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constituents, e.g., catalyze the conversion of carbon monoxide to
carbon dioxide and/or nitric oxide to mnitrogen, oxidize carbon
monoxide to carbon dioxide and reduce nitric oxide to nitrogen.

The volatile encapsulant is preferably a wax, a water-soluble

polymer or a water insoluble polymer. The volatile encapsulant can
comprise a flavor-bearing compound such as menthol, a menthol
derivative or a menthol precursor. Preferred wvolatile encapsulants

have a volatilization temperature of between about 40°C and about
350°C or volatilize upon exposure to an atmosphere having a relative
humidity of greater than about 5%. ‘ |

In an embodiment, the wvolatile encapsulant comprises a £first
layer (e.g., a £flavor-bearing layer) in contact with the catalyst

particles and a second layer formed over the first layer.
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BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1(a) shows an optical microscope image of as-received
NANOCAT iron oxide catalyst particles. Figures 1(b) and 1(c) show
optical microscope images of alginate encapsulated NANOCAT iron oxide

in the form of particles and fibers, respectively.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
Disclosed are cigarette components, cigarettes, and methods for
smoking cigarettes having incorporated therein encapsulated catalyst

particles. The encapsulated catalyst particles comprise a core of one
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forming a barrier between the catalyst particles and gas-phase
constituents and/or by chemically interacting with the catalyst
particles). For example, a layer of semi-volatile or non-volatile
material can be effectively impervious to gas phase constituents found
in mainstream smoke. Furthermore, at elevated temperatures, semi-
volatile or mnon-volatile materials can react with the catalyst
particles and diminish their catalytic activity.

Disclosed are encapsulated catalyst particles comprising a

volatile coating that is formed directly on an exposed surface (e.g.,



vol atile coating that is fornmed directly on an exposed
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10 mm, preferably from about 0.5 mm to about 2 mm in advance of the
charline. As used herein, the "charline" is the line created in a
cigarette paper wrapper at the edge of the combustion zone of the
cigarette, produced during smoking of the cigarette.

The encapsulating layer is formed from a volatile material that
can thermally or chemically degrade. In a first embodiment, the
encapsulant material can thermally degrade (e.g., melt, sublime or
pyrolyze) upon exposure to a temperature above an ambient temperature,

but below about 350°C, preferably below about 200°C to expose a
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The catalyst particles preferably comprise nanoscale particles.
By ™“nanoscale" is meant that the catalyst particles have an average
particle diameter of less than a micron. Preferably, the nanoscale
particles have an average particle gize of less than about 100 nm,
more preferably less than about 50 nm, and most preferably less than
about 10 nm.

Preferred catalyst particles comprise oxides and/or oxyhydroxides
of iron. For instance, MACH I, Inc., King of Prussia, Pennsylvania,
U.S.A. markets Fe,0, nanoscale particles under the trade names NANOCAT®
Superfine Iron Oxide (SFIO) and NANOCAT® Magnetic Iron Oxide. The

NANOCAT® Superfine Iron Oxide (SFIO) is amorphous ferric oxide in the
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soluble polyesters, water soluble celluloses, acrylic acid polymers,
or mixtures thereof. Natural and modified water-soluble polymers
include starches, dextrins, gums, gelatins, pectin, alginates, gum
arabic, or mixtures thereof.

Preferred encapsulants are alginates. Alginates are salts of the
long-chain, carbohydrate biopolymer alginic acid, and include sodium
alginate, calcium alginate, potassium alginate, and propylene glycol
alginate. Though alginic acid is insoluble in water, the salts are
hydrocolloids (i.e., they bind or absorb water) and can be formed into

a coating.
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particles can be coated with a first volatile coating, and then with a
second volatile coating. In a preferred embodiment, the Ffirst
volatile coating comprises a flavor-bearing compound.

A variety of methods can be used to form the encapsulated
catalyst particles. Suitable methods include providing the catalyst
particles and forming at least one volatile encapsulating layer over
the catalyst particles. The methods include gas phase techniques and
liquid phase techniques.

In an exemplary gas phase technique, catalyst particles can be
mixed with a liquid phase encapsulant (e.g., solution or neat liquid

of a volatile compound) to form a mixture. During the mixing, the
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optionally be agitated (e.g., stirred). Catalyst particles and an
encapsulant can be mixed at room temperature to form the coating.
After immersing, the coated catalyst particles can be dried and
optionally processed further to form encapsulated catalyst particles.
Further processing can comprise cross-linking the encapsulating
polymer, such as via an ion exchange reaction.

A method of forming alginate-encapsulated catalyst particles
comprises immersing catalyst particles in a solution of an alginate
salt to form coated catalyst particles, and then treating the coated

catalyst particles to form a cross-linked polymeric alginate coating.
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at least about 10, 20, 30, 40, 50, 60, 70, 80 or 90 + 5 wt.% catalyst

particles (e.g., iron oxide particles) can be prepared.
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cigarette paper and cigarette filter that are used to form a
cigarette. By incorporating the catalyst particles into one or more

components of a cigarette, the amount of carbon monoxide and/or nitric
oxide in mainstream smoke during smoking can be reduced.

