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Provisional 5 Application No. 60/477,922 entitled

Cl GARETTE WRAPPER W TH CATALYTI C FI LLER AND-METHODS
OF MAKI NG SAME and filed on June 13, 2003, the entire
content of which is hereby incorporated by reference.
[0002] In the description that follows reference is
made to certain structures and_ methods, however, such
references should not necessarily be construed as an
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2 GBBICEFidREnY BBPHErT BT keS0T abk2834 A

alBBodpef e@a&a@ys@s?‘é@ﬁb%ﬁt&,sa:nd/or oxidants for smoking articles are disclosed in
the following: U.S. Patent No. 6,371,127 issued to Snider et al., U.S. Patent No.
6,286,516 issued to Bowen et al., U.S. Patent No. 6,138,684 issued to Yamazaki et
al., U.S. Patent No. 5,671,758 issued to Rongved, U.S. Patent No. 5,3 86,838 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. S. Patent No. 4,453,553 issued to Cohn,
U.S. Patent No. 4,450,847 issued to Owens, U.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 87/06104, WO 00/40104 and U.S. Patent Application Publication Nos.
2002/0002979 A1, 2003/0037792 A1 and 2002/0062834 A1l also refer to catalysts,

sorbents, and/or oxidants.
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PCT/ US2004/ 018854 -2 [0005] Iron and/or iron oxide

wha®shoesm descri bed for use in tobacco productBCT/ESm®04/018854

10

15

20

25

e.g., US. Patent No. 4,197,861; 4,489,739 and
5,728,462). lron 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.qg.,
U S. Patent Nos. 3,931, 824; 4,109,663 and 5 4, 195, 645)
and has been used to inprove baste, color and/or
appear ance (e g., US  Patent Nos. 6,095, 152;
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Ing arti I'n snoking articles
c %ﬁé’titﬁélﬁlgmtthenwrﬁﬁeﬁﬁ and/besidestreemtsnrulke of aismoking article.
mai nstream and/or  si destream snoke of carbon
nonoxi de, nitric oxide and/or total particulate natter
can be reduced. 20 [0008] 4 RReferred enbodi ment, a
wr apper for a snoking article conprises a web and a
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of the wap wherein the patt ed de 0Si
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Uring cigarette paper w

a Jagtifepaeeled eRRSid ofWatalyring akidixnsd arpidsitrediasg a constituent gas

conprises (i) formng a sheet of cigarette pap aln
paperprkitiy thermaihsteam mﬂﬂOf(&ldeﬁtf@Pélb sEPkS ﬂ@%é f%tamc e. In

pasrrrtlc;k?rllgeasrtlc Bs gc%mprlsan%é the xgr%{)];t)ér Ofle WnniidiPaEnAhstfeam and/or
sidestream smoke of carbon monoxide, nitric oxide and/or total particulate matter
can be reduced.
[0008]  Ina preferred embodiment, a wrapper for a smoking article comprises a
web and a patterned deposit on at least a portion of one surface of the wrapper,
wherein the patterned deposit comprises catalyst particles. A plurality of wrappers
can comprise a sheet of cigarette wrapping paper.
[0009] A method of manufacturing cigarette paper with a patterned deposit of
catalyst particles comprises (i) forming a sheet of cigarette paper in a papermaking
machine; and (ii) depositing catalyst particles on at least a portion of a surface ofa
wrapper to form a patterned deposit of the particles on the wrapper. In a preferred
embodiment the catalyst particles are deposited without using a binder and are

hydrogen bonded to the wrapper (e.g., bonded to the web comprising the wrapper).
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bi nder and are hydrogen bonded to the w apper (e.g.,
bonded to the web conprising the wapper). WO

2005/ 002370 PCT/ US2004/ 018854 -3 [0010] Preferably,
the catal yst particles conprise nanoscal e particl es,
whi ch can have an average particle size of |less than
about 5 mcrons, preferably I gss than about 50 nm
nost preferably | ess than about 10 nm The catal yst
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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 6n the wrapper is 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 total
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.
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of the catalyst pattern on the w apper repeat such
that the | argest area of uncoated w apper does not
exceed a circular area having a dianeter of 10 mm
nore preferably a diameter of 1 mcron. WO

2005/ 002370 PCT/ US2004/018854 -4 [0013] An exenpl ary
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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 smoking 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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a nmagnified view of the wapper. [0018] Figure 2(a)
shows an exenplary snoking article with a particul ate
catal yst supported on the web-filler material of a
first wapper with a second outernpst wapper. Figure
2(b) shows a magnified view of the first wapper with
a 30 second outernost w appers. WO 2005/ 002370
_P|C|T/ US2004/ 018854 -5 [0019] %i gures 3(a) to 3(e)
illustrate exe ary discrete featurges and/
00U & ySEvTERe B He Rt Pupit i fin a0 Sl gt o e
aptlel Q7Q]onk 4oi 4 bHstin@h@lean exenpl ar
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afoogbect rHigak dsittokiate aleweplaryseqn@ationffg sigareitq, &vhich can be
perspective view of a cjgarette having catalyst
r;’ﬁ?ﬂf"?’lggan ﬂsﬁeﬁﬂssm%&#&?w&_ a fuel elenment. [0022]
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aBQt‘tB}hecpcﬂepo@ﬂ b eftalyEparicls, onrt {eastoomexsudecanfthe wrappen| The
particul ate matter in nainstreamand/or sidestr
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gm0 Bl Saghs TSy SR, T Exphplery
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that the particles have an average particle di aneter
ofoatbes snorohide, atvduexidoandianteikpatisulaispatis dpmpmsgean and/or

th :
st est?eba(r)ﬁJ gmo ge iV b TotteR” ﬁgf eﬁ%@sﬁ’f” |sGSant that the catalyst particles

are dispersed on a surface of the wrapper.

[0024] Preferably, the catalyst particles comprise nanoparticles. By
“nanoparticles” 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
clement 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 Prussia, PA. The nanoparticle iron oxide
catalyst can comprise FeOOH, Fe3Os, 0-Fe,0s, y-Fe,0s, FeO or mixtures thereof.
[0025] An embodiment relates to a method of making cigarette paper with a

patterned deposit of catalyst particles, the method comprising forming a sheet of
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Zn, CGe, Zr, Nb, Mb, Ru, Rh, Pd, Ag, Sn, Ce, Hf, Ta,
W Re, Gs, Ir, Pt and An. Preferred 25 catal yst
particles are iron oxide particles (e.g., nanoscale
iron oxide particles.). A preferred nanoparticle iron
oxi de catal yst is NANOCAT(r) Superfine Iron Oxide,

avai l able from Mach |, Inc., _@_f Ki ng of Prussia, PA
The nanoparticle iron oxide catalyst can conprise

FeOOH, Fe304, a-Fe203, ,y-Fe203, .FeQ ] :
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cgf)gg;(jnsgfqge_ Labansartic®. @ cigarette maki ng machine; and
(i) placing the wapper including the patterned .
dépeasilt aWbulechot ashing tofbelbownd by theaFhritds P%lkf‘é’ég &hat ggring

15 portign of the snoki riicle. [.0027] ' .
wishing: (6 18UoBB APy T RBDPl S et B fllphartices can
d %ﬁﬂ&e 1RV BSiont dFR aftRh herde e d6 paboh diviideatit kektien with
such -as iron oxi de nanoscal e particles can catalyze
t hxyganinehs parstchmodithosmelordutidle aceprdingse thaprtige2 CO+ 0,
Vi t] i
=a2(r38§1. CTfleo {)‘artvidclteg can also convert (e.g., reduce) nitric oxide to nitrogen
according to the reaction 2NO+2C0O~2CO2+N;.

