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WITH PRINTED CATALYST BACKGROUND [0001] This application
claims priority tinder 35 USC 119 to U.S. Provisional 5 Application No.
60/477,922 entitled CIGARETTE WRAPPER WITH CATALYTIC FILLER
AND METHODS OF MAKING SAME and filed on June 13, 2003, the
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description that follows reference is made to certain structures and
methods, however, such references should not necessarily be construed
as an 10 admission that these structures and methods qualify as prior art
under the applicable statutory provisions. Applicants reserve the right to
demonstrate that any of the referericed subject matter does not constitute
prior art. [0003] Smoking articles, such as cigarettes or cigars, produce

both mainstEatRERGkAEMATR BT EIRINEERSaATShYRE during static

bunting. Constituent of 15 both mainstream smoke and sidestream
smoke are carbon monoxideé(g‘g%t%ig' ide (NO) and particulate matter
(e.g., tar). The reduction of carb onoxide, nitric oxide and particulate
magerin cifjasetelisniokeligdesivehlenfe0duICa Y ts, SSribentsicanid/or

oxgantsifananaking asticlesare dizfinged WrRBHORaRG:dA-S, Ratgat
No. 6,371,127 issued to Snider at al., U.S. Patent No. 20 6,286,516

i&%&&%&%&%&ﬁ%@%ﬁ%@% RiOME 18 Behordired o p&indsaki at

akptigeSoRatent Whixi50¢isb8dspuetticRofigued, U.S. Patent No.

5@&%1838 IR SHELL 0, BHINGEY ARt Al RAIRAL NQoRap 084 dSSHed O
Shannon at al., U.S. Patent No. 4,744,374 issued to Deffeves at al., U. S.

PURRIGON 85 B eiraeriShedh ROt BressBLIERE RS Uakts 827 issued
tadweins, thirShdlatenttMe: G 82348 iesuedc{p2b Seellefeli-at-alicdbiS.

F’&gﬁﬂé Bro%iéigﬁs.lié}iﬁ%%é&%&}%@ﬂﬂb @Ha%n?&%!@ﬁltal\&% h§a7.416,

and U.S. Patent No. 3,720,214. Published applications WO 02/24005,
VIREES7Ie6 TERic e b0 Ared Bt SoRality S PN At Application Publication Nos.
20024000294 Sidxlg 200BL003F 292 gatettaclo? 025 @634 bAlalsonEetanto

C%'l‘(é&%ﬁag a puff and sidestream smoke during static burming, Coiistituent of
both mainstream smoke and sidestreamn smoke are carbon monoxide (CO}, nitric
oxide (NO) and particuiate matter (e.g., tar). The reduction of carbon monoxids,
nitric oxide and particulate matter in cigarette smoke is desirable,

[0004] Catalysts, sorbents, and/or oxidants for smoking articles are disclosed in
the following: U.S. Patent No. 6,371,127 issued to Snider et al,, U.S. Patent No.
6,286,516 issued to Bowen et al., (J.8. Patent No. 6,138,684 issued pqx_Yﬁlﬁazald el
al., U.S. Patent No. 5,671,758 issued to Rongved, U.S. Patent No. 5,386,838 issued
to Quincy, I et al., U.S. Patent No. 5,211,684 issued to Shannon &t al., U.S. Patent
No. 4,744,374 issued to Deffeves et al,, U. 8. Patent No. 4,453,533 issued to Cohn,
U.5. Patent No. 4,450,847 issued to Owens, 1J.S. Patent No. 4,182,348 issued to
Seehofer et al., U.S. Patent No. 4,108,151 issued to Martin et al., U.S. Patent No.
3,807,416, and U.S. Patent No. 3,720,214, Published applications WO 02/24005,
WO 87/66104, WO 00/40104 and T.S. Patent Application Publication Nos.
2002/0002979 A1, 2003/0037792 Al and 2002/0062834 A1 also refer to catalysts,

sorbents, and/or oxidants.



sorbents, and/or oxidants. -2- [0005] Iron and/or iron oxide has been
described for use in tobacco products (see e.g., U.S. Patent No.
4,197,861; 4,489,739 and 5,728,462). Iron oxide has been described as a
coloring agent (e.g., U.S. Patent Nos. 4,119,104, 4,195,645; 5,284,166)
and as a burn regulator (e.g., U.S. RPatent Nos. 3,931,824; 4,109,663 and
4,195,645) and has been used to improve taste, color and/or appearance
(e.g., U.S. Patent Nos. 6,095,152; 5,598,868, 5,129,408; 5,105,836 and
53005 B39k cfoaus) Despiti¢hesdevetsprribntéctoskaie direre perhaingsan
interest dn rnprovRd sa0d, sa0ra eficientpethedsand compasitipns,iar,

r gcgggjthe amoynt of gas Cﬁnstiﬁents in the mainstream and/or
sidedirsantshioke or s SEsBkirZarticrs. SURMRARY (bbb in Alfirst*s:
a8pett therediss prbwiel et datm Gkin g ditiiEwovoprisiig, S2to Baceg cRoghd
hayingsasyiapRe! fesmed Ao e sabacas radvihs neapRerdnclyding a
pgtterpﬁd dgegossg#pgné%rlsmg a plurality of discrete features on a ’Iegst a
pOBh o e sintface or tht: wrappet, wilardit te piethdd deposit

c ises atal%stli] epaz%:rvt(i:cfles cap béeteoftcatalé/zin , oxidizing,amd/or

C5pi opments 10 ere ICmains an nf
réducing the conversion of & constituent gas tompahalF i thgmproved

niathstrsasifigrrorsibiedtrantreempokisioftier seukingthetivkeuin smeking

astislemaampisingiesraRper shesancantiation ihduainstgam and/or
sidestream smoke of carbon monoxide, nitric oxide and/or total

particulate matter can be reduced. [0007a] In a second aspect, there is
provided a smoking article con¥fdMgRY cigarette tobacco rod having a

WP, the minpReeneldingR-nalieinad depasilicompiHiag aRlwality
of discrete fElthuregrotr} atel(?%rst a dp(&lrtloq%of one iiurface o the Wraepper,
wheréin the’ patteried deposit e8mpFise¥Ey ifg SR AR uHdRe 2
cattihysed [rpOTibiamrisihizc: abpeldy, thitedstpiovides e méthod prakifig a
seekingay tiglancampising: A HeRAS AR CRIANSIRATIGIERAR ALigagt &
portion of a %yrfa e of a wrapper to form a patterned deposit comprising a
pPl?ll’rtaI. I%/S Sgpable o catalyzing, oxidizing and/or reducing the conversion of a

constituent gas component in the mainstream and/or sidestream smoke of the

smoking article. In smoking articles comprising the wrapper, the concentration in

mainstream and/or sidestream smoke of carbon monoxide, nitric oxide and/or total

particulate matter can be reduced.

[0007a]  In a second aspect, there is provided a smoking article comprising: a

cigarette tobacco rod having a wrapper, the wrapper including a patterned deposit

comprising a plurality of discrete features on at least a portion of one surface o the

wrapper, wherein the patterned deposit comprises an iron oxide nanoparticle

cafalyst.

[0007b]  In a third aspect, there is provided a method of making a smoking

article, comprising: (i) depositing catalyst particles on at least a portion of a

surface of a wrapper to form a patterned deposit comprising a plurality of

discrete features on the wrapper; (ii) providing a cut filler comprising tobacco to

a cigarette making machine; and (iii) placing the wrapper including the patterned

deposit around the cut filler to form a tobacco rod portion of the smoking article.



discrete features on the wrapper; (ii) providing a cut filler comprising
tobacco to a cigarette making machine; and (iii) placing the wrapper
including the patterned deposit around the cut filler to form a tobacco rod
portion of the smoking article. -2a- [0008] In a fourth aspect, there is
provided a wrapper for a smoking article, the wrapper comprising a web
and a patterned deposit comprising Y plurality of discrete features on at
least a portion of one surface of the wrapper, wherein the patterned
deposit comprisasEaphs! hadis govAidlurilyef IFarRRISSaneRMRsise
a “sfrgeeetr%f) n?iﬂ‘;ﬁrette Wgagging paper. | OOO.Sa% In a fifth lalspict, there is
provided 3 Sheatsr Sigaretter i a PG AP & EaIRF &Y Bigr ity e the
wigpersmet defihe dabove! [0069thacaritith mspest, wherenishpnovicteetia
methed Qhipary iy R R RARES MIth A-RAUE e HEPOSIEQ o
catalyst particles, the method comprising (i) forming a sheet of cigarette
pgil eI & lﬁgﬁlgﬁﬁgﬁﬁg machine; and (ii) depositing catalyst particles on
atleedtia pbridiibkspsurfher dffheigabesitot foinpagatienppthgdegesit
comprizing ApRlkaity b discigleSealidrescmibe paper. In a preferred

ean?odiment the catalyst particles are depaosited without using a binder
ant are hydlode BoAtsaid tHE WirAPParee 3. Msdidealta mutiasine
coimp@nga;tbre_mppep)mﬁﬁ?mga]sibnsa s&'veatwlyasme_ﬂtclﬁs,enﬁeismmviﬁed
ussfRicA18IYiGIE SomprisRg.caNMSLPAG A{Qﬁgg%%gcﬁﬂg,fgad .

suspended in a liquid in the production of a smoking article as define
abBbVEPSiPESREP SSRIEHRSPRBbIRAHA RUHIObR HiFfaTenb Papaiat
défimedmabeved WHs2005Q0R3Z A PGl S20R449d §8hdres 34tk Mper.

PIRIE RO AR PRI e R0 PRASE; AN ARERR BRI WihICH can

have an average particle size of less than about 5 microns, pre erébaiy less
PR B 6y meTh LR srsoRrRIsE (arPamsisd o bewsb Triersiaingy st
partictagpare preferably metal oxides such as iron oxide (e.g., FeOOH,

Fﬁ%@é‘é’} a- Fﬁlzaos%\féﬁl%%%)% z, El%% ig]rarovided use of a catalytic ink comprising
catalyst particles dispersed and/or suspended in a liquid in the production of a
smoking article as defined above, a wrapper as defined above or a sheet of

cigarette paper as defined above.



5 mixtures thereof), although the catalyst particles can comprise at least
one oxide of at least one element selected from the group consisting of B,
Al, Si, Ti, Fe, Co, Ni, Cu, Zn, Ge, Zr, Nb, Me, Ru, Rh, Pd, Ag, Sn, Ce, Hf,
Ta, W, Re, Os, Ir, Pt and An. The catalyst particles can comprise particles
of a first oxide supported on particles of a second compound (e.g., iron

WORIE5aRicles supported on calcium carbonate 10 paRfelaspoja0EsH4The
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deposit preferably includes a pattern having a plurality of discrete
features such as an alphanumeric sequence, a pictogram or geometric
shapes, which can repeat along the length of the paper. A pattern can
comprise a random or regular array of features. A first portion of the
pattern can have a first concentratidn of 15 catalyst particles and a second
portion of the pattern can have a second concentration of catalyst
pafitks. Erirdtndrecthbr e sameriieaapasele eariples proiRt e with
ahgradientiptheammoiny gfiieatalsivalongiibedengticobihepapersbod/or
pssmendicyia o he plene.his RARST-IO0AZI TN Gatalist pailidigs can
be ep’)osnedL on an inner and/or outer surface o? 0 the wrapper. Also, a
TR Y i eakonareda&godisd Wiappel: I‘i’a?ﬁm%d@%gie‘ip}cméreon a
diffieraet catalyshiandiorn s diffareni-ameuninebaaiady st tharvandtigefust

Wr, r. The permeability of a preferred wra isng.l h
R e e B P RS S e,

virapie O fasttida Bkt 8000 o oksS tHAT abBuRS0% bf Bhantbidl

suriaGe:BEesAkihanrappaiscihaicatalystizb palticloscra aopetigeeater
than ab({)ut 19 or greater tha(p ablg t 5% of I;[hg total surface area of the
10 8%%61;({]}? ed on C i

V\?rfaeﬁﬁrér.c?ﬁﬁ ‘pretéfred emb “the features of the ‘éaé:tgfilas% pattern

oprtideflrapper repeat such that the largest area of uncoated wrapper

degsinot excansa pheuanpredhavingtartiameer N lyurimete

p eferabl%g dianfjg%]e%raof 1.micron, WO. 00?10023706m0 shapes. which
T3S266276 .mf(efﬁi.si??%ﬁcha lcpcfgrryms?ﬁgﬁ?ﬁlg articia cémprises

levss wrsnt alboitbt Corath of thepaatalfstapien smerinprasticiaSIied S kb

ahont Fe0me: of the cRtalSLNEE sMaking kkclerdhencatalyshean be

incorporated into a smokjng article jn an amount .
catalyst parieigles and a seconcl p%r?ion o?tfm pattern can have a second concentration

of catalyst particles. Furthermore, the catalyst-patterned paper can be provided with
a gradient in the amount of catalyst along the length of the paper and/or
perpendicular to the plane of the paper.

