRI i include
particles can be conbined with a fibrous s ort.
NEHldavop RPRRBISeReRARSS BT dREFRIGHP o5 AP REsfapey Wplenes.
a liquid, and the fibrous support may be m xed or
seih\eedtates) tolnenheehiapas, dethpyidrigintaneagiongsesaseen disulfide,
particles. The |iquid may be substantially renoved

f ieRlokdRntdrRE QiSO SMBRRE Ipyrislue) nashyd yildoRell &thgl dlbshol, butyl
fibrous support at a tenperature higher than the

L85 B A e

at nosphere surrounding the fihQrous, s ort so tha .
he. pabEic: DaEcetab henaralmertidindioh & HDRRS Syag b b egmbined
to forma dispersion of the nanoscale particles can

- i mcAnydeitale satid foquivenadasited padineisnetalbpestieles omtbesuppast. For
hydr ocar bons, cycl ohexanes, xylenes, ethyl acetates,
t etangile, nanesERNes) oxidd patiyids of copprr ogide barieles cal botombined
di sul fide, dichlorobenzenes, nitrobenzenes,

PWfith LePnic FRLIMb pRl B0 8bm AWV b.184 &Pk wltilerd 10 wt.% or 20

wt.% nanoscale particles of iron oxide or copper oxide on ceramic fibers.

0060 By way of example, 2 5 Wt.% mixture of NANOCATI 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 ﬂéw 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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al cohol , al dehydes, ketones, chloroform mneral

Vﬁgi rits, and m xtures thereof. 0059 In general, -
ANALfigs particles and a fibrous support can B&T/IB2004/602176

conbined in any suitable ratio to give a desired

| oadi ng of netal particles on the support. For

exanpl e, nanoscal e iron oxide particles or copper

oxi de particles can be conbined wth ceramc fibers

to produce fromabout 0.1%to 50%w.% e.g. 10 wt.%

or 20 w.% nanoscal e particles of iron oxide or

copper oxide on ceramc fibers. 0060 By way of

eaWRtBroush B chkalyér-MeX tbHitedl @ggmmm OTabix] HRistrate the
particles was dispersed in distilled water using

ul trasoni cati (] ]

P R T e S A L R G S
50EC during .the at i st.e dried i.n air

* Skl Je Redvstion 9 C0 2o BiiEE \EHMo A aRb bt il
oxide on the quartz wool. SEMinmeges of the resulting

clat al yst are shown i Fi gub@,dm,)The catal yst WR$(mg)
ncorporated into the cut fill er of an experi nent al

ot b nud = =
pked-—uhder—ecoRrtiruous—draw

ondi tioggn@bl @ flowirate of BOO mM/mn. A nmul td.23gas
anal yzer was used to|measure CO and NO. {The anount of
Co—and—NoO-drawn—t-hrgugh—the experinemtagt—crgarettre
wWas cormpageddentiit h t h¢ anount 21 WO 2004/ 110184 0.167
PCT/ 1B2004/ 002176 drjawn t hrough a cataljyst-free
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tTot cigarette. The data in Jable 1 ijlTustrate the
hpr ov &sdetionPPhi ned {by usi ng®> nanoscalle 28.3
articl es/quartz wool} catalyst. Table 1.} Reduction of
amd—NO UsTTIg NANOCAT/ quartz wool catalyst. CO

(o) '\QOgFQ)Accg%lﬁirg % a%esdogd %m%g%ment, 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 métal 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 S0EC. The mixing is preferably conducted
at ambient pressure.

0062 After contacting the ﬁbérs with the solution containing the metal

precursor, the fibrous support material can be dried in air at a temperature ranging
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Experimental 10.5 0.167 Reduction (% 55.7 28.3

0061 According to a second enbodi nent, nanoscal e
WArHAIUEE can be formed in situ on a fibrous sepPEB1004/00217¢
via the thermal deconposition of a netal precursor
conmpound. Suitable precursor conpounds for the netal,

or nmetal oxide nanoscale particles are those that
thermal |y deconpose at relatively | ow tenperatures,

such as di scussed above. The concentration of the

metal precursor in the solvent generally ranges from
about 0.001 nolar (M to 10 M preferably from about

Ol t e el '

o ptott A [ R B SEHE . OB Ao Pkt 4P e
tenperature, e.g.., by spraying or dj ting,. or at

e MS{E pegursPl fpucal b A Beaperiyge bobyep aéﬁlt%%ﬁﬁ@% HREC.
tenperature of the mxing typically ranges from
abBeubdrdaghio en¢ prederged eriBidintw, Hieclmied PofECrsoibroissupgprt can be
Is preferably conducted at anbient pressure. 0062

ALLRLY %i('gr?ft a%%ﬁé: TQOE@F‘(J deRENh B0 thO e pRRhktol A8M form a catalyst

cont al g the neta precursor, the fibrous support
material can.be dried in ajr at, a.tenperature, rangin

