1 CATALYSTS FOR TAE OXIDATION OF CARBON MONOXIDE IN
CIGARETTE SMOKE BACKGROUND Smoking articles such as
cigarettes or cigars produce both mainstream smoke during a puff and
sidestream smoke during static burning. One constituent of both
mainstream smoke and sidestream smoke is carbon monoxide (CO) .
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a first aspect, there is provided a component of a cigarette comprising a
particulate catalyst for the conversion of carbon monoxide to carbon
sacHorm®sthe catalyst comprising agglomerates of nanoscale particles
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second metal, the second metal peing different than silver, wherejn t NN
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there, is provided .a cigarette comprising a tobacco rod, cigarette paper
MRS a1 optionat Tiiter, wherein at least one of the tobacco rod, cigarette
- paper and optional filter comprises a component as defined above.
S are cut filler compositions, cigarette paper, cigarette filter o
materiah, digaretpes:, ahekmatipodsifednrakirgroigatetes thigareide comprising 2
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capable of acting as both an oxidant, and as a catalyst for the conyersion
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_clgarette during smoking. The silver-based catalyst .
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islly efﬁ%ni{gg, ate Nanescaladparticlasg: For example, in a preferred
embodi ent, nanoscale particles of silver are supported on.an exposed d
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Provided are cut f£illexr compositions, cigarette rpaper,

cigarstte Ffilter material, cigarettes, and methods for making

cigarettes that use silver-based catalysts. The silver-based

catalysts, which are preferably capable of acting as both an oxidant

and 2& a catalyst for the conversion of carbon monoxide To carbon

dioxide, can reduce the amount of carbon menoxide and/or total

particulate matter in the mainstrsam smoke of a cigarette during
smoking.

mhe silver-based catelyst comprise particles ¢f silver and/oz

silver oxide tha: are supported in and/or on support particles of an

oxide of az second metzal. Preferably the particles of silver and/or

silver oxide are nancscale particles. Tor exzample, 1n 2 presisrred

smbodiment, nancscale particles oI silver are supported On an

exnosed surface of particles of an oxide of a second metal. The

suppor: wvarticles can comprise manoscale and/or micronusized



stoichiometric oxide. Exemplary second metals include magnesium,

aluminum, silicon, titanium, vanadium, chromium, manganese, iron,

yttrium, zirconium, niobium, cerium, hafnium and mixtures thereof.

Catalysts that comprise oxide-supported silver and/or silver oxide

oarticles preferably comprise, by weight, frgm about 1 to 70%, more

preferably from about 5 to 20% silver and/or silver oxide. According to an
remhadiaent, thesderand/otsiverokide pefiticles Baveran averapgeis & non-

fartigle size of less than abyt109 nm, mare, preferably less thap abgut e s sy,

50 nm. The catalyst car.' comprise 2 agglomerates of nanoscale silver .
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faethod of making agigareitecomprisingthe: steps of 4. incRIporatind fer oxide

sil\_{gr- yased cat,alysl in at least.one aof tobacco cut filler, ci argttq pgé)er . "
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prrfermrbies HfaanctEié particles comfirisipgiSiter, supportedsinianmd/oroxide .

RRsHERaK Rarticlasebaneyide aha secondmetal, the secpnd metal particles
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&7€ of from abotn 1 t6 50 thicrons: b, providing the Tobacco cut filler fo.a
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cigarette paper around the tobacco column to form a tobacco rod of a

cigarette; and d. optionally attaching a cigarette filter comprising the

cigarette filter material to the tobacco rod using tipping paper. In one

embodiment, there is disclosed a method of making a cigarette comprising

a silver-based catalyst comprises the steps of (i) incorporating the

silver-based catalyst in at least one of tobacco cut filler, cigarette paper

and cigarette filler material; (ii) providing the tobacco cut filler to a

cigarette making machine to form a tobacco column; (iii) placing the

cigarette paper around the tobacco column to form a tobacco rod of a

cigarette; and (iv) optionally attaching a cigarette filter comprising the

cigarette filter material to the tobacco rod using tipping paper. The

catalyst can be incorporated into one or more components of the

cigarette by spraying, dusting or immersion. According to a preferred

method, a catalyst consisting essentially of supported particles of silver

and/or silver oxide is incorporated into the component of a cigarette.

According to a further method, the catalyst that is incorporated into the

component of a cigarette comprises particles of silver and/or silver oxide

that are admixed with particles of the oxide support.



Supported silver particles and/or particles comprising silver (e.g., silver
oxide) can be made via the precipitation or thermal decomposition of a
silver salt such as silver nitrate. According to a further method, the
silver-based catalyst can be formed by mixing a solution of a silver salt

with a colloidal suspension of an oxide of a second metal and then

heating the mixture to decompose the silver salt to form particles of silver
and/or 2a silver oxide that are incorporated in and/or on the oxide of the
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at apRarats dorihacaynihesisof slvachasasdsatalystspdad@sellier material; (ii)
vaporization/controlled condensation. Figure 2 shows a schematic of a
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(iifopladiyehbassuctaiayst complidingsieoparttioleste form a tobacco rod of a
cigarette; and (iv) optionally attaching a cigarette filter comprising the cigarette filter
material to the tobacco rod using tipping paper. The catalyst can be incorporated into one
or more components of the cigarette by spraying, dusting or immersion.

According to a preferred method, a catalyst consisting essentially of supported
particles of silver and/or silver oxide is incorporated into the component of a cigarette.
According to a further method, the catalyst that is incorporated into the component of a
cigarette comprises particles of silver and/or silver oxide that are admixed with particles
of the oxide support.

Supported silver particles and/or particles comprising silver (e.g., silver oxide}
can be made via the precipitation or thermal decomposition of a silver salt such as silver
nitrate. According to a further method, the silver-based catalyst can be formed by mixing
a solution of a silver salt with a colloidal suspension of an oxide of a second metal and

then heating the mixture to decompose the silver salt to form particies of silver and/or



Figure 4 shows the conversion of CO to CO2 for a silver-based catalyst
comprising as-precipitated silver oxide particles. Figure 5 shows the
conversion of CO to CO2 for a silver-based 25 catalyst comprising
as-precipitated silver oxide particles. Figure 6 shows the conversion of CO
to CO2 for a silver-based catalyst camprising a mixture of silver particles
and as- precipitated silver oxide particles. Figure 7 shows the conversion
of CO to 002 for a silver-based 30 catalyst comprising cerium
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sedefd IRHOR feFiansivaicRassdealalSLRAMRIIR NG COlMGXida-siapRted
sﬂveggartlcles preggred by LVCC. Figure 9 shows the conversion of CO
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silnipoaiating aseiretar stich@scishacdorut ks, srjaretls papelcandmlver
an& &igaRie:fllenraaiarialc Theusilgthasedcatalysts can catalyze and/or
oxidize the conversion of carbon monoxide to carbon dioxide. In
particular, the silver-based catalysts are useful for low- temperature or
near-ambient oxidation of carbon monoxide. By incorporating the
silver-based catalysts into a component of a io cigarette, the amount of
carbon monoxide in mainstream smoke can be reduced. The silver-based
catalysts comprise particles of silver and/or silver oxide supported on
support particles of an oxide of a second metal, the second metal being
different than silver. According to one embodiment, silver-based catalysts
can be is prepared by precipitating silver and/or silver oxide from an
agueous solution of a silver salt. The precipitated product may be
combined with a support such as particles of an oxide of a second metal
i.e.,. a metal other than silver). Exemplary oxide supports include cerium
oxide, titanium oxide and/or aluminum oxide. The
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20 precipitated product can be admixed with support particles to form a
silver-based catalyst comprising particles of silver and/or silver oxide
supported on the support particles. . According to a further embodiment,

W0 5h5HEF i Iver based- catalysts can be prepared by mixingd’S ¥BRHSAGH73
a silver salt with 25 a colloidal suspension of an oxide of a second metal
and then thermally decomposing the silver salt under a controlled

meBiMosphere o form a silversbased.gatalyst cgmprising silyer andior silver, . g4

oxide that is incorporated in and/or on the patrticles of the oxide of the
cakatdid metal. so According to a further embodiment, nanoscale particles

comprisingsiver ey, silvetiorsitverroxXide) tan becgraparediby laker silver—
pa¥aporizatiopicontiolied condansation from adargelcomprising silvar: With 1 -,

. laser vaporization/controlled condensatign, a starting. material (e.q. .
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hegbibseqeiently cortdensetuosformtthesilvéebased Aty stirFurthermoresphere
coMSNG 1aservaparization/contralied condensatian itds Wi 20050422805 ver o
coECT1B20091002473 5 possible o form g silver-based catalvstaieetly, oy

“ffon astjarbrgfthaaﬁ compn?eg?ﬁe Constitusnt atoms of Both the
suBivEipaskd patticiescanEhecFkiRe Slippbft FhtieTss N8 SHber-based

_catacty&t cem&&e&m&iclesﬁ@hﬁer aad/oras._ilacer Bxide:tat a® reduce the
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In iIs meant that silver and/or silver oxide comprises a second phase that )
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unbHermgogepesus driAdmahbrmegeneous composite). For example, the silver
and/or silver oxide to can be dispersed throughout the matrix of the oxide

s:9Li8,se00nd. metal andior disgersed.on g exposed surface of the oxide.
ccording to a preferred embodiment, particles comprising silver and
partitfes epmpristig aftoRiers of thessbeBird Wet@faréforpmpgratus  for the

sysitpalapeously and co-depositedsiastarm the silvessased is catalyst. The 1aser
va?;%‘ﬁrég@%‘ég/%%@ﬂ%ﬁ% be derpsited directly on a component of a

cigarette or, more preferably, the silver-based
Figure 2 shows a schematic of a gquartz flow tube reactor.

Figure 3 shows the conversion of CO teo CO; for a silver-based
catalyst comprising silver particles. '

Figure 4 shows the conversion of CO to C0; for a gilver~based
catalyst comprising as-precipitated silver oxide particles.

Figure 5 shows the conversiocon of CG te CO; for a silver-based
catalyst comprising as-precipitated silwver oxide particles.

Figure 6 shows the conversion of €0 te CO; for a silver-based
catalyst comprising a mizture of silver particles and as-
precipitated silver oxide particles.

Figure 7 shows the conversion of CO to C0O, for a silver-based
catalyst comprising cerium oxide—supported silver oxide particles.

Figure 8 shows the conversion of CO to €O, for a silver-based
catalyst comprising cerium oxide-supported silver particles prepared
by LVCC.

Figure 9 shows the conversion of CO to CO; for a silver—based

catalyst comprising cerium oxide-supported silver particles prepared
by LVCC.
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catalyst can be formed, collected, and subsequently incorporated in a
component of a cigarette. A preferred method of forming supported
silver-hased catalysts 20 is laser vaporization/controlled condensation

v'( Vol }2{8\0/;(2C is an ablative process that uses one or moré ?ﬁb@@ﬂ?ﬁ?”"’
have material to be incorporated in the catalyst. In an ablative process, a
region of the target absorbs incident energy from the energy (e.g., laser)
source. The incident energy can comprise, for example, pulsed laser 25

energy. The absorption of e heating of the target
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comprise nanoscale particles. The amount of energy required will var
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properties of as the startin mater'al.é/g/ghllasgg ablg;cign, a"gthe startin
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cidRve WO 2005/ 322805 RCTHAZ0OS/09247396 afgStasTorTRAToPlle can be
ref0aied Wit ansupabie aateso 1g bes remmayels éepdatgetimaterfal silver
and/8 St%%@&mé‘t%é' may be.any syitable precursor material With a5 4e of a
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referred form being solid or powder materials composed of 5 pure

se ARk Er a HkREOPM AR RIsPeRA MtéRaR are PréterabRiEolids at
roomcienperatureansher natsusceptible tol themicatelegreriatior sachras e
pr%@@HOBW@%ﬁgﬁf@é@qlﬂgt@%l%@ft'ggdl@ier&ll%p&b@ﬁ@ea ﬂ@ﬁsﬁﬂ aqueous
owder target. The laser energy }Preferab.l vaporizes thcgu%%artlgg g\gtgg%ine g
so5'fEe Ry it fHe Ridterial un%e%%?r% sighificant iquid phase
witransforveion: Thedypes offaseis Hrat Gin B USEd- 5 geherates tieT8saretat
(1 €0ergy eaniochide iepdasersddV exciaer lasers;:NelAS, ane tde-Neupports

1n1358fS- The;lager beam can be SeANNGH ACTOSRINESUMAGRi nur oxide.  The
precipitated product can be admixed with support particles to form &
silver-based catalyst comprising particles of silver and/or silver
oxide supperted on the support particles.