[0012]  The catalyst particles can be deposited on an inner and/or outer surface of
the wrapper. Also, a smoking article can have a second wrapper having deposited
thereon a different catalyst and/or a different amount of catalyst than on the first
wrapper. The permeability of a preferred wrapper is no less than 15 CORESTA
units and the preferred areal coverage of catalyst on the wrapper 18 less than about
90% or less than about 50% of the total surface area of the wrapper. The catalyst
particles can cover greater than about 1% or greater than about 5% of the fotal
surface area of the wrapper. In a preferred embodiment, the features of the catalyst
pattern on the wrapper repeat such that the largest area of uncoated wrapper does not
exceed a circular area having a diameter of 10 mm, more preferably a diameter of 1

micron.



effective to reduce the concentration in mainstream and/or sidestream
smoke of 5 carbon monoxide, nitric oxide and/or other smoke constituents
by at least 10% or by at least 25%. [0014] A preferred method of making
a smoking article comprises (i) depositing catalyst particles on at least a

Wg% ion of of 2 surface of a wrapper to form a patterned deposit of the
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particles on the wrapper: (ii) providing a cut filler compRSHEBHLEEE 40 to
a cigarette making machine; and (iii) placing the wrapper including the
patterned deposit around the cut filler to form a tobacco rod portion of the
smoking article. [0015] The catalyst particles can be deposited by gravure
printing, rotogravure printing, phot‘4gravure printing, screen printing, ‘
flexographie printing, relief prlntlng, ntaglio printing, lithographic prlntlng,

g, bUShI roII|n or si e15 ress techni h cat
Egrﬁﬁ sczfll;rlfl e S|tecllqb§ speréﬁ)nlfgr1 e?ﬁsgr%c eesgofr;lg aslll%g‘J

ar@éq%m@%at@iuaa d’/@?f%?ﬁéqs%@!%?h@}ft&ﬁfbﬁﬁfé Hrixalrbshner S@%tlng
thepmixture &a@atﬁecwrwaﬁ&mmddﬁ@%w@g@gmaah@@ﬁ Shvabase web

of ra 0016 ti n the catalyst ticles can be osited on
av%?z‘ipp%gm }Lwce 51rf°r??6 aca}ﬂy]fac&m W %r m%f (:16(3,“5n a pcli}g%éit The

catéiyn@mwpdefertmg l9xidompiisetiar Hegoks emdidopenbpalticis Latatysy
syspended, in the liquid. BRIEF DESCRIPTION OF THE DRAWING

F 0017 h king.article with
s e R R

stipporte & RIS Hper.
Fqgu&esﬂmwlﬁqew&alemﬂwﬂm viewuohthelgrapper [OO18) Higtaud(a)
shawsiar @é?@@@%@ mokingRItigle ythia Parickinie salalys syRRerted
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on the web-filler material of a first wrapper with a second outermost

Wb PEF E e A B eHBth S %‘éﬁﬁﬁ‘ﬁé el BPEh SRR B BRI a
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[Q03 % Figuies. AlakinAeklusbate, xemplan, discretaifeatiuss.and/or

patterns of catalyst particles on a wrapper for a smoking article.
printing, photogravure printing, screen printing, flexographic printinig, relief

printing, intaglio printing, lithographic printing, spraying, brushing, rolling or size
press techniques. The catalyst particles can be deposited by dispersing the particles
in a liquid (e.g., alcohols, water and/or other solvents) to form a mixture and
depositing the mixture on the wrapper, or by depositing dry particles on a base web
of a wrapper.

[0016] Optionally, the catalyst particles can be deposited on a wrapper in the
form of a catalytic ink which includes a pigment. The catalytic ink preferably

comprises a liquid and a nanoparticle catalyst suspended in the liquid.

BRIEF DESCRIPTION OF THE DRAWING FIGURES
{0017]  Figure 1(a} shows an exemplary smolking article with a particulate
catalyst supported on the web-filler material of the wrapper. Figure 1(b) shows a
magnified view of the wrapper.
[0018]  Figure 2(a) shows an exemplary smoking article with a particulate
catalyst supported on the web-filler material of a first wrapper with a second
outermost wrapper. Figure 2(b) shows a magnified view of the first wrapper with a

second outermost wrapper.
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[00201 Figure 4 illustrates an exemplary construction of a cigarette, which
can be used with an electrical smoking device. 5 [0021] Figure 5 is a
perspective view of a cigarette having catalyst modified paper
surrounding a fuel element. [00221 Figure 6 shows a cross-sectional view
of the c:;garette shown in Figure 5. DETAILED DESCRIPTION OF THE

RED EMBODIMENTS 10 [0023] Smoking arti&fe<Eaiititstiy a
wrapper, wrappers adapted for use in smoking articles and methods for
making smoking articles and wrappers involve a patterned deposit of
catalyst particles on at least one surface of the wrapper. The catalyst
particles are capable of converting one or more gas constituents in the
mainstream and/or sidestream smoke of the smoking article. For example,
by 15 providing a wrapper with the patterned deposit of catalyst particles,
AP ourt BFE SO HEH ORI AR SF A PABEE) FAAICEIAEEE
mdtenipirpaindtean engjer isidesireaprsivioke can be reduced. By
't'g&‘&%j't"'sﬁ@gﬁ%% ihatthe gatalyshpaticles. A disngrsedomasudase of

e

wrapper.'[0024] Preferably, the catalyst particles comprise
N850 P e By O IREIE A RSes” is meant that the particles have an
ap@rage patticte diameigicoiitesgwhin dpoutSGngnontetensiifidferably
Iesés txhs%?r 9191%}# 530%11%&9[{@ preferably Iefss than about 10 mn. The
cgtgfyst particles comprise at least one oxide of at least one element
SEIEZRE frBiepERé Yroti COSRHESE BORPL ie PraEieCly i E ) Ge,
Zr, Nb, Me, Ru, Rh, Pd, Ag, Sn, Ce, Hf, Ta, W, Re, Os, It, Pt and An.

_y . ; A o
e erﬁ%ﬂﬁ%}f@?ﬁfﬁére b ICl5R e Eankiisie PREiclas deGnnapescale iron

oxide particles.). rred nanoparticle iron oxide catalyst is

NARSIC A TR B S SFHRES IFHRPON RS VERAFADIE BT RAEHA 9hese BY King of
Peusgiag Rfcihenanopayticleanscxidengatatyst cancqmpsise Fe@OH,
Fe304, a-Fe203.y-Fe203..FeO or,mixtures ther n
R e e paE o M S Rle B O ERb A 1ne
pattelsiteplis}se sie srrblagOpRPEe Sh¢HE MASEH3E CErHBITEMmE fBfming a
Slﬁﬁ?ﬁs@@%@n@@:@ﬁ%@%@sR&yw%QQﬂfﬂﬂ@&%lcﬁfor example, by '

providing a wrapper with the patterned deposit of catalyst particles, the amount of
carbon monoxide, nitric oxide and/or tofal particulate matter in mainstream and/or
sidestream smoke can be reduced. By “deposit” is meant that the catalyst particles
are dispersed on a surface of the wrapper.

[0024] Preferably, the catalyst particles comprise nanoparticles. By
“panopatticles” is meant that the particles have an average particle diameter of less
than about 500 nanometers, preferably less than about 50 nm, more preferably less
than about 10 nm. The catalyst particles comprise at least one oxide of at least one
element selected from the group consisting of B, Al Si, Ti, Fe, Co, Ni, Cu, Zn, Ge,
Zr, Nb, Mo, Ru, Rh, Pd, Ag, Sn, Ce, Hf, Ta, W, Re, Os, Ir, Pt and Au. Preferred
catalyst particles are iron oxide particles (e.g., nanoscale iron oxide particles.). A
preferred nanoparticle iron oxide catalyst is NANOCAT® Superfine Iron Oxide,
available from Mach I, Inc., of King of Prugsia, PA. The nanoparticle iron oxide
catalyst can comprise FeOOH, Fe3Oy, u-Fe; O3, v-Fe O3, FeO or mixtures thercof.
[0025] An embodiment relates to a2 method of making cigaretie paper with a
patterned deposit of catalyst particles, the method comprising forming a sheet of
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cigarette paper in a papermaking machine and depositing catalyst
particles on at least a portion of a surface of the paper to form a patterned
deposit of the particles on the paper. Such a paper wrapper is used to
assemble a smoking article, such as a cigarette, and is consumed during
%i&g_, Patterned deposits of catalyst particles 5 can be de%gosited as

ry particles onto a base web of a wrapper. In a furthef SHESHIHERY the
catalyst particles can be combined with a liquid to form a slurry and the
slurry can be deposited on at least a portion of one surface of the
wrapper. Preferably, the slurry consists of the liquid and the catalyst
particles (i, e., the slurry is free of a binder). 10 [0026] A further
embodiment relates to method of r’ﬁaking a smoking article, comprising (i)
depositing catalyst partieles on at least,a paron.of & surface. of & wrapper
3O & patternd dnenposfélfa%ﬁ]e particles on the wrapper, al) providing a
cutditien ebmprisimgisisacee to farcigariteeddring rrabkinatakeogitc
Rlaeingsihe WipaReRBcding haRatiemesdenesitagund the cut filler to

form a tobacco rod 15 portion of the oking article. [0027] While, not
it by Rt g o e b T

pattberiegodiepbsitof paitiskessudmesrirbrioxiternaihdsedistparticles can

calphvzs dhesonyarsion alicarhon manexide io cahanioxide siayeaction
with %;(%gen in the_gas, stream of the srrpokir}% articlaea accf%din to the
ST POT B eSS I FhRRS I R RRRHASS RonvEr B,
recicainithic shxidedosisitroffbnliaddondifiy totahstremaiation(i.c., the shury is
@Qg&%ﬁg&ng%NZ. [0028] It is also believed that subsequent to the
catﬂ%létic reaction(s), the particles may also act as an oxidant that can

rt CO B B FHRRR LN bPERIGEN T BIAFRS TEEEE Fhe level
cfo@fimth@ drainsireanbnd/otisidestre famisnpokenAs used@Srerein, a

Q@J@Ag&@&%&%‘&%@%@%@@othﬁga;ﬂgafc@o@nﬁmégg&aeg%@ﬁga

cata %St can increase the rate of oxidation of carbon ano,nomd_e Wiithout
PEHITIFRARRP RS RRACHAIR bR BYSHUErOF B TEA SR A1 SiaHERETE
capapieaflokidizing atereatiantyicagybytidomaiiigr axjgertotireaeslctant,
%%?Qoﬁ‘@gt}ﬂesﬁéf Iitsglf is reduced. A reducing agent is capable of
reducing a reactant, e.g., by receiving L .

[0027] While not wishing to be bound by theory, it is believed that during

smoking, the patterned deposit of particles such as iron oxide nanoscale particles can

catalyze the conversion of carbon monoxide to carbon dioxide via reaction with

oxygen in the gas stream of the smoking article according to the equation 2 CO + O,

=72C0,. The particles can also convert (e.g., reduce) nittic oxide to nifrogen

according to the reaction ZNO+2C0-2COz+N,.

0028] It is also believed that subsequent to the catalytic reaction(s), the particles

may also act as an oxidant that can convert CO to CO; in the absence of oxygen in

order to reduce the level of CO in the mainstream and/or sidesiream smoke, Asused

herein, a catalyst is capable of affecting the rate of a chemical reaction, e.g., a

catalyst can increase the rate of oxidation of carbon monoxide without participating

as a reactant or product of the reaction. An oxidant is capable of oxidizing a

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

reduced. 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. The
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30 oxygen from the reactant, such that the reducing agent itself is
oxidized. The WO 2005/002370 PCT/US2004/018854 -7 catalyst
particles can also reduce the total particulate matter (TPM) (e.g., tar) in
the gas stream. [0029] Preferably, the catalyst particles are deposited on
the wrapper of a smoking article in an amount effective to reduce the
g’&?ion in mainstream 5 and/or sidestream smoRE BPExMYBFsse
monoxide, nitric oxide and/or total particulate matter 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%). [0030] "Smoking™of a
cigarette means the heating or combustion of the cigarette to form
smoke, which can be drawn througfi-the cigarette. Generally, 10 smoking

of a cigarette involves lighting one end, of the cigarette and, while t%e
tSBRbEbREDiH T aY e re -%ﬁ?&é%%@w&mﬁwﬁ%ﬁ?’é%ﬁo& LR iRG

smekecfitam the combustion through the mouth end of the cigarette. The

cigassite mavalag he. smakekieingr Meais Eenexample. e cigarette

maybe smoked by heating the cigarette and/or heating using electrical
hEBKINEEERE By ABERPSETRIEG MRREM s QESGHALY S M RERT N os.