Bt soram i BB PRESIS0 A7 ST F PR

to a tenperature bel ow the deconposition tenperature .
otngther emhodimentethgrdsised pracypsoe-Abraps supRFheanae goanbined with cut
bet ween about 23EC and 100EC. According to one

priglkeer red enbodi nent, the dried precursor-fibrous
support can be heated (e.g., above 100EC) to

deconpsgs t Nge MRLAI pBEESH R be BBGniRIsE B oAhaaMsdcale particles
mat eri al conprising nanoscal e particles on the

f Iﬂ?e{t %uesdig’p%%%ﬁ r&nﬂnﬁ%% %h %'16“@01%85 support by thermally treating the metal

precursor to above its decomposition temperature. Thermal freatment causes
decomposition of the metal precursor to dissociate the constituent metal atoms,
whereby the metal étoms 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 ratioc approximately equal to the
stoichiometric ratio of the metais 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 soluiton and
the contacted support can be heated in the presence of an oxidizing atmosphere and
then heated in the substantial absence of an oxidizing aimosphere 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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anot her enbodi nent, the dried precursor- fibrous
,“;u$§45t can be conblned with cut filler. 0063 The

Lt 1 H 8t ur sor can be deconposed to formnano§"€3'f1§2("””0“21'76
particles that are dispersed within or on the
fibrous support by thermally treating the netal
precursor to above its deconposition tenperature.
Thermal treatnment causes deconposition of the netal
precursor to dissociate the constituent netal atons,
whereby the netal atonms may conbine to form nanoscal e
nmetal or netal oxide particles. Were the netal

PLEEHE $BhtaSRABAPSRScaichaattd in an tnemedrakducdnehtarspliere to form
the nanoscal e particles may have an atomc ratio

PRI OXUTBLEN Yo ffAL i b fiein SAiloS AT dinfri 1 dRen,

precursor” sol ution.” 006
thermal treatnent, can be carri.e £V
apisgshamEBonigsarbendioXjdeand gt rihetede %Eé%f edseducing
be contacted with a netal precursor solutlon and the

c ehaspherd isa bpdogere-ardgen mistei(e ﬁoﬁﬁﬂiﬁr%k nce of an
oxi di zing atnosphere and then heated in the

subst anpksl BRsEAEEpeEusH-@Titatial sngpat inwpfrerbly heted to a
form nanoscal e netal oxide particles. The oxidi zi ng

at no c
AR %gﬁf to @?é b 2 fheUecOMPE§Ron temperature of the metal

us support can be cont act ed

with a netal prec or. sol ution

DT EEG0 T Bo BEFEe] Bing s LA Bép)g e ichor ligands
heated in an inert or redu0|ng at nos here to form

namod givell meonlhedaeridatien fermreatuedfdhan ekl %%%Wéﬁhef desired
can conprise hydrogen, nitrogen, ammoni a, carbon

- di B¥iysiewiaBH afd totrumes. tHieneet, thé\prfateetengeratue i fugn about
atnosphere is a hydrogen-nitrogen m xture (e.g.,

f %d&'&gtomc, 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 ﬁbfous 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 ajr to form a catalyst
matetial 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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0065 The netal precursor-contacted support is
; y heated to a tenperature equal to or
@g@?{%?ﬁ han the deconposition tenperature of PHEEIB2004/002176
metal precursor. The preferred heating tenperature
will depend on the particular Iigands used as well
as on the degradation tenperature of the netal (s) and
any ot her desired groups which are to remain.
However, the preferred tenperature is from about
200EC to 400EC, for exanple 300EC or 350EC. Ther nal
deconposition of the wuniformy dispersed netal

PERSHASR frdth hAR DI t6 8§61l W%, 8ot N6 vt bOLMwt % nanoscale
deposition of nanoscale particles within and/ or on
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DS LRSSl LBROUR PNk 0908 R
gn 0. g ) %é‘% I &@g lghlb‘%‘ls %g%éfgbg% p@%dg%ygﬁllj oal Qg\é\qg.}(q)lle/ﬁvge trft]sistant

al cohol to the point of incipient wetness. The -
sopproiat wivich, wherebleaterd toraplomptrpertwbich aonaalirghitrsans
then heated to 400EC in air to forma catal yst

MediBeitad (COMmR 5h g ARMAOS GRFGICARP ALt WXl dpPasd tduhfistely, or
that were intimately coated/ mxed wth the quartz

}NIB%'FIWIQQ Bdcohd® 1 %BI%' of sggéggl{i%% 88:{9%85:15 ﬁ%cl%g.d a

ous suppor an be I'n any sultable

ratio iye a desired | oadi of al rticles on,
the supBeds Dede hesamsras ot O @ Lebaie oske cppaic partites
pent ane di onate can be conbined with quartz wool -24
Woay boagma eHededeEor ES200k) saREde Fed)spaditlesendy bymeduced to
about 0.1%to 50% wt.% e.g., 10 wt.%or 20 wt.%
N@egRcBE@ or Padiniag te reictionh@f CIXIED,.| TRNfibesyih yeoni de

or copper oxide on quartz wool. 0068 The fi brous

S H@%’Eégﬁ?@ﬂy s hug 6 ABY b REEBE In¥n e AR EATeldsBind prevents them

resi st

from sintering together, which would result in a loss of surface area and éatalytic
activity.