Preferably, the encapsulated catalyst particles are incorporated
in tobacco cut filler, cigarette paper and/or cigarette filter in an
amount effective to reduce the concentration in mainstream smoke of
carbon monoxide and/or nitric oxide by at least 5% (e.g., by at least
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90% or 95%). A preferred amount of the catalyst particles
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Pakt LeéPAMd A BS adcatalyst is capable of affecting the rate of a
chemical reaction, e.g., a catalyst can increase the rate of oxidation
of carbon monoxide to carbon dioxide without participating as a
reactant or product of the reaction. An oxidant 1is capable of
oxidizing a reactant, e.g., by donating oxygen to the reactant, such
that the oxidant itself is reduced. A reducing agent is capable of
reducing a reactant, e.g., by receiving oxygen from the reactant, such
that the reducing agent itself is oxidized.

"Smoking" of a cigarette means the heating or combustion of the
cigarette to form smoke, which can be drawn through the cigarette.

Generally, smoking of a cigarette involves lighting one end of the
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capabl e of oxidizing a reactant, e.g., by donating
woxyg@a3ds t he reactant, such that the oxi dant PCTaBi007/000576
is reduced. A reducing agent is capable of reducing a
reactant, e.g., by receivingldxygen fromthe reactant,
such that the reducing agent itself is oxidized.
cigarshpki mPd.of Aidpgaflet t £9bRgAS t BentRdaidngtberein undergoes a
comb@8fbsSt kaBeOford Neard Bl Lt Lfoidd FALHM Eﬂgk%’omﬂﬁéﬁfm‘fa&?rough the
be drawn through the cigarette. Generally,
mouth epdarletihe iGivaroeie | gﬁﬁlﬁgg%¥ﬁ¥Qﬁu@Wﬁ:aﬂﬁ@cbga?@ﬂhaﬁ by other
meandNd, wBE| @xtbhg1bobaseo cophakped fRersl n HREes998S Beating the
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Cloar Rt purding RSathne i ise tehécﬁwr]etfte@te!?h@e%m%aﬁf%tcieé*crlbed in
commBAYy & S Jheds mked phyedt heds MeARSs , 9k ; exash] &s8d:he 591,368 or
arette may be snoked by heatlng "the' C|garette
5 325ng7%r heating using electrical heater nmeans as
dﬁ?ﬁ@r [ b@ﬂn [ ﬂmﬁ@ﬁﬂwﬁayrﬂ aS§ch{l£drélf§fs PalenthdO%iixture of gases
05?3; 6%%5 4,289; 5,591, 368, or 322 075 The term
paSSlﬁ%l & tg E%prQQQHQ?dt6SFT%PQnBHﬁ9P€ ofhgakklter end, i.e.,

the msengsdamgthe aﬁéaacc&dnootw%du%&we&@ o eUGhi daRette dQuring
[ t he ke.issui or . drawn fromthe

khhh Lo &0d, | e
molkkian B it SF 985 B o P8 (0 TGt SO Cor ot HeLne Smoke that is
drawgi gar ethsughhebdi nsls eaﬁrglsrmkerégmra,i nassmém that thSough  the

wn in_through both the |jghted reqi s well as
Clgafﬁ?%ugﬁmFﬁ860|gargg gbpg éeﬁﬁ§eﬁ S@ﬁ stPEEH? to smoke

prodswakehnsﬁsﬂstabasnnkﬁlpgoduced during static burning

S%\é%' 9 1f@C rs ngrtttrrll utcg_ %attE‘% r&rnnt% Ilgiqngfgd%}l%‘% 8ﬂ monoxide

nonoxi de an rrc oxi
and m@tthe c&n@drtmemt@ngarethe t obacedditivn tieneraatdti®tituents in

oxygen ratlon in_a cigarette duri
%B%Jskﬁ on¥%§n gq& hei orrr% |o(?1x YIS ERRpteation in a

019arhtt¢(ﬂumln@nm@mbuetumar¢muraﬁﬁaokrdheinrfmmmaﬁibnng For example,

h ' [ thre

che BOR TS PO TRkl ARl OGESs Bidine copRe £rom @

combiapipian 36Ythand rabuciduonest th¢nmald@@xpdposuﬂan (about 30%),

combﬁ@t&pcgp' (Zd%%u't:oggg rom th:hldﬁét?{oz%?’o@ car%%%”ﬁ%;?{‘ ) vH.th carbonized

car bon monoxi d ernmal  deconposition
tobagee gépy é@ﬁﬁFoQBéU by Eshreat o an@arbsn s@aoxsdatfapm thermal

decoﬁt SPRIUT ewﬁic}‘?bqlét i§9g%§ a@'g f:fgil?lféar %onégl uic éosglnetlcs,

Formati on of carbon noxr
StarH%r?hgacéﬁ@EEﬁqﬁﬂ¥el§fc@hpvhl1%@”1a¥g%l@ﬂﬂyﬁheheat about 1050°C.

Forméh £ &b S ONOfp X }ﬁgﬁﬁx& Qet BRasULE cill%xa.)dk a%rih@ 8ombustion is

surface reaction (kb At 250C a an ar e”about
contrpklachigragly @uotter LHE Ysdapt PEnobBEgOMERe ditfef Ussinface (k.) and

via 80BhF@dd&Edefichdh! Yi,)t.hear 250°c, k., and k,, are about the same.
At 400°C, the reaction becomes diffusion controlled. Finally, the
reduction of carbon dioxide with carbonized tobacco or charcoal occurs
at temperatures around 390°C and above.