6 888 k:16:b; 23412890 OB H8 BT 3220 A5id¢003/b} Tha perdouiate
"mainstr y e ixture 0f Si n
B e B or Sk
isKiingr divA Frorf e Mot efth oPA%igfatetté during smoking of the
cigaseite. Themairisirean:shaekecantains simoekedbaitisdraaw in
tienan R the.ighied. 20 1eaion. 4s el acdivouahdbe cigaglie paper
wrapper. The term "Sidestream” smoke refers to the mixture of gases
isEuiEroin deertp snehrrod el the offhardtecapet Wiss Y& and/or
fremuibebreniag seakalihestebaccaradat ihedin ena- {0032 S everale

faciarscontibiis, b he Irmation OLealon Menguds. .8 43 gloarette.
I dddition to the constituents in the t%zgacéo, the temperature and the

oxiygbel byntentration iveesigamtetiee s comBusToTkehby afeiafe

fQﬁ%’é@J{m heating using electrical heater means as described in commonly-
assigned U.S. Patent Nos. 6,053,176; 5,934,289; 5,591,368 or 5,322,073,
[0031] The term “mainstreany’” simoke refers to the mixture of gases passing
down the tobacco rod and issuing through the filter end, i.e., the amount of smoke
issuing or drawn from the mouth end of a cigarette during smoking of the cigaretie.
The mainstream smoke contains smoke that is drawn in through both the lighted
region, as well as through the cigarette paper wrapper. The term “sidestream”
smoke refers to the mixture of gases issning from the tobacco rod through the
cigarette paper wrapper and/or from the burning coal of the tobacco rod at the lit
end.
[0032] Several factors coniribule o the formation of carbon monoxide in a
cigarette. In addition to the constituents in the tobacco, the temperature and the
oxygen concentration in a cigarette during combustion can affect the formation and
reaction of carbon monoxide and carbon dioxide. The total amount of catbon
monoxide formed during smoking comes from a combination of three main sources:
thermal decomposition (abéut 30%), combustion {(about 36%) and reduction of

carbon dioxide with carbonized tobacco (at least 23%). Formation of carbon
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reaction of carbon monoxide and carbon dioxide. The total amount of
carbon monoxide formed during smoking comes from a combination of
three main sources: thermal decomposition (about 30%), combustion
(about 36%) and reduction of 30 carbon dioxide with carbonized tobacco
at least 23%). Formation of carbon WO 2005/002370

9 %004/018854 monoxide from thermal decomddSitiGRI MRS
largely controlled by chemical kinetics, starts at a temperature of about
180C and finishes at about 1050C. Formation of carbon monoxide and
carbon dioxide during combustion is controlled largely by the diffusion of
oxygen to the surface (k,) and via a surface reaction (kb). 5 At 250C, Kk,
and kb, are about the same. At 408C, the reaction becomes diffusion
controlle e reduction of S rb qn. d| xide ar Oan
1188%16%86%?0 ch%aeféaz};l?%cé%n Osgtoflémpera Fgﬁtﬁv%%g na a ove
(6688} Duringt siukmeitirartabret HEE @Fﬂtﬁi@%b@@b@’@ﬁh iéfélg%rette. the

%H&Qﬁ% QBLNE d@&m@ﬁ@ L%(l@@ﬂﬁ@ﬂ@@d@lﬁﬂ@ c8RgU¥en is controiled
condensatlon/flltratlon 10 zone. While n 6% W|§ih|ng to he bound ré eory,

e pehe ed iy ne ﬁéﬁ%%@&ﬁ@ﬁ%%lf RaySepar |cclférs TR et the
VENS0Y hdaetibhs divaiboadie smndifféiei0 o dienseofich dssiarediéigining
eking. Hematieredaaposilebcatalvl prkticlesmcancoRyer: CO to

CO2 in the absence or presence of an ﬁ§ nal source of oxygen. [0034]

efieos 8B B Ra RS e BUrHiRY 28%& of the cigarette produced
1608siring Bmokimgpkihthbeoigasélites distiadiyegtainaiiglateaegndiof the
%&%ﬁ&m@& i %ﬁ@&%ﬁ&éﬁx%&%ﬂ@%ﬁﬁ%%Qﬁﬁm%ﬁﬁgm@bom

600C to about 95 d the heating rate can be as h

506C/Sdd5mat Wﬁ@%ﬁ&’érﬁ‘?&‘?f&?\y@i‘md@ﬁ beliged ge(?(?ﬁ%fﬁfgtlon zone
kiepadiise axylgendsibieingnoanstitediinthesdni dstioncof itclidiced to

%gl%ﬂgsf% Q%&QEQ&%Q%%EI&O NefiQige s HAGLVRBEL AN AR 20

organic compounds. The low oxygen concentration coupled withthe high

t@%ﬁ@?‘éﬁ’iﬁr‘é é%@@%&ltﬁé FRIRGITP ST ESAS AL ETA! (5 BEF 5O A SHoxide

hydhn carbenizecbiohacdcn zbndhishragiomgtheneafahyst pacticlesdwant

%angr L CRER9D: AonoxIde. ﬁ%ﬁébammé@ ¥ia an@ddation angd/or

catal alysis mechanlsm The combustion zone is hi th exothermlc and the
H%P‘é@ﬁ@r@t@& cOTRBFHSH FeaEnges from about 600°T t6 abouf 950°C, and

the heating rate can be as high as 500°C/second. The concentration of oxygen is low
in the combustion zone because oxygen is being consumed in the combustion of
tobacco to produce carbon monoxide, carbon dioxide, water vapor and various
organic compounds. The low oxygen concentration coupled with the high
temperature leads to the reduction of carbon dioxide to carbon monoxide by the
carbonized tobacco. In this region, the catalyst particles can convert carbon
monoxide to carbon dioxide via an oxidation and/or catalysis mechanism. The
combustion zone is highly exothermic and the heat generated s carried to the
pyrolysis/distitlation zone.

[0035] The pyrolysis zone is the region behind the combustion zone, where the
temperature ranges from about 200°C to about 600°C. In the combustion zone the
catalyst particles can also directly oxidize the conversion of CO to CO; and/or
reduce NO to N,. The major reaction is the pyrolysis (i.e., the thermal degradation)

of the tobacco that produces carbon monoxide, carbon dioxide, smoke components
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25 pyrolysis/distillation zone. [0035] The pyrolysis zone is the region
behind the combustion zone, where the temperature ranges from about
200C to about 600C. In the combustion zone the catalyst particles can
also directly oxidize the conversion of CO to CO2 and/or reduce NO to
N2. The major reaction is the pyrolysis (i.e., the thermal degradation) 30 of

WOREY8B3Eco that produces carbon monoxide, carbon REXYE208HesRE

components WO 2005/002370 PCTIIIS2004/018854 -9- and charcoal
using the heat generated in the combustion zone. There is some oxygen
present in this region, and thus the catalyst particles may catalyze the
oxidation of carbon monoxide to carbon dioxide. The catalytic reaction
begins at about 50C and reaches%maximum activity around 150 to 300C
and maintains its 5 maximum activity at temperatures above about 300C.

IS SBT R thE e8 R ReLRrS AR B ST SURR HE G eraftre ihges from
arybiemtctennipabis 150@, Adehmajercplave seriviiszornés]gtbe
GRRdRNSAHONEITALAR AL e SRAKELRMBRNENISiSRME DN £f

carbon gnonoxide, carbon dioxide and nitric oxide diffuse out of the
ekgat SR aha MY BR R RS ATB R e e T Ba il
piedsure fioky gamnipcthiareondensatigrifiitiation zone does not generally

fRESN" t9,the aimesRREHRIeNR) b e aRIEROWRIPSIAR et

nsation/filtration zone, the catalyst particles may optionally catalyze
fRebeFIErSioR RSPRAPPBIGTS LS4 et uienatie U TSRt &6 xide
@nﬂi&éggm@ogﬁﬂ%ﬂoaa thguthei&makﬁﬁgoﬁﬁﬂcrejgarmtediommﬁﬁ@xide
%9%3”&%50&9-}%%% MRAINSIaam.smake.leu.lowarddbe; flier end,of the

cigarette. As these gases travel within the cigarette, oxygen diffuses into
RSB ARSEYITR Y MR TSR ut dPtheCtrFarEl through
theowsiapmer afféemarty piea) 2rsecendpiffol engigatette, CO and NO are

concentrated. in ¥he eriphe igar. ' cigarette
e o D e 20
ClyEFEtien thecdiepgeenese Entreiisriicide arHighiF R Ne i PERERegion.
Aoy intathe tebacsempad isiagest asan lencoimbustionizoriesdhthe

Fr’r?aﬁ'x%%gg% cs’xﬁ%l‘c% flow toward the filter end of the cigarette. As these gases travel
within the cigarette, oxygen diffuses into and carbon monoxide and nitric oxide
diffuse ot 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 cigaretiz, i.e., near the
cigarette wrapper, in front of the combustion zone. Due to diffusion of O into the
cigarstte, the oxygen concentration is also high in the peripheral region. Airflow
into the tobacco rod is largest near the combustion zone at the periphery of the
stnoking article and is approximately comymensurate with the gradient of
temperature, i.e., higher airflow is associated with larger temperature gradients. Ina
typical cigarette, the highest temperature gradient is from the combustion zone
(>850-900°C) axially toward the filter end of the cigarette, Within a few millimeters
behind the combustion zone the temperature drops to near ambient. Further
information on airflow patterns, the formation of constituents in cigarettes during
smoking and smoke formation and delivery can be found in Richard R. Baker,
"Mechanism of Smoke Formation and Delivery”, Recent Advances in Tobacco

Science, vol. 6, pp. 184-224, (1980) and Richard R. Baker, "Variation of the Gas
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smoking article 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 25 (>850-900C) axially toward the filter end of the
arette. Within a few millimeters behind the combustion zone the
ez%ﬂﬂg%ﬁdre drops to near ambient. Further informatioPf-&H Sitfiosss
patterns, the formation of constituents in cigarettes during smoking and
smoke formation and delivery can be found in Richard R. Baker,
"Mechanism of Smoke Formation and Delivery”, Recent Advances in
Tobacco 30 Science, vol. 6, pp. 184-224, (1980) and Richard R. Baker,
"Variation of the Gas WO 200510(39370 PC77U820041018854 -10

Formatio Reglons within a C| tion Caqal durjn "
SRR LI R A SSh LGRS SaN e T AR SHER TSR o,
Tqipigt-AiT T@b@@iﬁﬁdh&gmmtﬁf ioddth lare | |ﬁcmpbﬂé‘t€£d;|9ﬁé},éh¢ by

referanca RN 3R] DS conEISgR Talerate® to CO2 and/or NO to N2 by
the patterned 5 catalyst partlcles is.enhanced b%/) the rakggd and efficient

B ort JRESREIGH RS- HE FEiRIfSF the Chakstsra s and/or
N2 dywayeafriolss thentegéen tofttheapsitalyistilicsgi, e gasiieW within akto

smaking, %ﬁﬁé%a%ﬁ%@&ﬂ&bdb&%%%%%%ﬁ@@é@%n%%@ dow

within the smoking article can affect the operation of the catalyst [0039]

Te &ﬁa@ﬁf.ﬁpﬂ’o ribs e ASieion e A BHRE PRRTEEY 10
depdsitbdibevibie diechagiagfunictionmoifithe tenopersitur efaind-akew

Cﬂa@@fte“%ﬂgauﬁfmw fiechduringamating i Qrdenie. aits aﬁeglgancrease

or maximize the conversion rate of CO to CO2 and/or NO to N
gt e phitierks e B KR pE g e BURSE RERAIN ZE BT A BREITES a
givehiienipeng iniekianperandothfupatiermgesmetryidistiibiition of the

%%B?&&&?ﬁt@%f%‘éet%t%z'@n‘afﬁ%ﬁ&& g‘%@e&%ﬂ;&%ﬂ%&t’&ﬁ%'a&

temperature for catalysis/oxidation. [0040] In many instances, a complete

CE4GHY &ﬁrﬁﬁf%ﬁ%@ﬁ‘?gﬁlﬁ’r&gﬁ% IREHErEERES 184HiGe a
qecltisiyeefestiwiichdentsdtocjakibiboifiusiencafiC@idhrouwghitherith

WapRS!yRelieam of e, coalyR RATSIG,Printing, regions of the
(06401 In many instances, a complete coating of print material upon regions of a
wrapper tends to have a occlusive effect, which tends to inhibit diffusion of CO
through the wrapper upsiream of the coal. By pattern printing, regions of the
cigarette wrapper are left unprinted and available to facilitate diffusion of CO
through the wrapper, while at the same time the printed regions are present to
contribute their catalytic effect. As a result, both diffusion and catalysis are engaged
to reduce CO during smoking of the cigaretie.

[0041] In embodiments of smoking articles described herein, any suitable
tobacoo mixture may be used for the eut filler. Examples of suitable types of
tobacco materials include flue cured, Burley, Maryland or Oriental tobaccos, the rare
or specialty tobaccos, and blends thereof. The tobacco material can be provided in
the form of tobacco Iamina, processed tobacco materials such as volume expanded
or puffed tobacco, processed tobacco stems such as cut relled or cut puffed stems,
reconstituted tobacco materials, or blends thereof. The tobacco can also include

tobacco substitutes.
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cigarette wrapper are left unprinted and available to facilitate diffusion of
CO 20 through the wrapper, while at the same time the printed regions are
present to contribute their catalytic effect. As a result, both diffusion and
catalysis are engaged to reduce CO during smoking of the cigarette.
(500(%}0192In embodiments of smoking articles described herein, any suitable
HCCG* Mixture may be used for the out filler. Exampld€EUsitabIestipes
of 25 tobacco materials include flue cured, Burley, Maryland or Oriental
tobaccos, the rare or specialty tobaccos, and blends thereof. The tobacco
material can be provided in the form of tobacco lamina, processed
tobacco materials such as volume expanded or puffed tobacco,
processed tobacco stems such as’ut rolled or out puffed stems,

reco stltu obbacc ateriajs, or blends ther % n.also
i|[10(§4 OB%C%SOS%%S ites et %@é‘/ﬁﬁﬁ‘é (?1'7& 5%8 f§%)§4
MW@D&Z@%b@B@Nm@@oMn%@F@P&@W@E@%@PﬁI@F@Faé blend of
1ORACLRS DRI bRLIG ISRy, inGlusing-alapss somprisiagRIightse

Burley and Orjental fobac s,a d other components, cludlng
R A AT TR TR RS e

iment, t(he Isrﬁlredded
tohapiey e bididar) mmne&mmacwmmmm@@m@mwgm

BuyreyoManlandiangd Qﬁ@@&@b}q@ﬁgﬁa&wﬂwﬁw H&agmsw of

reconstituted tobaccos or a after out f. avorl ﬂ?%)ﬁi gc}nal

BRI (PRI B RSP IT rtl?ﬁfﬁﬂflﬁ B’i’éﬁlg %8 st rod
deddityprandyflavaiédn apherdtid edm@pﬁm%ﬂy»f dsirigtenvatietydof the

g%l’a%ggggltgg%gqsgggg&gg%mmégp used instead of a blend. 10 [0043] In

JL&P arette manufacture, the tobacco js normally emplo ed in the form of

filter, i 12 cigpimite fOFRY B SRS Vst ALl %?@WH?H&%QW&%‘& fom
ahoftiel /16), inchetéoab ofht¢20ointhimis evientd Mdtschnginetemgihsiof the

SHRNGRI AR, oM heeen.abay RS chasde atpulfunehes. The

Clgarettes ma furt er co riIse one or more flavorants or Other addltlves
il Al Al e Pt iR Ky

hiegprise 6fi€.9r more flavorants or other additives (e.g., bum additives, combustion
modifying agents, coloring agents, binders, etc.).