0070 Iron 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, sﬁch 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 Fe,O,
nanoscale particles (50 mg samples) (NANOCATI Supesfine Iron Oxide (SFI0)

from MACH I, Inc., King of Prussia, PA) having an average particle size of about 3
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mat eri al which, vvhen heated to a tenperature at vvhi ch

wg{i@ %)recursor converted to a netal on
¥hereof, does not nelt, vaporize conpl 8?3992"‘“’““2175

or ~ otherw se becone incapabl e of supporting
nanoscal e particles. 0069 During the conversion of CO
to C02, the oxide nanoscale particles nmay becone
reduced. For exanpl e, nanoscal e Fe203 particl es my
be reduced to Fe304, FeO or Fe during the reaction
of COto COQ2. The fibrous support advantageously
acts as a spacer between the nanoscale particles and

PRAVERYE A hamusiicam sowlar(frog Allgieh iiemivd CGoimpeny) baving an
result in"a loss of surface area and catal ytic
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c atadsyale partigtes sbow gl mechldeheyagrogatags 0 %?Dd’&?ﬁol} carbon
especially useful for certain applications, such as

 WindhoRida th barBbm gioxideathen the: latper Bo,Ohpagizdesi al pressure
of oxygen can be very low 0071 Figure 2 shows a

conpar iggon bt el @GR, Fyhd ﬂ?an@ﬁal mfﬁﬂcl@:f atc@dfdble of acting
nanosca e partl C es 50 my sanpl es) (NANOCATO

Superfine L |

ofeS ppianoxi %BA?O SEa oty ?‘%{%a te° Oftron SR and oo a
about 3 -25 W 2004/110184 PCT/lBZO g ‘#P d
( catalmst fy theeomyarsicmedioRranmaeroxids g e depadfpraifric oxide
Conmpany) having an average particle size of about 5

Prih GtioéR. Bhr exbieplgabe F3,4%ab@caRPpasiciGrantaat agceatalyst in the

pyrolysis zone and can act as an oxidant in the combustion zone.

- 0073 Nanoscale iron oxide particles can act as a catatyst for the conversion
of CO to CO, according to the equation 2CO + O, 6 2CO; and for the conversion of
NO to N, according to the equation CO + INO 6 N, + CO,. Nanoscale iron 6Xide |
particles can act as a oﬁdant 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
llustrates a comparison between the temperature dependence of conversion rate for
CuO (curve A) and Fé203 (curve B) nanoscale particles using 50 mg CuO particles
and 50 mg Fe,Os nanoscale particles as a catalyst in a quartz tube reactor. The gas
(3.4% CO, 21% O, balance He) flow rate was 1000 m!/min. and the beafing rate

was 12.4 K/min. Although the CuO nanoscale particles have higher conversion rates
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He) flow rate was 1000 m / m n.
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0076 Inthe 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 éarbon dioxide drops to 0.29 and 0.23 for CuQO ar_;d Fe,O4

nanoscale particles, respectively. The oxygen depletion increases to 67% and 100%

for CuQ and Fe,O5 nano

scale 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

18 possible to reduce the amount of carbon monoxide and/or nitric oxide drawn
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conversion rates. 0075 Table 2 shows a conpari son
bet ween the ratio of carbon nonoxide to carbon
WH BFEWI34L g the percentage of oxygen depl et i oRCHBAN04/002176
usi ng CuO and Fe203 nanoscale particles. Table 2.
Conpari son between CuO and Fe203 nanoscal e particles
Nanoscal e particle CO CO2 02 Depletion (%9 None 0.51
48 Cu0 0.29 67 Fe203 0.23 100 0076 In the absence
of nanoscale particles, the ratio of carbon nonoxide
to carbon dioxide is about 0.51 and the oxygen
depletion is about 48% The data in Table -2

i oSl Bt BighRtel A0 PresEMy Aiticth Nedolbusid@gion and in the
nanoscal e particles. The ratio of carbon nonoxide to

Eﬁé%ggﬁ%%%éide drops to 0.29 and 0.23 for CuO and

nanoscal e particles, respectively. The oxygen

depl etion increases to,67% and. 100% f.or and

Feb03. RAfbs daF capiiets BhED CopEElsE crraperly PrgiRs SpRaorted on.a
catalysts will preferably be distributed throughout |

t ibraus sapmwt, maydbaoevido alobg dhaclenathof pdobaggo proly dishiputing
the catal ysts throughout the tobacco rod, it is

P@gSdabllgstd 6n AiRAbERch BE iaRostIRf thedrionheordiled @obacco. The
and/or nitric oxide drawn -27 WD 2004/110184

pare PR JE B R ol FhBRE S suBli o e
p%a?(ljr}/gsringchzlgg Sf added to a tobacco rod prior to wrapping cigaretie paper around
the cigarette rod. According to a preferred embodimf:nt, when nanoscale particles
are formed in situ nsing MOD processing as described above, heating the fibrous

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 t-o 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/cigareite, 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 nitregen, where the

08-



0078 The catal ysts, which conprise nanoscal e

wWiRASoh , supported on a fibrous support, may be
pré@?gg 4along the I ength of a tobacco rod by PCT/AB2004/002176
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
stock supplied to the cigarette making nmachi ne or
added to a tobacco rod prior to wapping cigarette
paper around the cigarette rod. According to a
preferred enbodi nent, when nanoscal e particles are
f oainlyet it in i tfornusef agadvisBulp hetd paitilpsasd/de satdsbsld metal oxide
above, heating the fibrous support conprising a