During combustion, nitric oxide is produced in mainstream smoke
at a concentration of about 0.5 mg/cigarette. However, nitric oxide
can be reduced by carbon monoxide according to the following
reactions:

2NO + CO — N,0 + CO,

N, O + CO > N, + CO,



reducti on of carbon di oxide with carbonized tobacco or
charcoal occurs at tenperatures around 390 0C and
waho@s3Zer i ng conbustion, nitric oxide is pro#dTaBR0NTI000576

mai nst ream snoke at a concentration of about 0.5

ng/cigarette . However, nitri@ oxide can be reduced by

carbon nonoxi de according to the foll owi ng reactions :

2 NOrEngOspk iNp G her@OR 12 Ohre€Odi pFiNX +aQ@RDar iimg 2 cigarette:

sk o ¢ Cet it ) o
the cigarg?Féggthga%%nbHggfo%hé%ﬁggg%?é?géyfiakgog zome, and  the
condgypatiei/s/ i tydtisn @engone, Ththdconeusddioderssats ok the burning

filkration fol(T-3 he gggggﬁi e .| rnj ;
Zonezogé g¥k}hgzcigg¥%it%£pro ucegﬁrurlnahéﬁ%ﬁfnggoftgﬁeCugarette’
usuadilgapbt the Usghiidd) sad (e thieglhigdretric .of Thve temperature in the

comb@bH86ELT Lene ThesdLBPEE AT Snbik t BB o6OMUST L YR, ZORBBoc, and the
ranges from about 700 C to about 950 OC, and the _
heatpggt rager 68 anapehagh hpghSa%° GOTRCre8econ@xyarRy}géA icgnsumed in

the CRASHEELA b NesEREBUSHI BRo@lcd ARATEA hBnBkAHUCE& arbon dioxide,
car bon nonoxi de, carbon dioxide, nitric oxide, water

nitrjgporidRd GPREF JPBRAI EPEorRfEENdLTEENYC, corpyundshée.g., tar).

The CHPUEEEGA zBAE s Mighhy exetherme and the heat generated is
enerated is carrjed to the pyrolysis/distillation

CarrgsﬂeFOﬁ%e BYretysty Hehdl {3t 1He 298§ on behi nd t he

C OfHRU St v&0B e, zoMRer €5 t fige t eBPEsat HERIABNERS b@Bhstion zone,
about 200 OC to about 6000C . The pyrolysis zgne is
Wheré’mé#‘& FSEPeERY e E3FTh Mot @’ft 299 GdiGe PPoHYe 600°C.  The

pyrolRE 0§ E&REtiDRheFet hesgydsﬁﬂMﬁéhsca(ﬂboﬁamoﬁ@eidé?g!&@roduced. The
. degradati on) t he tobacco that produces carbon _
ma oo AGRT GE" O GG BYSXRGRs rir o D dberonh, Cogadaron) of the
toba@tbeths a0 kecodgro Neition| encfoxidd) ) catdig divwxildeat nitric oxide,
enerated in the conbustion zone.
charg8ﬁ§

I.n the .
erfdt i GHPFF I t 7% %on CYBRETHE t Rperat (PE) r iy the heat
genefrnoad aibiwiet cbabadioiin ¥668e0C . The maj or process in

this zone is the qﬁggﬁt atjion/filtration of the snoke

c O B SR OF -4 LT ot AT BoR * nges £rom
ambié:noximbe, ahottr i ¢50XC de aTitk nhlhn@gelp_rdbéégsdnouithj_(ﬁ kthee is the
cond(e:eI gg{fcgrtl iﬁ@%a :9(%3 .O)%yg%e(%'mg =) aclor og!a;n];é'l.ses Qrtng amount of

the crgdrette . ring e snoking of a cigarette, the
carbgni nshoxeain,swekboh | divscitdewandtthe dxiildeepnéndiofoddre diffuse out

| gar et b ' a itrjc oxi el.
o CHNIaEgents A AT, AU L iR e e
cigapehbxi de and nitric oxide diffuse out of the cigarette

tn&&HQB %%% smoking of a cigarette, the mainstream smoke flows
toward the filter end of the cigarette. As carbon monoxide and nitric
oxide travel within the cigarette, oxygen diffuses into and carbon
monoxide and nitric oxide diffuse out of the cigarette through the
wrapper. After a typical 2-second puff of a cigarette, CO and NO are
concentrated in the periphery of the cigarette, i.e., near the
cigarette wrapper, in £front of the combustion zone. Due to diffusion
of O, into the cigarette, the oxygen concentration is also high in the
peripheral region. Air flow into the tobacco rod is largest near the
combustion zone at the periphery of the cigarette and is approximately
commensurate with the gradient of temperature, I.e., higher airflow is
associated with larger temperature gradients. In a typical cigarette,

the highest temperature gradient is from the combustion zone (> 850°C



wrapper. After a typical 2-second puff of a cigarette,
CO and NO are concentrated in the periphery of the
WOiR0Erss24e, i.e., near the cigarette w apper, PATAB®NT/000576
of the conbustion zone. Due to diffusion of Q2 into
the cigarette, the oxygen codéentration is also high
in the peripheral region. Air flowinto the tobacco
-900P gy peidlygdsvandakhehbikionth st ofi EbRechgardice. Within a few
mi11RREt BherVeidfind h&eCl QRREE EofNtons ARPIOXIJBLE Y e drops to near
.comensurate wth the gradient of tenperature, i.e., .
ambigpgher FRFERPOW Homasdderared air t R1PvWr pRFta@pertdteuformation of

cons@i 8@ Sinl idak¥BLER! irdaLelherihhe Maohgsdke formation and
tenperature gradient is fromthe conbustion zone (>