[0028] Tt 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 sidestream smoke. As used
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



oxygen in the gas streamof the snoking article
according to the equation 2 CO + 02 20 = 2CQ2. The
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to nitrogen according to the reaction

2NO+2CO- >2CO2+N2. [0028] It is also believed that
subsequent to the catalytic reaction(s), the particles
may al so act as an oxidant that can convert COto CX2
in the absence of oxygen in order to reduce the |evel
of COin the mainstream and/ of_ si destream snoke. As
used 25 herein, a catal yst is capable of affecting the

rate of a chenic n,.e.g.. a :
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934, 289; 5,591, 368 or 5,322,075
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 issuing 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 contribute to 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 carbon
monoxide formed during smoking comes from a combination of three main sources:
thermal decomposition (about 30%), combustion (about 36%) and reduction of

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



[0031] The term "mainstreant snmoke refers to the
m xture of gases passing down the tobacco rod and
WO s®sioong7¢ hr ough the filter end, i.e., the anDRCI/USI004/018854

shoke issuing or drawn fromthe nmouth end of a

cigarette during snoking of the cigarette. The

mai nstream snoke contains snoke that is drawn in

through both the lighted 20 region, as well as through
the cigarette paper wapper. The term "si destreant

snmoke refers to the m xture g gases issuing fromthe
tobacco rod through the cigarette paper w apper

d/or. _f h [ ) . }
R Rl N e e
f1§g&f&sj 90Ot 2G8HRG R FREOLEE1 §09Cand 2ishigay Aot 050AC.
addition to the constituents in the tobacco, t

tRsYpRLiah of a&r‘mrdmbim(id@auyb@mbmnﬁeéiﬂ? ﬂaﬁn@wmhusaigg is controlled
cigarette during conbusti f.f . i
e A SOFBR bohe S B HS OFEn 0.

5 TRE @Al AN Nre Qboi BP0, TANAKPASthb @éaEeh Hetionng diffusion
snoking” cones from a conbination of three majn

S&ﬂﬂ%@ﬁsd. Fm(hn{;nm redectiompdsaibon digxadrowith sghpnized tobacco or
conbusti on (about 369 d i f ‘
gmqagowwtmml&%&%{‘mé?ﬁo e oS0 "

| p ;
N R

rmal deconposition, which is
It @d@&is&itoﬁ bild, ?Ad ;gﬁiolbsis/diméﬂhmmi zornkj angtthe sondsnsatios/ fratipn

enperature of about 180C and, fini.shes..

0 Fomhece o vl veonde b BB e AP0y
C usti.aon i 0 L . ; ; .
R L U e b

onsDiMe ABAEHe ainanhdking. dFle mitomed dhpositafiatalyst particles

(
400C, the reaction becones diffusion. contraoll
F by ort (10 CRuTY oAb AHBEHIET BTG o e of oxyeen

C iz t gbacc . 3

STOEHE 5550 ARG EGHBhion OB S, AR Bnehr e TR Goed
15 tRGARs ShskihpoF theRYabdiR, udually ai (alighted -endl hfthecogeveite: | Be

zone, the pyrolysis/distillation zone, 8 Eh%
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cigarette during snoking. The patterned deeosit f .
c adlzcys to padudeciadon monoxide, carbon dioxide, water Vapor ang various

20  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 is carried to the

25  pyrolysis/distillation 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 zZone 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)

30 of the tobacco that produces carbon monoxide, carbon dioxide, smoke components



can convert COto C® in the absence or presence of an
external source of oxygen. [0034] First, the

W@ oebea37on zone i s the burning zone of the ciPEr/E81004/018854
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produced 15 during snoking of the cigarette, usually
at the lighted end of the cigarette. The tenperature
in the conbustion zone ranges from about 600C to about
950C, and the heating rate can be as high as

500C/ second. The concentration of oxygen is low in
the conbustion zone because axygen is being consuned
in the conbustion of tobacco to produce carbon
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[0036] In the condensation[filtratgon zone .the, . . d
t evifhén tteinigaretton gEYEen deissnBte ARd carBonmgnexide A nigg.oxide

LQr process in thi i tvpical 2~ dpuffofa
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oxide diffuse out of the cigarette and so 0X )
dicidavetteswiapper, inhigord io@&ye@pfr@_%stjquzone. Due to gﬁ‘fusm)ﬁgo%z into the

cigarette, 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
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
(>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



10 partial pressure of oxygen in the
condensation/filtration zone does not generally
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| ow tenperature condensation/filtration zone, the
catalyst particles may optionally catalyze the
conversion of carbon nonoxide to carbon dioxide and/or
nitric oxide to nitrogen. [0037] During the snoking
of a cigarette, carbon nonoxide and nitric oxide in 15
mei nstream snoke flow towardjphe filter end of the
cigarette. As these gases travel within the
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contribute their catalytic effect. As a result, both diffusion and catalysis are engaged

to reduce CO during smoking of the cigarette.

[0041] In embodiments of smoking articles described herein, any suitable
tobacco mixture may be used for the cut 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 lamina, processed tobacco materials such as volume expanded
or puffed tobacco, processed tobacco stems such as cut rolled or cut puffed stems,
reconstituted tobacco materials, or blends thereof. The tobacco can also include

tobacco substitutes.



e.g., via gas floww thin the snoking article.
Toget her, the operating tenperature and the air flow

waowdosionesrhe snmoking article can affect the opePEl/USW00H18854
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the catalyst. [0039] The quantity, |ocation and

di stribution on a wapper of the patterned 10 deposit
can be selected as a function of the tenperature and
airflow characteristics exhibited during snoking in
order to adjust, e.g., increase or nmaximze the
conversion rate of COto CO2jiqnd/or NOto N2. The
catal yst particles can be selected so as to catalyze

and/ or oxjdize in iven t erat.
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t erature for catal ysis/oxidation. _[004Q
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[ ude obacco substitutes. .WD.2005/.00237
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conponents, including traditional cigarette flav :
| ringlhded. In production of e? smoking article such asg a cigarette, t gw%psper is

ding

wrapped around cut filler to form a tobacco rod portion of the smoking article by a
cigarette 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 mm long, a "King Size" is about 85 mm



preferred enbodi nent, the shredded tobacco (cut
filler) of the tobacco colum 5 conprises a blend of
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wi thout inclusion of reconstituted tobaccos or any
after cut flavorings. Optionally, an expanded tobacco
conponent m ght be included in the blend to adjust rod
density, and flavors nmay be added. Optionally, a
single variety of the aforenentioned tobaccos nmay be
used instead of a blend. 10 [j§043] In cigarette

manuf acture, the tobacco is normally enployed in the

formaof, cut. filler, -i. i r Sl 120
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fromt obbins). Further, the wapper can have nore
tWéar?pS%rng%?ayer in cross-section, such as in a

bioo4ayer Tipgde disridiial arktle density wfitihel optabysh particles on the

Patent No. 5,143,098, the entire._.co nt of i i
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minute at a pressure drop of 1.0 kilopascals).