MBhdcleB BSOSO bn 2ATMbLPALEra tenperature sufficient
to thermally deconpose the netal precursor into

nanosc part i e fo LiOr.to i ng
t he in%bgbng¥%é$§§§8§?¥w$%ﬂﬁﬁéﬁEﬁ aH%%%%ﬁ”ﬁB?gm%%%m
anmount _ of the_ catalyst can be selected such that the
argawples of swipplsdrperotdRbaseo airists inrlods Bugreieed, Brrley,

mai nstream snoke is reduced during snoking of a
ciMraylend er ORemhiciohbiops, thbearawpspreeialif teHaecosatuald ylehds thereof.
will be a catalytically effective anmount, e.g., from

al@utotctSMaitihl d@MRNFovikied 1ehe el BbARb ChlRaChiloBessed
to about 200 ng/cigarette or nore. 0080 One

entod . . Cofi " i ion
conpg#ﬁ?ﬁ%mg%g%%%%%“%ﬁ%£§?£#%%sfmgne ca?%#ﬁs?ﬁwgﬁmimbmmo
rdescrib%g above1 whi ch i%?éa abl e of converting ]
c AFBBTUR U AR O A BYHH P TRISH AEETd PR gigiigle or
to nitrogen, where the -28 WO 2004/110184
PoimiBHeonf 00ha Thacemean alst inckide pbapre fubstintk. a
nanoscal e netal particles and/or nanoscal e netal
oxi de (082t iig bigsresi¢apanifadueNtha idbabél SiofibifIPOshployed 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 agenté, 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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0081 Any suitable tobacco m xture maybe used for the

' fi.ller. Exanples of suitable types of tobacco
V‘V:rf(g%%or*’%]g}]gji ncl ude flue-cured, Burley, Maryl and(dy1B2004/082176
Oriental tobaccos, the rare or specialty tobaccos, '
and bl ends thereof. The tobacco material can be
provided in the formof tobacco | am na, processed
tobacco materials such as vol une expanded or puffed

t obacco, processed tobacco sterns such as cut-rolled

or cut-puffed stens, reconstituted tobacco materi al s,

or blends thereof. The tobacco can al so include

t obacc@ogabsA firttee smbd0fent ProviidisaahéthodranmhRiziowr dgarette,
the tobacco is normally enployed in the form of cut
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about 3.0 inches. The cigarettes may _further

c dofprcis eolomaey; Gid) plaeingrd paper wimppeHirovrd e tabagre colawnn to form a
(e.g. burn additives, conbustion nodifying agents,

C abdckd e @M 1is) oplinddivattadiiag ) clgaee filter theasbacco rod to form
0083 Anot her enbodi nent provides a cigarette

C%é&éﬂt@g a tobacco rod, wherein the tobacco rod
conpri ses tobacco cut filler having at |east one
catal ys

as escri hed.abaove ich is capable.of
conve t085 RIS O P BOer o G TG REy Any
nitric oxide to nitrogen. In addition to being, .
| cwavendional ertraodified ctgaratigtmaliing ehniqupymary he apgisto ipgiporate the
be located in the cigarette paper and/or filter of
t hextdygargid @sulting c\¥xale 44nl BOhIAn A dIB2 A kBORA fecifications
0084 A further enbodi nent provides a nethod of making

" B A Sy S il chsbien T
the cut filler composition is optionally combined with other cigarette additives, and
provided to a cigaretie making machine to produce a tobacco rod, Which _is then
wrapped in cigarette paper, and optionally tipped with filters.

0086 Cigareties 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 abouf 30 mm in
circumference, and preferably around 25 mm. The tobacco packing density is

typically between the range of about 100 mg/em’ to about 300 mg/em®, and

preferably 150 mg/em’ to about 275 mg/em’.
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cigarette filter; (ii) providing the cut filler to a

'Qﬁigﬁﬁgtnaking machine to forma tobacco col um;

IT1) placing a paper w apper around the tobacBgl/IB2004/002176
colum to forma tobacco rod; and (iv) optionally
attaching a cigarette filter to the tobacco rod to
form a cigarette. 0085 Techniques for cigarette
manufacture are known in the art. Any conventi onal
or nodified cigarette making techni que may be used to
incorporate the catalysts. The resulting cigarettes
can be manufactured to any known specifications
usi ng 808Ndafed anstherosh Bddatertipgavridés emsthlot B smoking the cigarette
techni ques and equi pnment. Typically, the cut fiFIer

CauRapLd Liafyel SHOMiHANA NELERTBGHnbhd 18 BhShokce and drawing
cigarette additives, and  provided to a cigarette

in hine to.produce a.tqgbacco rod,.whi.ch i.s
¢ R EEAR ol BRI SRRl BB B GRE it dRy Bareti, e
tipped with filters. 0086 Cigarettes may range from
abFaky stz a Gtalpgder the conysrsion plsightn mowmsads tl dagbonglioxide
regular cigarette is about 70 mmlong, a "King Size"
i sndibonitri@&xideto himogen.a " Super Ki-ng Size" is about
100 mm |l ong, and a "Long" is usually about 120 mn

in lengbhs ToRISIHGHENALR AESHdeH deb@Ped R refPer®Vd Breferred
about 30 mmin circunference, and preferably around

R I R R NE R

mg/ cnB, and , preferably 150 [cnB to about 275
mipsered to agow TR 11BaseHER 0 derapth O Bachesatigigrys and
Yet anot her enbodi nent provides a nethod of snoking
t hediligéioes te iddscrididaedohn thopiokew avbionps of the invention as
lighting the cigarette to form snoke and draw ng
defined by the claims appended hereto.
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t he snoke through the cigarette, wherein during the

] gp { the cigarette, the catalyst acts as
ca?aﬁys or the conversion of carbon nDnOX|dePF3”B”m“mnfm
carbon dioxide and/or nitric oxide to nitrogen. 0088
Wil e the invention has been described with reference
to preferred enbodinents, it is to be understood
that variations and nodifications may be resorted to
as W 11 be apparent to those skilled in the art. Such
variations and nodifications are to be considered
Wi thin the purview and scope of the invention as
de¥tiapeccibynddie cl ai ns appended hereto. -31 WO
20041110184 PCT/ 1 B2004/ 002176 What is clained is: 1.