deligspy 0C600°0C oKl al Py Rishard the Prikedr diipchpnime of Smoke

Formbt @& eh@. DWWy a ReweAt | hbv@iels ehidhddde science, vol. 6,
conmbustion,zone the_tenperature drops to near ambi ent .
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S e BaKkETS9® MEChanPSmi g “ShERE ESEREPROHORMG vol. 11,
no. Del pwer y~17 Retiersty) AdvaBCcesnt ¢htEFOREC BO-BChLACencdora®ed herein
b p. 184-224, (198 0 ) and Richard R . Baker,
4 ré@%r?%‘ﬁ'on of the Gas Formation Regions within a .
Cingarebl e Oonbusthoandeoalicduas ngat hﬁ;cﬁlﬁﬂémgﬂl@y‘[ﬂt@ié, combustion
ana/ B FPOEFIN. TR Qs L0t eEpell onglepdloutlin  cavanyer
partiintes pemet edebegaaian et ef ercaad et ic NosEAdeliahicl e Non-volatile

cono§QUBSLOGS, SUEH 85 LA! LOGNEL LONLISLAMELL O parcicice,
howegat al gzt par téendwsi dnd deervéagethbevplaatld yéhdapsulating layer
effici -vol atile.co unds that fqrmon the .
Fromg &t Fagglg%¥ysénc§%£sl%cgteesd gaegglg%t T etgfe h%"%r/\}ka\}éfls:c particles
to cégmrgea emoyed by renoving the vol atile encapsul ating
| BRSPSt b bt By BLSLEINBP! e cora o o
dry Emeufeul ateabteat aitystdipaprébdes imay De Jgrmiidded i Motrhe example,
encaé&ﬁf%ifgd acgtgéllfé‘%mgg tf@%tse ok dbépec{@t%la Ign,a lsbggj{fgd on, or
or exanple, encap uf ated cafal yst particl eS can be
combipad gl téh thepray el brer ¢rbeondidredigerhttdepapsr | [Inep further

exam{v@@,act%‘ba@'coc icglﬁ‘r @Eﬁfeia%&ercigla%e@té u%%ﬁ%tng%ﬁlaégﬁlaﬁ’ i/nagebe rinsed

obacco cut filler or cigarette pap na

or dipreRtef dipttoat eligiich gontajmisgcorhai soegpehkated catalyst
part€8tapsul ated catalyst particles . Techniques for
cigarette manufacture are known in the art . Any
cORBRI oAl TV THErrEEd BrgHicstisenakennewehi gies art. Any

convBRYi R IUSEH h8dified cigarette making technique may be used to
incorporate the encapsulated catalyst particles. In production of a
cigarette, typically the cut filler composition is optionally combined
with other cigarette additives, and provided to a cigarette-making
machine to produce a tobacco column, which is then wrapped in
cigarette paper to form a tobacco rod that is cut into sections, and
optionally tipped with filters. The resulting cigarettes can be
manufactured to desired specifications using standard or modified
cigarette making techniques and equipment. Cigarettes may range from
about 50 mm to about 120 mm in length. The circumference is from

about 15 mm to about 30 mm in circumference, and preferably around 25



i ncorporate the encapsul ated catalyst particles. In
production of a cigarette, typically the cut filler
woanpass2son i s optionally conbi ned with ot her PCT/IB2007/000576

cigarette additives, and provided to a cigarette _
-maki ng machi ne to produce "alPobacco col um, which is

t hen ed in cigarette paper to forma tobacco rod
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may spvber/dbmomise. aheubr 1h8renflzabboahtd/ 40 otiedr taidbouts (e.g.,

1 : (1/40 inch) ..The |engths ,
el ARLOLY SEENE T 10 ERAL SN oA T SIS inere,
etc.pphout 7.6 cm (about 0.25 inches to about 3.0 inches).
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. B i e t.obac ' y use or .
B et o e PR Efle 205 o spectaty
tobaggr i9@ds bil ARfe ddidags- cufled, tdhadcey maBei it  cavhibyl ardvided in
the %rrﬁ)die&to@lacgz@bﬁgrﬁﬂ% tpg%cégééi YopakES! ﬁg’éé(ratagl%a%%gﬁ’ as volume

and bl ends t hereof. Thé tobacco materrial can
expanied i e ®UERSE hECRAIGR oPrPERaReD Hokaraa, spetessidas cut-rolled

or &OD3RETFARL BEERLS SUChNasivelde texpapnded arpuffed . piengs
§

tobacco, processed tobacco stens such as cut-ro éd or
thereqft- . gher EePIEhEary aéensinalydedt eksnase subat brutdss, or

breadsnthsseciced Thealobacsarcan al $@, Nl %etdo%ccc%t filler

substitutes . The encapsul ated catal yst particles ma _
EobagRe RS 116 8ut HPPTRICHoAdA6T bt BERP {iedy to lroseaEatte-making

machird | @ )inseRpbi&eed QlideCURr 8ht £- Fod 1Y MRENLREP! o wrapping a
i ncor por at ed directlé/ on a tobacco rod prior to