[0044] A wrapper can be any wrapping 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 production of a smoking article such as a cigarette, the wrapper is
wrapped around cut filler to form a tobacco rod portion of the smoking article by a
cigareite making machine, which has previously been supplied or is continuously
supplied with tobacco cut filler and one or more ribbons of wrapper. When supplied
to the cigarette making machine, the wrapper can be supplied from a single bobbin
in a continuous sheet (a monowrap) or from multiple bobbins (a multiwrap, such as
a dual wrap from two bobbins). Further, the wrapper can have more than one layer
in cross-section, such as in a bi-layer paper as disclosed in commonly-owned U.S.
Patent No. 5,143,098, the entire content of which is herein incorporated by
reference.

[0045] Cigarettes may range from about 50 mm to about 120 mm in length.

Generally, a regular cigarette is about 70 rom long, a "King Size" is about 85 mm
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[0044] A wrapper can be any wrapping 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 production of a smoking article such as a
cigarette, the wrapper is 20 wrapped around cut filler to form a tobacco

WoGHHeNGH of the smoking article by a cigarette makinganashingwekich

has previously been supplied or is continuously supplied with tobacco cut
filler and one or more ribbons of wrapper. When supplied to the cigarette
making machine, the wrapper can be supplied from a single bobbin in a
continuous sheet (a monowrap) or from multiple bobbins (a multiwrap,
such as 25 a dual wrap from two bdbbins). Further, the wrapper can have
more than one layer in cross-section, such as in a bi-layer paper as
diselgsSaner Boramianiys simePOsn iprgeit o8 4 woalligioshtird
cententoknhieh dedeiRitnnGo mesatediay mafesence: {0adblCigarettes
may range from abaut. 50 mm bout. 120 mm.in lepgth, 30 Generally, a
regu a%%gﬁ%ef‘e n%qgegﬁ%’?ﬁaf mrﬁr%%% ghﬁ?nacé? eafp%%gggﬁtl 5 mm WO
200SH0PIF P OTTRISP UM 885m Ay’ [Erigou 380 pefaingSize" is about
100-mnlyonomand b Leng 21S usually about 120 mm in length. The

i ference is from about 15 mm to abqut.30 mm.in_circumference,
ié%yﬁjefe%%% tﬁ rllpég% K?%.afﬁeeefé d}é‘fl}é“%‘é% |tn%%%gﬁg[ft]ﬁsm%%ically
Béfheen tithacrangbrot ot 200 tgiemBrtidab S Sud rejrbeidmerie of

nreterahly, JRQINEIENA (o ARAKLRVEIRG/emBrI04P] Relasiagip Figure

1(a), a preferred : 2bodiment of a smo irlgc%gti A 12993 hg% a tgg%clﬁlo rpd
peRIER THF "dﬁanfﬁgrf’ﬁén T4 Sptonatty’, emf)o iMents of 'the smoking
aitioletd (0bsaw berpreatid8d dvithown dnfiltermgdiprod Prafeidbly the
toRAGEERPOrtinnI D2 FARPIIEES 8nGR Ik obiohasemdbrhat i
CPERAGT AT TS T S AR, HEROE aF LAt 10
ithewelt ¢€ Ebtoapottidrsiothiersl tfRcda fues Weapivar408:! ki Practice, the
GAlalyat particles 110 may penetrate an outer portion of

[0047]  The size distribution and the densily of the catalyst particles on the

surface of the wrapper can affect the permeability of the wrapper 108 (measured
typically in units of CORESTA, which is defined as the amount of air, measured in
cubic centimeters, that passes through one sgnare centimeter of méten'a]. in one

mime at a pressure droﬁ of 1.0 kilopascals).

{0048}  The patiern of catalyst particles, which can comprise a random or regular
array of features, can include a concentration gradient or distribution of the particles

per unit area of the wrapper. For example, a concentration gradient of the catalyst
within the pattern can vary between a first portion having a low concentration

feature and a second portion having a high concentration feature. The total loading

of the catalyst particles in a first, low concentration portion can be lower than that in

a second, high concentration portion. The first, low concentration portion preferably
has a total loading of catalyst less than about 1 mg, more preferably zero mg. The
second, high concentration portion preferably has a total loading of catalyst less than
gbout 100 mg, more preferably 1 to 50 mg. The first, low concentration portion and

the second, high concentration portion can be, respectively, the linearly distal portion
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the web of fibrous cellulosic material 112 that forms the base material of
the wrapper 108. 15 [0047] The size distribution and the density of the
catalyst particles on the surface of the wrapper can affect the permeability
of the wrapper 108 (measured typically in units of CORESTA, which is
defined as the amount of air, measured in cubic centimeters, that passes

VLR Bhe square centimeter of material in one minRETAIEPLELSSHe

drop of 1.0 kilopascals). 20 [0048] The pattern of catalyst particles, which
can comprise a random or regular array of features, can include a
concentration gradient or distribution of the particles per unit area of the
wrapper. For example, a concentration gradient of the catalyst within the
pattern can vary between a first poffion having a low concentration
feature and a second portion having a high concentration feature. The
(R G B R POREAR, S B FRRRS i A HF P GO GOrRd i Bfon portion
camkiegdeviektah thdiderdveécofitsiighicofoesratioypdetion. The first,

lwconceRirationpation MsferahivDas. adtel dnading af-catalyst less
than about 1 mg, more preferablﬁ;ero m h%?gecon high

g. , d, )
FROBHEPHIOR Bt AbHEBTET TR PRl {50} Hntte S RhiyEr 848 H5an
dbreuiil AOxng motienpreferably 1 to 50 mg. The first, low concentration

%{ﬂgﬁ an?h@@o%%rﬁi%ﬁgg _aﬁi&!ﬁ %%ﬂi@y&fb Qﬁyﬁﬂgﬁﬁg Qﬂhce area of
respectively, the linearly distal portion WO 2005/002370

- Peyprign 6na 1 Bessasng tesien atwremrEs fP prex e Jeritre of the

Mﬂpﬁ&ﬁ;ﬂﬁ&ﬁ@ﬁ@.cm:ﬁiﬁzﬁnﬂ mfetdstacammidquadtmieq aﬁﬂﬁh@ﬁcmé /nd
w) gl&%n@@ 1R Qresent. in frher. ambodiments. e '@.agq'aan%fa

catalyst particles can vary continuously or “discontinuously and/or Tinearly

OEFGRIRREHPHUNIRE RSB FHHdh TIRL BIRTREHRP P ot
postiend (R0} Itb@tﬁ@m@ewaﬁmigrmﬁm@ﬂb@miemﬁlwwwng the
Ss%%g € 3033§Q§, Ralterne. 9y JNgasingdhe sizh.of gremelrc features

or thé font size of alphanumeric features). Additionally, the concentration
Jhedieiresrena EEnTBYEE bieh SARTRYTREE SheR AR Setiendstatyst in
tepsiutrsyHiind:isdeRariteduey Gavisingod concentration of catalyst particles).

A thicker feature has more particles per area of the patterﬁed deposgit. Finaily,
different catalyst material can be deposited (e.g., a first low activity catalyst material
and a second high activity catalyst material can be used to form patterned deposits of
varying catalytic activity). By way of example, patterned catalytic particles can be
deposited uvsing a single roller employing successive applications (e.g., using a
different catalyst and/or catalyst concentration in each step), or by using multipls
rollers wherein each roller deposited a particular catalyst and/or catalyst
conceniration. '
f0050] The pattern of catalyst particles can decrease the permeability of the
wrapper by reducing the surface area for the passage of air where the catalyst
particles are printed. The wrapper onto which the pattern is deposited can be any
suitable conventional wrapper.. For exarmple, a preferred wrapper having a pattemed
deposit thereon can have a basis weight of from about 18 g/m” to about 60 g/m” and
a permeability of from about 15 CORESTA units to about 80 CORESTA units.

More preferably, the wrapper has a basis weight from al:;out 30 g/m” to about 43
g/nf' and the permeability is about 30 to 35 CORESTA units. However, any suitable
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10 first concentration source in a first printing step and a second
concentration source in a second printing step to form the deposit). By
varying the concentration of the slurry that is deposited, it is possible to
vary the thickness of the discrete features in the pattern (e.qg., slurry
having a high concentration of catalyst particles can be used to print a
Offeker¥éhture than slurry having a low concentration ofcaistystopasticles).
15 A thicker feature has more particles per area of the patterned deposit.
Finally, different catalyst material can be deposited (e.qg., a first low
activity catalyst material and a second high activity catalyst material can
be used to form patterned deposits of varying catalytic activity). By way of
example, patterned catalytic partidies can be deposited using a single
roller employing successive applications é’;.g. using a 20 different catalyst

i Sreinitme P EsHeRH A M EReR St8 %?#@6%3?3&3 FREAABRREBIRE s
wharaiRirachpiemdenositad espacicbisrdpatalyst andierdsitalystults.
ntration. [Q050] Th tern tal ' he
b AR R NG R i
of B Waene eqeeztay dc2sisameatiseosiaspitdret e HaBBer 68 vhich
therpaiteris tepositedramThadny Giighieemilieationgd wrappels For

example, a d wrapper hayin .deposit thereon, can
A e T

péirnsamiltey. diot e¥anatio it I9IEORBPSTPRCH e ReFESIHS o lcORESTA
Uhiitse 104onadrefsr alsig BeaviaeRethbas a Pasicywrig hiafromabaiah 30

/m2 to ahout 45 30 g/m2 and the penneability is abou t0.35
e R T B B RS s Boo B 108

PET/ 2004104883 4rom 4basie wieight dtdiperm&aniiey forthdaiapper
canhe salected thaconsentratioa:ehuing depesied satalystandthe
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include a pattern-free portion of a surface. It is to be understood that the patterned
deposits shown on an outer surface of the wrapper 108 in Figures 1(a) and 1(b) can

be on an inner surface of the wrapper or both on the inner and the outer surface, if
desired.

[0053] Figures 2(a) and 2(b) show an embodiment of a smoking article with a
patterned deposit on a portion of the surface of a first wrapper with a second

outerrnost wrapper. In the Figure 2(a) embodiment, the smoking ai;rticie 100 inelndes

a cigarette tobacco column 106 swrounded by a first inner wrapper 114, As shown

in expanded view in Figure 2(b), a patterned deposit 116 is on the sucface of at least

a portion of the first wrapper 114. If desired, the first wrapper 114 can optionally
include a deposit-free surface or a deposit-free portion of the surface.

[0054]  In Figures 2(a) and 2(b), the smoking articie 100 has a second wrapper

118 surrounding the first wrapper 114. The total amount of catalyst in the second

outer wrapper 118 is preferably less than 1 mg for a given single smoking article

100, e.g., a single cigarette. In one preferred embodiment, the second wrapper 118 is



of the wrapper. For example, in multilayer wrappers the permeability of a
first layer can be less than 1,000 CORESTA units, although a
permeability that is higher can be used. Thickness of single-layer wrapper
can preferably be from 15 to 100 10 microns, more preferably from 20 to
50 microns. Additional layers in a multilayer wrapper can be from 0.1 to
WPGHEE e permeability of the first layer and can have @l skuesssef
from 0.1 to 2 times the thickness of the first layer. Both the permeability
and the thickness of the first layer and the second layer can be selected
to achieve a desired total air permeability and total thickness for the
smoking article. 15 [0052] Referring again to Figure 1, if desired the
wrapper 108 can optionally include!é pattern-free portion of a surface. It is
to be understood that éqe patterned deposits shown on an outey surface
o BRI e A PR I AP SRPERETShE %Eo‘}‘%’ Ahe DR AR Siface of
thenarapperbetbivtn o théirshemanrehthepetdrdimface » i teleshedt 00
[0Q23}Fianas:2ha & 2dhhaw & emhodinentofRmekips-Aiicls

with a_patterned deposit on a portion of the surface of a first wrapper with
a LaR I ee BEREHARBS! TFdBREr AR FITRE BUSFEnmb 88 AER NS smoking
5 arictad Ofppetude s tcigaiettentbbéctovephemil 1 B8esutreundediyrafirst

in 9@&%@@55%%%@%%&‘(\6} L EXPARARL VIR NEIGHE LM S me o

patterned deposit 116 is on the surface of at least 25 a portion of the first
wrASpPUHE: HES I the tird WrddBdr PEREAN BisticHaIy 4iftliddeea

depositsfzéengurface or a deposit-free portion of the surface. [0054] In

Fightes 2(a) andh2(h)sdhe smoking fﬁhgziw& Q0 Nas.2 Sesand.yyapper 118

surrounding the first wrapper 114. The total amount of catalyst in the

10 S@Edﬁfarcaﬂt%@wféaﬂéeﬂif%ﬁ?*ﬁ@ﬂ&%m@g%ﬁfﬂ%“fw%wm%wﬁg|e
smﬂiémgdaréiﬁiﬁtaﬁdm&)hﬁeg fjr8t sh%gt&:c{gﬂne&te:h&mmpaeféfmdt
ng gtl:%grﬂtml Qﬁﬁgsgg%c‘%@? RE&L l;le]t%tﬁngeg. Oplﬁ'{gig'%{% ZIQ\E: deposit is not

( 520041018 -15 catalyst free So as to provide an appearance to
thig'ergafdabe 0t adat K FCARBRISE 19 4R e o e FreRTiR & catalyst.
Inexemplanyemnedinents, A tefabapnaunblefreatalysttpaitiplest ist thedfirst

15 Wig B el {Ee]aégogiQQn'anﬁQg Mg &%%%%E%H& ls%%?e catalysts can
discolor the wrapper. An optional, catalyst-free, outer second wrapper can then be
placed about the inner first wrapper.