A cut fill ers cQMRS binBBsiGHBEhSHARg IPRSGCMH M Chidtyst for the
catalyst for the conversion of carbon nonoxide in

mai nst r.ea e to c rbon di it
Pl e Bt SRb R SpBRE el fofiq andor ivic
catal yst conprises nanoscale net al partlcles and/ or
naKedn pwinsean seiakgdo pitiogrr, whereigdbspatalystsemprises nanoscale
fibrous support. 2. The cut filler conposition of
ChadtahphrtioMyeméios nahescalznodalad:adenpirtitles pappbited s a fibrous
and/ or nanoscal e netal oxide particles conprise one
ogﬁgﬁﬁg nmetallic elenents selected fromthe group

sting of Goup IB, 11B, BIB, NB, VB, VIB, VIIB
VIIl, MA and | VA elenents of the Periodic Table of
El ements. 3. The cut filler conposition of Caiml,
wherei n the nanoscal e net al oxi de arglcles
conpri e oxiHhescut Sllgrearapasitinn Afifdaige buphersinsthe prppycple metal
i ron oxi de,

particles and/or nanoscale metal oxide particles comprise one or more metallic

elements selected from the group consisting of Group IB, IIB, HIB, IVB, VB, VIS,

VIIB, VI, A and IVA clements of the Periodic Table of Elements.
3. The cut filler composition of Claim 1, wherein the nanoscale metak
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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i ron oxyhydroxi de, copper oxide, and m xtures

wid b eefoigsd- The cut filler conposition of Claiml,
mherg?wﬂ?he nanoscal e metal particles and/or PCHIB2004/002176
nanoscal e netal oxide particles are carbon-free. -32
WD 2004/ 110184 PCT/ | B2004/ 002176 5. The cut filler
conposition of Caim1, wherein the specific surface
area of the nanoscale netal particles and/or
nanoscal e netal oxide particles is from about 20 to
2500 n2/g. 6. The out filler conposition of Caim1l,
wherein the nanoscale netal particles and/or
nanoscal e nEkatutdiiedeoppedticl eEClatv é, whersuethagpecific surface
particle size less than about 50 nTm. 7. The cut
fartd 6f the anp@silt ndnalgfartdial siidlor nahetale Mndthiexi@NeEEakbeis from
nmetal particles and/or nanoscal e netal oxide
Pl 6 B 4tRuRYEN average particle size less than
about 10 nm 8. The cut filler conposition of C aim
1, wherein the fibrous support conprises oxides
sel ected fromthe group consisting of oxide-bonded
silicon carbide, boria, alumna, silica,
al um n@si | i the e filor campesitign of Claim d ewvhereinthg ageescale metal
zirconia optionally stabilized with calcia or
npgtielss ad/anthnokedldmetl btide parfticled havidh Swbageipati®ile size less
conmposition of Claim1l, wherein the fibrous support
CRARLLSRSoGRram ¢ fibers and/or glass fibers. -33 WO
2004/ 110184 PCT/ 1 B2004/ 002176

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 I, 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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10. The cut filler conposition of Claim1l, wherein

: jfic surface area of the fibrous suppo I S

W?)?@Pﬁ?ﬁﬁﬁﬂdt 0.1 to 200 m2/g. 11. The cut filler bbrhB200/002176

conposition of Claim1, wherein the fibrous support
conprises mllimeter, mcron, subm cron and/or
nanoscal e fibers. 12. The cut filler conposition of
Claim1, wherein the fibrous support conprises
catalytically active fibers. 13. The cut filler
conposition of Claim1l, wherein the nanoscal e net al
oxi de particles conprise iron oxide and the fibrous
suppor §o.conmhi $esfiterampositiohef €laiant/visergihdbs specific surface
fibers, the catalyst being present in the cut filler
[ Is _ Yeast 10% of
tE%sggﬁggﬁghgﬁ%%ﬁﬁglgﬁn?%%ogggﬁg??gg#:gﬁoke to carbon
di oxi de and/or at |east 10% of the nitric oxide in
the mai nstream snoke to nitrogen. 14. The cut filler
conposition of Caim1l, wherein |ess_than a %Iager
of t he 1hanosidwl cat HHet ommesitioneof fdpus i ¢ W@Befwwgg% Tous support
and/or on the fibrous support. 15. The out filler
C RBRGRbds aNlidktet] micton] subthier @i ad/drenanascaloyBlers.
conprises fromO0.1 to 50 w. % nanoscal e particles
supported on a fibrous support. -34 WO 2004/110184
PCT/ 1 B2004/ 002176 16. A cigarette conprising cut

filler, .wher intz.ri cut filler £oipfis ﬂf{ﬁ AQupport

a cat allyst égﬁHBF il c%%??ﬂ%mggga cagaﬁég% o%q?%e wPpo

conversion of carbon nonoxide to carbon di-oxide

arrdiprised ¢atalptiepliypstivo et r ogen, wherein the catal yst

conpri ses nanoscale netal particles and/or nanoscal e

nmetal oxide particles supported on a fibrous

support.