According to a further embodiment, supported silver based-
catalysts can be prepared by mixing a solution of a gilver salt with
a colloidal suspension of an oxide of a second metal and then
thermally decomposing the silver salt under a controlied atmosphere
+o form a silver-based catalyst comprising silver and/or silver
oxide that is incorporated in and/or on the particles of the oxide
of the second metal.

According to a further embodiment, nanoscale particles
comprising silver (e.g., silver or silver oxide) can be prepared by
laser vaporization/controlled condensation from a target comprising
silver. With laser vaporization/controlled condensation, a starting
material (e.g., target) is exposed tc laser energy sc¢ as to form a
vapor and subsequently condensed to form the silver-bpased catalyst.

Furthermore, using laser vapcrization/controlled condensation it is
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of the target material in order to improve the uniformity of target is ablation
and to improve the homogeneity of the atomic and nanometer- scale
v@gr'gcles. The method combines the advantages of pulsed laser |
f)é}ﬁ%%ﬁg'ﬁ with controlled condensation in a diffusion clouBCERBMBERH7

under well-defined conditions of pressuresand temperature. 20 Typically,
the chamber includes two horizontal metal plates separated by an

podasulating sidewall. Thefuethed canemnloy puised laseryvaporizationof that
at least one ta(%get into a selecgceéj as rr%%tg{re yé{jltgin a.chamber.
n

co ises the gonsiituyent, atomE oF lver-base hea ticles
TRFGEEE pidted TR The SRambér, " g. on the lower piate, and the chamber

ands filled witliea Yamrsuth P5ras Gt hert asior g mixtrerofakaneRtg S ape ses
padfeadegass: ko examplertheinestgascar camprisekelioatgonoed in

an Q)icg(lgurc)ens tglg{%gggasn% yﬁ%lj;_eggg}ég Sgptc_omprise oxygen. Preferably a
temperatffre gradient Is maintained between the top and bottom plates,

whiélY caRIGBRIE A-62ady) cORVEEITSH clifeht thizt e BEI0PEn ekt by **4°
conising @sheawsgasdsusheas argen abd/cmbyusifig-aboveratnrosplenmtrix of
rnPregsyre copditians in the champet.Petails of suitable, shamhesscanbe non-
found in The Journal of CheFmicaI Ph iiCS, 1\;/39" 52,l No. 9h@{|ﬁ 1é 1_%70f "
OBRISRAONS AERRE diglosUTR of v%ﬁ%n i< hereby incorpora eglrb teven oxiee

carefeterideras #edchiéwratighifustration Blan-EVET shambetEsgitabtieforscond
me PEOAHEHOROfSiMeI-hased catalysipis shovwirinEigure thdwoe:We.
2009/122805 PCT/1B2005/002473 ;7 clrgular horizontal, SIAIDIRSS sieelals o : ng
~aluminum plla?es Iaenoted as the top cold plate 4 and the bottom hot plate
sipvare SBarated bylesIsseRidewal sitvabdtt 4% iheh otfterBfansiert are
fohnbulk targettdfesigetsondhe botioseplate-@cantemeapbe cohtaired.irea-based

c=D9\des, s The teaction chamber 2.is.coanecied 9.4 gas-supply 124arough on =
a gas inlet hole 14 situated on the bottom plate, Thebgas sut%ply IS, Lver-based
OISR froth tife FRFBEFby a ContrBRVave 18 THe pressure in the - oo ©

cathamitercand writHinthecdyasirésds sHonRbre PUeRGReah LuptisRarporated in
= Barpeslpressure segseeand.readout 18, which are coupled io into the

gas Jing, The, chamberand the gasling cande sYacUalsdde rasea catalysts
is laser vaporization/contreclled condensation (LVCC). LVCC is an
ablative process that uses one or more targets that have material to
be incorporated in the catalyst. In an ablative process, a region
¢f the target absorbs incident energy from the energy {(e.g., laser]
source. The incident energy can comprise, for example, pulsed laser
enérgy. The absorption o¢f energy and subsequent heating of the
target causes the target material to ablate from the surface of the
target into a plume of atomic and lonic species (i.e., vapor}. The
atomic and ionic species can condense into particles by vapor phase
collisions with esach other and with an ilnert or reactive gas. The
particles that form can comprise nanoscale particles.

The amount of energy reguired will wvary depending on process
variables such ag the temperature of the starting materiszl, the
pressure of the atmosphere surrounding the starting material, and
material properties such as the thermal and optical properties of
the starting material. With laser ablation, the starting material

is progressively removed from the target by physical erosiocn. The
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a base pressure of approximately 10-' Torr. During each experimental run
the chamber is filled with either a high purity (e.g., 99.99%) carrier gas
such as He or Ar or a reactive mixture, which contains a known
V%%%?B&fﬁ%(ﬁ of a reactive gas (e.g., 02) 15 entrained within 5‘55’%@?06@%.2473
For example, the reactive mixtures usedgmay be oxygen in helium, or
oxygen in argon. Prior to each deposition run the chamber is preferably

cadli6d 3nd eyaguated: seyeraliimes wihiiie cariehgasde.ensiedenaavalo ve

I
of any residual impurities from &he chamber. The energy source can be
remgy&tiontd®20 extEfial e cRamber such that the energy beam enters
the Tharmyer througks aanat of s’ chamirey. Fié EjerdraBftg ffteragr-er =l
wi it the-gas-raixturern the chamben Baib diffusien and-eobyestianmansed of
pmaeld in removal of the small @arglclegiav\@é/t%g%g’gg nuclgation zong, (QRge .y

con&gﬁggfﬂaoutl o?lfpheavapoﬁr{ p‘ﬁa%e) before they can grow into 25 larger
prafatields, Thelidpordan TREBr e AT #E thambef By féleﬁsir?gl%ﬁ?&?gi gle to
chdargetithaaitps of nlasersuchsassthizisetond harmcaic of #pLswitched the

sta¥-YAG laser:(wavelangth 532 np. 1Q s pulse-duration). Typically the
aser is run at 30 Hz and delivers a power of 15-100 30 mJ ulge onto ttee .
targeteL aset Fapdiizativn %SSﬁﬁgg%hi‘éﬁ?gé:ﬁszi?f vapor Withina very - srial
dishorltimeriypioally 16 Swederired diredtbaljit tharakéwsatiresigipid phase
cr&igpeasitian  The cofisionshetween the patidlasejestedotronsthe targebnerate
-,undergo Brownian motion during the gas-to;particle 35 conversion.and yq-vae
?e%t?lfln the formation of particles ofnthe target material. Laser !
angaperiatishsisigossiBRefréh sBVEPFAFtiffRfeMWRT LS 125808° the surface

of P@Ul&%Oﬁzﬁﬁiﬁta&@ee&sﬁmu kaneopsiyver alsingleidompouncd target
~plarget, vielding a; silyer-basged ¢atalyst praferably Gamprising: silver analgfes ex-

silver oxide incorporated in particles (e.g., nanoscale or larger particles)
sCBf anPaXide ofa second metal. Preferably, the particles 5 of the oxide of

the secondmeetabhavecas Bvesagetparticladsiraoiorss tivdh aistts00  1aser
vaBBLimore yefgrably lessthamabout50:ans 4008t praferablydessibisn  cloud

chgmhkpgélgn%rgiﬂ well-defined conditions of pressure and temperature.
Typically, the chamber includes two horizontal metal plates
separated by an insulating sidewall. The method can empioy pulsed
laser vaporization of at least one target into = selected (Jgas
mixture within a chamber. The target is placed in the chamber,
e.¢., on the lower plate, and the chamber is f£illed with. a gas such
as an inert gas or a mixture of an inert gas and a reactive gas.
For example, the inert gas can comprise helium, argon or mixtures
thereof, and the reactive gas can comprise OXygen. Preferably a
temperature gradient is maintained betwsen the top and beottom
plates, which can create a steady convection current that can be
enhanced by using a heavy gas such as argon and/or by using above
atmospheric pressure conditions in the chamber. Details of suitable
chambers can be found in The Journal o¢f Chemical Physics, Vol. 352,
No. @, May 1, 1870, pp. 4733-4748, the disclosure of which is hereby
incorporated by reference.

2 schematic illustration of an LVCC chamber 2 suitable for

production of silver-based catalysts 1s shown in Pigure 1. Two
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As mentioned above, a steady convection current can be created within
the chamber. The steady convection current can be achieved is in two

ways; either the top plate 4 is cooled such as by circulating liquid nitrogen
V\//ﬁtﬁ)l??ﬂ%ésﬁ?ate and the bottom plate 6 is kept at a higher te?%ﬁé‘ﬁffl?f-’é 02473

((_e.g., room tem_perature) or the bottom plate 6 is heated such as by
circulating heating fluid within the plate or by an electrical heater and the

circt:(%ﬂgnlcatgoé%.; s kept at a Jower 1o temperatdre (:¢miaem ierapertu)oter as

example,t e top plate can be cooled to |ess than. 15Q K by circulati
chal i G L1 BAReBDRe TN hEtoh ol Th el cack dho o’ > °

glaplate;isekept ab astehperatute sighifieaitly Wwer Haf#i€bottdm Plate, =29

10 ‘Fﬁ)’g'?iwt‘)?é&?:ﬁlit@ ton plate thecondensation-qr depesitioniplade 120z holder.
eferably the temperature gradient b e t d

?hepfé‘?éﬁg la?qegrsl?a%]gﬁt%d(f, r%%r}rée&ge gra %y%t%gs@%%??&%hfgrﬁggggogw gés

inlhéathg-wirdd wrappetraroaid B gRRs™Stewatt tan heBPShd Yasi PPy >°

1 soidemalitareduce depasiionon thecsidewdll ard proibte Aumifgrpssure in

endCTREFRUIE dradient hatwean tneduo plalgs. The 25ismesratiroantine. =n
plates are monitored using thermocoug)les att ch%d Q eacQ.plgte and
oPtdEAREctBNATTAralier i6 A e nTarRare it {L e SFthe o Pt

“feadst e er’nperature%ﬁ the
i ntehambegatnidspheratiecrbasis asihe top° (fatk KtappFéackhed T8saRMEd =°

a L%g%%ﬁi”‘é%%%'saéﬁraﬂ%b%ﬁlﬁ&)&@gﬁo irthe upper.half oftheing  each
_chamber. The higher the super-saturation, th ler wi the size. Of.. v
exﬁﬁ@ﬁt‘?&%ﬁjs r&iﬂir%%?orc%%rr%d%%séﬁor%lgﬁéﬁzi%lm%lnegté%lg}atgureﬁ #Oburity
(e gradigiitHay) evranéetheasuferSatkialitn it tHgé cRanfber BBmvaatidn: e

whlaysadele i diffusiosefl theparictes outaf the nestestion zsrwe before 0z)
enilSY S2.010WIRI00 10526 COpeCtoRBAR ChamherBauhoe mixcares

énhianced by Increasing the témperature gradient or by using %heaviecr
useAriEYWKS 2005822805 b@?fﬁﬁzo(%/o@’é%?i%“ QLQTLasaféaﬁ'argorr\ R o s

desomparad teeliumg. Icprodecingia silvertbasbiicatilydetheApocvacuated
sePLodyced can be-coeled orcondensed by sukjestingstherdapor paagertes idual
imggﬂfﬂ?g;“@%g%”QEQTgggmg%QQUVengS§Hg¥8§ﬂg%ggggp@gg.be pesitioned
external to the chamber such that the energy beam enters the chamber
through a wall of the chamber. The ejected atoms interact with the
gas mixture in the chamber. Both diffusion and convection can aid
in removal o©f the small particles away from the nucleation zone
{once condensed out of the wvapor phase) before they can Jgrow into
larger particles.