. I !
Clga]fﬁrrk I"HGPRSEti Garetd ethi apisarektBukadt he épgar et tebaerp column.
Prefdmatflgr m ehé obageapsal san catalyst particles are provided

continuously along the 1length of a tobacco rod, though the
encapsulated catalyst particles can be provided at discrete locations
along the length of a tobacco rod. Thus, the encapsulated catalyst
particles may be homogeneously or non-homogeneously distributed along
the length of a tobacco rod. For example, a tobacco rod can comprise
a first loading of encapsulated catalyst particles at one location
along the tobacco rod and a second loading of encapsulated particles
at a second location along the tobacco rod. A preferred tobacco rod
comprising encapsulated catalyst particles has a first loading of

encapsulated catalyst particles at the filter end of the tobacco rod



Preferably the encapsul ated catal yst particles are
provi ded continuously along the length of a tobacco
woaady7/oskmasgh t he encapsul ated catal yst parti cl eeTaBIWOD@0576
provi ded at discrete |ocations along the Iength of a
tobacco rod. Thus, the encapsflated catal yst particles
may be honogeneously or non- honogeneously distributed
and g 8ﬁ§°’fl<P1e1q>aéHg}aq off eaceppatricd satabyst examplaesaat the distal
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of a Mkl 8 pd B OLERL o Rl S, 00T Porated 10 (e paper
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Encapsul at cat a parti ¢l és can be incor por at ed
) ﬁlgmpévilét%perat@dd/sm panid cllee ramn nedeer iialesrporated in
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Eer stock of a Tti garette aper
(e. gTheCQﬁ apei At edebat aquystlnftarme@iaé@ cmabbeor a finished web.
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slurmy) gbf-&t-ve HBEPS nal6FTal fir iy eeensapeted catalyst particles

can PENUHASSHIHaREPHAEESShe hBa@NBLRELE NBL nger -making machine and
the encapsulated catalyst particles can be incorporated into cigarette
paper during the paper-making process.

The encapsulated catalyst particles and cigarette paper can be
provided in any desired ratio, e.g., 1 wt.% to 90 wt.$% catalyst and 99
wt.% to 10 wt.% cigarette paper. In a preferred embodiment, the
amount of encapsulated catalyst particles comprise from about 1 wt.$%
to about 50 wt.%, more preferably from about 1 wt.% to about 20 wt.$
of the cigarette paper.

The quantity, location and distribution in a cigarette of the

encapsulated catalyst particles can be selected as a function of the



slurry (e.g., aqueous slurry) of the encapsul ated
catal yst particles can b e incorporated into the head
woan7o832as paper - maki ng nachi ne and t he encapsuParasl007/000576
catal yst particles can b e incorporated into cigarette
paper during the paper-naking7process . The
encapsul ated catal yst particles and cigarette paper
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ga@

parti‘?}retsercanc P@ai%?‘?lé’efraft?@rl%n‘d?%rt efitle fgdger) ofoa cigarette
and S6&HD|erld2@sGoAVEY Sb2 1661 pLEALY ANWRN be incorporated in the

cigarette paper. Cigarette paper having encapsulated catalyst
particles incorporated therein can be used as paper wrapper, paper
filter and/or paper filler within a cigarette.

A cigarette wrapper can be any wrapping suitable for surrounding
the cut filler, including wrappers containing flax, hemp, kenaf,
esparto grass, rice straw, cellulose and so forth. Optional filler
materials, flavor additives, and burning additives can be included in
the cigarette wrapper. The wrapper can have more than one layer in

cross-section, such as in a bi-layer wrapper as disclosed in commonly-



selectivity of the catalyst. For exanple, first
encapsul ated catal yst particles can be incorporated in
woheo7toskeasco cut filler of a cigarette and sec®aw@iB2007/000576
encapsul ated catal yst particles can be incorporated in
the cigarette paper. C garetf@ paper having
ncapsul ated catal yst particles incorporated therein
O"megaﬂ'ge &P ta¥opapets inteSpethe papleire idonspntnelf orhich is herein

incopppestdd Wyekerbidride @ cigarette. A cigarette w apper
e an [ tabl e for surrounding the cut

can b y Wrapping sui _
fﬁhleere,nciaﬁﬁ%ﬂi?%g W%fﬂﬁ’é:‘rts REGHE 1P ngar| B, iheapporated into a
cigaket®d , veappet 0 Ora8s, pabe® SifedWerCeldmil@se.aRe-i3@s a web of
fibrfort h. Dy | onal f! I I,eFL materials, flavor addi t'i ves,
qRA GG Pl dTAiSF e e afaBe THEPBHedOMATiFR BRYEYEase of web-
fillerappesrialhe socApper caddilavenBanatkhafa@ng .| ayer piractice, the
Web_g{ is-secti on, .such as in a bi-layer wapper as .
56T 0s P T H Sty 5fne FU. 1 Paf8REt Nofo5, 149nbyglling  the
permédlei eittyi r ef cahtenirapbewhi chThe hekababi GG PoF at®d Byrapper is
N iéae{]_erenpe%es - he enc.%psul ated catal yst particles can be
YPIPReor poraredi tt o W Gar SPTES W apherh Fhedpiiggd as the volume
of awrappexsunshi dn cobpei sestiamameirsof tflhbll'p&&e]f‘sewﬂtﬂoﬁﬁlcone square
jals ¢C further conprise particles of webfiller
cent%%%ﬁa £ srﬁa(r:{ﬁrégicanciﬁ céri’lﬁl&ggt f{ caodgyesspge drop of 1.0
kiloprserlsce, the web-filler material serves as an agent

f c ] he,_perneability of the wapper. The
| pg?ﬁeggﬁg%upt‘!ﬁagg’e:rhé’a\% e e
cigapptits ofm@ursest @& Hhisch vwrepdet| ned sasohfiewvabpd® Hrmed around
the aif red in.cubj L et er hat _passes , ,
o Bt TARNERY b SR SOTL ULl L PR smcorporae 1
the fiyrit erapparpressure drop of 1.0 kil opascals . The