-

[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 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
about 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



| ong, a "Super King Size" is about 100 mm | ong, and a
"Long" is usually about 120 mmin |l ength. The
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circunference, and preferably around 25 mm The

t obacco packing density is typically between the
range of about 100 ngy/cnB to about 300 ng/cnB, and 5
preferably 150 ng/cnB8 to about 275 ng/cnB. [0046]
Referring to Figure 1(a), a preferred enbodi nent of a
snoking article 100 has a tohgcco rod portion 102 and
filtering tip 104. Optionally, enbodi nents of the

ki ticle 100 i -
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PORAONrkOR, GRATE amAdavieoh Blered tip, dbpesmt 106furthat i s

enw apped with a 10 cigarette (tobacco) w apper 108.
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f eRteler dntura haemondparticles por abeviiitlge patteingd deposit. Finally,

concentratjon feature. The total |oading 25.0f th .
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concentration. '
[0050]  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 example, a preferred wrapper having a patterned
deposit thereon can have a basis weight of from about 18 g/m? to about 60 g/m2 and
a permeability of from about 15 CORESTA units to about 80 CORESTA units.
More preferably, the wrapper has a basis weight from about 30 g/m* to about 45

g/m? and the permeability is about 30 to 35 CORESTA units. However, any suitable
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proxi mal portion of the wapper, with respect to an

end of the snoking article, such as the end with a
filtering tip, if present. In further enbodi nents,
the | oadi ng of catalyst particles can vary
continuously or discontinuously and/or linearly or
non-linearly fromthe |inearliy-distal portion to the 5
linearly proximal portion. [0049] The concentration
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each rol l er deposited a particuyl.ar catal yst d/ or

c ancliec: paticomEempariion ahe SEBSOf gt Gl B patiomed
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PASAGR iBker dinTacshe e Whppeadralofison D6 ipar ahd Kesougresurface, if
printed. The wapper onto which the pattern is
delesisid ed can be any suitable conventional w apper.

FOD0 312 Pk Gurdd 204)%h8 2(5 Snds 2RRGboRAA 3 f 8 iRk aecle with a
patterned deposit on a portion of the surface of a first wrapper with a second
outermost wrapper. In the Figure 2(a) embodiment, the smoking article 100 includes
a cigarette tobacco column 106 surrounded by a first inner wrapper 114. As shown
in expanded view in Figure 2(b), a patterned deposit 116 is on the surface 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 article 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



deposit thereon can have a basis weight of from about
18 g/n2 to about 60 g/n2 and a perneability of from
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More preferably, the wapper has a basis weight from
about 30 g/n2 to about 45 30 g/nR2 and the permeability
is about 30 to 35 CORESTA units. However, any suitable
WO 2005/ 002370 PCT/ US2004/ 018854 -14 basis wei ght and
perneability for the wapper can be selected. The
concentration of the deposited catalyst and the
partlcle si ze can be adjusted to achi eve desired
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perinmea the wrapper
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first layer can be less than 1,000 CORESTA units
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alr ‘pernmeability and total thickness for the
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a llg)tlg{x@eél?c; Ibégfggéxtfe&g? g, b&ﬁ?og]a pg %E}?C??g}é 3 1t1gI ?(,) Heiasge%{ %g \cl 1A
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ace o e wrapper 8 in Figures 1(a) and
1{bplaearthe db@om’noman 1nna1esur&u¢ bﬁa:ﬁrsbfovmpp@r,\mr@p seme gptalysts can

both on the inner and.th er sur desired
{:an rrhen be

2lifeoBB dhe WP DPRoNah a8 PR 18R WFEE ool st
é)ﬁ%ceﬁ'agglftal{l% n‘fllaleﬁﬁre‘la\%gapg?r patt er ned deposit on a

€ sur a first wapper with a

SE{QOSYS] Figthe B & 3(¢) Alupieate examplaeofieguinepa(ea)s of catalyst
enbodi nent, the snoking article 100 |ncludes.

Cingalictes @ VopRsE SoBIaRE eSS, ROUAASE LS plyrality of
| et SR RS, I}xje%emé“ﬁar? E}%\&hments the discrete features include an

alphanumeric sequence, 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 pattern 304 of discrete features
including an alphanumeric sequence 306. The pattern 304 also includes a repeating
series of geometric shapes, shown as lines 308. The pattern is repetitive in a first
direction, either linearly or circumferentially along the length of the smoking article.
The alphanumeric sequence 306 of the pattern 304 can be oriented as desired for a .
given aesthetic effect, e.g., can be oriented linearly (Figure 3(a)) or circumferentially

(Figure 3(b)). In Figures 3(c) to 3(e), the wrapper 302 of the smoking article 300 has



in expanded view in Figure 2(b), a patterned deposit
116 is on the surface of at |east 25 a portion of the

wo peosposr@pper 114. |If desired, the first w apper/us?d4/018854
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can optionally include a deposit-free surface or a
deposit-free portion of the surface. [0054] In Figures
2(a) and 2(b), the snoking article 100 has a second

wr apper 118 surrounding the first wapper 114. The
total amount of catalyst in the second outer w apper
118 is preferably I ess than jgnmg for a given single
snoking article 30 100, e.g., a single cigarette. In

omlReb3ehof Pereasna bt & SR RRETty b nlhald )
L eg&aﬁ{é,?%gg{glt% eg%ﬂm%ﬂﬁ%ﬁﬁ}ﬁ:@ Gl 4 Afusifarneillize BA0 (Figate 3(6)), an

y any coloration fromthe catalyst. In
ex ek of yveTippitighelites, 312 of atfast densin@igie 3¢k} aidagecond,
particles in.the &$rst wrapper is 1 to 100 ng and in
t ighereleasity GiSPpa)k s less than 1 ng, preferably 0 ng

f a . b EEBIs GBia 1 REF £ B88ks arefdepodi@t @hitsthe inmapper of a
?@gsg{segéﬁgé\%?parppef 120 tygﬁl%he cat al yg(t) in the first