The wvapor can be created in the chamber by focusing onto the
target the output of a laser such as Tthe second harmonic of a Q-
switched Nd-YAG laser (wavelength 532 nm; 10 ns pulse duration).
Typically the laser is rum at 30 Hz and delivers a power of 15-100
mJ/pulse onte the target.

Laser wvaporization produces a high-density vapor within a very
short time, typically 10 sec, in a directional jet that allows
directed deposition. The collisions between the particles ejected
from the target undergo Brownian motion during the gas-to-particle

conversion and result in the formation of particles of the target

material. Laser vaporization is possible from several different
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5 During laser ablation, if the density of the ablated particles is sufficiently
low, and their relative velocities sufficiently high, particles (e.g., atoms,
clusters and charged particles) from the target material can travel through

‘Yﬁ’ez‘é"asé]%%ﬁﬁ? they impact the surface of the cold plate or a cBﬁTﬁW&?ﬁ’%‘g‘é\m
cigarette that is i.0 positioned on the cold plate where they can coalesce.
On the other hand if the density of the ablated particles is sufficiently

+a PR s and their Ielative yelgcities syfficieptly small.particlesfrom thee1ging &
 target can daggregaﬁe in the gas Q) se, which can then ¢ e&msﬂ on the 1
S L0 PRARSSr dePoSItSh aldomponent of S garati¥tharis 58 p&aiioRed Sh- 7"
oxiide colohpliteowitkdut Wishirgpts belissund( By Iheorypzeeirabfatiopns  larger
paPfessuEs lowenihar:about 19" Jesethe meean freecpatl phisblatechsppsies cles
of Istgc'g ffg:}lgg’%ly Ioofngcgheatsaebc!g‘}ledd Sg%glfs %%'é’ea‘?‘ﬁ t@%&@é‘%@ l%tgrwgl%msize of
undergoing many gas phase collisions. Thus at lower reactor 20

Lepfesdiestatitatety hdtBrialtan eSSt o stffate Ofthe oM™ ptate™dnd ot
prdiftuse and esalescenwstho-each other to form particles after alighting on

the gald plate At higherpressures, sych ag,AessHres above abguibl03 cateq

. Torr, the collision frequency in the gas phase of ablated species is ,
A iy RIS and ROIGAHOT and 95 ROt of e BBTatet speeid i oved
infdrme pertielesséahoccurntie gagtphaséheford adfighting 6 the strfatdating
11 6fithe cold plate. Jihus At thigherpressuees ablated-materiat 6ap fosmapt at =

. Silver-based catalyst  in the gas phase, which can deposit as discret .
e po 1 Fin (o e U ELEET DErost B are @ o
heghesh i sampid i tofeetdd ahd s rédUnder dnbsphericesnditivhs. °* °Y
anByetentrolling thedemperatite gradientpthesthamber pressteptandtthe lower

tolasernower, which can.pe used to.defermine the pumher density o1 e 1 4:e
oms released in the vapor phase, %e%y on the order of 1018 atoms per
n

2 s per’
“2Bukd) thetfrbcess 6 tordaRsatidh SndcorsEqiditly3s tha%ide Ahg o9 +»
I leormposittenof the sifver-basetledalyst Bandidheontrolied. W@ top plate is

1keR@05(1 22805 RETHA 120051002473 10 T heqperating.pressuredn tbe  plate,
wh(ﬂ:_icl%m%g«iasspr‘g}tl%raglcypgrggg%% the condensation or depcsition plate.
Preferably the temperature gradient betwesn the top plate and the
bottom plate is at least about 20°C, more preferably at least 50°C.
Nichrome heating wires wrapped around the glass sidewall can heat
the glass sidewall to reduce deposition on the sidewall and promcte
a unlform temperature gradient between the two plates. The
temperatures of the plates are monitored using thermocouples
attached to each plate and connected in parallel to a temperature
readout.

The temperature of the chamber atmosphere decreases as the top
plate is approached resulting in maximum super-saturation developing
in the upper half of the chamber. The higher the super-saturation,
the smaller will be the size of the nucleus required fox
condensation. Changing the temperature gradient may enhance the
super-saturation in the chamber. Convection plays a role in
diffusion of the particles out of the nucleation =zone before they
grow larger in size. Convection within the chamber may be enhanced

by increasing the temperature gradient or by using a heavier carrier
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than about 10"3 Torr, and more preferably about 760 Torr. The
temperature gradient can be adjusted by altering the temperatures of the
top and/or bottom plates of the chamber. The temperature of the 5 up

er
Wp(fa%oeo?g%)zisé'ﬁerably between about -150C and 30C. The temBgFé{B?goiﬁ%‘@
lower plate is preferably between about 20C and 150C. It should be

appreciated that although the LVCC apparatus described above has a top
gasplate. that is.cgeledarelalivg to asbaltomeplate,) this Q.QD'BQU&lﬁﬁ_mgea silver-
paseyersed { G the, top plate can be. ao heated relative-to the botto
B e oA & e o iios) Wi aingn Coiensed by
SUREfiroRfhdittof RERTNPARFor&r it af PHessuresHigher tAaht afitbspiriicive
gaspressure intthecchambiert suhich reduces the possibility of atmospheric

corgamingtion during, the synthesis, floweyer, as 13 indicated ahove, the. -, .

. reaction may also _be carried out at pressures lower than atmospheric

5 RUES TR 0 DA e v gS O the MEIRGA T thE RGBT of*ScSLctently

highre pRritiy: séRected nsetal aremetalloxitierpartivlesdnepredisehrticies) from

the NEEOEHRINGAME CARGENIFANRNS O 2IRACTNE(Q/8s @HEIZINGLERSIZBact the

surtddl a%PXBéh%%” g‘é?ﬁheﬁ%‘&“%” chamber, The intigduction of reactive, .. 1
gases into the cham equrlng the deposﬁlon process allows “material

PosAEREadrGi thetafgeftdesntilfBshith RN FRseStRI65E M oxile the other
harpandgscate pastislesy Thiistire readtive:ablationi thiee Chasnbersincludas By high,

ancSTRURroporlion f 3.L6ackve 0as, S4Ch-as,Alh 23 QXYICN, WAIELVADK oy the

etc., which reacts with the atoms of the target material to form particles

A ESTh PRI G HI AT Bxide. Hite TARyt GaT cONEiSleS8BNHARY of WiREt orom the
colsilverlexiele, whevebypértictes of siteeronsitier oXide cariberproducediat  is
pofthetarost canecepnyise silver (e.g., silver and/or silver oxide) and a

second metal. By 30 providing a target camprising silver and a second

meCtT% %%%pp%af%& S Ivtec?-%gsgga %%Ct% t Erg%%:é‘/ formed I(lJIiraeg(:ETIay. The Pressure
Lo ot inétartan i Be alRigtalGratfigtal txide BR bher Riotatindtagecies is
suSeletted fromithey groun ceangisting ofddgiAl Shrkiivs CGirtMah&ec¥1dr,plate

witNBuC:ARd- £ Actargel comptising.a second metal preferably ¢amnrises, .o

a 35 second metal in the form of a metal oxide. For example, a silver-

PSSR oxid8 CAtSRy sFRaY ba'olifiBd BYettively ablaitfif &iver 7e ooid

plate and diffuse and ccalesce with each other to form particles
after zlighting on the cold pliate. At higher pressures, such as
pressures above about 107 Torr, the collision freguency in the gas
phase of ablated species i3 significantly higher and nucleation and
growth of the ablated specles to form particles can occur in the gas
phase before alighting on the surface of the cold plate. fhus at
higher pressures ablated material can form a silver-based catalyst
in the gas phase, which can deposit as discrete particles.

After a Typical run the chamber is brought to room temperature
and the sample is collected and stored under atmospheric conditions.
By contrelling the temperature gradient, the chamber pressure and
the laser power, which can be used to determine the number density
of the atoms released in the wvapor phase, (e.g., on the order of
10* atoms per pulse), the process of condensation and consequently
the =size and compesition of the silver-based catalyst can be

controlled.
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WO 2005/122805 PCT/IB2005/002473 11 cerium target in a chamber
comprising argon and oxygen. Preferably the silver-cerium oxide catalyst
comprises nanoscale particles that comprise silver (e.g., Ag, Ago and/or

WPy HE"re incorporated in nanoscale particles of the o%&ér Larilat73
(e.g., CeO,_,). 5 In addition to reactive ahlgtion, silver-based catalysts can
be formed via ablation from a target comprising silver metal and cerium

oxide, Fop.example, a,silver-cerium oxide catalyst maybe. fornedby greater
thablatln %prleos_§edTpowder target of silver metall3 fmd cerllém7og<|deT|n a -

hafiBet comprising argoR o TRETmRFSSFIADIE of i SilveFhassl™ - e
terptalystrandyeddéentrolted Usingcabliation. iRartidlesdensityhphasepreratures of
th&ligEibuiion/andpihe extentand rverphelogeberystalling Maigesaturs of the

amorphous) phases can be_controlled by varyintg, for e>g,amplec,ith§00C -
UPRtasShie fasetr eldigy And emperatire of the-told pate: TRE ' ©
tegpapasitioncaf aid sives:based eatalyst;dieluding the ratierof4dhewsilver°c and

/or sjlver oxide tp the oxide of the second al, can he c lled b

R R s e e e s R
defsrdhpSoivereirbes sinfffardals féimation afePdeposiibii-ofe to a bottom
p1stiver-nased gatalystsy 20amnder stefiereenditieng. ACeordingto @hate can be

hegg@t&og@g%‘;get%'I\_/&geb%%e;:q%tgljyas@ can be used to catalyze and/or

oxidize the conversion of carbon ‘monoxide to carbon dioxide in the .
maifisfeamy SmokE b &cigafette AR ERbOUImBRT TEIFEEE to W-iibth8d of 1=t
enmakingea cigarétteh@bloomprisiigthe steps of ) inporporatieg ahigher than

arSlivehbasedcatalystin sat least engRidobageo cut fillen cigarelte papsinility
and cigarette, filter materjal; (lI?}grOXIdln thettobacco ut filler to a
of .atm%ﬁgheﬁ%c contaminal ? 1 g hﬁ sHp estn ﬁowever, as
cigare making machine 1o form a tobacco column; (i) placing the
ln@i@%’?‘éﬁ@ ﬁé@é’leardﬂrﬁj FREHASC el URA G0 FernFartolRitcofo dPsf ®BBPsures
1oGigaretie: angnivhaptiopally-attaching a cigarette filter comprising the
cigagette filler material to the tobacco,fod Ysing UPPING PARET BY.ori15ey  of
incorporating a silver-based cata(ljyst into_the tobacco cut
preparing selected metal and metal oxide particles by precisely
intreducing known concentrations of a reactive (e.g., oxidizing) gas
such as oxygen dinte the reacticn chamber. The introduction of
reactive gases into the chamber during the deposition preocess allows
material ablated Zfrom the target to combine with such gases to
obtain oxide nanoscale particles. Thus, in reactive ablation the
chamber includes a small proportion of a reactive gas, such as alr,
oxygen, water vapor, etc., which reacts with the atoms of the target
material to form particles comprising a metal oxide. The target can
consist essentially of silver or silver oxide, whereby particles of
silver or silver oxide can be produced, or the target can comprise
gsilver {e.g., silver and/or silver oxids) and a second metal. By
providing a target comprising silver and a second metal, a supported
silver-based catalyst can be formed directly. The second metal can
be a metal or a metal oxide of one or more metals selected from the
group consisting of Mg, Al, 8i, Ti, v, Cr, Mn, Fe, ¥, Zr, Nb, Ce and
HE. A target comprising a second metal preferably comprises a