PEREL, W BRRE LAT r.S€4 of.re_layers. e
preferred cigaret tlgggg#g?i%%ggg% %f?gt p\lﬁf?g%rpaebﬁy Qbe distributed
throughaiid theapperceéormst anddomd thhecigastt bar appeperaportions of a

i gaBhGapsul SAtabystypact l.ncor por at N th
cian 0S8 S A LBRLLEE S8 LR B, Ll one o
more nFIRFEHLF BE @i Stydunitted ithrisughoeiblche ot oledoce tiod amount of

& dhRhokge Cigarat g p ot | a_gj ti8.
o By pr oSi di ng the encgpe)gugﬁqteée%é)cg%g%%@%’hrBégﬁﬁéﬁ%ﬁé’ at the
combyit iy e P¥H t §opfersaliigar andéor tfilsepossgins .t o

r edegecidie amRuntheRf ﬁ?@d’\ﬂ@%snﬁnﬂé&g@d dé@%éa‘é&ﬂ#?'gloéi‘&o smoke

cigarette, particular at the conbustion, pyro
compiiidgndaehbHIG M/ Broeretter tpefphstohrcegr sheke and drawing the

smok€ MNQGUEBNEL P QM HRE ta, R Ofinkr ¢8ting 4 Qetﬁ%ggguf %t least
C rising.lighting a cigarette to formtobacco snoke
partlaaglg%drvgﬁagél{.w to expose a surface of the catalyst particles.
In a preferred embodiment, the volatile encapsulant is volatilized at
a distance of from about 0.1 mm to 10 mm in advance of the charline.
While wvarious embodiments have been described, it is to be
understood that variations and modifications may be resorted to as
will be apparent to those skilled in the art. Such variations and
modifications are to be considered within the purview and scope of the

claims appended hereto.



snoke through the cigarette, wherein the volatile
encapsul ant at least partially volatilizes to expose a
weoeunf7ass246f t he catal yst particles. In a prefePCeaB2007/000576
enbodi nent, the volatile enca sulant is volatilized at
a distance of from about 0-1'AnTto 10 mmin advance of
CLAIgQ.e charline. While various enbodi ments have been
escribed, it is to be understood that variations and

nodi ficati ons may be resorted to as will be apparent
1. t%tt{]&ﬁg inthe art. Such variations and
nodi t ons are T 0 BEETRET dEPERTHFHY n SPREPPUtRtedy catalyst
partipes comemiife tdfe H@ierpiappendadaber ehe o€ELALMBon honoxide and
(o]} ent of a.cigarett I sing encapsul at ed
nltr‘.{\c BRI t:|. rg tgcaea g g?n;goe %Ieﬂg W ezf%ia%t té‘ﬁ-e catalyst

catal'yst particres capab
rartpelesrdon apnbsdste Imm:llaﬂl}ﬂ cOam(ecDIewitrh N RSEAEaM encapsulant,

and k at al articles are at
f“g%gtg &8;?? a%ﬁ?ﬂgﬁéﬁed i © ﬁEeCte a%:f % Bt apEofRntonsisting of

Cobage %’?elféﬂheithefilmnponer@apesr sebectgd-dutenti heegr oup
consi sting of tobacco cut filler, cigarette paper and
cigarette filter. 2 . A corrponent according to claim1

2. AZREFRINENL( aFcordincattal yiaimart ivmbeeiare full y coat ed

Wl(bh the \égltéﬁ.yg@ EQE@P&Lgsangre é@l A e?aqta dﬁt‘% tl'hetfl'éﬁ volatile

particles conprise at |east one
enca%?‘f]@l 7oxi de and oxyhydroxi de of at |east one el enent

SQb?CEE@ éa['iﬂnytsﬁepgfﬁ’i'@lé‘so%lmé&i%e 7:9.]; i\%t oﬁESIOF/ban elemental
metaJRu a]ALg)y, ﬁx1@% apy o>f_3é'1ydp:|p}<1¢g oaﬁ/\/at Resas@s onkr edrtdet; selected
from(f;aetg,heg teneS b pak t HE! c rése at l.ea 0 of __an .
o oxi de a%ﬁox h dro%de olgg?na%ggnéélzeﬁ ro\ﬁ Sécdpg\gnr' g, cor ML,

U i Y(d)Zrth caful Vit Part el e@ecdhpr ilee HanoZzale, Re, Os,

Ir arpam;cl es; or (e) the catal yst particles have an

a\e/ega\?q?apartl cle size of |ess than about 100 nm or
| &8 T BOYE t 58P M C18s. cAmeBHbridntleastopdfngt tan oxide and

oxyhyeiraixiid 1lof \mefgahesé helf»egi aebbgelenﬁag%ggggt conpri ses
al‘(%}aetgllﬁt one, of : 33 a wat er-sol ubl e pol yner or
?)Hﬁiﬁ é’aﬁ Ilﬂ'r%? CO“{%)ISQ wRBessEllecpedtieimn; or
t he) gIlrme:a!tamf?BStpéfhg:leleEeﬁﬁ\ﬁ@xan CORAMe Wa¥ricle size of less
car nguba wax, nontan wax, ouricury

than a%oug iéé&frf”f ﬁr\/\éﬁss (R RRRUERP Mt ures t hereof ; (c)

a vvater sol ubl e pol yner selected fromthe group
3. gQﬂSég%ﬁdW%ng according to claim 11, wherein the volatile
encapsulant comprises at least one of:

(a) a wax, a water-soluble polymer or a water insoluble polymer;