[0056] Figures 3(a) to 3(e) illustrate examples of regular pattems of catalyst
particles on wrappers for smoking articles. The patterns comprise a plurality of

20  discrete features. In exemiplary embodiments, the discrete features include an
alphanumeric sequernce, a pictogram, or a geometric shape. Other optional forms of
the pattern include a variety of discrete patterns, such as in the shape of crosshatch,
ramps and/or gradients, irregular shapes, and the like. In Figure 3(a) and 3(b), the
wrapper 302 of the smoking article 300 has a pattem 304 of discrete features

25  including an alphanumeric sequence 306. The pattern 304 also includes 2 repeating
series of geometric shapes, shown as lines 308. The pattern is repetitive in a first
direction, either Hnearly or circumferenfially along the length of the smoking article.

The alphanumeric sequence 306 of the pattern 304 can be oriented as desired fora
given aesthetic effect, £.g., can be oriented linecarly (Figure 3(a}} or ci;'cum.ferentially

30  (Figure 3(b)). In Figures 3(c) to 3(e), the wrapper 302 of the smoking article 300 has
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than 1 mg, preferably 0 mg and/or a ratio, in weight percent, of a catalyst
in the 5 second wrapper 120 to the catalyst in the first wrapper 112 is less
than 0.25. By way of example, a preferred amount of catalyst per
cigarette is 1 to 100 mg, 1. to 50 mg or 50 to 100 mg,2to 25mg or 25to
50mg,1to 15mgor 15to 40mg,or 4to 10mg or 10 to 20 mg. [0055] It is to

WLH%ieReretood that the first wrapper and the second wPEBErwan1ssS be

interchanged, if desired. For example, the outer second wrapper can
comprise the patterned deposit and the inner first wrapper can have the
same or a different arrangement of catalyst particles or can be
catalyst-free. Further, if the deposit is not intended to be viewed, e.g., is
not a pattern conveying a desired-ifnage and or message to a viewing
consumer, it may be preferable from an aesthetic paint of view 15 to place
frietiepdan offiarrsinierwsrrel Sraarrarap P Sift s tiing Etalysts
camgliscaloptbneniagness Atlaptionelrhatalyst-frec 10 (Ryrsedodand
wrapper.can then be .pl out innexfi r ] Figures
3 fﬁﬁ % %f(ggﬁﬁlﬁpspt}%egeé%g%rcﬁ% e%b%# Fg%l ljg gg%zﬁ%é(ﬁlgsg\g@ggﬁaﬁlg&gg?ticles on
wizhspaeasiirEimari§ articles. The patterns comprise a plurality of 20
jinsrate featikapptocxampian, e nbodinenipthaedisoete: featprest a
include an.glphanumeric seguence, a pictogr. tric shape.
R Y B hater AL Sty o ecTete patterns,
sguyealiontthisasHtgrecptiaebssidtehniqur s BNAPS Y SORRE R r
Sraascand thalikendnoRiguRiale) antha) phervyiapaesa2 of the

smoking aticle 300 has & patern 304 of discre feplues 25 nelyding ar
AFREHEARETE Sguence 308 The p%a{tern%ﬁ 2is0 iclu es a repeating
senigsibfigedmétriossivipeatt shoderstileBodiereé ke is repetitive

iadifstudiveationg apharlinaakh; o coamniesentiath alangdthedength of

. the smoking article. The.alphanumeric.se uence 30&9{Iﬁtﬁ1ewp%t%n 304

HABE pHEnTSTAS GRETEF ST S SgR/agrl]cg%S_t &lic effect, e.g., can be
oriesfediiima/(Higirers(a)) orlicrEarthrerentizd 30 (FgtiFE BN
FISrgs 3@hio-Hak-theiwiaRpe:RQR3:ekihe sreking meticle:800:has WO

20051002379 PCT/U52004/0&é}§osg§%ﬁ%6ﬁrmting and/or relief, intaglio, or

techniques of gravure printing and
other printing processes. The patterns can be incorporated onto the wrapping paper
using size press techniques, painting techniques, rotogravure techniques,
photogravure techniques, or the like. Other methods used to deposit catalyst
particles on a surface of wrapping paper include electrostatic deposition, application
with an adhesive, patterned application with a printing applicator, application in an
ink solution using a printing process, spraying, brushing and the like. Further, the
catalyst particles can be applied to a wrapper in a single coating step or in multiple
coating steps utilizing printing techniques and controlling the amount of slurry
applied in any one deposition. According to an embodiment, dry catalyst particles
can be deposited on a wetted wrapper surface.

[0058] Pattern printing can be conducted by any one or a combination of the
aforementioned printing techniques. Further, these printing operations can produce

a pafterned deposit of catalyst particles on wrappers of assembled cigarettes and/or

on any side of a wrapper at any point prior to assembly of the cigarette.
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a pattern 304 of discrete features including a geometric shape. In. the
illustrated examples, the geometric shapes include a circumferential line
310 (Figure 3(c)), and a series of overlapping helixes 312 of a first density
(Figure 3(d)) and a second, higher density (Figure 3(e)). 5 [0057] In one
approach, the catalyst particles are deposited onto the wrapper of a

W peidni article by printing techniques. For example, asigareiiermsge by

conventional cigarette manufacturing techniques and having any
conventional blend of tobacco and tobacco flavoring additives can have a
pattern printed on the wrapping paper by procedures known in cigarette
manufacturing. Such procedures 10 generally involve the use of a soft
impression roller or rollers of a dedifed configuration. A pick-up roller
rotating in a slurry to be applied to the cigarette wrapper, e.g., a slurry
d6nisining ‘varafystpericlindispbrwtlysaritinds seeecterdrafsfer the
liguidiadhe impression rellerdithe.Rinting step.4 puefpradshry does
not.contain a binder. Sirgilar%/té ré)atte?s can ble %;i?tegt1%tp§rcoﬁg%(\)/§entional
TEHBR RIS 8F Jial BRSNS BEPaphic pHnting andlor rfief,
integlitylpic othemplntmdudrotessesstifrmipatelis torliein eonporatdd
UNGtHG M ARBIA RAPGE S NG SR R EPASHPIRURRRAU IR free.
techniques, rotogravure teChn]gllejrgs' hoto ra\étljre tgchni ues, or the like.
SHEFTRRtNBYS TR T St ‘fncrg%r?iélr SUPEE ARS8t wrapping
papaldn Gugeriectnebtatithd @position flepplicagono2Gwitivamagasive,
%ﬁ;&;&@%&@,@@g&%%p&%&%&g@g@ ARRlIGRLRAM AR ink
solution using a printing process, spraying, rUSh'Q% and the Ilke.tFurther,
tﬁ@feea%w%aﬁﬁda&aaﬁpsfé%ﬁsﬁs&% B PHISHRF S BYIE LSS

a single coatiﬁg step
oedmmuiliplet, edefimgistegsntitiid mdriprinting techniques and controlling the

et of Iy, ARRISHINADRNG A ROBII AR 1A QUIBAD-BEh, such

embodiment, dry catalyst particles 25 can be deposited on a wetted
VP B[RRI AR BT BB sttt BRI EA HECEBITg Ietal B HRYBhe or a

cemiiiratiareopihec-ratbsepmentionedipiyntiidg thehmiglies. Furttreiidhese ‘
Rping. 883%%%?%%&&%{?»?{99&%%%1%%{%%9 HeResL abeaalyst particles

on wrappers of assembled cigarettes and/or on any side of a wrapper at
W‘ﬁ@fﬁﬁ‘ﬁﬂa}%& agglgﬁﬂﬂ% the gfé’grget}eg_sn can also be used. For

example, titanium-based nanoparticle catalysts can mnpart a white color or shade to
dried deposits.

[0061] The papermaking process can be carried out using conventional paper
making equipment. Cigarette wrappers can comprise cellulosic material, which
forms a web, and a web-filler, which can be used to control the permeability of the
paper. _

f0062] The support web can be a conventional web, such as a flax support web,
or can include a web with an incorporated catalytic component, such as a
nanoparticle catalyst. If the support web includes a catalytic component, the
incorporated catalytic component can be supported on a web-filler raferial or can be
directly supported on the support web without a web-filler material. The web-filler
includes CaCOs particles or any other suitable web-filler material, such as an oxide,
a carbonate, or a hydroxide of a Group II, Group III or Group IV metal, CaCOs;,
TiO,, silicates such as Si0y, ALOs, MgCO;, MgO and Mg(OH),.



WO 2005/002370 PCT/U52004/018854 -17 [0059] In preferred
embodiments, the catalyst particles are dispersed and/or suspended in
an appropriate liquid to form a catalytic ink (e.qg., slurry). Any rapid drying
liquid. can be used to form the slurry, for example, water, ethanol or
acetone. The catalytic ink can also include other constituents, such. as an

wEBuRGIS COmponent, 5 a non-aqueous component, anstef A ssiagiant.
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Preferably the slurry is binder free. Further optional components of a
catalytic ink include a theology agent, which provides for proper transfer
of the ink during the printing process. For printing on paper substrates,
such as the wrapper used in smoking articles, the printing ink preferably
is adapted to the paper substrate_apd may also include one or more of a
10 resin, a solvent, a defoaming agent and a drier. [0060] In optional
gobepimantsytheeatal yticpike nddodesed wolppimor gyt sueppaasr a
an‘organic or inorganic pigme j t. the
Ry g SRR B%gﬂ%%?%Et%%%&%%f%%%%?ﬁ?fﬁ‘kgﬁiﬁesu.ts

ipcEwente arisd (AR Jepddt M RAGEI (o 1D AT Kt S0
pigessitsdanepasiiele 15 catalysts that impart a color or tint to the dried

it cgn also beused, Fon exannle, SRV WRhasedinanppaiticls

ggél) /sts %%ﬁni?ﬁnggrtflge\?v%%%bﬁgﬁ or shagﬂgg{o driel% depositsg 0061] The
plpesithakeiprorsideatt Isstenrieuaal &R ebnBstiBHE Papsr
mRking RexiRReHhk Cigpretthywapprisiepricomgksslgelluldsiy material,
which 20, forms a web..and a web-filler, which. be Wsed to control the
p%??nﬁgg%ilwroﬁﬁg ”b“g%iéi‘r’eTB?i’&ﬁ‘ﬁ%“‘éﬁsvgg%?? %g'} %%%Ees ‘a conventional
VRIS S uchThs W ikperdupipen nrepnadrienrs i cefabwtmatatibagyon can
incaLpOraiRdcatalMic sRmpRRRitasHehas @ -tarapRititieatalystclf the
support web includes a catalytic.component, .the 25 incor ted catalytic
cadsr(r:l%%rreleer?t%ra?(l{: ?%%5%8%%%5 Srfcgls Wee[?)c?ﬁgér materia ng}f?:%ﬁr)lé%e directly

Kepories GAANE2RUHREH Wb WRHSI 26RRBAIEOReEYal he treb-filler
iBGlosless GaCQsspadislestrameihepalifable-webniiller malerial ssuch as
AN OXIde, +ed in commonly-assigned U.S. Patent No. 5,345,951
[0066]  Figure 4 illustrates one type of construction of a cigarette 300, which can
be used with an electrical smoking device. As shown, the cigarette 300 includes a
tobacco rod 360 and a filter portion 362 joined by tipping paper 364. The filter
portion 362 preferably containg a tubular free-flow filier element 302 and a
mouthpiece filter plug 304. The free-flow filter element 302 and mouthpiece filter
plug 304 may be joined together as a combined plug 310 with plug wrap 312. The
tobacco rod 360 can have various forms incorporating one or more of the following
items: an overwrap 371, another tubular free-flow filter element 374, a cylindrical
tobacco plug 380 preferably wrapped in a plug wrap 384, a tobacco web 366
comprising a base web 368, and a void space 391. The patterned deposit of catalyst
particles, such as nanoscale catalyst particles, is preferably printed onto the overwrap
371, but in addition to or in the alternative, could be printed and/or deposited onto
any one or more of the plug-wrap 384 ora component or components of the {obacco
web 366. -
[0067] Figure 5 illustrates a cigareite 410 construction having a fuel element 411
as deseribed in U.S. Patent No. 5,345,951, the disclosure of which is hereby



a carbonate, or a hydroxide of a Group I, Group Il or Group IV metal,
CaCO0a3, Ti02, silicates such as Si02, A1203, MgCO3, MgO and
Mg(OH)2. WO 2005/002370 PCT(US20041018854 -18- [0063] The
wrapper can comprise a laminated wrapper, a bi-layer wrapper or a
multilayer wrapper. Examples of bi-layer and multilayer wrappers are

WHgEIews@ in commonly-owned U.S. Patent No. 5,143,808 therentssss
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content of which is herein incorporated by reference. 5 [0064] In an
embodiment of a bi-layer or multilayer wrapper including patterned
deposits of catalyst particles, at least one surface of a radially inner layer
and/or a radially outer layer can comprise the patterned deposit.
Preferably, a radially innermost layer of the multilayer paper comprises
the catalyst particles. [0065] The wrapper having a patterned. deposit of

Gataiyseisdictesrarere dhecagmd® HE daderts rameralcmrat ddhvehidnal
CigRIBIa %8k BONCeRvesiang cigatrtnsBuehy geicigarattestioselectrical

e R S e e
514961680 andl4:388B0wwraIR-treditisrel typédloreiardeases Havmsga

f&%&@%ﬁ%ﬁ&s%@ﬂ%&&%%&%%@gﬁ@éﬂﬂwﬂhg@ﬁﬁi@aeﬁébﬁn&gtent No.
S, 45,951. 15 [0066] Flglure 4 |Ilusl[r€1tes one % etoftgonstructlon of a

RGeS 66°SHRTAR BN BEUEEy With 3 SRRERICAT SToRing device. As

shawhyr #é sigdbette 300thystordsnzentabacdd ¥ beB80and?y filteePortion

%@%ﬂ&iﬁﬁ% By LiPRING, RAPSH3HAry Lheiliies: perianRRpieferabiy.contains
r

a tubular free-flow filter element 302 ang % motlljth iece filter ?Elléji 304.