second metal in the form of a metal oxide. For example, a silver—

cerium oxide catalyst may be formed by reactively ablating a silver=-
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filler, cigarette paper and/or cigarette filter material of a 35 cigarette, the
silver-based catalyst can reduce the amount of carbon monoxide in
mainstream smoke during smoking via catalysis and/or WO 2005/122805
&%8/002473 12 oxidation of carbon monoxide to cafboHHHYRIR473
The silver-based catalyst can also reducg the total amount of particulate
matter (e.g., tar) drawn through a cigarette during smoking. Preferably,
ceé%éllefﬂg&si%cgta&xg%@&e ingarperated in. ptpbaceocut fler, cigarette.y,; y
paper and/or cigarette filter material in an amount effective to reduce the
th3afig i ThaRTEEm &rhoke GF 2a¥Bbn FRERDXRIE td BAMSSH thoXide By at° —lat
corlpastBYetol (eg., oy at ledst, 1596, 2066025962309, 88%7: 40% 604896 ted in
naddgfgrably.the catalystisresenidnan amaount effeetive tecopvert at

ieas] 3% glipe carbon lo mongxide Ipcarhen ditde. ata lenelaiR el can
less thaR about 2108 or fess than zlaabout 160c™* mo]idng of a cigarette

be nigars thevheatitd BF £ImBusiortof L ¢ tigarsitetd o9 sPhoKerwhrdR! and
cefambediaan throughsthencigarettes Generatlyy smoking @f aceigarette may be
olvolves lighting ope 15 epd.of the digarette and. jwhilefhe 10b3eeo etz and

containéd therein undergoes a combustion reaction, drawing the cigarette
CeEHBKETRAUGR e RTtRTe fa BT the CigatE/8 The cigarette may also be

smakied byicttvermeans-&orakaniple, tisé tigarateenty IsesmoRed bjpn  be
cog%iﬂgaéh_@sqggr%gﬁm% heating usingielectrical heater Meansivs20n and
on g T el U0 EAEOL Nt 0008 1 B PR

! ainstream" smoi refers t
camidare Bigased epassing GowitHe tolvdccEFouRITd isstihg Rt  the +2se
enfiltgr epdd i.eartberametint of srioke dssuing Dadrawn friem thenmeuthiend of  a

-1 908 25.carelle. dung smangatihe Sgarcle.ln OO fever  ana/or
constituents in the toObacco, the temperature and the oxygen

: : : A g
silBREeRtritonCarrafettiRE foimahBns arP R dtbhtof Cabditnichttas = =¥
coahdccarbon diexidenfheitotah arfotint ofccaybbn monoxide formed during

smoking cemes #org a 3.sembination.of diee majn soursgs: thayMakt-free,
siggggggggﬂgon%ormation and depesition of silver-based catalysts
under sterile conditions. According to an embodiment, the silver-
based catalysts can be used to catalyze and/or oxidize the
conversion of carbon monoxide to carbon dioxide in the mainstream
smoke of a cigarette.
An embodiment relates to a method of making a cigarette
comprising the steps of (i) incorporating a silver-based catalyst in
at least one of tobacco cut filler, cigarette paper and cigarette

filter material; (ii) providing the tobaccoe cut filler to a

cigarette making machine to form a tobacco column; (iil) placing the

" cigarette paper around the tobacce column to form a tobacco rod of a

cigarette; and (iv) optionally attaching a cigarette filter
comprising the cigarette filter material to the tobacce rod using
tipping paper.

By incorporating a silver-based catalyst into the tobacco cut
filler, cigarette paper and/or cigarette £filter material of a
cigarette, the silver-based catalyst can reduce the amount of carbon

monoxide in mainstream smoke during smoking via catalysis and/or
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(about 30%), combustion (about 36%) and reduction of carbon dioxide

with carbonized tobacco (at least 23%). Formation of carbon monoxide

f‘@zmoots 1%5%%' decomposition, which is largely controlled by chemical

inetics, Hhrts at a temperature of about 180C and 35 finishBSAPABG 0247

1050C. Formation of carbon monoxide and carbon dioxide during

combustion is controlled largely by the diffusion of WO 2005/122805
oxiREH/IB2005/024 A3 nbaoxygents thasiufaceida)and viggswiace r-rased

ion (kb). At_25 ka and Kb, bout the same. At 400C, th

cat%gg}gt?gncb@épco%gg d%%j;g% c%%rol%&%inﬁiﬁ%ﬁé rggucgfl%%%tc gér %n marter

(2 GioxidB Wit 84fbohiz8U B At EhhFcSaoclrEst tidperatures
arobnelt896€L b andhaboviel Burtivg srdoking: Higrecare dheee distingbrated in

roniRgiansdn & digarette; the-combystion zone, the pyralysisidistilation zooe. ; .,
in ar%d Qrc%qg@denggg n{rfleltragor}z Qeé V\éﬂ'le not wishing to be bound by .
theory 15 beliaved that the sivarBased catalysts EAnTarget 16 e Smoke of
carpafiofispeacHdnstharveenr iH diffcientreglonseebthed Tigarette duringt least
152smpkng.Figst, toe copshystiors zane 4s ¢the butiing.zone ©f theCigargttes+ is

pr2igduced during smoking of the cigarette, usually. at the éigyée%fn%f the on
cigarette. The temperature in the combustion 15 zone ranges from about
mon?@@é:etdiabéﬁ%f@%@i@ﬁé@ﬁe%a?in@W%‘aWBeQfs AgfiFashan about 210°C

or 20QC/seeend,.Becausg@xygen is being consumed in the combustion of
tobacco to produce carbon manoxide, carbon dioxide, water vapor and

variot® 6tgnic Tonfholitd’: théScatidatitratioh oiexygen RlowiRingsion of
Ehecomiustiont zonee THefow 20wikygervcdnatent@atiorisscodpethwitintieigh  the

cidpigh-tenmpetaiieedeads. adhe feduetianaf carboredioxide t 6atighring one
endN x@[gebycthe cagbﬁonlzed 2 tob%ggg.aln ttggs region the silver-hased

1garette an agco. contained erein
catalysts can cgnvert Cargon'monom e to carbon CﬁOXIde via an oxidation

UROREIIRMISNTOTRESCIRTb IRIRIF26Re IS TREARIekOthetivietaid themes through
thegenerateshis 25 caried tethe pyrolysis/distilation-zoney Thespy iy siSoked by
orrA@N&:is the regian behind the combustion zong, NRere e ISMREAIITES. + 1 ng
tﬂmga%ggggglkgboggg éﬁ:tgé¥¥£%5608§%¥5heelectxical heater means, as
described in commonly~assigned U.3. Patent Nos. &,083,176;
5,934,289; 5,581,368 or 5,322,075.

The term "mainstresam" smoke refers to the mizxture of gases
passing down the tobaccoe rod and issuing through the filter end,
i.e., the amount of smoke issuing or drawn from the mouth end of a
clgarette during smoking of the cigarette.

In addition +to¢ the constituentz in +the tobacco, the
temperature and the oxygen concentration can affect the formation
and reacticn of carbon meonoxide and carbon dioxide. The total
amount of carbon monoxide feormed during smoking comes from a
combination of three main sources: thermal decompesition
{about 30%), combustion (about 36%) and reduction of carbon dioxide
with carbonized tobacco (at lesast 23%). Formation of carbon

monoxide from thermal decomposition, which is largely controlled by
chemical kinetics, starts at a temperature of about 180°C and

finishes at about 1050°C. Formation of carbon monoxide and carzbon

dioxide during combustion is controlled largely by the diffusion of
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pyrolysis zone is where most of the carbon monoxide is produced. The
major reaction is the pyrolysis (i.e., the thermal degradation) 30 of the
v&obacco that produces carbon monoxide, carbon dioxide, smoke )

c%r%%s AEAts and charcoal using the heat generated in the cOMBLEER002473

zone. There is some oxygen present in tqig region, and thus the

silver-based catalysts may catalyze the oxidation of carbon monoxide to
oxgationdionide. nthegyrolsis zane esiyerhased calalysts, 39 ¢l . ac

also directly oxidize the conversion of co to C02. WO 2005/122805
2SPET/IB20B08/G02473° BPRIMth& RBnBR R atiohHilttaAEH z6he theaction becomes

di fempesaturentargesdronramhient taabaddbiC od hermaiebprocasstiitie with
this zone, is thbe condens tion/filtrftion of the smake coma;%onents. Some
carbonized 1O %cco oF Charco ccuzas a(ij aﬁgﬂ?er r«?% around 390°C
amount of carbonmonoxide and carbon dioxide difftisé out of the
angighefeand s some oxygen diffuses into the cigarette. The partial
pressure:nf oxygen:y thewerdensationtfitiration agpe;dees netgesssallyin  a
<1 IR0 the plmospherieiigyel, [ he eandensatioly, IYRlon, £ e sone,
Silver-based catalysts can catalyze and/or oxidize the conversion 0

angaiion FREABRTFE toarboh dibkiie. 20 As u¥dd terht, #E3tdfyat i be bound
bycapabte of Bffecting:tHevate tha chemical reaction e pacatalyst can target

enincreasesthe rateof soxidation.@f carhen mepoxide-ta carhondigxides  or  the
. withoyt P ticipating1 asa reactant or product of the reaction. An oxidant is
clgare UXLnE SoxIng., .
gapaﬁ €0 oxuﬁzmg dreactant, e.g., by donating oxygen to the reactant,
suchi15that thecoxidanpiselds re@oeed. Arediingiateritns capalsle off  the

citeducing preantant, &ugiRy rereiMng cxygendramdhedeacianisusuch that tne
13 R Leduging ggent itself s oxidized. Agcor '%gggr% referred method, the .

Silver-based catalysts are incorporated in tobacco cut fﬁle’ﬁ cigarette

zopapérantifor! 2Ocigaratie fIREFindteriabased &5 f5fm oiarétte MRlsging rate
ca8ilver Rasgdsatalysis preferahly have an.average particle size lessthateq in

about 100 nm, preferably less than about 50 nm, more preferably less

Etharf IS T Rm *EeritiRBde (ER0P%TREO) iSH preterfPsiipport incaron
dithd 25 silvertisased alyst echusersehiuns oxidewar act bothesuads,  the

coBUPROation of oxygen is low in the combustion zone. The low
oxygen concentrations coupled with the high temperature leads to the
reduction of carbon dioxide to carbon monoxide by the carbonizad
tobacco. In this region, the silver-based catalysts can convert
carbon monoxide to carbon dioxide via an oxidation mechanism. The
combustion zone is highly exothermic &and the heat generated is
carried te the pyrolysis/distillation zone.