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 maimstream smolce to carbon

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

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

of the nanoscale particles ave 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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17. The cigarette of Claim16, wherein the nanoscale
| icles and/or nanoscal e netal oxide
vgg%?ﬁgﬁggiconprise one or nore netallic el ement§T/AB2004/002176
sel ected fromthe group consisting of Goup IB, IIB
[11B, 1VB, VB, VIB, VIIB, VIIl, |IRA and IVA elenents
of the Periodic Table of Elenents. 18. The cigarette
of Claim 16, wherein the nanoscal e netal oxide
particles conprise oxides selected fromthe group
consi sting of iron oxide, iron oxyhydroxide and
copper oxide, and m xtures thereof. 19. The cigarette
of O aifn 16 A sibaeiés spmpresingeis dker.avimstiathepent fillet egmprises
and/ or nanoscal e netal oxide particles are

CRhRD- dnideecatdist cdfblecdfBatigk hea attalghiabmht Gonvdisiog bficarbon
the specific surface area of the nanoscale netal

oar Lol _ _ . il .
PACLLSRER: OGRS R nd
PCT/ | B2004/ 002176 . .21. . The cj garette of ai. m 16,.

ORI s CHROR AR SRt B i i el o) B petticles
nanoscal e nmetal oxide particles have an average
psuppotkee ogiaZdrowssHpperan about 50 nm 22. The

cigarette of Claim 16, wherein the nanoscal e netal
particles and/or nanoscal e netal oxide particles

have an average particle size |l ess than about 10 nm

23. The;ci gagld vl ogézgaim i@,,WM%%@n@B&aié REQHSarticles

support conprises oxides sel’ected fromthe group

consj stin f oxide-bonded silicon carbide, bhoria
an@or nano%caﬁe metal oXide pariicles comprise one or more’ me e Hements

selected from the group consisting of Group IB, IIB, TIIB, iVB, VB, VIB, VIIB, VIII,

DA and IVA elements of the Peﬁodic Table of Elements.

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

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 1s from about 20 to

2500 m*/g.
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alum na, silica, alumnosilicates, titania, yttria,

J ¢ Asses, zirconia optionally stabilize | _
caﬁ%gguggpnagnesia, and m xtures thereof. 24. %ﬁﬁ%ﬁ%wymnrm
cigarette of Claim16, wherein the fibrous support
conprises ceramc fibers and/or glass fibers. 25.

The cigarette of Claim16, wherein the specific
surface area of the fibrous support is from about
0.1 to 200 n2/g. -36 WO 20041110184 PCTn82004/ 002176
26. The cigarette of Caim 16, wherein the fibrous
support conprises mllinmeter, mcron, subm cron
and/ or nanoscal e fibers. 27. The cigarette of Caim
16, wherein the fibrous support conprises

cat al ybjj cal e agdabet Jrid15ins 16 A8herdin@hehpEeldE etdl particles
Claim 16, wherein the nanoscal e netal oxide

35y B b G P s IS, AL o

convert at |east 10% of the carbon nonoxide in the

m&r eam snoke to carbon di oxi de and/or at |east
10% of the nitric oxide in the mai nstream snoke to
nitrogen. 29. The cigarette of Caim 16, wherein |ess
than a nonol ayer of the nanoscale particles are

deposi ted Wit deRge SrClain t1Bewhedinoms natyspde inetdGarticles
The cigarette of Caim 16, wherein the catal yst

| ! { ; ow
OB B I 0 G50 G384 58 s

present in the cut filler, cigarette paper and/or
fil0ter- of the cigarette. '

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, aluminosﬂicates,_ﬁtania, yttria, ceria, glasses, zirconia optionally

stabilized with calcia or magnesia, and mixtures thereof.

24,  The cigaretie of Claim 16, wherein the fibrous support comprises

ceramic fibers and/or glass fibers.

25.  The cigatette 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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31. The cigarette of Caim16, wherein the cigarette

VEO By up to about 200 ng of the catal yst per '
ci gar)gtﬁ? %f -37 WD 2004/ 110184 PCT/ | B2004/ 0021750'1‘%'2%004/002175
A nmethod of making a cigarette, conprising: (i)

adding a catalyst to tobacco cut filler, cigarette

paper w apper and/or a cigarette filter, wherein the
catal yst conprises nanoscal e netal particles and/or
nanoscal e netal oxide particles supported on a

fibrous support; (ii) providing the cut filler to a
cigarette maki ng machine to forma tobacco col um,;

(iii) Ph-aci e ecpapept Wappkr, vaemimthetfibeousotvppom comprises
colum to forma tobacco rod; and (iv) optionally
apriiialstdtgmitred, garaicken ind/defanbeealdEhdr@bacco rod to

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

conpri sing conbi ni ng nanoscale netal particles

and/ or nanoscal e netal oxide particles conprising one

or norg_netalli.c el nts., selecteqd fromthe group .
consi s?’l-"n g ORC EEgGHC PEEEP?’B% 6, pyhersiptiheProwy sEppOoRy cogprises
VITT, I11A and_| VA el enents of the Periodic Table of
Erdngheallyaadvaalibirbr ous  support conpri si ng oxi des
selected fromthe group consisting of oxide-bonded
silicon carbide, boria, alumna, silica,

alum nosilicates, titania, yttria, ceria, glasses,

21T CONbe. OPirhoBR hicke e lthibl 26 hithdif? telafibRaRi meta] oxide

magnesi a, and mxtures thereof to torm the catal yst.
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 niiric 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.% nanéscale 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