THE LIRS 1 ﬁé?%?&ﬁ?&ﬁ%@gegﬁa%gu%[%nceaﬁﬁ ?ﬁfﬁﬂ pILg % may be
joingdetquiethé thas-encopbinpdnphag BaGwith qakatyerals. S1Pcanthe wsBacco
rRd 300 62 Reve.yarepsiamL N6 RorRING eae00 mate.ekithe fellawing

items: an overwrap 371, another tubular, free-flow fil ea Iemetrnt 374, a
AP b RS B SB rE e ABI I A PRl Y S T RTAE ™S84, a
tafeacensavels 386 Bomprigikgrapbesenysin36Satirmd Jeidsspacessl. The
RagENac ARRQFL Rl iRAIRNS! FaRRRISSR SHSR RS NAROBEHS KRN S

particles, is preferably printed onto the ovetwrap
in the flavor bed 421. Flavor bed 421 can include any material that releases

desirable flavors, e.g., tobacco filler or a substrate on which flavor forming
compounds (e.g., menthol) have been incorporated.

(00683 The fuel element 411 is housed in a composite sleeve having a radiant
energy reflector sleeve 422 (e.g., perforated metallized paper) and optional inner
sleeve 423 (e.g., perforated metallized papet). The inner sleeve 422 can be folded in
to form a lip 424 at the upstream end thereof to hold the heat source suspended away
from the interior wall of the reflector sleeve 422 with an annular space therebetween.
Flavor bed 421 is held within inner sleeve 423. The wrapper 414 which holds the
fuel element and expansion chamber 412 together preferably has sufficient porosity
to allow air to be admitted through the paper 414 and support combustion of the heat
source. The fuel element 411 also includes a reflective end cap 415 with one or
more openings 416 to allow air into the fuel element 411. Smoking articles can
include dual paper wrappers, e.g., an inner wrapper and an outer wrapper. If desired,
the paper having a patterned catalytic deposit thereon can be used at other locations

and/or for any of the paper layers of the cigaretie shown in Figures 5 and 6. Further,’



371, but in addition to or in the alternative, could be printed and/or
deposited onto any one or more of the plug-wrap 384 or a component or
components of the tobacco web 366. [0067] Figure 5 illustrates a
cigarette 410 construction having a fuel element 411 30 as described in
U.S. Patent No. 5,345,951, the disclosure of which is hereby WO

w@BeSI02870 PCT1US2004/018854 _19 incorporategchiyseienenss The
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cigarette 410 includes the fuel element 411 and an expansion tube 412
overwrapped by cigarette wrapping paper 41.4, and a filter element 413
attached by tipping paper 405. With reference to Figure 6, the fuel
element 411 includes a heat source 420 and a flavor bed 421 which
releases flavored 5 vapors and games when contacted by hot gases
flowing through one or more longitudinal passages in the heat source.
Théevapersbodisssin e tHockspansiowachamberani2 Biagreiérind trgltipiece

lRIpenhs A IRe healRrea AN 600iaiN, SwRsian iRy RLencakbon and
0 tlonally catalysts or burn additives, One aor m%re layers of aper 418

%#%ﬁé’i‘ﬁb"ﬁ‘fé"f?@é B PR AS A E LA RATE PR R AT EaTAITEE 10 particles
peaed theigon? ellgs‘;rbysmmw@ta-‘f@éﬁnevwm ea@awmqmbaawd%hﬂ%e used

R J8ANEECRHNG ﬁ@é@ﬁ&ﬂ%ﬁé&%‘é&@%ﬁﬁﬂéﬁt@ﬂ&ﬁ%‘ﬁ%{% |
Alternatively, or in addition thereto{aﬁglg avin erned depgsn can

SERaT i B GRREe AnGE AR HR 088 or exampieZpdper
chonprising aupattetnechgepssititer &0 femsta tmhacsarfatel thefudt oan be

'a‘f‘a%h%ﬂ petwesnihehsabsouiceanditheqdaverbed 42106 45 in the flavor

bed 421. Flavor bed 421 can’include any material that releases d S|rable

SRR O B R CE Rk ﬁ@?%@ﬁ%@%&fé BA VRSSO SP R HAIRLE Y
compaingsdeigs mmenthofcheNe:hedr noatpora@df [D0SSTT Gefusty.
element 411 ‘égf&%%@qs'&%18@5‘}99@&%&'%‘@4?%‘!@%&5@@ ankoRRRIDY

reflector sleeve 422 ( eg(]; perforated metallized paper and op onal inner
oy ‘st b Sl petEEtr il METLTEE b SpEm o %0
Gﬁmbecfpdmﬂdhﬁbctor&armoa ﬁmcﬁnéréﬂﬂmuqs@maﬂpeﬂdrMQmﬁi@ told the

ISRUBONISE U ARG AN TIPS LBIELIRG WAL ALBG SiRRIOT sleeve
Wlt an annular space therebetween.
embodnnent any coloration cansed by the deposit of catalyst particles on the paper

in the funer wrapper 51 5 is hidden from view.

[0070] The central core region 512 can be hollow and/or can be partialty or
wholly filted with tobacco cut filler and is preferably approximately 2-5 mm m
diameter, more preferably 2-3 mm in diameter. In one alternative, the inner wrapper
515 can be constructed in a layered arrangement with at least one of the layers
formed of paper having a patterned deposit of catalyst particles on a surface thereof.
The catalyst particles can be deposited on an inner surface of the inner wrapper, an
outer surface of the inmer wrapper, an inner surface of the outer wrapper and/or an
outer surface of the outer wrapper.

[0071]  Referring again to the embodiment of FIGS. 2(a) and 2(b), the inner
wrapper and the outer wrapper are individual wrappers formed in separate
papermaking processes and later wrapped around {obacco cut filler to from a
cigarette tobacco rod. The inner wrapper, the ouler wrapper or both wrappers can
include dried deposits containing a nanoparticle catalyst. In examples where both

wrappers include a patterned deposit of catalytic particles, the speoific catalyst
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Flavor bed 421 is held within inner sleeve 423. The wrapper 414 which
holds the fuel element and expansion chamber 412 together preferably
has sufficient porosity 25 to allow air to be admitted through the paper 414
and support combustion of the heat source. The fuel element 411 also
includes a reflective end cap 415 with one or more openings 416 to allow

wamisiothe fuel element 411. Smoking articles can incldedumlRaRer

wrappers, e.g., an inner wrapper and an outer wrapper. If desired, the
paper having a patterned catalytic deposit thereon can be used at other
locations 30 and/or for any of the paper layers of the cigarette shown in
Figures 5 and 6. Further, WO 2005/002370 PCT/US2004/018854 -20
while one embodiment of a fuel element cigarette is shown in Figures 5
and 6, paper comprising patterned catalytic particles can be used to

sptitaiiad:th e fuelableneshgndiah mpiacecal parersiayess diffathier fuel

lementclapistie AUANARINSAISIOPEAL Flaus Lillirales Agigarsite 500

e
having a concentric tobacco rod 510" 5 that includes an inner tube or

sthe smrBrehysrBReRRraPEEs 15 FaviRg B et S eBoSEb M ERER tic
PRkiclesendatiipasidopeionidfone seplacel afdhe vWirspparwAspshown,

t igarette 500 comprises a filter Qr hich are
B e 510 0 &
"spAceamickope PR A TepAfidR PRI BT e RBReBivd hsdd U E
Hai Babyrd Qe dnhakingpraaatine asadiable fom: Hauni Mbchinpahau

of Hamburg, Germ An ipper core region 512 is defined by the
in%reerxva\lfrlg{gb\glr{gﬁc ?rSV fic %slggﬁersrg{éﬁa%di %é/ ?%%gréco cut filler Irlﬁiaqterial 520.

Amddrertigisrens madipteropkia i BHewthendutlide dPRetdbacco
rog-&k:rEhefilter 505 CanGamIEsRIo e arINOrRrpllgSeh tallwagptow
a&%h%PEi&Qa”é‘mcoa“s'QJQﬁ' ude an adsorbent,such s, SRRon- 10 is 4o
embodimen , aity coloration causeapgy the deposit 0 cata?%t pal){lscles on
tiverfdgpeienesitad fmvetwrapper 515 is hidden from view. [0070] The

ceitrl core eginnidiRicambeshellawapsioneasnha - parial ar wholly
filled with.tobacco cut filler and is prefer blﬁ/? rox'mate!y 2-5 mm in
: t
|§tﬁ1gf%ar,1 agtrlgepartg glr%l%f";t/u i) s|rlllS 39 in |a%rﬁaeter. nergneeaal%eriﬁgrt?ve, the
inprrsprela g pesrnot deactivate even at temperatures as high as 900°C. The catalyst

particles can be printed along the entire axial length of the anficipated burn zone,
e.g., not only at the filter end of the smoking article, and can be catalytically active
from the lit end to the filter end during use. The axial distribution of the catalyst
provides sufficient contact time between the mainstream smoke and the catalyst for
CO to be converted to CO; and/or NO to be converted to Na.

[0073] In a further example, the catalyst parficles can comprise mixed catalyst,
e.g., a catalyst that is a combination of individual catalyst compositions that each
operate at a different teraperature range or overlappmg temperature ranges. Such a
mixture of different catalyst particles can be used to broaden the temperature range
at which conversion of CO to CO, and/or conversion of NO to N, can occur and to
increase the catalytic efficiency of the catalyst as the smoking articie burns. For
example, a mixed catalyst may convert CO to CO, and/or NO to N both at ihe
combustion zone and behind the combustion zone.

[0074] When used on paper, the patterned catalyst can be selective to CO. Thus,
CO can be reduced by a greater proportion than particulate matter (TPM). Thus, the



20 515 can be constructed in a layered arrangement with at least one of
the layers formed of paper having a patterned deposit of catalyst particles
on a surface thereof, The catalyst particles can be deposited on an inner
surface of the inner wrapper, an outer surface of the inner wrapper, an
inner surface of the outer wrapper and/or an outer surface of the outer

wovrappes’25 [0071] Referring again to the embodimentoflokass#eand
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2(b), the inner wrapper and the outer wrapper are individual wrappers
formed in separate papermaicing processes and later wrapped around
tobacco out filler to from a cigarette tobacco rod. The inner wrapper, the
outer wrapper or both wrappers can include dried deposits containing a
nanoparticle catalyst. In exampleszathere both 30 wrappers include a
patterned deposit of catalytic particles, the specific catalyst WO
20016780287 & ROTAIS 2004101 8854t puarticleskan dithewataipstlloading on

AR ﬁgm&a{a%mé@cmﬁpgﬁaﬁﬁ%%&aﬂmwmmm@m%he
addltlon of catalyst particles can discolor the wra the wrapper

HEEBRREEBITAIES BPEPSHin | Fo RSl AT HEASRe s aCGfB’Fﬂ“P&pper
thatrisca Gbnventionahcolors eogstitvbitefocanedhelglutied @arpusidstine inner

e Qé?'inaf?x?gofﬁ De P RELAVARPEL RGBS UG MIBRPEL-E] i slected

give a desired smoking article performance with rzi%l\i to smoking

BPEPREATEE, ﬂéi?cfﬂea%&ﬁ’f&a ! RATIAS Parde: o ppeEtance.
Aﬁemtdmgiewamﬂea(ﬁ:@mmglﬁﬁrd asoribed, cfpresawmpid SWithgreféidiice to