WrAKiRg akikk byspriremg tedhaiques. 2Bor @ym@@y a c@r@%e&y a
e o Ry s
2% tggacrcrzé a?n? 6%%%?%%@%‘2&%&95 §Bha96 aati€n Pointed ondthe 10

e understood that the first
Feddr b prosedipescknonarip eigacdte marmigpguring. Such procedures
i nterchanged, 1f desired, For . exa Iel, hhe gut Lired
s somllyinEpiye thecusp of & Yl IARFesHR TOSE YIEPHET < 3;5%5& and
the i nner  fi \ I €0 BAABHIRA t& the cigarette
dF?Iftlé%ué% on. é%?{flﬁ 3B rofélﬁfégﬂ?é[@luﬁ? o BEAFD e cig

gement o talyst particles or can be
Calleste . £Qurryusithiaing datalyshpartielss dispersed i liquid, serves to
intended to be viewed, e.9., is not a.patter d shu
c oausfoi thg liguiddeithemmrensign ralg foy the Eﬁ% 5D o APIEReuSs Rg™
consuner - It Y 18€ i el conP@itidhal
ogo?ﬁ Iﬁlcﬁf%ta%g%%g%é S?Iﬁg&yé %ggi&tng g%p%fﬁ?lﬁﬁdes??s urface of
a técihflﬁﬁleé’\ﬁﬁﬁﬁﬂ[re pihfigeariioiexogeiphicysining and/odiediet [igaglio, or
the wrapper. An optional, catalyst-free, outer second
wotipperintagpoesies cl heaglerag CabbatncPeralerhgio fliq FEPDINE paper

wr apper. [0056] Fi qur . . '
e*lﬁﬁﬁlsbzf F%?SS?%%]ﬂ}qg B gl\[snpgé ﬁ%h%@u%%t? %ﬁ?%ﬂéwgg@%?lg és on
WABRGF S ufDfec s & the like: | @er thiethodatsedrtn slepatpatadyst a

plurality of 20 discrete features. In ex_erg)gl ary leati
e pacitilesemt ss5urfae ofivppigPapeaneinde clecfEesipiie dgposition, 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 patterned 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.



al phanuneri c sequence, a pictogram or a geonetric
shape. O her optional fornms of the pattern include a
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crosshatch, ranps and/or gradients, irregular shapes,
and the like. In Figure 3(a) and 3(b), the wapper

302 of the snoking article 300 has a pattern 304 of

di screte features 25 including an al phanuneric

sequence 306. The pattern 304 al so includes a

repeating series of geonetrijg. shapes, shown as |ines
308. The pattern is repetitive in a first direction,
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printing techni gues. For exanple, a cigarette nmade by
ctsie AsP AR 2 delpamuts ase %ring techni ques and

hayy a . Rt attictigl atchied Adoloping@gent, such
ff@\?g?i ngﬁgg’gp%{?ﬁ\%@gggg%m%éve gaggﬁctlern printed on the )
We2RPbI3ENiB &P &or ani ppigaedilfe an lerampleiof achlyaingtagent, the pigment
manuf act uri ng, Such procedures, 10. generally. invol .
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cAHeH 8RBt ed by the conventional 15 techni ques _of
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ues,
paper. |
[0062] 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 material 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 1T or Group IV metal, CaCOs3,
TiO,, silicates such as SiO;, Al,03, MgCO;3, MgO and Mg(OH),.



phot ogravure techni ques, or the like. O her nethods
used to deposit catalyst particles on a surface of
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application 20 with an adhesive, patterned application

with a printing applicator, application in an ink

sol ution using a printing process, spraying, brushing

and the like. Further, the catalyst particles can be

applied to a wapper in a single coating step or in

multiple coating steps utilijging printing techniques

and controlling the anmount of slurry applied in any

one deposition. According tao an [ .

el S: s coaon s FsREPRPER: pi-fik wippper or o
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printing operations can produce a patterned deposit
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opt1 onal conpon a catalytic ink include
afpﬁﬂ@ﬁpN@Q)f,(amgﬂD; 59\&E8,¢17|6; 5916380 S5,602,520r DHRL,525; AfHOSK76;
of the in uring the printing process. For.printi.n
0h,498436 and G I3SB+ ﬂ@g}m@@rewﬁaggtt}wswf Sispettcs badns ﬁfue? rod such
SnoKi arti.cles, t 1.0t [ e 'S
daprecas gl B B P DA RO | D

ongoas| NOFiguRf4 Aludateesiatypdofohyentionaf defgatieri§o, which can
agent "and a drier. [0060] In optional ?n‘oodi msn@,. thg
c Ak bt With ian klechisplLiaeaking doler iAshayanthe cagreste 30U igpudes a

organi c_afr, i.nor. L C_pi e a

coBrr gt SRl gy TR sorb O BEARAEBRer a4 Srhe Hler
t haki R RPYEERradESImdiNg A bk frebflowr fisarlelendnn 362 whd & e
dried catalytic deposit. In addition tq aqr

alnarinzieefdlter plyg Yeriths, frasfirpiilte; dergents Ogé’ilgﬁlgﬁgﬁ%’iece filter
;E)iltbg @pﬁé}téhg j qca:_-lgelido to gec%ﬁertalls ra‘ttco}n%ir}eﬁ“?)1191{9,r LRAWER BR%Y #rap392. 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 tobacco
web 366.

[0067] Figure 5 illustrates a cigarette 410 construction having a fuel element 411
as described in U.S. Patent No. 5,345,951, the disclosure of which is hereby



exanpl e, titaniumbased nanoparticle catalysts can
inpart a white color or shade to dried deposits.
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usi ng conventional paper mneking equipnent. Cgarette
wr appers can conprise cellulosic material, which 20
forms a web, and a web-filler, which can be used to:
control the perneability of the paper. [0062] The
support web can be a conventional web, such as a flax
support web, or can includejg.web with an

i ncor porated catal ytic conponent, such as a

nanoparti cle catal . If th '
cleatpgrie tarparen e peske TSRSl phiiet AapUlaR 1and an
g%@gg&&gxbe an) BeesHRRRM LSS QketR Wappihp pbhpsr 414} ard afiltar
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|p cglrtee:dﬁgléeﬁéPbﬁbaA@%g%ﬁ%r%%E@Wt}ﬁfheﬁt doaftical2oy Altvaeitively, or in

_ I'y outer” | ayer can conprise the
patidigbA akrélepnpht haviied paieied depositbaindiel providertheewasteam of

I f ' ;
p 2131/; ﬁ@?wtrpef @?@J %(Jr %:%%ﬁ;,e_g&%g{ cq%&?q%&sigﬁﬁegf%%géﬁgﬁ at least
depos Eq;c%&]e%ggﬁla}{%% 102k e n iheh&P BoieNand Be FRvoSIRA 421 or

t(S) ﬁﬁlﬁf re conventional cigarettes or

NGRtHeGRMBAbeDAEl. Khgarbed #2s cavinhludasncingtoriet thetrelagges
el ectrical snoking systens des%ribed ig_

c aiesitably flaross, griaciobacso fillpreragubsale op vugh faypr forming

5,988,176;. 5, 915,.387;..5, ; . 92, 525; 5, 666, 976;
5_,025’@;0%%% &Sy n%er%%‘gyg@% bg?gﬁlgﬁlgﬁag%?t i onal types of
cifagssgt t eghdanl Beneenf 48 is hotsed tie A composite sleeve having a radiant

energy reflector sleeve 422 (e.g., perforated metallized paper) and optional inner
sleeve 423 (e.g., perforated metallized paper). 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 cigarette shown in Figures 5 and 6. Further,



as are described in comonly-assigned U S. Patent No.
5,345,951, 15 [0066] Figure 4 illustrates one type of
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with an electrical snoking 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 contains a tubular free-flow
filter element 302 and a nouthpiece filter plug 304.
The free-flow filter el enentp802 and nout hpi ece filter
20 plug 304 maybe joi ned together as a conbi ned pl ug