(b) a wax selected from the group consisting of beeswax, coconut
wax, candelilla wax, carnauba wax, montan wax, ouricury wax, paraffin
wax, rice wax and mixtures thereof;

(c) a water-soluble polymer selected from the group consisting of
polyvinyl alcohol, polyvinyl pyrrolidone, polyethylene oxides, water-
soluble polyamides, water soluble polyesters, water soluble
celluloses, acrylic acid polymers, starches, dextrins, gums, gelatins,
oectin, alginates, gum arabic and mixtures thereof;

(d) a water insoluble polymer selected from the group consisting

>f polyethylene, polypropylene, polyacrylates, polymethacrylates,



pol yvi nyl al cohol, polyvinyl pyrrolidone, polyethylene
oxi des, wat ersol ubl e pol yam des, water sol uble
woabyassmass, water sol uble cellul oses, acryl i cratiB007/000576

pol ymers, starches, dextrins, guns, gelatins, pectin,

al gi nates, gum arabic and m XPures thereof; (d) a

wat er insol ubl e pol ymer selected fromthe group
PolyREHRY siSth2Br Y ot Sfet IALEMEny botlykewisie, emolyvinylidene chloride,
polypatyectiyledt 86d mixtures thereof. _

ol ymet hacryl at es, pol ynet hyl met hacryl at es, pol yvi nyl

chi%3r Pd ,lrﬁé §9Vﬁ9| FBefenedforiidd: Bl yerdedivati destanmtes and a
seconilXlayeas fobpe@dver @k aifdid Staykayer,gn contact with

th)catalyst p?rticles and a second | ayer formed over

t h&’f i% sti¥3y el YN CPMTipimer @ FA96pT depmriingi epmwound  and  a
secofill Aleyerb&arneg eapeuadranst ageeond | ayer formed over

the first layer. 4 . A conmponent according to claiml

, Wherein: (a) the volatile encapsul ant has a
4. val atipozatd ancoedney aldueeaoh betwweeriabout 40 0C and

a t. 350 '..b) the vo]atile encapsul ant is adapted

tg%oF%}i Y‘.gizdet%?) SHCBPROYPHe@Shay iVRgaE1t BFaltiiape temperature of
betweemiatiouy o6 °Qreeat ebotthars@igut 5% or (c) the volatile

engapsuyl ant_-has-a volatilizatiqn tepperature of .

b oo bt d0C AHTESHIGE: 386 CAMRFS Sdappéatibize in an
atmogmiiextei hpréng re aelathos gheriglihgvonggiedRiathye Muidisky or

of, .gr t about 5% 5 . A conponent_ accaording to

ol e P ol O e o R APLar b S Femmorature of
betwgem\aborise 40T @ gand npourtd 356 °C  And 0N CRRIHE AC G SolgtiDize in an

' : ' he fl avar-beari ng conpound .

o, Byl Rt 2 b e Pt VAT BhRerer: o

precursor, or a mxture thereof . 7 . A conponent
5. AagCokgi cl al .. _wherein,the flavor:bearing ,

c%npgﬁﬁ%&%%ﬁfri€§g§kglg§ntEgti81?%%grghcewh3rﬁﬁ?urﬁwe volatile
encagFgrhneerrrisess sefitdwdr dickriam edgetwpde, an al cohol ,

an ester, a ketone, a phenol or mxture thereof . 8 .

A conponent according to claim1 , wherein the
6. CAt &OyReneRl t PeFesdire tapaBhénof5 acthewpias ane oXildast-bearing

compduld tBRpEOSVE RIRR @t g k t.o car bon
i oxi de- a reducinngoagen?n[l orcgﬁggggﬂ%%P%?oﬁ‘SFHEF?%iQFeCUISOI'

or a‘&%ﬁﬁér?otﬁﬁWQQ§gen and as a catal yst for the conversion
of at |east one of carbon nonoxide to carbon di oxide
and nitric oxide to nitrogen. 9. A cigarette

7 C%nﬁpingfﬁ@lta POBUACEST o0 €lghm ettt e Wapmrinantheanftlavor-bearing

compound comprises a synthetic fragrance, a natural fragrance, an
essential oil, an aldehyde, an alcohol, an ester, a ketone, a phenol

or mixture thereof.

8. A component according to claim 1, wherein the catalyst particles
are capable of acting as an oxidant for the conversion of carbon
monoxide to carbon dioxide a reducing agent for the conversion of
nitric oxide to nitrogen and as a catalyst for the conversion of at
least one of carbon monoxide to carbon dioxide and nitric oxide to

nitrogen.

9. A cilgarette comprising a tobacco rod, cigarette paper and an

optional filter, wherein at least one of the tobacco rod, cilgarette



Dptional filter, wherein at |east one of the tobacco
rod, cigarettepaper and filter conprise encapsul ated
woav@logst4sparti cl es capabl e of decreasing at | ea@saBINE000576
of carbon nonoxide and nitric oxide in mainstream
t obacco snoke, wherein the-catalyst particles are at
| east partially coated with a volatile encapsul ant.
papefOand ¢igheet tenmcionr dimgpsoleted me@tglysterminticlay capable of
decr&g@lﬁlé)l %E' lfe%ﬁ: agﬁgl i c%.rf‘)l ptn%%og&dgo'a‘}ﬂ ! In:ZL ic oxide in
during the snoking of a cigarette to expose an ActTV
malnétﬁ¢%ﬂx¥QﬁaCFheSmakaly@heqﬁym|uﬂee§atébyS¢fEaKnﬂcaEslere at least
ceRCAPSH-ARY |, SeipdARi8d ] P t pr chenically
bat ed&gde gurlng t he snvﬁ?n%‘%fygggh%lgarette to expose
‘a surface of the catalyst particles,- or (c) the
0. val aubke-ancapsubanty S adaphed (maaatilize and