The pyrolysis zone is the region behind the combustion =zone,
where the temperatures range from about 200°C to about 600°C. The
pyrolysis zone is where most of the carbon monoxide is produced.
The major reaction is the pyrolysis (i.e., the thermal degradation)
of the tobacco that produces carbon monoxide, carbon dioxide, smoke
components and charcoal using the heat generated in the combustion
zone. There iz some oxygen present in this region, and thus the
silver-based catalysts may catalyze the oxidation of carbon monoxide
to carbon dioxide. In the pyrolysis zone the siiver-based catalysts

can also directly oxidize the conversion of C0 to CO..
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in synergy with the silver and/or silver oxide and an active metal oxide
oxidation catalyst. An equilibrium between Ce3+ and Ce9' can result in an
exce tion%l}%v1 high oxygen storage and release capacity that enables

VAR E & mbustion of CO by providing oxygen directly so t8CHIBRMEANT73

active sites. Also, CeO2_x is less suscepfiple to deactivation from water
vapor and more resistant to sintering than other oxides such as A-1203

Thesilvembaseshcatalysiscay deserbetaboyermayhe piavidedature ranges
frgongirrrltlgjogsdliy glon%thg Ielr%%gp: of a tobacco rod or at discrete 35 locations
along the Tength 873 tobateo fod. FUrtiEnRbre tReSif etbaded catiijsts® the

copAay Rt hondgéhsatshrorafonthemegeheowsiyiW@2005/122805 amount of

caRoh/ 320050002443 cLulistributed alo a@ﬁhﬁé%?lgﬁtofabﬁ t@ﬁ@%@c{@ﬁette and
e silver-ba catalysts may be added 1q cut filler tobaccq stoc

o RTRATS o arate g MaCHRE G heorporatodkArealy rr 5oseue o

°X¥gBAccotod PFioriBniERSHRtPSiGEtetiedser artiifd tieefgarette ragnerally

z:ec_':l'dl@s sﬂverebasgctma@l}ystﬂmayebeﬂeposifedtdiée_cctbfrﬂaﬁldz’%n( filtration
zodfACOTRAEAEM iR cigarelies paper bofare orafter ihe cigaretle PARer 8 ;.o che

incor%),orated into a cigarette., Silver-based catalysts will preferably be

OISt B UREd  thrSHGHBL TR T e Co r SR “EigRrsHE #i1eF material and/or
alorff toihe dighrénie papartgontivnsief aaigirette By pfeviding thee rate of
a silweribased-catadysts, thrgughoukone es 1Rake commponets.ofa cigargtie. o
itis.passible to reduce the amount of carbon monpxide .drawn through the |
o O P i - e e b ST B P70
25 & AR dmn AU BTERIBo P ortkide 37 maifstrein Smokats tédgeedole of

oxmmsm}ﬂag@fmmqu@m. Egefer_ahryiﬂ@e aimaunt G_Bthﬁesih@{cbaajed such
cngatalysts,wilhbe.a catalytically fé%%@.amuyéd&gn@%aé“n%iQ}ssucfgggeb% of

to catalyze and/or oxidize at least 10% of the carbon monoxide in

e RSMEreAnt SRTHIRE thofe BrefePably &t TeXP20 T8O N hdtimefctant,
sughoViehs &imetisod fdnformimtthesivér-basedidatalysts and then

depasiingithessitver-nased catalystsRR R0W/ortne  silver-based catalysts
are incorporated in tobacco cut filler, cigarette paper and/or
cigarette filter material used to form a cigarette. The silver-—
based catalysts preferably have an average particle size less than
about 100 nm, preferably less than about 50 nm, more preferably less
than about 10 nm.

Cerium oxide (CeO,y) (x>0) is & preferred support in the
silver~based catalyst because cerium oxide can act both as a support
in synergy with the silver and/or silver oxide and an active metal
oxide oxidation catalyst. An equilibrium between Ce® and ce! can
result in an exceptionally high oxygen storage and release capacity
that enables catalytic combusticn of CO by providing oxygen directly
to catalytically active sites. Alsoc, Celp, is less susceptible to
deactivation from water vapor and more resistant to sintering than
other oxides such as Al,0;.

The siiver-based catalysts as described above may be provided
continucously along the length of a tobacco rod or at discrete
locations along the length of a tobacco rod. Furthermore, the

silver-based catalysts may be homogeneously or non-honmcygenaocusly
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incorporating them in tobacco cut filler in forming a cigarette. Any suitable
tobacco mixture may be used for the cut filler. 25 Examples of suitable

v%{)pf}?}s?f tobacco materials include flue-cured, Burley, Maryland or

rlen‘taﬁz%gg%ccos, the rare or specialty tobaccos, and blend<tHEFRBF¥PRE3
tobacco material can be provided in the foym of tobacco lamina,
processed tobacco materials such as volume expanded or puffed

«1 lehagco processed tohaceg stems, such as30.clyf-rolled or gut-puffeder—pasea

stems, reconstituted tobacco materials, or blends thereof. The tobac¢o
S EBNYAIED IRENIB ToBEESS siBstitifes™ T Eharete fah Tacire P15 = =
< tolyadde onbhrallparmpley et initheoforaref edt fllasdelyinithefolptgfcco rod
prShredsonstandscutigta-widthsgapging-frothabeut1/d0jachde-abald.  The

. 1/20 inch or even, 35 1/40 inch, The lengths of the strands range from
TG UM S N o
inE@ﬁﬁijﬁ?é:%%e%@mi’?‘?%@PEﬁ@?@@szﬁ%%tB? nigiggrette papexr
isflaveranisrer-ethemaddiivessee-g: taurn additives, combustion modifying

agents, coloring agents, binders, etc,);knowny,in the art, Jf the silve-hased, v q

catalysts are located in the filter 5 element of a cigarette, the filter mag be
thﬁ%%%%%té}?% PRI fifter, T tHplE TiRT e Cavity filter, §F6bs8ad I Tr £1°79
thirea-flowr filtee. Thersilvepdrasetheatallysts canderfidorporated iptooising the
simpre-fiter-partsselectad framibesgraup consisting ofo.shapeghpesics of a
«11M581L.a plug, a space hefween plugs, cigaretie filter, 10 paper, plug wran, . ; 4.

Cellulose acetate™ sleeve, a po ypropy?ene sleeve, and a free-flow

drgigeveR I AdthEP e nfBdaiRERE provides a method of making a cigarette

comptisingdhensilver-hased catalysts: skechniguegSos cigaretie selected such

en@RNUACIYER are kpewaLin e art ARy £LOMentonakor Mmediedils 1o reduced

cigarette making technique may be used to incorporate catalysts. The

SrdttingCaretetica bEHaNTT Etured 16 &H§FTdWn Specificationg °f the
s Lagimg-Sereiardor sagdified wigarelte niakirrf 2évhaicpiey araf Begipvrengmount,
. Ihe cut fillge eampasition:is.aptionally -cophined yyith othereigarette 1cast 10%
ofa%ggwggrg%giRSQQQEQJQf% mainstream smcke, more preferably at least
25%.

One embodiment provides a method for forming the silver-based
catalysts and then depositing the silwver-based catalysts on and/or
incorporating them in tTobacco cut filler in forming a clgaretts.
Any suitable tobacco mnixture may be used for the ocut filler.
Examples of suitable types of tobacco materials include flue-cured,
Burley, Maryland oxr Orisntal tobaccos, the rare or speclalty
tobaccos, and blends thersof. The tobacce material can be provided
in the form of tobacco lamina, processed tobacco materials such as
volume expanded or puffed tobacco, processed tobacgo stems such as
cut-rolled or cut-puffed stems, reconstituted tobaccoe materials, or
plends thereof. The tobacco can alsc include tobacce substitutes.

In cigarette manufacture, the tobacco 1s normally emploved in
the form of cut filler, i.e., in the form of shreds or strands cut
inte widths ranging from about 1/10 inch to about 1/20 inch or ewven
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
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20 cigarette-making machine to produce a tobacco column, which is then

wrapped in cigarette paper, and optionally tipped with filters. Cigarettes

ma r_ané%e from about 50 mm to about 120 mm in length. Gener%l,?’ a

Wegiia! ﬁgf-‘rette is about 70 mm long, a "King Size" is abodt‘g%t ﬁ(ﬁ’(?ﬁﬁ,”

a "Super King Size" is about 100 mm long, 25 and a "Long" is usually

about 120 mm in length. The circumference is from about 15 mm to about
or 3%8&@ i%ﬁ!éﬁ#&?i@a@m%ﬁaﬂ@ﬂ{@iﬂaﬁk\&i@%@g Zﬁgnm-,Th%JQi?aCQchitives,

acking density s typically hetween the range of aboyt 100 mg/cm3 ta

o 1900 R ot BBt abl 150 Ryl ees Ly AbSr 378 Tholtia, g™
in Silferd&sed catalysts were analyzed using x-ray diffraction and scanning

elect_mn ﬁnie_rose.qmé_zgsmade-Bayaji_ifﬁa@tioMXRD))@ad&mSiwerehe Filter
-1 QRiaInedusing.a Ehilips X' PeftMaterials Research Q”H&%OF@%%@@?“ a dual

uses Cu Km radiation. The size and shape of agglomerates an

TiihGiidual paricies WereSwedtigitetsing B-REOL 353i6aepds G lter or
fregeahimmg Eidotran mictbscepe vAior2665/122885RCT /Ha20@6/002473pdrated

informuRersially avatable silyer powders-were progured from.Argopide «  ng or:
<h Co%zorgtion %largrogd, gloridz%. As-sreggg/e}gé %I“’lv% é)rg)wglelrss were sho%/\{:n bg, 1t
BEM BREXROG cofnprigeﬁ -4% micron sizéd aggl‘fon%réteé%"f‘re © faiter
capfihoscaiemetatie silver [§ariicles SThedipriividaal 5 paifiicle Sizepmgropylene
s 1epproxanately QR amothelrastidty of the commercially available

silver-hased Gatalystwas evaluated using a,continuous flow packedhed , . .
reactor. An illustration of a packed bed reactor 60 pOSIthﬂGdl thina

COIREYPARMabIE tubE MR8 isCeibwiSinSFiguré i cotilesé4apette

magnth66are used temenitémtheliempetaturefgiithesilvernbased. catalysidified

ci%@&fuﬁﬁ%%c?zt%%\éelﬁapo %@'%@Jh%@bﬂiﬁéo%@%te catalysts.
silver-baigd catalgst to r%%uce the concentration §f carbon monoxide,

T boltif 95 G 6F the SiNeT based Eatalystis dUEtal Bhts Glarts ot =ovn

SpemttpraetPitFthe Hildtie offifeféadtor. & filterig Pad69 cahdseeisedl tomaking
teqfayentpadiculate:material fromentetng the-gasanalyzes 40, whichiSonally
olGaled ata downstieam sidg 85 of the JeaclQL AN inputreagtantdas . .
_mixture 61 is introduced at an
cigarette-making machine to produce a tobacco column, which is then
wrapped in cigarette paper, and optionally tipped with filters.
Cigarettes may rangs from about 50 mm to about 120 mm in
length. Generally, a regular cilgarette 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 1n length. The circumference
is from abecut 15 mm to about 30 mm in circumference, and preferably
around 25 mm. The tobacce packing density is typically between the
range of about 10¢ mg/cm’® to about 200 mg/cm®, and preferably 150
mg/em® to about 275 mg/cm®.
filver-based catalysts were analyzed using =x-ray diffraction
and scanning electron microscopy ({(SEM). X~Ray diffraction (¥RD)
patterns were obtained using a Philips X'Pert Materials Research
Diffractometer that uses Cu Xg. radiation. The silze and shape of
agglomerates and individual particles were investigated using a2 JEOL

Model 25-C scanning electron microscope.
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upstream side 63 of the reactor and is passed over the silver-based
catalyst and through the reactor at a flow rate of about 1 20 liter/min. After

attaining a steady state flow of gas, the temperature of the furnace is
‘Yr?c%%oggggggﬁ a heating rate of about 15C/min. and the gas that PEa¥ag2473
over the silver-based catalyst and emerggs from the downstream side of

the reactor is analyzed by a NLT2000 multi-gas analyzer 70, which_
‘Measutes-he:copceatraionnk 25:€Q.e02:3pdA2 in fhegasp Multiple £ o
ar BRI WEIE, CACIGE N 8, Y SR et AP e e oL L S