310, with pl W, a 12. . The, . . €
RIS PO PH B I8 S1 G SR RE SRR ¥ ars RRYS, paper
f QSR l R At WE@IcWE @Bn B hsedan stiueund thb fikc element
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Cl G421 8L &rd 10 diDetd Bl ielnet Srmt: S15] vaich Burrounded

expansi on over w apped by cigarette w apping
PBP &Ibaddbdcut ilidr mafeiial £20. Anl ewtencigarette wrappeh@dp gfends along the

ti ppi ng paper 405. Wth_ refer e to Figure 6

¢ cubidogf Brdabacea 204 L. BB DS Eotd Sorp et S s pigig ptues of
flanas i AS6S: 4] AKeRRE: MicKaBeBOANT this
98&@05«&3@% a%éépﬁ@%agg c%gidﬁot g%ses flow ng through one
OkmBBdighent, AAY cdlotitivnlcapsed dadiesddposit hecaalst pegipiescon tirp paper
vapors pass into the expansi on chanber 412 and then

t &0 theenep MeeRPeE P&mETRIdAPIION e heat source may contain
gm&?foint : ’filiel denttd] Soré Aottt 1@%}1%@%bﬁ@@lahﬁlo§ dh@by gzlrﬁal(w or

ddi 11Ves. € or nore ayers of paper 41

S WHofly Hillied §yitHhebiateus fillsraad &frefearbIhappeopatatdy Aedmm in
catal yst 10 particles printed thereo

, £.0.. by .
prdiangtery m@r@mefqgsablry 3f3 WA 11 d},qmq’teri. AR ’ogg ﬁ]gerggql]veo ghedglé%{ 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 inner 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 tobacco cut 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 examples where both

wrappers include a patterned deposit of catalytic particles, the specific catalyst



to reduce CO, NO and/or TPM produced by the heat
source 420. Alternatively, or in addition thereto,

WEawsenoisavi ng a patterned deposit can be provi BErUS2004/018854

10

15

20

25

30

downstream of the heat source 420. For exanple, paper
conprising a patterned deposit on at |east one
surface thereof can be | ocated between the heat source
and the flavor bed 421 or 15 in the flavor bed 421.

Fl avor bed 421 can include any material that rel eases
desirable flavors, e.g., tobaqco filler or a substrate
on which flavor formng conpounds (e.g., nenthol)

have been, i ncorporated. [0068] Th I '
haeeR s bRESHRL LB b3S Vb TG ke
r 9&11@%196&&1%&@,\&%6 4281168 ofcatalpQhfickisadn discalok itmesrapper, €.g.,
paper) and optional inner 20 sleeve 423 (e.

ptefvatppe Heomnes donzwhitperdepyn. Faeadstste r@p@%v, an autsr Wiapper
be folded in. to fo Lip 42 t

¢ ot Brcopuentiondl SE: eab B e R Rt S BT Dhipper

t Ea%tq L %{ﬂeP(wée@h} R thh RBteF St Oin 1) RRERA43 Ziv 4 desrad

annul ar space "t her ebet ween. | avor bed 421 is held
Weitnbking iaftives psfozemecet@izh rébhest i sppleng Atielepropertiss |sueh as puff

the fuel elenent.and expansi 12,1 .
Py b YRS, S FPAPBREEGT QUeTy R Pl & TSR Yegpribed
b %oraégz%mﬁ)feegvit#l%i% Be 1dPicRRPOla) 4hd 2@ DoréfepRainbodiments of
conbus t he

oh 0 eat “sourcé. The fuel elenent 411
aksekingeltivlesand methbddsatfimakirnundang artiglegicathingHulegrtobacco rod

nore openings 416, to allo ir o the f I
o mi i 25 Thetd Forh AL SR il ST ER wroper
\IM & eg %?%ESS@%% 4 nld DRREmBEAPREHcr 2R RicA Mo A& havé apP&ftalyst

aper having a patterned catal ytic
depARids depasitedrtheeevn. be used at ot her locations 30
and/or for any of the paper |ayers of.the ck%%rette.

sHOWRi n Aingefered cataliret f6T Use AHUIAPPRG LB HEF FHiclcis
Egﬁgﬁ%%ﬁ%@l@ %f’t%mpé?a@g\@@ hd BweRentibe @érﬂi?éi&tufg ardl hoiel

aretfte rs shown in Figures 5 and 6, paper
C Qe 1y el bt danwciteatonlay tanpepaues a3 kigh @aA0GEC.usheicatalyst

to surround the fuel elenment anpd/or i | ace of
| ayees oo el g edhe e aéuablgp@%:o'é %ﬁ%g@ﬁ%@ e,

i gur, | . . .
ot P Bty Pt B GRucRify BRAE ot At BelommlyBidafly cciive

t URSn Ble 1RRAA LN 1R filRr gad edirirgy weamhe axil Sistriviing ofithe catalyst
patterned deposit of catalytic particles gn

t t
a mwiﬂ@mf@fielﬁmen’@gtrtﬁrag éeimeem ﬂ@. nm@ﬁg@];n_ smke az‘ﬂ&{ﬁ?ffalyst for
g BELEALE P00 BOTRILARD @ bk cbhkicAngNd a t obacco

[0073] Tn a further example, the catalyst particles can comprise mixed catalyst,

e.g., a catalyst that is a combination of 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
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 article burns. For
example, a mixed catalyst may convert CO to CO and/or NO to N, both at the
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



attached to one another wth tipping paper 511. The
tobacco rod 510 is a "concentric core" or "coaxial"

w@omsiogpir@t i on t hat can be produced on a Hauni PGEDS2000018854
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rod maki ng machi ne avail abl e from Hauni Machi nenbau AG
of Hanmburg, Germany. An inner core region 512 is
defined by the inner wapper 515, which is surrounded
by tobacco cut filler material 520. An outer cigarette
wr apper 525 extends along the outside of the tobacco
rod 510. The filter 505 can conprise one or nore plugs
cellul ose tow and optionally could include an

of

adsorhent .such,as .carbon. ,l.n t '

cbror R S e Biany vaolERuslt Var mERRpSL FEBhmeR
0Q bR RARRIe ahdtHendudp6F patianae indittbaidscatbattmonbxiderin the
VI ew. %0070] The central core relgl on 512 can be hol | ow

anchistreansmbke pas ticasured. gFhe qomibl Gigatelte seppiised a wopNepipnal

cut filler and js preferably approxj.mt - i
iamoes The SRtk bRaf PhstuBRR Rl diete Rk a
algy 13.5€, hyReihiiaBRRle i2éh &dibe paticlee printed on the inside