I

about 200 mg of the catalyst per cigarette,
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-38 WD 2004/ 110184 PCT/ |1 B2004/ 002176 34. The met hod

vﬂﬁzﬁ_,gllm;gZ conpri si ng combi ni ng nanoscal e net )
oxi de particles conprising iron oxide, iron l?éTﬂBzeo4/002176

oxyhydr oxi de, copper oxide, and mxtures thereof and
a fibrous support to formthe catalyst. 35. The

nmet hod of C aim 32, wherein | ess than a nonol ayer of
the nanoscale particles are deposited wthin and/or
on the fibrous support. 36. The nethod of C aim 32,
conprising adding a catal yst having from about 0.1
to 50 wt. % nanoscal e particles supported on a fibrous
suppor 32t o theetilefonekioge cigardtier conprirangst t e paper
wr apper and/or cigarette filter. 37. The nethod of

A aim 33, whaarich ddiflyaad edbesto his fRldeeibaratd Rpeewtapper and/or
filler and the cigarette produced conprises 200 ng or

| S ild ggerc%@eﬁ ety bAALELS Banciale HBaTEHAAE andror

cata i's conbi ne
t he E%arette iin an ]grmunt effect ve to convert at
B

| qeescaisonelp! eide PafplsR sRRrsted 9B & BProvsRPRthst r eam

snoke to carbon di oxi de and/or at |east 10% of the

ni tric @xi deprbvidingbe vui Aldertearvigamiteantidnmimachigeto form a
39. The nethod of C aim 32, further conprising

f abpadag chbhaucat al yst by: -39 WO 2004/110184

PCT/ | 82004/ 002196 conbi ni ng nanoscal e net al

parti C| nﬁ Q‘i‘%ﬁs o g %&hndqﬁé thaP {180 f@RHa tobacco

aliqw

rod; and
(iv)  optionally attaching a cigarette filter to the fobacco rod to form a

cigaretie.

33. Themefhod 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, I1B, 1IIB, IVB, VB, VIB,
VB, VI, ITTA and IVA elements of the Periodic Table of Elements and a fibrous
support comprising oxides selected from the group consistieg of oxide-bonded
silicon carbide, boria, alumina, silica, aluminosilicates, titania, yttna, ceria, glasses,
zirconia optionally stabilized with calcia or magnesia, and mixtures thereof to form

the catalyst.
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conmbi ning the dispersion with the fibrous support;
heating the fibrous support to a renove the liquid
and deposit nanoscale particles within and/or on the
POt pport . 40. The method of O ai m 39, PCT/IB2004/002176
conpri sing conbi ni ng nanoscale netal particles
and/ or nano scale netal oxide particles conprising
one or nore nmetallic elenents selected fromthe
group consisting of Goup IB, I11B, RIB, 1VB, VB, VIB,
VIIB, VIIl, hlA and | VA el enents of the Periodic
Tabl e of Elenents with the liquid to formthe

di spersion. 41. The nmethod of C ajm 39 conpr|5|n
conbi nidfg ndheseiod ohEiaim 32 camnrising sombamgapesiae
metal oxide particles having an average particle sjze
| esside pamesaomptisiBg itpe Axide. tipntopghydraxidescapper exidn, pae

di spersion. 42. The method of C aim 39, conprising

c onhitmiesheof dndraditsowwpperitto foonibe tailhg. oxi des
selected fromthe group consisting of oxide-bonded
silicon carbide, boria, alumna, silica,

alum nosilicates, titania, yttria, ceria, glasses,

zirconiss, OptHe QsthddoreilaRi 32 aaekeini1éds temladhéhoyer of the
nagnesia and m xtures thereof with the dispersion.

hod
of 8&%@&&%%@4& BGTA LBRAPHIRR 34 T8 fitddus sipsoriTet hO

onprising conbining a fibrous support

having m|linmeter, mcron, subm cron and/or nanoseal e
fibers and/or catalytically active fibers mﬁth t he
S Iofrg ie :] IS #lé ’ﬁfa&i;l%g%d é}ﬁéhc 20 compnsmg ast)i S\,Shavglg 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 cartbon monoxide in
the mainstream smoke to carbon dioxide and/or at least 10% of the nitric oxide in

the mainsiream smoke to nitrogen.