—recaeln %é%Fers

single test runs, a sample Is placed in the reactor as descriped above an o
YeliRe cUMEBhtration SFEC, 3502 $RE 02X %s nieaRpetras A%uhttionich@acter zed
agdémperatare ofthanmaxithy matonvessionof Ge:-ta €2 is ohservedividual

pagﬂ%§@@g@iqg@rhggglggiﬁ%gggnggmgﬁrgture and the measurement is

repeated in a supsequent heating cycle. A first heating cycle is referred to
as RUR A, Hhd “d6dondand thiid HESHIRG SyeteYarer@éndif as R B Pased
CERYHT, @6 e funssweresrepeatedanitinwoucorSecutiveciuns showedactor.
An35Iﬁiﬂ&lafdi@f&r@ﬁdﬁmﬂer@é‘d@@ﬁi(t@@@e@élel@:ét:W%’@Ogéc%é?;ji%ﬁgg?)ﬁthin a
0,C02) WO 20051122805 PCT/1B2005100247 arbon
prorcn%\{c;ﬂx%g %:oif%/%?)s%\{ﬁrggfae fo%r}th%scgflnoﬁgrﬁgllzfja%%ﬁ%b e sitheerrf)ﬂzﬁfrcff‘?:lfléj es 64

ands &ovit fn Eigtife SCAFMptOFasHfxtiieearisshg S50%6MEC ahbvetobased
caith(patancel arhgen Fuasaused2Thedatecshoyi that the terapasidreidd zbiiity

o Which Pb.efthe.catbon.manaxide is bepnverted to.carbon dioxide (I5) IS 1.,
80C for each of the successive runs A-C. The temperature

approximatel ,
mo%‘%‘%fg})ﬁ:ﬁ §‘%°§F the"catBof * moHoxfie ’ECoRGEREd 18 E&boh didxidesged onto
auggferrad1d asSthenlightl sffemperabgremixttivity of thieconsmeroially 2 filter
padivailabia %@%ﬁ{tiﬁlﬁﬁaﬂ’ﬁﬁeﬂ@ %Q‘@M_@«L‘i@@ %ﬂ%‘i@&or@f}g @%erkin the
ilver-base alyst into hand-made cigarettes that were in tyrn smoke .
{';a%s\iér?lﬁl ngg%ﬁdcﬁd iﬁééﬁtﬁ]glr%a%ﬁﬁaeg.e&%%aﬁeddt%wfalsé%rrlet%] c?déireettgsthgff the
rexritamed Ao SRSt asRREAtEly stAthe inioint additichf ofiT6@eAy et at an
vpstang of cthesSilvetr particles:ta: the sabaceo cutfilar ofthe test silver-based

catalyst and through the reactor at a fFflow zrate of about 1
liter/min. After attaining a steady state flow of gas, the
temperature of the furnace 1s increased at a heating rate of about
15°C/min. and the gas that passes over the silver-based catalyst and
emerges from the downstream side of the reactor is analyzed by a
NLTZ20C00 multi-gas analfzer 78, which measures the concentration of
CC, CCp; and O, in the gas.

Multiple test runs were conducted on a given test sample. To
cenduct more than a single test runs, a sample is placed in the
reactor as described above and the concentration of CO, €O, and 0,
is measured as a function of reactor temperature until a maximom
conversion of CO to CO; is observed. The sample is then cooled to
room temperature and the measurement is repeated in a subsequent
heating cycle. A first heating cycle is referred toc as Run A, and
second and third heating cycles are referred to as Run B, Run C,
etec. The runs were repeated until two consecutive runs showed
similar light~off temperatures (temperature at which 5% of the CO is

converted to CG:).
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IS cigarettes resulted in a 30% and 44% decrease, respectively, in the
concentration of carbon monoxide in mainstream smoke drawn through
V‘t,t(_])ez {'%eis;;z%i arette. Silver-based catalysts can be prepared by Breci itqtér{gg
2 EREPEER to form particles comprising silver. For example‘? 56%29%/ &
of silver oxide were prepared by adding a3 0.1 Normal solution of sodium
hydroxide to an aqueous solution of silver nitrate. The as-precipitated

proguchwaswashedwith distiled \waler, dried %E%OQO'%@NM Qe 1able
.and tested in %he flow tube reactor described ?bove. 25 Ipitially, the

Sl:%\%e-ﬁre%ﬁprfaltcé ESilveroxids "f)rérti:éfles W Sested at %&bi%%‘t‘emﬁgrsatu%xwre
coreny.siwithotnextéfhat hdalihly b theafbrRace)2Resfeiring:fo Fitfute 4, The data
shdisinghargasiapubambsitne.0f-3%+ CGH23f0 ©2 (balanse argebhnl 20:mekeke is
the sglvgr é)xide Bgrti(:l%s acl&ieveé? a maximum of‘339é) EZO cgpcversion at . of
coRgom ?emp%ra ‘—fﬁre.oﬁy s%)oéiﬁpr%lyi d ext&rnar Redt, e Saﬁélyatlc acﬁ\c/’ﬁy each ©
thineressat and nehieved 1008h€Crennversionatat calalybt tempdrathre ofrbon
mo@holde 200 GoXvayrdiffrastien-afdheas-presipilated silves oxide .parigles i ght~
of h,gweg re]‘clgcgons consistent with nanoscale particles of ss silver oxide
Ag20). lﬁterrhe'ating the particles while flowing the CO/02/Ar gas mixture
ovePfid Bhriicles, thek-rayrHitfraction peaks-Wer 2005/ oBpsparticles was
alRCTHB2085A024%3 1S-carrespanyto thetallie Silver fiaasrg anaverage into
haMﬂQt?eQ%ﬁ#@@Eéhaﬂh@@t iprtbe ag-pregipitaled slverQxide. Thuseancarg
during the CO test, the silver oxide is reduced ée%g,ﬁgtlyes ugﬁoxygen
SUGieH s e silVEFBRIFE t& fufctiSiT 58%n S Tor &
s 1 EorversrroPER 19 C02 Te spifranipitatedtsiverakidé harticksicd0 mg of
th@oryﬂb%@rb@amqeﬁ@ carRon Q@Q%@JJ; tf&a@bsfteﬂ%w aprexiernal test
. source of ox .g., in an_ Qxygen- eted zone of a smoking mixture.
o T S R e it the
CORESIEt &t FESM B NG M GSIPRGE ok VR MBS B E 0P Blaride: ough
thargen). Aiampteeomprising 200 mg of the particles

Silver-based catalysts can be prepared by precipitating a

contained no

silver salt to form particles comprising silver. For example,
particles of silver oxide were prepared by adding a 0.1 Normal
solution of sodium hydroxide tTo an aguesous solution of silver
nitrate. The as-precipitated product was washed with distilled
water, dried at 90°C in a wvacuum oven and tested in the flow tube
resactor described above.

Initially, the as-precipitated silver oxide particles were
tested at ambient temperature {e.g., without external heating by the
furnace). Referring to Figure 4, using a gas input mixture of 3%
CC-21% ©O; (balance argon), 120 mg of the silver oxide particles
achieved a maximum of 33% CO conversion at room temperature. By
supplying external heat, the catalytic activity increased and
achieved 100% CO conversion at a catalyst temperature of about

280%C,

X-ray diffraction of the as-precipitated silver oxide
particles showed reflections consistent with nanoscale particles of
silver oxide {(Rg:0). After heating the particles while flowing the

CC/0,/Ar gas mixture over the particles, the x~ray diffraction peaks
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achieved a maximum of 66% CO conversion. The silver oxide can

provide a source of oxygen for the direct oxidation of CO to C02.

Because the reduction of silver oxide to metallic silver is an 15 exothermic
WERLYHHR sample temperature during the CO test increaB&3 A& H2473

silver oxide is being consumed (i.e., reducgd to silver metal). The

increase in catalyst temperature of the precipitated silver oxide particles

coBNG Ihe GO teglcam be used fainitiale; 29 calalytcactivity FOeL o 54z

cata sts gartlcularly those that have a light off temperature greater than

grea(%?n tempélrattﬁ’e CaPon mon8>s<|d%rf'ec§tpd’att§tf8?aﬁ%\?’t‘i’@ljé nfikufle:  Thus
dupbpipriding 68-preeipitatdee sitvérexidedidicles anddominefeiadly: gives up

ox?&@ﬂﬁbﬁhﬁﬂMeéﬂﬁﬂﬁgeﬁhgi%ﬁ@%@ﬁndﬁE&ge@bT%ﬁh@@@ﬁﬂeaﬂﬂﬂ%hox1dant for
th complrlsed 80 m% oéébt%zoc%nd 2s 40 mg of the commercially available

Silver, was tested at ambient temperature using an input gas flow of 3%

CO %}ﬁ%l EPWGEC(W%W‘F%@%&&NME&HR%S RIS TOD9EaTPOn
mo @ ;ictnversisnrnithoai cexieésnabheatingandemain edractivestara petiagee of

ox@hmore.than 5; hours. Calalystsuppott can e HS%%$9§§8b}H§§ture Bs

act|V|ty of the catalyst and disperse the active species. Supported

sheiifer-Badad Eatalysts RanBe prepired By midng The Eprecipritefes vere
tesfiedr oxider particlesmpithapanticlesifran axide®f a Secondamstalsthe 6% CO

(peilweE-bagegeatalysts preferably comprises-ion epouyl 19:709DY particies

elghgas S|Iver and/or Ivgr Qm e partlcles supported.on nano Qscale or
achi al u.fn %"‘ %) eb 6 oxide can
micron-size part| es o the oxide support par cles. Carbon

ProvnEEY1 22805 P T AB 200473 2EhfhohbRRiE test A or a0 ®R.050 CO:-
BesHueEoxite/60antidbiceriust O)ﬂdﬁrsﬂveﬁ&ia@dtﬁﬁtaﬂtyﬁﬂaislﬁmmhﬁrer is an

«xFI9W&, (- The average sizg of the, Ger 'U@éﬁggeaﬂé%c'ee?d?ﬁ!&o%ﬂs@ CO test
micron. Usﬁfg};n inp ut as mixture of 3% CO and 21% 02 (balance

B aB oK AEly 5Ty BT S e SAREaEREVEERA maxunafuced €0
s1008% gertversion of CO to C02 without external furnace heating. While the

CO tﬁh@oaﬁgﬂé{@g%ionltatecgl@&tgaﬁedt%\@etira@uwﬁhogt extgmn alat%%tt@g_ tated
si rr{faéth%ﬁlgataé!“ material by, providing external heating of the catalvst :niciate
catalytic activity of other catalysts, particularly these that have
a light off temperature greater than room temperature. Carbon
monogide test data for a particle nizture comprising as-precipitated
silver oxide particles and commercially available silver particles
is shown in PFigure 6. The sample, which comprised 80 mg of Ag,0 and
40 mg of the commercially available silver, was tested at ambient
temperature using an input gas flow of 3% CO and 21% O, (balance
argon) . The admizxed particles achieved 100% CO conversion without
external heating and remained active for a period of more than 3
hours.