SRRhivEs .
constructed in a l'ayered arrangenent with at | e@ét gne
obf theavihpyee vere floo medsuwéd. pEiseiotah agitiqglale paferd TR and amount

deposjt of L yst. icl f
REcahonmparaga/¢OLisREhe shmBe Hi AR 4R TE At and 147

Sl %&;&fveéﬁ SrHe AT A TP Shoud for @b REt GirbiteRerf12thmg and
I NTér apper, an inner surface of the outer wap

er
a0 g, @ipetilgscosesiaingih snbbican st TRVapISEEO i 0% and 48%.
[0071] Referring again to.the enbodi nent of. Fl
LA Avher PRREoSPEEEty VR enEnabe R g g it
| AL Y aE LW éﬁ@gﬁ‘(ﬁﬁdé A diBshal MESRACBhGentidARIEY WRK imgrappers

processes and ter wrapped around tobacco cut filler
t Gof drAskie articlpar Thése aldbiaescanrivdudger ¢xample, wedisiyes to control

f:i gg@goﬁlﬁegr;@gn fe‘%,p,%%}gg,r %ﬁﬁg%%;%‘{f Ire)tgjlilzwgsaa’(l% acloli)ﬁ{):f tﬂg E)uldnr dafthf the
S)e(‘%%g#fﬁs i G QaitQbto3 s A Red 2l dpfBarBndeaintifr Red-fillers

catalytic particles, the Specific catalyst

WG s 2D R0di DR RS PapRf T/ US2004/ 018854 - 21 particles and

the catalyst |oading on each vvrag er can.be.the sa B with
or[0874lf er Afthoughythe PEFENIIRHIHPREAT ReeTdeactiDg SR PSS

cat al yst ks AR R aphidEiatMdaRRREse Rillbd in the art that
t heé(e#g%%%ﬁ%%%gﬁ%gﬁ%g%gﬁﬁ? gggpb%r gvm.aoglréor?eaest hetic

I &RQRIbEs, RIbtioUE, ehodifiefioas, antlsabstitgicms cohspenificalrflescribed may

color, e.g., white, can be pl.aced arouptijl t he '{.nner .
wrkgppade without departing from the spirit and scope of the invention as defined in

the appended claims.



5 Both the inner wapper and the outer w apper can be
selected to give a desired snoking article

w@eookooasamce with respect to snoking article PCT/US2004/018854
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properties, such as puff count, tar, bumrate, and
ash appearance. Accordingly and as shown and
described, for exanple, with reference to Figures
2(a) and 2(b), preferred enbodi ments of snoking
articles and nmethods of meking snoking articles can

i nclude a tobacco rod 10 porhron of a cigarette with a
patterned deposit of catalyst particles on a first

wr apper, further conprising a second outernost

wr apper, which does not have any catal yst particles
depasist@dintdaeseon. [0072] A preferred catal yst for use
on a wapper for a snoking article is catalytically
active at tenperatures as |ow as anbient tenperature
and nore 15, preferabl does.n% . deactivate even at

t enper &t ur eé %OI‘W?%W%? GO "Fhe catalyst particles

can be, iy Bl aHa0ng o wRpsifbimeedaxi@ld the ieiabewfod! the wrapper
anticipated burn zone, e.g., not only at the filter
efhling dpattomdd degosit on g least apertioar! Bae swfasepf theayapper,
active fromthe lit end to the fil ' .
The axiReredt Semaiieed ﬁel%]lm FREPEEP S F{?@{St %ﬁ%@? géeasagleucﬁe

syl g ' ' NS S hvER BN NShEEE antw kemponent
ag%&?ﬁ%ﬁ{:‘éﬁ@?y t P{)Jrrlr%%wﬂ% to be converted to CO2

anthhe mdiBtteambmd o sidestreath snoolienf theopmraing Artigle ur t her
exanpl e, the catal yst particles can conprise m xed
catalyst, e.g., a catalyst that is a conbination of

i ndi vi dual %@E%{rbéﬂn CORMOSE H1hians, WhabineBe bonstnenags at

a différent enpera@ure range or overl appi ng

t %Bﬁ?bﬁn@ls&:a[‘lﬁﬂﬁﬁénoﬂmindéor nitiixowide. of di f f erent

catal yst particles can be used to broaden the
tenperature range 25 at which conversion of COto CO2
and/ or Conv%rh%lswcﬂ‘f a&@:l% £ NZin® RN R&EHAthe Batalys is capable of

i ncreasée the cata yt%c efficiency of the catalyst as |
t hedus (ARkhe 8matit oflstnolre cosstitieots oties dingul earben mpR@dde and nifric
catal yst may convert COto CO2 and/or NOto N2 both at

t legideconbust i on zone and behi nd the conbustion zone.
[0074] When used on paper, the patterned catal yst can

be selective to CO Thus, 30 CO can be reduced by a .

gr eat er. pr opd dnkiddh@ticlpar thamll atvhereht the av¢ragaparticle size of
Thus, the WD 2005/ 002370, PCT/ US2004/ 0 8851% -22 CO TPM

r dhe catalystriethse Ban ahowtSrinicensor foss B EORRS ked on a
commer ci al
5. The smoking article of claim 1, wherein the catalyst comprises 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, I, Pt and Au.

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, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Sn,
Ce, Hf, Ta, W, Re, Os, Ir, Pt and Au.



snoki ng machi ne and the anount of particulate matter
and carbon nonoxide in the mainstream snoke was

wore@s023m The control cigarette conprised a PCT/US2004/018854
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conventional w apper. The mai nstream snoke
constituents for a test cigarette conprising a 5

wr apper having 12.5% by wei ght nanoscal e iron oxi de
particles printed on the inside of the wapper were

al so measured. The total particulate matter (TPM and
amount  of carbon nonoxi de (6@ issuing fromthe

control cigarette were 18.3 ng and 14.7 ny,

respecti vel The .TPM and .anpu : : :nder-free.
cigarefte wih%srﬁl.“@g ﬁﬁlc%notf%%r.“@ F?gl eﬁ:’ruté%e(%:e ?@%ﬁ;ﬁ nder-free

corresponding to a reduction in TPM and CO of 30% and
48% 10 [0075] Any of the deposit material, wappers,.
snoki ng. ar t Thé emoking aeickoefslaesk mitseain Hisr @italyss §pnprises iron

i ncl ude additional additives conventionally used in
wP¥gpers for snoking articles. These additives can

i nclude, for exanple, additives to control the

appearance, e.g., color, of the wapper, additives to

cont r op. t he Thasmokiageartade ¢fmaimnk,ayfpsaein thgeptalyst comprises
additives to result jn_a _desired ash quFarance and/ or
WBEOPR. Ferd, 01520 4 o ECQ A SERBTBABEFOL [ 0076]

Al t hough the present invention has been described in
connection with exenplary enbodi nents thereof, it .

wi | | beoappreeisaiokihghytidihabdaiski .| weateinthe epsalysticopmpases
additions, deletijons, nndifica&iqg§, and, subst i Lutions
noertislss of pifes pydecuRReTad S BREHCIeS R A AgERPd RSP

departing fromthe spirit and scope of the invention

as defined in 20 the appended clains. W 2005/ 002370

PCT/ US3004/ O188bking23ticlyWh¢lains 1 @) veliereid thessecend gompound
snoking article conprising: 5 a tobacco rod having a
weapptigesfcgloitl catbeli#e t he t obacco rod, the w apper
including a patterned deposit on at |east a portion of

one surface of the wapper, wherein the patterned

deposi t2¢c ONPrHeSs@okiat atisls bf gaint i cWherenahademosgfincludes a pattern
catal yzi ng, oxidizing and/aor rgducin t he conversion
othaving erpduratityerfidisgseic Eghpesiasitding AEARMAREIRLG FUYHiCe 2

a%‘ijc/tggrra%'oq*easéeg%ae cs&ggg of the snoking article. 10

13.  The smoking article of claim 1, 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.

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

repetitive along an axial direction of the smoking article.