thernally or chem ca egrade during t he snoking of
t He) cthar eptatide @@ségéuharsm rfsacelaptedheo cuptdlyistize during the
smokPﬁgﬁt bel @S cighletfeCitgarghlee aSEOEaGwGet QuEERL O tﬁe catalyst
wherein the catalyst particles are [y coated wt
parti@kesiol atil e encapsul ant. 12. A C|garette according to

cl@hm 9ne M}sxaemet hesRAgansshat efs cal@lpily PRt | %@§ma11y or
are at | east one of: (a) incorporated in an anmount

chenle1 it | PRSI GHVORS el (HNIS%, GFF {HE caiBoiFtte to expose a

surfHBN4E deel BaPRIPA B2 EODACCEH snoke to carbon dioxide
| east 5% of the nitric oxide in mainstream

dﬁgccBh%nﬁﬁﬂﬁFb 1Ri tFFEFUGREN b AfseRedef Fectyalatidize and

ther@QIMerdr &theheast 10 %RfratiBedEas rl:H@ @ﬁ%kﬁﬁg I'§f the cigarette to
mai nstream t obacco snoke to car di oxi de and at

eXPOF%a%tSL%f%aSF thehn crrel vt d@rtﬁcﬁﬁ'ﬁ nst ream t obacco
snoke to nitrogen; (Db) |ncorporated in a total anount
rette; and

t t 20
L h%ﬁﬁ@%ﬁ&%ﬁ%ﬁ%&ﬂgh @g%fgfg&m wh&ffgw.\aﬁ% etPtalyRy particles

are fhEL} engtbBdofith twelkageDatik ehdaphuTdgarette according
to claim9 , wherein the cigarette paper conprises at
| east one of: (a) a wapper having a first layer and a
12. secootgdmter feacomdiiagound tdieikd rst |wiyekinanthe encapsulated

n th enca | ated catal yst particles are
FLRE 7 &

ej
cata %%: 6%F5F S PPRE 15y and(b) a wrapper and

the)ennemrpﬂrated tml&d)&mbuparEffﬂoﬁiw&reocoaﬁfﬂkt at least 5% of
the e%%g%ednvé)%ox1%%t 81%4%%%11 Ir%at.rng ?tf enaé%tgo rsgr% f}] tge glsag{af acgloxide or
at  lgvaertei E\/th:é ct}gargnttelcorqgnﬁsesln mainstream tobacco smoke to
nitrogen or in an amount effective to conveft at least 5% of the
carbon monoxide in mainstream tobacco smoke to carbon dioxide and at
least 5% of the nitric oxide in mainstream tobacco smoke to nitrogen;
(b) incorporated in a total amount of up to about 200 mg per
cigarette; and

(c) homogeneously or non-homogeneously distributed along the

length of a tobacco rod.

13. A cigarette according to claim 9, wherein the cigarette paper
comprises at least one of:

(a) a wrapper having a first layer and a second layer formed
around the first layer, and wherein the encapsulated catalyst

particles are incorporated in the first layer; and



a mxture of different encapsul ated cat al yst
particles. 15. A nethod of nmeking a cigarette
woanprossa4ng: (i) incorporating encapsul ated caPargB1007/000576
particles in, on, or in and on at |east one of tobacco
cut filler, cigarette filter 2and a cigarette w apper, -
(ii) providing the tobacco cut filler to a cigarette
mald)ing muehpere ang frbeneaciwhiededcohumiysy idarfiplegiawe coated,
: j e raung. t 0 c t
e R e R T
attaching the cigarette filter to the tobacco col um .

14 . USH Q%ﬁ%kgetggam&ng]@o &,m I@deﬂgfg.{ﬂj'tﬁ% tcg g!:@'th{g comprises
15, erein the 1 ncorporating conprises spraylﬁg,

a miggyre mef o fifprers| enraprsplapedretdied vyaccprdiimieso cl ai m
15, wherein the encapsul ated catal yst particles are
i ncorporated in the cigarette paper by spraying or

15. cdafergothel aitdpoup atEspradtal yerPHiririccl es onto a wet

bass WekorbBiet ikl alpselaflaf tished Weltil8esAin, on, or in
met hod according to claim15, wherein the step o f

and 9 GtpoteRStnPronpf i EeB2edMbIwE n§ither enehptdtacedfilter and a

cigagatad staprkt:i cl es and at | east one of the tobacco cut

filler and cigarette wapper in the_absence of a )
|ith)d_prov1d1ng the tobacco cut filler to a cigarette making

machine to form a tobacco column;

(iii) placing the cigarette wrapper around the tobacco column to
form a tcobacco rod of a cigarette; and

(iv) optionally attaching the cigarette filter to the tobacco

column using tipping paper.

16. A method according to «claim 15, wherein the incorporating

comprises spraying, dusting or immersion.

17. A method according to claim 15, wherein the encapsulated catalyst
particles are incorporated in the cigarette paper by spraying or
coating the encapsulated catalyst particles onto a wet base web,

intermediate web or finished web.

18. A method according to claim 15, wherein the step of incorporating
comprises combining the encapsulated catalyst particles and at least
one of the tobacco cut filler and cigarette wrapper in the absence of

a liquid.