A catalyst support can be used to stabilize activity of the
catalyst and disperse the active species. Supported silver-based
catalysts can be prepared by mixing the as-precipitated silver oxide
particles with particles of an oxide of a second metal. The silver-
based catalysts preferably comprises from about 1 to 70% by weight
silver and/or silver oxide particles supported on nanosczale or

micron-sized particles of the oxide suppoxt particles. Carbon
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catalytic activity returns. When the sample temperature was io increased
via external heating to about 110C, greater than 90% conversion of CO to
W((3)0220 (}/%/Iz%%aﬂchieved. The improved activity of the mixture compared to the
as-precipi Kted product may be due to dispersion of the act Té‘ﬁé%‘?é@‘m”
(e.g., silver) in the mixture. Referring to Table I, the maximum conversion
of CO achieved is without heating the furnace and the sample
morieRiperatdee atavichR0% conversionivasachievrd & shewnfafieritimox i de
. Qxide r ilver- bas talysts.having.different compositions.
Sll%gleb%%l\%%iﬁgﬁ%% (?gn\?gfgf%r?i énc? ;I%%(\)'[Elﬁa%dai for&%%p%%?%g G °Ff The
cegiRfer-Baskd CaElyStRfxitfunT e S FutndteFetiperattitt Conposifigiit  g2s
mixwtrds ednvérsion 496 @i90% CRLAG2Orbalance Gefd2mithawt furnatemg of
nEUNISION (6) Heating A0, 27,390 22938 160,30:30,110 40,9018, i tnout

Activity of the cerium oxide supported silver-based catalysts was alsq
X SValtated By TiCorporating the cAtalysts IMto haRd-Atade tigatbifess1on rate
deTeRfREreditra coritRs! cigaréte thatsontamed hea23milvepbadee catalyst
maAalyst, the Qﬂ&iﬁi@l@é 400 B1gh s2MRIESICRMPY Sﬂ@g_adZQa%ad f%%é"@é?_fi% the
- ipit ilver ox upported.on cerium oxide resulted in about a
Ca%;l%{g%d a%%%/})%a%%re%%%%é?deetivg@??n e208%7‘%’212380 shperature was
LnPEFHBR 0057002873 il theegoricehtrationlod earbbiC ifenoxide ehawihhan  90%

cortbEougbrihedest cigaretie whsadditionigireduping theconcenitation of CR, the
. when tested in an experimental cigarette, the silver-based catalysf alsg
mlxreléllﬂ%e(f thé concentration of f%?a?%gﬁi@ullg?et%attg? 8?5‘\% thro gé% thdeue we

digpefeigdretie BYARIS0FRE Cifipafed with &'¢Gitiofin the mixture.

Referring to Table I, the mawimum conversion of CO achieved
without heating the furnace and the sample temperature at which %0%
conversion was achieved is shown for cerium oxide supported silver-—

based catalysts having different compogitions.

Table I. Maximum CO Conversion and Ty Data for Supported

gilver—-Based Catalyst

Maximum CO
o Furnace temperzture
Composition (wt.% conversion (%)
i for 0% CO
Ag,0) balance Cels without furnace
conversion (°C)
heating

10 27 380

20 38 160

30 50 110

40 jok8 110

Activity of the cerium oxide supported silver-based catalysts
was also evaluated by incorporating the catalysts into hand-made
clgarettes. Compared to a control cilgarette that contained no
silver-based catalyst, the addition of 400 mg samples comprising 20
and 40 wt,% of the as-precipitated silver oxide supported on cerium

oxide resulted in about a 42% and a 43% decrease, respectively, in
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cigarette. The silver-based catalysts can optionally comprise one or more

different oxide supports. In place of cerium oxide, the oxide support can

comprise, for example, titanium oxide. A 400 mg sample to comprising 40

MfIR: :(’)/?'Qtﬁseoaas-precipitated silver oxide supportegd on Ft)itaniu]r)r‘ijS"Eﬁ‘fgo5%‘“2473

resulted in about a 42% decrease in the ggncentration of carbon

monoxide drawn through a test cigarette. As discussed above, silver
cnSURROted onemetal Oxide SWPROHS gaRde madeibyMapaizatiof the test
c1gERasiion. 1n.a prgferiad empodiment, s e Y6 iethod mavche ¥8ed ne:,

prepare supported silver-based catalysts using pressed powder targets.

tegtageis cOMFISIAG T ORI ESRENEFIn E&fUR dRiEE RRFEUSERTFhet also
re©OMPOsHiIONDha silvesr-based Tatalyst desivetlovadtCaaistdefinedvrereinough

th as t@%‘éo”&%%!ﬂgﬁtgf tl%? tagg)%tutgonbg@icgg i_S&Q@}%@. ngth a control
~LVCC-derived silver 20 based catalysts comprise silver and/or silver oxide
CIgF&Sipdtated in and/or on nanoscale particles of cerium oxide. The

catalyiic atfivity-ofthed VEC-Hevived-sivartidsod Liatalpsmnias (estedr more

qiHsing the %@r%mratu%geﬁm iRcFigure 2w A SWLLD-244 oxide
Os (balance argon) gas ﬂow was u&ed. @ls 25nshown indgigurg 8 B a?25
0

SURRSSanple SFArsiNerbased CAtalyst ’comﬁﬁsfhlémlﬁé\;/@”t.%'siIver?Q%rwn%%/ sample

comaribpExide, e figifoftheniiserrBFRIEGEaSe § FrotR alittittFosERper ted on
1 BROULBQG Wt stecessivel TuaISHif: ) and nearlei86% COronversion isition
oz 26DINST RLARAUII0C, I the Joun un A 20, sample of a

silver-based catalyst so comprising 5 wt.o silver/ 95 wt.% cerium oxide

silvethaSetrEaRag st AR ievet-<iimiar TG T 58 shoWRSHRighfe & THEPOr =S
cacatalystacan e veattreaised to eptheippertids: of thersdatalyst. Popodiment,

th_@xa‘m@@’ *&%%%91 (!ﬁa,yca]&jeninggé@ﬂc thﬁ')_SiI&!@é‘pﬁ%edﬁ,@;@&@&fioéﬂf&ver“based
- [pepiporating e silver based catalyst in 33 andior on the atleastone of . 1
KiGarette Paper and c?garette iftéF matenal can be Used
wttchenhirre te eataljic WO'20DBFE22868-PCTHa SPORSEIG24730522 silver-
ba_@@ﬁVi&&éﬁﬁlbéiﬁiWijb&Sﬁdrﬂatalyst Recfesshlyetf calekied fpriante composition
ofmggépocraaj%)&ingémeL&QI@ROQQM.L@C %l‘ﬂ%@%@’ th%he LVCC~-derived silver—
based catalysts comprise silver and/or silver oxide incorporated in
and/or on nanoscale particles of cerium oxide.

The catalytic activity of the LVCC-derived silver-based
catalysts was tested using the tube furnace apparatus described in
Figure 2. A 3% C0O-21% 0, (balance argon) gas flow was used. As
shown in Figure B8 for a 25 mg sample of a silver-based catalyst
comprising 10 wt.% silver/20 wt.% cerium oxide, the Ilight off

temperature decreases Ffrom about 185°C to about 80°C with successive

runs (2-D} and nearly 100% CO conversion is achieved at about 100°C
in the fourth run. A 20 mg sample of a silver-based catalyst
comprising 5 wt.% silver/ 95 wt.% cerium oxide silver-based catalyst
achieved similar results, as shown in Figure 8.

The catalyst can be hezt treated to vary the properties of the
catalyst. For example, heating (i.e., calcining) of the silver-—
based catalyst prior to incorporating the silver-based catalyst in
and/or on the at least one of fobacce cut filler, cigarette paper

and cigarette filter material can be used te enhance the catalytic
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silver-based catalysts are heated in an oxidizing atmosphere, although it
is also possible to perform the calcining in a reducing 5 and/or inert
atmos%phere. The effect of heat-treatment on cerium oxide supported
VAP REEY catalysts made via LVCC is summarized in Tabfe!{B2pingr02473
data show the first run light off temperatyre (T5) and the first run
temperature for 95% CO conversion (T95) for samples pre-heat-treated io
actl-# 20%402 (balance: sgonlgas mbduse, carbon smarexide CONVEFSIQR | ci neg
- goa]jga fog thfnsiclj\éerébggggncaﬁ)é%ts s%ﬁetedcwithout Iilﬂ,itiay}{ cglc@jn%g%g . o
P sampTes i$ Shown for comparison. The Iig%lf‘-%?fn?erhperature and s CO “1¢
s1ptriversiit tefpetatinesdegfdased i SubstruetitidhsiTor eamnpricre,
altndhgoutthirminthe light eifcle tempesattyennfihe 2sildmand the 10 wedhcing

anﬁ%‘?%@gr%a@%% that_received no pre-measurement heat treatment
was reduced to 90C and 80C, respectively. The fourth run 95%

convBfsiGh BT Eratifes for tRESE VarfiBl eSS wAT B o 6ErRAG i G 1L ver -
bagegpeetivélys 20 Fabte IT.:EMFCCOMCaleimmgrorzdde CatabpiccActivity 0he data

snhilverbased Gatalysts; Rrer Sample measuiament (15 (CQ 10546 heats run
treatn%ent 5% Ag%%goc% None 210,250 1030% -CeO2 None 170,195 5%
(@)

RS CE0R300C, 45 min, JO1ET 59% Ad-C3 gsroos 0 iR 80 T60 o2t
in 19% Ko CeGZ2BO0E, £26MMIN.ITF5 1105 5% Ag-CEORA00CI T i s EOBrsion
daidl5 Asrshowa in Jabtedhpre-beatreatment of thedMCGrsitverbasadi tialiy

I i ificgg;bﬁr duces the light-off te 25 e.g,, the, .
caﬁg%%%%ste?n%pgeratures %%n %% re%%oc%g b%ggt I;@gﬁé%()@é@%\i}o 20095%2;8;0%}11:“0&

LeBETABSIDSR24 73 #2300 65 ioTeS T he BERSZ Xubifort 88 SiRRT Hasey 1 n9
sulcatglyst promotes oXdatierrahfiE at éfevated témpetatures. liorg teight off

tezﬁﬁé%lé(gﬁx%ct'yﬂy% @eaf%l:’_%eda@ngl@@ Ll\écg’f:.% Ag-Cel; catalysts that
received ne pre-measurement heat treatment was reduced to 290°C zand
80°C, respectively. The fourth run 95% conversion temperatures for

these samples was about 160°C and 100°C, respectively.

Table II. Effect of Calecining on the Catalytic Betivity of
Silver~based Catalysts.
Fre-
Sample measurement Ts {°C) Tos (°C)
heat treatment

5% Ag-Cel, None 210 250
10% Ag-Ce0; None 170 195
5% Ag-Ce0, 300, 45 min. 80 is0
5% Ag-Ce; 300°C,120 min. 80 100
10% Ag-Cels 300°C, 120 min. 75 ii0
5% RAg-CeQ, 400°C, 120 min. 100 145

As shown in Table II, pre-heat-treatment of the LVCC silver~

based catalysts significantly reduces the light-off temperatures,

e.g., the light-off temperatures can be reduced by at least 50°,



it

15

20

30

35

derived silver-based catalyst comprising 5 wt.% silver-cerium oxide s
dusted onto quartz wool and positioned in the reactor as described above.

Prioroto Placement in the furnace the sample was calcined at _300C in .
V5095°02 @ATance argon) for 120 minutes. During the experififeHIBHE/ 002473

furnace was maintained at a temperature,of 125C. For a 4 hour test
period, the catalyst maintained a conversion is efficiency of greater than

10§70, LNe sllyer-baged catalysts may.he uged in a varsty of, %J'igéﬂ%@%motes
For e.xam[ﬁe, the catalyst may be incorporated Iinto a hydrocar dn
CXEPRVEPSiORTTACBF iIf BRVARTOUNTERESHE XS Bonvert hydrocarbons. The

catalysignayehe incorparaied indotd vehiclewas exhaust erdissienssysiem Lvcc~
aein a0 Aopnt effective to.oxidize cathan; mopoxide to carben dioxide, The,. 1 4o

catalyst may also be used for emissions reduction in the cold startin(gﬁof ,
EhEAUtBRTGiE Bhgind' it arf B AT EE8RE i oxXidfe RIS nfshdaas ™0
abtyearbdm dioxide. pleasrother emibodinfentabe ddtalystmay bas calcined at

splReorporateghintg a laser 2Q.In an.gmpuntgliective tq,0xidize carbog), 1 i ny  <he

monoxide to carbon dioxide. In another embodiment, the catalyst can be
SXRRiOPOPAted Rt 4WHRRGelMATarTarfstmitreffeclive 2o bRTZETaIBBN T 125°C.