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

an inner surface of the wrapper.

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

an outer surface of the wrapper.



2. The snoking article of claim1, wherein the
constituent gas conponent is carbon nonoxi de and/ or

waoeaosioa23oxi de. 3. The snoking article of clai nPAT/US2004/018854
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wherein the catalyst is capable of 15 reducing the
amount of snoke constituents other than carbon
nmonoxi de and nitric oxide. 4. The snoking article of
claim1, wherein the average particle size of the
catalyst is |less than about 5 mcrons or |ess than
about 50 mm. 20 5. The snokinpg-article of claim1,
wherein the catal yst conprises at |east one oxide of
at | east one el enent selected fromthe group
consisting of B, AIl, Si, Ti, Fe, Co, N, Cu, Zn, GCe,
Zr, Nby7 Mo, TR smbBking Reticle§f, clfm 1,Geherdi theTarapp¢r iRe first wrapper
Gs, Ir, Pt and Au. %5 6. The snoking article of claim
1 andrfhe seiolsingrreticle fizfhes eoraprisss 8156condIE@RRSTal | y of at
| east one oxide of at |east one elenent selected from
the group consisting of B, Al, Si, Ti, Fe, Co, N,
Cu, Zn;gGe, TAE smbRing Meiclddi ciftih 1 Rdvhefgn thisnsecor@ewrapper 15
Ta, W Re, Gs, Ir, Et and Au. 30 WD 2005/002370
PEGHiAIS200wAGIE 8B first wrepper. The snoking article of claim
1, wherein the deposit is binder-free. 8. The snoking
article of claiml1, wherein the catal yst conprises
iron qyi deTya shhokiRerEN®KT f18ind 1 1, ivehegein thelosd] ambynt of catalyst
wherein the catal yst conprises FeOOH, Fe304, a-Fe203,
y ohel0&core @rappemis e es t her eof . 10. The snoki ng
article of claiml1, wherein the catalyst conprises 10
particles of a first oxide supported on particles of a
second ,goMPeyad y oking oHie SMBIkinN ¥7 Axhdréine refio,dh aveight Percent, of
wher ei n t he second conpound ,

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 linearly 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 5 0% of the total surface

area of the wrapper.



conprises cal cium carbonate. 15 12. The snoki ng
article of claim1l1, wherein the deposit includes a

WE2105002370 havi ng a plurality of discrete featuP@sUS2004/018854
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i ncludi ng an al phanuneric sequence, a pictogramor a
geonetric shape. 13. The snoking article of claim1,
wherein the pattern includes a 20 concentration
gradi ent of the catal yst between a first portion
having a | ow concentration feature and a second
portion having a high concenpgati on feature. 14. The
snmoking article of claim1l, wherein the features of

the pattern_are .repet.iili n . axi - 14T catalyst
A T e S
CPih@ e #@g@g it fign SESual Ysér dreateiethos hcat Seof thatotal surface
i nner surtface of the wapper. 16. The snoking article

odreg biihmwirappdner ei n t he catal yst is deposited on 30

an outer surface of the wapper. WO 2005/002370

PCT/ US2004/ 018854 -25 17. The snoking article of

cl ai m 3¢ WhepeiRoitiie atloRndTelaiis], avietdis thevfbatpmesrof fienehitern
the snmoking article further conprises a second .
Weppqtanch fha Bic Idkest srea lof Hocasted eiappesrdogs BPtRxgeed a circular area

wherei n the second w apper. i rady ally outward of the
f havdng Wﬁﬁﬁé?f.o%hﬂcﬁ%géﬁﬁ%?%&r %ﬁﬂ ‘?I’é of claim17,
wherein the total anount of catalyst on the second

wrapper is zero. 10 20. The snoking article of clai
17, wherei nThe sabking aitivleref qjéim hevhsaein thesotal amoypifithe

Snplggis v et 15 me RER el sty b it PO AP fhoking

1
vmrglr%'n the wapper has a linearly 15 distal portion
article. . . . ?
and a’linearly proximl portion with respect to a
first end of the snoking article, and the linearly

di st al tion h first_loadi f. t t .
bR e i R ST SRR 1 S

t Iglr? a:r%aoglr&ll% é/f?etctive to reduce the concentration 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 claim 1, wherein the catalyst is hydrogen

bonded to the wrapper.

30. A smoking article comprising:
a cigarette tobacco rod having a wrapper, the wrapper including a patterned
deposit on at least a portion of one surface of the wrapper,

wherein the patterned deposit comprises an iron oxide nanoparticle catalyst.



22. The snoking article of claim21, wherein the first
| oading of the 20 catalyst is |less than the second

wo cdios7of the catal yst. 23. The snoki ng arti BCBEUSS004/018854

10 b

15

20

25

claim1, wherein the perneability of the wapper is
no | ess than 15 CORESTA units. 25 24. The snoking
article of claiml1, wherein the areal coverage of
catalyst on the wapper is |ess than about 90% or

| ess than about 50% of the total surface area of the
wr apper. WO 2005/ 002370 PCT/ 1452004/ 018854 -26 25. The
snoking article of claim1l, wherein the areal coverage

of catalyst , on.t r.i$: r tn?;ﬁ'{é out 1%
or gre k'er ﬁ%&ﬁth%’x@gﬂ Egg/ggfsniozqe%%?gﬁ’%ou fa(I:e' area of
the wrappey;) depddfitingltalgdtplitiofesaintat tdast ofortibmbfia syrface of a

wherein the features of the pattern repeat such that
t Wearipar tpeformametiemed denosioé thapaiiies oHBE I IARR T exceed a

circular arga havin | o ' F aki
di anet er of® 15r°r3f+ﬂmg2g9lﬁ1tﬂ£e?gg nﬁﬁﬁﬁﬂgé go?ota{?%ci g%gg th?rrlrl] f,ng
\Nﬁﬁ%ﬁiine. iJye total amount of the 10 catalyst is |less

t han about 10 ng/snoking article or |ess than about

100 ng/ snokiiiglacing the vaappes incuding thewiafigmsg derqse agpund the cut
- Do Tarmagviste tod B SRSk Re R T o 0 "

mai nstream and/ or si destream 15 snoke of carbon

monoxi de and/or nitric oxide by at |east 10% or by (f\t .

| east 23% T8 meThml afrelkinm], avherain thegptadyshparigles ate deposited
wherein the catalyst is hydrogen bonded. t s
XS PRRIEE, rOAX@ 1184 Bﬂx%lﬁ’ %ﬁ?té’ g0 np rpg“sf[“%éf &gee“ printing,
Ci ORAGE Qell@PriBAYE Meta @i RRRRY litHoRRpWcaReing,
.rﬁ%?ﬁ%{aﬁlg‘:% pat%’e? negrl degposi?ldg% at least a portion
ofspeRimgsbiubhiog, roflinglve size apgse techmiqeesei n t he patt er ned
deposit conprises an iron oxi de nanoparticle catalyst.
WO 2005/ 002370 PCT/ US2004/ 018854 -27

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 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

and/or other solvents and mixtures thereof.