,Ig%iiﬂsge%m@n%&@M%&@MQW@%&Q&W&%

s of making smoking articles can include a tobacco rod 1§portlon

of -8By EFRRRIVith %’E%Sﬁt%‘i*ﬂ’é‘a taepltErcaARN B HR eE We a1t 8%
woappler, furtherealnkising @i sceanday ternhist mispper mwiiek does not
h&%&% DY GARISE 119&\599L%aﬂsm&&ﬁv&!&r&%lg%z&]&@ﬁgf@ﬁs{%atalyst

for use on a Wrapper for a smok |ng article is catal |caldy¥ active at
téPnpraehiadidesiohies MidHeReHB MpRTaRECXHY BB does
nat aeactivaic-gvenat tanhperatyresarivighas B0 heTHe cataly sie

Ratticles.cai e pinter) alona e st el salh atie antiipared

one, e.g., not only at the f ter end of the smoking article, and can

b‘é‘?@dmﬂ&%ﬁﬂ’aﬁve

[0076]  Although the present invention bas been described in connection with
exemplary embodiments thereof, it will be appreciated by those skilled in the art that
additions, deletions, modifications, and substitutions not specifically described may
be made without departing from the spirit and scope of the invention as defined in

the appended claims.



from the lit end to the filter end during use. The axial distribution of the
catalyst provides sufficient contact time between the mainstream smoke
and the catalyst for 20 CO to be converted to CO2 and/or NO to be
converted to N2. [0073] In a further example, the catalyst particles can

weonmsemmixed catalyst, e.g., a catalyst that is a combinatigmeefioisss
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individual catalyst compositions that each operate at a different
temperature range or overlapping temperature ranges. Such a mixture of
different catalyst particles can be used to broaden the temperature range
25 at which conversion of CO to CO2 and/or conversion of NO to N2 can
occur and to increase the catalytiggfficiency of the catalyst as the
smoking article bums. For example, a mixed catalyst may convert CO to
CO2 and/or NO to N2 both at the combustion zone and behind the
combystion zane. [0074] When used on paper, the patterned catalyst can
be selective to CO. Thus, 30 CO can be reduced by a greater proportion
than particulate matter (TPM). Thus, the WO 2005/002370

PCT/US2004/08804: RacSnbPMdsliaiscatiuond Aveaipselsigateliand

g%%jé?;g%%%&? éﬁecommercli%kugm omn%ﬁ@ & 9&9&5}&%‘&%‘4 tomraiity of

ine
AN EaYhON mpﬁo?(iae mﬁt‘%]e mainstream smoke was
mdiagite dafiieshabolEH f RBEIER Ab AR FUREh PE Ao NP B a Sier S HES
mainatrearn:poankengafstituenls forditestoaiytiletd @iryprigingddiang and/or
Wr@BQ&&dJ'ﬁgi@M&éc% by yvelakkRarQRsalsHamantidetRaielasBaRt et
the inside of the w apper were ﬂ@g‘measured. The total particulate
r

maREFEBMY ] AMB GRC Ortarbon monoxide (CO) issuing from the

control cigarette were 18.3 mg and 14.7 mg, respectively. The TPM and
CO amaqunts tp% the test cigarette were 12 9 ma.and 7.6 respectively,
corresp%nding Sgnroé%n&?fgﬁl Il Tﬁflaqﬁg%g%%%%méhde% 2) 10 [0079]
Anynghotivet depdsit meneridl WA PETS Sritsking articles or methods
described herein can include additional additives conventionally used in
wrappers for smoking articles. These ad itivestgan itn éjtdec forexgmple,
additived to co ?8?‘?@5‘%%%3%r(gnc(fhé%ne?g?%egfﬁ, gf%gﬁlwrgp per, additives
torebring]theerenw rdtenoketensiirugsiehantssT AERIE Ve o5 s <ar WP
degisgd ash appearance and/or web-fillers

4. The smoking article of claim 1, wherein the average particle size of

the catalyst is less than about 5 microns or less than about 56 nm.

5, The smoking article of claim 1, wherein the catalyst comprises at
least one oxidel;)f at least one element selected from the gmup consisting of B, Al,
Si, Ti, Fe, Co, Ni, Cu, Zn, Ge, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Sn, Ce, HE, Ta, W, Re,
QOs, Ir, Pt and A.I,L

6. The smoking article of claim 1, wherein the catalyst consists
essentially of at least one oxide of at least one element selected from the group
consisting of B, Al Si, Ti, Fe, Co, Ni, Cu, Zn, Ge, Zx, Nb, Mo, Ru, Rb, Pd, Ag, Sn,
Ce, Hf, Ta, W, Re, Os, Ir, Pt and Axv.



15 used in cigarette paper. [0076] Although the present invention has
been described in connection with exemplary embodiments thereof, it will
be appreciated by those skilled in the art that additions, deletions,
modifications, and substitutions not specifically described may be made
without departing from the spirit and scope of the invention as defined in

WORH¥HAbended claims. WO 2005/002370 PCTRIS200411(:28854s8523-
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What Is Claimed Is: 1, A smoking article comprising: a tobacco rod having
a wrapper formed around 5 the tobacco rod, the wrapper including a
patterned deposit comprising a plurality of discrete features on at least a
portion of one surface of the wrapper, wherein the patterned deposit
comprises catalyst particles capaBié of catalyzing, oxidizing and/or
reducing the conversion of a constituent gas component in the

mainstfeam dheskstidans drple L Unsmag At teEe . The

smoking article of claim 1, wherein the constituent gas component is

carbon_monaxide and/or nit(ic P)iide' 3, hg. gﬂgki@ ay ig q; glg,jm 1,
wh‘erei%' the ca%?sot]%gc%%%fé of mfg ré ?Jrc?r?g the %ur%t%f semoke
coiistituents other than carbon monoxide and nitric oxide. 4. The smoking

article of claim 1, wherein the average patrticle size of the catalyst is less

than ahout 5 picrons or less than about.50 nm. ..The smaking article
of clair%' 1, w@?émﬁggﬁg%gﬁ%%p%gggg@%ﬁ%@?{g?ﬁ ?%g at least
dieelbieftsefetbdrifisr+Hisg o up éonsisaisgiof B, Al, Si, Ti, Fe, Co,
Ni, Cu, Zn, Ge, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Sri, Ce, Hf, Ta, W, Re, Os, It,
Pt and 1A(\)u 25

. The smoking article of claim 1, wherein the catalyst comprises

particles of a first oxide supported on particies of a second compound.

11. The smoking article of claim 10, wherein the second compound

comprises calcitn carbonate,

12.  The smoking article of claim 1, wherein the deposit includes a pattern
having a plurality of discrete features including an alphanwmeric sequence, a

pictogram or a geometric shape.

13.  The smoking article of claim 1, wherein the pattern includes a
concentration gradient of the catalyst between a firsi portion having a low

concentration feature and a second portion having a high concentration feature.

14.  The smoking article of claim 1, wherein the features of the pattern are

repetitive along an axial direction of the smoking atticle.

15. The smoking article of claim 1, wherein the catalyst is deposited on

an inner surface of the wrapper.

16.  The smoking atticle of claim 1, wherein the catalyst is deposited on

an cuter surface of the wrapper.



6. The smoking article of claim 1, wherein the catalyst consists essentially
of at least one oxide of at least one element selected from the group
consisting of B, Al, Si, Ti, Fe, Co, Ni, Cu, Zn, Go, Zr, Nb, Mo, Ru, Rh, Pd,
Ag, Sn, Ce, Hf, Ta, W, Re, Os, Ir, Pt and An. 30 WO 2005/002370
PCT/US20041018S54 -24- 7. The smoking article of claim 1, wherein the

Wepekiti® binder-free. 8. The smoking article of claim g wiserein: tas
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catalyst comprises iron oxide. 5 9. The smoking article of claim 1, wherein
the catalyst comprises FeOOH, Fe304, a-Fe203, y-Fe203, FeO or
mixtures thereof. 10. The smoking article of claim 1., wherein the catalyst
comprises 10 patrticles of a first oxide supported on particles of a second
compound. 11. The smoking artictésef claim 10, wherein the second
compound comprises calcium carbonate. 15 12. The smoking article of
claim 1, wherein the deposit includes a pattern having a plurality of

discretg-featuressinsltugiagianalghanymeticsegueanpesras plotograppor a

gegmetric phave. 13, 1he smaking adicle gl laii 1, wherein the pattern
INCluaes a concentration gradient or the catalyst between a first portion

having a low concentration feature and a second portion having a high

concenggationfRatind 4tithe smaking aricle ef-claiadvinierain the
fe_:%tulrles Ot];v th_;: it tteégtare repetitive along an axial direction of the
SAkING EiETE *¥hesmoking article of claim 1, wherein the catalyst
is deposited on an inner surface of the wrapper. 16. The smoking article

of claimdl, whekeindacalrly sk igf8nosked@ine total amount of catalyst

on the second wrapper is Zero.

20.  The smoking article of claim 17, wherein a ratio, in weight percent, of

catalyst on the second wrapper to catalyst on the first wrapper is less than 0.25.

21.  The smoking article of claim 1, wherein the wrapper has a linearly
distal portion and a linearly proximal portion with respect to a first end of the
smoking article, and the lincarly distal portion has a first loading of the catalyst and
the linearly proximal portion has a second loading of the catalyst.

22.  The smoking article of claim 21, wherein the first loading of the

catalyst is less than the second loading of the catalyst.

23.  The smoking article of claim 1, wherein the permeability of the
wrapper is no less than 15 CORESTA units.

24.  The smoking article of claim 1, wherein the areal coverage of catalyst
on the wrapper is less than about 90% or less than about 50% of the total surface

area of the wrapper.



30 an outer surface of the wrapper. WO 2005/002370
PCT/US2004/018854 -25 17. The smoking article of claim 1, wherein the
wrapper is a first wrapper and the smoking article further comprises a
second wrapper. 5 18. The smoking article of claim 17, wherein the

wosesaneswrapper is radially outward of the first wrappeh 9y shh&smaking
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20

article of claim 17, wherein the total amount of catalyst on the second
wrapper is zero. 10 20. The smoking article of claim 17, wherein a ratio, in
weight percent, of catalyst on the second wrapper to catalyst on the first
wrapper is less than 0.25. 21- The smoking article of claim 1, wherein the
wrapper has a linearly 15 distal pggtion and a linearly proximal portion
with respect to a first end of the smoking article, and the linearly distal
portiontas Ffkshieagingefdhectatalystinnentihe linsanypigxmnhedigpstion
hag a second loading.of the lyst. 22, T [ icl im.21,
O e R L R T G el
ot BwtalyBpeR3. The smoking article of claim 1, wherein the
permeability of the wrapper is no less than 15 CORESTA units. 25 24.
The smoking article of claim 1 erejn_the areal covera fc st on
the ngper%sgfe%o%ﬁ%%b%%?%%&nﬁ’ Igislgx'% n§ r% aa%%gd%eg g‘i&gﬁ%{é@%tal
sendaicach fadt bf faeowrasp ef o iebusiD2 Sres PE TRS2ODST T EBES -26
22:1he amekingrarigip.ebelaimdewhgnaimthe areal coverage of catalyst
on the wrapper is greater than about 1% or greater than about 5% of the
total surface area of the wrapper. 5 26. The smoking article of claim 1,
whereifi7the fEatunegkiot dréchatfaipim 1, wherein the total amount of the

catalyst is less than about 10 mg/smoking article or less than about 100 mg/smoking
aiticle.

28.  The smoking article of claim 1, wherein the parficles are deposiled in

< an-amount effective to reduce the conceniration in mainstream and/or sidestream

smoke of carbon monoxide and/or nitric oxide by at least 10% or by at least 25%.

29.  The smoking article of claima 1, wherein the catalyst is hydrogen
bonded to the wrapper.

30. A smoking article comprising: a cigarstte tobacco rod having a wrapper, the
wrapper including a patterned deposit comprising a plurality of discrete features on at
least 'a portion of one surface of the wrapper, wherein the patterned deposit
comprises an iron oxide nanoparticle catalyat.



repeat such that the largest area of uncoated wrapper does not exceed a
circular area having a diameter of 1 micron or a diameter of 10 mm. 27.
The smoking article of claim 1, wherein the total amount of the 10 catalyst
is less than about 10 mg/smoking article or less than about 100

WangispAsiing article. 28. The smoking article of claim 1 perhveseiniessa
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particles are deposited in an amount effective to reduce the concentration

in mainstream and/or sidestrean 15 smoke of carbon monoxide and/or

nitric oxide by at least 10% or by at least 25%. 29. The smoking article of
claim 1, wherein the catalyst is hydrogen bonded to the wrapper. 20 30. A
smoking article comprising: a cigarg&tte tobacco rod Having a wrapper, the
wrapper including a patterned deposit comprising a plurality of discrete
features on at least a portion of one surface of the wrapper, wherein the
patternecheposivicorakiriges amukingadeiraropatiskgcdihlgepoaiing catalyst
PAB5ID337A Rad/W $3ARA/0188h4fa2¥ Bfla Avraptieodooomakingtierned deposit
SHRIBGGH LMY A iRer (i} depesiing catalystappsticles mrowvdilenst eut filler
BOHIRR AL shiface Bf & WIARRES tadeimy aalieiaed depasiplsanptisingrapper

R'aLﬁ#&é%gi(g&{@ﬁ%é@%&&;séipgrmavfaere,% Ak PrOYifinG acbcfiletd portion of
gampris |!r[13%it rtf)lgé%co to a cigarette making machine; and (iii) placing the

wrapper uding the patterned deposit around the cut filler to form a
tobacco rod portion of the smoking article. 32. The method of claim 31,
wherein the catalyst particles are deposited 10 by gravure printing,
rotogravure printing, photogr_avure printing, screen printing, flexographic

printing >Pelief PrritiFEe4 printRGTHRABY AR PHRERZSHRETG,

beyshingrd pHing O Giepliessiterinidisess 33w d tuiighodaipelaimg 31,

wherein the catalyst particl r i .| f a binder.

b e postec
spraying, brushing, rolling or size press techniques.