39.  The method of Claim 32, further comprising forming the catalyst by:
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conprising glass fibers and/or ceramc fibers with
the dispersion. 45. The nethod of C ai m 39,
conpri si ng conbi ni ng nanoscal e netal oxide particles
MEHPPVEIRHG i ron oxide with the liquid to forRaIB2004/002176
di spersion. 46. The nethod of C aim 39, conprising
conbi ning the nanoscale particles with a liquid
selected fromthe group consisting of distilled

wat er, ethyl alcohol, nmethyl alcohol, chloroform

al dehydes, ketones, aromatic hydrocarbons, and

m xtures thereof. 47. The method of C aim 39, wherein
the dispersion is sprayed onto a_ heated fibrous .
suppor t comigning hanayealhigtabparayles apd/py nanosralqmptal oxide particles
conprising form ng the catalyst by: -41 WO

20044 1 1Qii840 POH/AXBPOGHNO02176 conbining a net al
precursor and a solvent to forma netal precursor

sol ut i opembiahigalsd disygrsor with tadibsmsparpowi t h t he net al
precursor solution; drying the fibrous support; and
heat i ng htdgsihdXbss @Fﬁﬁ@ﬁot& t0o@ thelijpad atdideposit nanoscale
sufficient to thermally deconpose the netal

Pr SRS ififh HIdFoIMONGAIQup@EL | C| eS Lhat are
deposited wthin and/or on e fibrous support. 49.
The nmethod of C aim 48, conprising conbining a netal
precursor having at |east one netal selected from

t he group cogsi sti.n G gup . 0aNBreatBietal

Vi B, i P “Vitis S 0 3 esh Britbh Borsbiie nafibootYbhet

Ta biljaitic%s anl:i/%ggarlltogcale metal oxide particles comprising one or more metallic
clements selected from the group consisting of Group 1B, IB, IIIB, IVB, VB, VIB,
VIB, VIIL TIA 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, giasses, zirconia
optionally stabilized with calcia or magnesia, and mixtures thereof with the

dispersion.
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with the solvent to formthe nmetal precursor
solution. 50. The nmethod of C aim 48, conprising

j e fibrous support to a tenperatur
suf #@?%% to form nanoscal e net al particles$5$Qﬁ%ﬂmmnrm
nanoscal e netal oxide particles having an average
particle size |l ess than about 50 run. 51. The nethod
of Claim 48, conprising conmbining a fibrous support
selected fromthe group consisting of oxide-bonded
silicon carbide, bona, alumna, silica,
alumnosilicates, titania, yttria, ceria, glasses,
zirconia optionally stabilized wth calcia or
magnesi a, and m xtures thereof with the netal

EE?? Haz 04/ f“fggdds"fd%’ﬁ hé‘}q’%%&ﬂ%%%ﬁmrﬁ 2 fjbrous support
o PR S BiBieh SufipisicRr B e ARPRAe Bl cpatyically

and/ or cat al cally actlve fibers with the neta
pr@EWF @$§E¥U¥?6ﬁpmﬁ%m The met hod of O ai m 48,
conprising conmbining a fibrous support conprising
glass fibers and/or ceramc fibers with the netal
precursor solution. 54. The nethod of C aim 48,

conpri séhg cHimbnethodotClnet 39, cpopiRing conbinirg & fibrgus Fgport
with the solvent to formthe metal precursor

S Okorpriding Ghss flbess amdbhathnat fiGka iwith4B; dispenydon. si ng

conmbi ning a solvent selected fromthe group
consisting of distilled water, ethyl alcohol, nethyl

al cohol, chloroform al dehydes, ketones, aromatic

hydr 0CaRhONS TRANEefbX bHEES: 131 1RbRefisiNg @danb]ﬁlhgnm%&@ke metal
precursor. 56. The method of O aim48, wherein the

mﬁo%de %rax%%ié@ %gﬁpﬁﬁﬁﬁ&p&ﬂdesmﬂl 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 aleohol, chioroform, aldehydes, ketones, aromatic hydrocarbons, and

mixtures thereof.

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

heated fibrous support.

4%.  The method of Claim 32, further comprising forming the catalyst by:
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sprayed onto a heated fibrous support. 57. The net hod
of Claim48, further conprising adding a dispersion
of nanoscale particles to the netal precursor

8 2404/ 0P84 - 43 WO 2004/ 110184 PCT11B2004/ 0021 PET/HEB04/002176
The net hod of C aim 48, conprising conbining a netal
precursor selected fromthe group consisting of netal
(3-di ketonates, netal dionates, nmetal oxal ates,

nmet al hydroxi des and m xtures thereof with the
solvent. 59. The nethod of C aim48, wherein the
nmetal precursor is deconposed to nanoscal e net al
and/or netal oxide particles by heating to

t enper atonrtening a eBhProgiwy andpPly g EEO‘!GE%& I’%ﬁ PERqRrsor
met hod of C aim 48, wherein the netal precursor is
desdmposed to form nanoscal e netal particles and/or
nanoscal e netal oxide particles that are )
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havi%g at least one metal selected from the group consisting of Group IB, 1IB, 1B,
IVB, VB, VIB, VB, VII], IlA 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 beating the fibrous supportio a
temperature sufficient to form nanoscale metal particles and/or nanoscale metal

oxide particles having an average particle size less than about 56 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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52.  The method of Claim 48, comprising combining a fibrous support
having millimeter, micron, submicron and/or nanoscale fibers and/or catalytically

active fibers with the metal precursor solution.

53.  The method of Claim 48, comprising combining a fibrous support

comprising glass fibers and/or ceramic fibers with the metal precursor solution.

54.  The method 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 precarsor solufion.
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58.  The method of Claim 48, comprising combining a metal precursor
selected from the group consisting of metal B-diketonates, metal dionates, metal
oxalates, metal hydroﬁdes and mixtures thereof with the solvent.

59.  The method of Claim 48, wherein the metal precursor is decomposed
to nanoscale metal and/or metal oxide particles by heating to a temperature of from

about 200 to 400EC.

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.

6l. 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, coinprising 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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