FomornoXidentanearbes: dipxidedn yetanethes erabodinient: {hecatalysbeabrsion
@fjb:‘fcli%%%z%] an '%Qléggf%%ghe gggyersion of carbon monoxide and/or
e . ;

indoor 25 volatile organic compounds. While the invention has been
descritied Hilff FEfEIRRER t-Preteited ebbdifentsSRYs to'be Bnd&istdod  °°
aptidtosariatiens ahdr necdifichtionstmaydie resarted totas wilkberapparentiote =a

nythose, skilled-inthe-art,Such.variations and mpdificatiQps are 1080 convert
considered within the purview and scope of the invention as defined by

YRS SRS S ppendad hErsto A of TRe aBSve MaHtoHad feferdhces are” Shicte
ezharsin isgegRrated DiFkeferéaceain theraftireffarthidgsalie exehizs itarbon
mo@aghaindiidugs reterence was spectficallyansinsividuglly dndicated 10538 for
=mPE405RIPYAIed herein by reference in s entirety. 24 CLAIMS L A ¢ \gine in
component of a cigarette comprising a partlcugiate catalyst for the o
anaﬂ%ﬁﬂ%ﬁnﬁéﬁ@&ﬁﬁﬁ? to oxidize carbon monoxide to carbon dioxide.

In ancther embodiment, the catalyst may be incorporated inte a laser
in an amount effective to oxidize carbon monoxide to carbon dioxide.
In another embediment, the catalyst can be incorporated into a fuel
cell in an amount effective to oxidize carbon monoxide te carbon
dioxide. In yelt another embodiment, the catalyst can be used in an
alr filter for the conversion of carbon monoxide and/or indoor
volatile crganic compounds.

While the invention has been described with reference to
preferred embodiments, it 1s tc be understood that variations and
modifications may be resorted to as willl be apparent <to those
skilled in the art. Such wvariations and modifications are to be
considered within the purview and scope of the invention as defined
by the claims appended hereto.

All of the above-mentioned references are hereln incorporated
by reference in their entirety to the same extent as 1if each
individual reference was specifically and individually indicated to

be incorporated herein by reference in its entirety.
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monoxide to carbon dioxide, the catalyst comprising agglomerates of
nanoscale particles 5 comprising silvgﬁsupported in and/or on support
particles of an oxide of a second metal, the second metal being different
than silver, wherein the agglomerates have an average size of from about
CLAMMS:50 microns and wherein the component is selected from the group
consisting of tobacco cut filler, cigarette paper and cigarette filter material.
10 2. The component of Claim 1, wherein the agglomerates consist !
1. eséepti@mptAnan GsoarRiepatirishg earatidiatsibatalpxide: BeTdu@version of carbon
mon@%@@qeeﬂér‘%@'@iﬁki&ewweﬁé@?sf?a&%%ﬁgiﬂg@qal'%gngugfersh%?"?@gonsrﬁaie particles

average. Joarticle size of less than ‘about 100 nm or’less than abou
com S RIS oRBBREAE oF G o WHARERTRESGI50M A FEIEE ¥y ERFond metal the
seccaveragfe!partideiiizesroftiess tieer abbet &00INMady(Ihecempanentafaverage size of
from 15Tk 1. WBEIRIRNR SERONATGIahES & %%rﬂ %Tkéhec%%%mz the grou consisting of
r, Nb é:ee XS !

consisting of Mg, Al; Si, Ti, V, Cr, Mn, Fe,"Y, b, Ce, Hf and
maﬁ?@r@@ff’%%&ﬁ@%r@ﬁ?pB?%?{t%fd@‘éﬁﬁeﬂﬁWéFéﬁ?W@bxide of the second

metal is at least partially a non-stoichiometric oxide. 25 7. The component

5 oOf GFF?é rei talyst. comprises from about 1 to 70% by wejght
or fromn&a%r(\)ut g to %%lgzﬁ\?ve%h rsaflr\{/)eﬂrj%nat?@lp g?ﬁf&teo%<ﬁf&5§ftﬁ§gent'a“% of nancscale
partigtsih 56 AR GNEiaNimiMe@ii@in the catalyst consists essentially of

agglomerates of nanoscale particles of silver and/or silver oxide
3 supfphorted in and/tor P%cerium oxide, 30 9. The component of Claim 1,
© wherSin HEPRER K'is P able AR T EsAR5H 8h xpRititersier have an average
particknvessidriess tdaxbatonbnoRide w carbtmdiakide shdras a catalyst for the
conversion of carbon monoxide to carbon dioxide. 35 10. A cigarette
comprising a tobacco rod, cigarette paper and an optional filter, wherein at
4. |ea£58n@w%@a&a%a; Whareid impepReTd Rstioeal fies eorapeieas particle size
of leascihrmpabent 5a0cording to any of claims 1 to 9. 25 11. The cigarette of
Claim 10, wherein the catalyst is present in an amount effective to
convert at least 5% of the carbon monoxide in mainstream smoke drawn
5. thrddigh thEveRjEEtel foledrbon Whexkle dre senpetatueebiitessidrand from the group

congibomnl 3106, & 12, The cigasgiteral Clatmidg, whesein thecalalyshiseor

present in an amount effective to reduce the concentration of CO and/or
reduce the concentration of total particulate matter drawn through the

6. cigdiettewoprmgesimoKigm 1, wherein the oxide of the second metal is at least partially a
non-stoichiometric oxide.

7. The component of Claim 1, wherein the catalyst comprises from about 1 to 70% by
weight or from about 5 to 20% by weight silver and/or silver oxide.

8. The component of Claim 1, wherein the catalyst consists essentially of agglomerates of
nanoscale particles of silver and/or silver oxide supported in and/or on cerium oxide.

9. The compenent of Claim 1, wherein the catalyst is capable of acting as both an oxidant

for the conversion of carbon monoxide to carbon dioxide and as a catalyst for the convarsion of
carbon monoxide to carbon dioxide.

10. A cigarette comprising a tobacco rod, cigarette paper and an optional filter, wherein at

least one of the tobacco rod, cigarette paper and optional filter comprises a component
according to any of claims 1 to 9.
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10 13. A method of making a cigarette comprising the steps of: a.
incorporating a silver-based catalyst ir2 at least one of tobacco cut filler,
cigarette paper and cigarette filter material, wherein the silver based
catalyst comprises agglomerates of nanoscale particles comprising silver,
supported in and/or on support particles of an oxide of a second metal,

1. thérseciywiatietaf iy differendthan sdvesparintBeagalomeraiesunt effective to

S1aue ah.laaverrde.size out 1 to 50 microns; b. providing th ,
Y obacco cut filler to a c%a?%&gé?‘rg}%%%]énmr%%ﬂ?ﬁ%etaon}osrnrﬁog 0‘%3‘6’8&“ lﬁ?&me cigarette

to cargop|diangert sitprerepapa’ ouihg thebeltatterColumn to form a
tobacco rod of a cigarette; and 20 d. optionally attaching a cigarette filter

c rising the cigarette fjlter material to the tobacco rod using tipping .
12 p(;‘?érﬂgl%lag% ﬁ%ge@@@qo# CIAREPY Wherettalistirt diseriting conmsncert effective to
reducspitagimgndestiaticor amBirsiotio25ethicEhihmethed af Sieimod Sothurthieticulate matter

drawSHRRIRINEAdRHRE gg?r%lgﬁgkﬁl&lgyer. and/or silver oxide with particles
of an oxide of a second métal to form the silver-based catalyst wherein the

particles of silver and/or silver oxide are supported in and/or on the
13. paticietof tienaxidg afdberaecondprieta). (3@ i&pthe method of Claim

13, furth ising_formi he silver-based catalyst via the . )

orcipita R ANt S TR e S mastRa bt cigarette
PapeCEARNCIErolischilRT atsHr! isvevelnitasiveshased 8afiyshesthpdset aggiomerates of
nano$daienchbidiediRingarepEsinge 2 soppEMRNthIBRHBI B A SWENIRLOM & oxide of a

recursor sol tior&;ﬁi}combi m%e silver precursor solution with a

sijver | .
%C"%mi’a%%\* SBRLEBRPGF R BRI OF £ LR N RB SN E T RREERiEragNpreRsates have an
averape seearidonetidsidifferghttivamnsilver; 5 c. heating the mixture to a

te"b"‘pera%%v?&%ﬁ%i@]@&90%6@%9@10%@)%%%;%@?5@ f a%eta%ﬁ{%re form a tobasco

l nanoscale particles of silver and/or silver o erein thie nanoscale
CO'UB3rticles are incorporated in and/or on the oxide of the second metal; and

d. drying tecmixthisecigetetis papaciahistd 10:1BrEbamethed @f elaim LBacco rod of a
. gf{éh%gomprising heating the catalyst at a temperature of at least 200C
garetle, _ :
prior to incorporating the catalyst in and/or on the at least one of tobacco
Cufjfi”er, optionally attaching a cigarette filter comprising the cigarette filter material to the

tobacco rod using tipping paper.

14, The method of Claim 13, wherein the incorporating comprises spraying, dusting or
immersion.

15, The method of Claim 13, further comprising admixing particles of silver and/or siiver
oxide with particles of an coxide of a second metal to form the silver-based catalyst wherein the

particies of silver and/or silver oxide are supported in and/or on the particles of the oxide of the
second metal.

16. The method of Claim 13, further comprising forming the silver-based catalyst via the
precipitation or thermal decompasition of a silver salt.

17. The method of Claim 18, wherein the salt is silver nitrate.
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cigarette paper and cigarette filter material. 20. The method of Claim 19,
wherein the catalyst is heated in afi gtmosphere that oxidizes 15 the .
silver to form a catalyst consisting essentially of silver oxide supported in

and/or on, th 0 iple Ofg‘l second metal. 21. The method of Claim 13,
18 fuiher ceon?gerlosiégafmrﬁ ng CeatANEIi¥ aser vaporization and
caéntrolledocobid egstigosatyfrdt hca getvwaateciidr 20s22vEhprasetsodsof Gtaim

21, whergip-ihe;target @@@%EBFQBF@%?){?HK%@Q% %51?0?&’5\%&&?@ of an oxide of a

different than silver. 23. The method of claim 21 wherein the cataly
secone,MBIA I ANA Sk FartibRis riamrsconinaiat isikEr b au phitited
in@and/orreatrantecalixipeasticlasiarh e nyidesoffrisacanthaieialy @é@dﬁfﬂﬁbse the siiver
f Claj wherein.the n cale particles of silver and/or silver
S e et e LA T DEh AP LSSl RBArToscate partes ar
INCOrRQYARSHSEAHRE Yath pIoxkie of formsaRendanatiait 280 25. The method of

Claim 21dfurigersempiieing Beating desgatalyst at a temperature of at
least 200C in an atmosphere that oxidizes the silver prior to incorporating

the catalyst in and/or on the at least one of tobacco cut filler, cigarette
18, pabes AdreigafetitamcrSmidrei comprising heating the catalyst at a temperature of at

least 200°C prior to incorporating the catalyst in and/or on the at jeast one of tobacco cut filier,
cigaretie paper and cigarette filter material.

20. The method of Claim 19, wherein the catalyst is heated in an atmosphere that oxidizes

the silver to form a catalyst consisting essentially of silver oxide supported in and/or on the
oxide of the second metal.

21. The method of Claim 13, further comprising forming the catalyst via laser vaporization
and controlied condensation of a target material.

22, The method of Claim 21, wherein the target material comprises silver and a second
metal different than siiver.

23. The method of claim 21 wherein the catalyst comprises nanoscaie particles of silver

and/or silver oxide supported in and/or on nanoscale particles of the oxide of a second metal.

24, The method of Claim 22 wherein the nanoscaie particles of silver and/or silver oxide and

the nanoscaie particles of an oxide of a second metal condense in the gas phase to form the
catalyst.

25. The method of Claim 21, further comprising heating the catalyst ai a temperature of at
least 200°C in an atmosphere that oxidizes the silver prior to incorporating the catalyst in and/or

on the at least one of tobacco cut filler, cigarette paper and cigarette filter material.