33,  The method of claim 31, wherein the catalyst particles are deposited

in the absence of a binder.

34, The method of claim 31, wherein dry catalyst particles are deposited

on a base web of the wrapper.

35.  The method of claim 31, wherein the catalyst particles are deposited
by dispersing the particles in 4 liquid fo form a mixture and depositing the mixture

on the wrapper.

36.  The method of claim 35, wherein the Hguid comprises alcohol, waler

and/or other solvents and mixtures thereofl

37.  Themethod of claim 35, further comprising drying the pattermned
deposit by heating the wrapper.



on a base web of the wrapper. 20 35. The method of claim 31, wherein
the catalyst particles are deposited by dispersing the particles in a liquid
to form a mixture and depositing the mixture on the wrapper. 36. The
method of claim 35, wherein the liquid comprises alcohol, water 25 and/or
other solvents and mixtures thereof. 37. The method of claim 35, further

Wasipnsifg drying the patterned deposit by heating thecyregppero ¥é€

10

i5

25

30

2005/002370 PCT/US2004/018854 -28- 38. The method of claim 31,
further comprising adding a pigment to the mixture. 39. The method of
claim 31, wherein the wrapper is a first wrapper and 5 the method further
comprises: (iv) placing a second wrapper around the tobacco rod portion.
40. The method of claim 39, wheréi# the second wrapper is radially
outward from the first wrapper. 10 41. The method of claim 39, wherein
the totdPamolibtthed o deinatidederire sl apiere Rty 42.
Thempethod of claim 39, wherein a ratio, in weight percent, of 15 catalyst
particles on the second wrapper to catalyst particles on the first wrapper is
less than 0.25. 43. The method of claim 31, wherein the average particle
size ofife cAtalstArtibiis e sdern BHBIAPB i S BFIRES $idn

aROMERRaFH2O4dpdde method of claim 31, wherein the catalyst
particles comprise at_least one oxide of at Jeast one element selected
From the orol] EMACA B BB A BB SRR,
Me, Ru, Rh, Pd, Ag, Sn, Ce, Hf, Ta, W, Re,

40.  The method of claim 39, wherein the second wrapper is radially

outward from the first wrapper.

41.  The method of claim 39, wherein the total amount of catalyst

particles on the second wrapper is zero.

42. The method of claim 39, wherein a ratio, im weight percent, of
catalyst particles on the second wrapper to catalyst particles on the first wrapper is

less than 0.25.

43.  The method of claim 31, wherein the average particle size of the

catalyst particles is less than about 5 microns or less than about 50 nm.

44, The method of claim 31, wherein the catalyst particles comprise at
least one oxide of at least one element selected from the group consisting of B, Al,
Si, Ti, Fe, Co, Ni, Cu, Zn, Ge, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Sn, Ce, Hf, Ta, W, Re,
Os, Ir, Pt and Au.

45,  The method of claim 31, wherein the catalyst particles comprise iron

oxide.

46. The method of claim 31, wherein the catalyst particles comprise
FeQOH, FesQy, 0-FeyOs, v-FeaOs, FeO or mixtures thereof.



Os, Ir, Pt and An. 25 45. The method of claim 31, wherein the catalyst
particles comprise iron oxide. 46. The method of claim 31, wherein the
catalyst particles comprise 30 FeOOH, Fe304, a-Fe203, y-Fe203, FeO
or mixtures thereof. WO 20051002370 PCTIUS2004/018854 -29 47. The
method of claim 31, wherein the catalyst particles comprise particles of a

WORPGHRIR supported on particles of a second compouREl/8Sa®/F15es+
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method of claim 47, wherein the second compound comprises calcium
carbonate. 49. The method of claim 31, wherein the patterned deposit
includes a plurality of discrete features including an alphanumeric
sequence, a pictogram or a 10 geometric shape. 50. The method of claim
31, wherein the patterned deposit4Prcludes a concentration gradient of the
catalyst particles between a .first portion having a low concentration
feature and a second portion having a high concentration feature. 15 51.
The method Tifectsitind bf vidierginwhe cathhystPeiticidslasccdapssited on

BRANEOPLHRES AL DB IRARRT, A2 Minct ki, S1, wherein the

atalyst particles are deposited 20 on an outer surface of the wrapper. 53.
The method of claim 31, wherein the wrapper has a linearly distal portion
and a lipearlyiprextmalqictiieniditrheespéetstoadicstgnehd cthgssmoking

ggﬂ%e gagf\gotgte_l'inearly distal portion has a first loading of the catalyst

particles and 25 the linearly proximal portion has a second loading of the
catalyst particles. 54. The method of claim 53, wherein the first loading of
the catglyst particiesdsiessdiranthede cendiloadingefsthedated yst

8%&%@%}‘ discrete features including an alphanumeric sequence, a pictogram or a

geometric shape.

50.  The method of claim 31, wherein the patterned deposit includes a
concentration gradient of the catalyst particles between a first portion having a low

conceniration feature and a second portion having a high concentration feature.

51, The method of claim 31, wherein the catalyst particles are deposited

on an inner surface of the wrapper.

52. The method of claim 31, wherein the catalyst particles are deposited

on an outer surface of the wrapper.

53. The method of claim 31, wherein the wrapper has a lincarly distal
portion. and 2 linearly proximal portion with respect to a first end of the smoking
article, and the linearly distal portion has a first loading of the catalyst particles and

the linearly proximal portion has a second Joading of the catalyst particles.

54,  The method of claim 53, wherein the first loading of the catalyst
particles is less than the second loading of the catalyst particles.



WO 20051002370 PCT/US2004/018854 -30 55. The method of claim 31,

wherein the permeabili ty of the wrapper is no less than 15 CORESTA
units. 56. The method of claim 31, wherein the areal coverage of catalyst
on the 5 wrapper is less than about 90% or less than about 50% of the

wenilisgariace area of the wrapper. 57. The method of claine/Gdomkbarsin
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the areal coverage of catalyst on the wrapper is greater than about 1% or
greater than about 5% of the total surface area of 10 the wrapper. 58.
The method of claim 31, wherein the features of the pattern repeat such
that the largest area of uncoated wrapper does not exceed a circular area
having a diameter. of 1 micron or asdiameter of 10 mm. 15 59. The
method of claim 31, wherein the total amount of the catalyst is less than
about 185mg/Simokivispdrticleioribsehitain tsqmerned iy /sitiokimyeatiele.
6Q, ThegneiRaspiaim.gl, Wherein the particles are deposited in an 20

amount effective to reduce the concentration in mainstream and/or
sidestream smoke of carbon monoxide and/or nitric oxide by at least 10%
or by atieast 268mdndTdielxne thiodioérelniine 3isaivivereipethibzatdyst yaths

hx&%{%g@m&eﬂ%ﬂ IRutheNIARRS 52D Ban/SUUARRE! fatid.srhaking artigle,
the wra

pper comprising: a web; and a patterned deposit comprising a
plbFa§ of discrete features on at least a portion of one surface of the
wrapper, wherein the patterned deposit comprises catalyst particles. 30

WO 20055]:!' 002&%%@&;5/0 a@Qﬂ?&ﬁ%@é féé‘éreai coverage of catalyst on the
wrapper is greater than about 1% or greater than about 5% of the total surface area of
the wrapper.

58. The method of claim 31, wherein 1_:he features of the pattem repoeat
such that the largest area of uncoated wrapper does not exceed a circular area hiaving

~a diameter of 1 micron or a diameter of 10 num.

59.  The method of claim 31, wherein the total amount of the catalyst is
less than about 10 mg/smoking article or less than about 100 mgfsmoking article.

60.  The method of claitn 31, wherein the particles are deposited in an
amount effective to reduce the concentration in mainstream and/or sidesiream smoke

of carbon monoxidé and/or nitsic oxide by at least 10% or by at least 25%.

61.  The method of claim 31, wherein the catalyst is hydrogen bonded to

the wrapper.

62. A wrapper for a smoking article, the wrapper comprising: a web; and a
patterned depasit comprising a plurality of discrete features on at least a portion of |
“one surfzce of the wrapper, whereln the paftemed deposit comprises catalyst
particies.



63. A sheet of cigarette wrapping paper comprising a plurality of the
wrappers of claim 62. 64. The wrapper of claim 62, wherein the average
particle size of the 5 catalyst is less than about 5 microns or less than
about 50 mu. 65. The wrapper of claim 62, wherein the catalyst comprises
iron oxide. 66. The wrapper of claim 62, wherein the catalyst comprises

WhAriered’sf a 10 first oxide supported on particles of amacusdicesgsound.
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67. The wrapper of claim 62, wherein the deposit includes a pattern
having a plurality of discrete features including an alphanumeric
sequence, a pictogram or a geometric shape. 15 68. The wrapper of
claim 62, wherein the pattern includes a concentration gradient of the
catalyst between a first portion havihg a low concentration feature and a
second portion having a high concentration feature. 20 69. The wrapper of
claim 63; whérdipeté persieaamy s HeelfIprETne ety i 15
GRRER TARE270. The wrapper of claim 62, wherein the areal coverage
of catalyst on the wrapper is less than about 90% or less than about 50%
of the total surface area of 25 the wrapper. 71. The wrapper of claim 62,

whereiffthe dfesattoverafeain Satarherbrbarsirepleiss greaidPthan

aheuk105 Graaleninanabeulra% efthasatabguiface area of the
wrapper. 30 WO 20051002370 PCT/US20041018854 -32 72. The

wrapper of claim 62, wherein the features of the pattern repeat such that
the largést arBle orumcoafclinnEhpdeutabaratdyd cogratitdiarifea
having a diameter of | micron or a diameter of 10 mm. 73. A method of

manUfaé%Furm’?hg '\%?ar}%:g?a %81161{1 \%Erlvgepe%t%%n(% y%p o%%ll%gges parficles of a

first oxide supported on particles of a second compound.

67. The wrapper of claim 62, wherein the deposit includes a pattern
having a plurality of discrete features including an alphanumeric sequence,

pictogram or a geometric shape.

68.  The wrapper of claim 62, wherein the pattern includes a concentration
gradient of the catalyst between a first portion having a low concentration feature

and a second portion having a high concentration feature.

69.  The wrapper of claim 62, wherein the permeabilify of the wrapper is

1o less than 15 CORESTA units.

70.  The wrapper of claim 62, wherein the areal coverage of catalyst on

the wrapper is less than about 90% or less than about 50% of the total surface area of

the wrapper.

7t.  The wrapper of claim 62, wherein the areal coverage of catalyst on
the wrapper is greater than about 1% or greater than about 5% of the total surface

area of the wrapper.



catalyst particles, the method comprising: (i) forming a sheet of cigarette
paper in a papermaking machine; and (ii) depositing catalyst particles on
at least a portion of a surface of the paper to form a patterned deposit
vaomerisiagea plurality of discrete features on the paper. Z&;Eg‘ﬁg%%tas%d
of claim .73, wherein the catalyst particles are deposited by gravure
printing, rotogravure printing, photogravure printing, screen printing,
flexographic printing, relief printing intaglio printing, lithographic printing,
spraying, brushing, rolling or size press techniques. 75. The method of
claim 73, wherein the catalyst particlgs are deposited in the absence of a
binder. 76. The method of claim 73, wherein the average particle size of -

the catalyst partigiRsjpiespdban @bRUHRMIREARS L 68/ IhARAPRYL R0
mn. 77 ?g;rgethod of claim 73, wherein the catalyst particles comprise
e.

"B\ AR RE TRA G SPEATFRB A IRETER, T At HepBsre

. S
iron” oxi
inchstiergeder pfU ity cofodis disteteatli@ suncluding an alphanumeric
sequence, a pictogram or a geometric shape. 79. Use of a catalytic ink

cdprising fafadjkepatiolesufeporival dparettespapanditd m paligniedndimsit of
production of a smoking article according to any of claims 1 to 30, a

wraRDE! 2adiiemdhe BIsthe comansinecliineseng s ahest af sigasetie paper in a
C'936%%4%%%%a%%‘.’r?é;dg‘r%t&)c'o?é?o?%ng catalyst particles on at least a portion of a
surface of the paper fo form a patterned deposit comprising a plurality of discrete

features on the paper.

74.  The method of claim 73, wherein the catalyst particles are deposited
by gravuze pnnimg, rotogravure printing, photogravure printing, screen printing,
flexographic printing, relief printing, intaglio printing, lithographic printing, |

- %pmmg, brushing, rolling or size press technigues. *

75.  Themethod of claim 73, wherein the catalyst particles are déposited

in the absence of a binder.

76.  The method of claim 73, wherein the average particle size of the
catalyst particles is less than about 5 microns or less than about 50 mmn.

77 Themethod of claim 73, wherein the catalyst particles comprise iron

oxide.

78.  The method of claim 73, wherein the patterned deposit includes a
plurality of discrete features including an alphanumeric sequence, a pictogram or a
geometric shape.

79. Use of a catalytic ink comprising catalyst particles dispersed and/or
suspended in a liquid in the production of a smoking article according to any of claims 1 to

30, a wrapper according to claim 62 or any of claims 64 to 72, or a sheet of cigarette paper

according to claim 63,