37.  The method of claim 35, further comprising drying the patterned
deposit by heating the wrapper.



31. A nethod of making a snoking article, conprising:
(i) depositing catalyst particles on at |east a

we@oeoosioaes7of a surface of a wapper to form a Pel/Us200€018854
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deposit of the particles on the wapper; (ii)
providing a cut filler conprising tobacco to a
cigarette making 5 machine; and (iii) placing the

wr apper including the patterned deposit around the cut
filler to forma tobacco rod portion of the snoking
article. 32. The nethod of clp@.m 31, wherein the

catal yst particles are deposited 10 by gravure

Printi 00 T ERESLAUEE ORI 3! ROl PARLARIAIM Y piEhieRtio the

screen exographic printing, reli

PLiALdNg, intaglio printing, lithographic printing,
sprayi ng, brushing, rolling or size press techniques.

33. The nmethod of claim 31, wherein the catal yst
particles are deposi : ' 1Of At er and
bi nder.gg'34. &%@eﬁ@?ﬁgggé?%gr{gﬂ?nlteg’%,hg\%%?h drl y PP

C%%é&ﬁ&dﬁﬁ)ﬂl%}&jn?ﬁisag;e deposited on a base web of the
wrapper. 20 35. The nmethod of claim 31, wherein the

catal yst pén ipticing ageeonfbyeppeearouns) thaitdiesadParpn-
particles in a liquid to forma m xture and depositing
the m xture on the wapper. 36. The nethod of claim

35, whgpei nThbe kALt £RMY vhefiaihe aboind wrapssr is 28ially
and/ or other solvents and m xtures thereof. 37. The

metitvadd Goncthaifinst 3&aprfear t her conpri sing drying the
patterned deposit by heating the wapper. WO
2005/ 002370 PCT/ US2004/ 018854 -28 38. The net hod of

claim 3}, fuyitherfomidis 150 vadeinteaotel grewnit of oatalyst
m xture. 39. The nethod of c¢laim 31, wherein the

WipaRietss dnghasdcbndwrappapiseeroand 5 the met hod further
conprises: (iv) placing a second wapper around the
t obacco rod portion.

42.  The method of claim 39, wherein a ratio, in 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
FeOOH, Fe304, a-Fe;0s, v-Fe,03, FeO or mixtures thereof.



40. The nethod of claim 39, wherein the second w apper
is radially outward fromthe first wapper. 10 41.

wab@soeshiod of claim 39, wherein the total anorgit/USL004/018854
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catal yst particles on the second wapper is zero. 42.
The nmethod of claim 39, wherein a ratio, in weight
percent, of 15 catalyst particles on the second

wr apper to catal yst particles on the first wapper is

| ess than 0.25. 43. The nmethod of claim 31, wherein

the average particle size of gghe catalyst particles

is less than about 5 mcrons or |ess than about 50

run. 20 44. The nethod of claim 31, wherein the

catal yst particles conprise at |east one oxide of at

| east %ﬂ.e ergOBRIog S eRia d 1§ WwhekeintRe gatolyst protid esednmyise
of B, , Si, Ti, Fe, Co, N, Cu, Zn, CCfe Zr, Nb, M,
Roartiles ofal firshgxidSsypposted [gp partigles\gf aggcond §eMPOUR-andAu.
25 45. The method of claim 31, wherein the catal yst
particles conprise iron oxide. 46. The nethod of _
clai m 3%’ WREE BlothddnE cCahal7y SheRaf th eé@8d compoiusdcorBXises
FeOOH, Fe304, a-Fe203, y-Fe203, FeO or m xtures

t bdewaf cardaR005/ 002370 PCT/ US2004/ 018854 -29 47. The
met hod of claim 31, wherein the catal yst particles
conprise particles of a first oxide supported on

parti cl g.s Ofrh8 nRBERINS SRR RGherehn th palthiecdratpuait indludes a
claim47, wherein the second conpound conprises .

c phehlitgnot disbeteafbatres ducliding e elpbanuatericl SEATANSE, 2 MFOSEATHOT 2
the patterned deposit includes a plurality of

digseineitie shast ur es i ncl udi ng an al phanuneric sequence,

a pictogramor a 10 geonetric 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

concentration 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 linearly distal
portion and a 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 loading 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.
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deposit includes a concentration gradient of the
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|l ow concentration feature and a second portion having
a high concentration feature. 15 51. The nethod of
claim31l, wherein the catalyst particles are deposited
on an inner surface of the wapper. 52. The nethod of
claim 31, wherein the catal yst particles are deposited
20 on an outer surface of thgow apper. 53. The net hod
of claim 31, wherein the wapper has a linearly distal

portiop_ and | ipearl r gxi ' i i
Fo & rirer Dimeponnc efpatngfoghint pahetkifty pEaRSRioper i
| LORAL h¥in 95 SIREPPALIKAR has a first |oading of the

catal yst particles and 25 the linearly proxinmal

portion has a second | oadi ng of the catal yst
particles. 54. The .nethod ,of ¢l aj W AT Tvst on th
first ?gadi ﬁﬁe B]FHPﬂgO%S 13I335¥Vﬁerﬁiélr 1?%633 [ S?F%ggsotsfgfﬁﬁgﬁ on e

t ol Radinaa: 9% bR RsE Bladlabsit 5086 bf th estal SfFace area of the
28@@3’8@278 PCT/ US2004/ 018854 -30 55. The method of

chaippedl, wherein the perneability of the w apper is
no less than 15 CORESTA units. 56. The nmethod of claim
31, wherein the areal coverage of catalyst on the 5

W appe r5? | s RS ﬁqeﬁﬁb@rbf%%%@ 1994eRIn theafeal baveradeaficataBib on the

of the“total surface area of the vvrapger. 57. The
Meiradr of gredter tharBdhounir & greatérdhany ahant Gvafithgyiotaipurface area of
catal yst on the wapper is greater than about 1% or
gikeaV@pPrethan about 5% of the total surface area of 10
the wrapper. 58. The nethod of claim 31, wherein the
features of the pattern repeat such that the | argest
ar ea 0fsgunc Tt etthodapindaimdble svhersin thedeattres of fheqatgm repeat
area havi n%g a diamgter of 1 mcron or, a di

g
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tQt Bl QTP 1Rt BEa GidhRLeY BF 16 fam.

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 mg/smoking article.

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

of carbon monoxide and/or mtnc 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 deposit on at least a portion of one surface of the wrapper,

wherein the patterned deposit comprises catalyst particles.
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anmount effective to reduce the concentration in

mai nstream and/ or si destream snoke of carbon nonoxi de
and/or nitric oxide by at |east 10% or by at |east
25% 61. The method of claim 31, wherein the catal yst
i s hydrogen bonded to the wapper. 25 62. A w apper
for a snoking article, the wasgpper conprising: a web;
and a patterned deposit on at |east a portion of one

i g:rL ?i(:%égf c Eﬁp%’]:wg? Fc)%g%#tle &%&@1&%@4{7{%@%@%&%%%%%%% e
&%gﬁ,gégg%iagﬁ%gm -31 63. A sheet of cigarette

I'ng paper conprising a plurality of the wappers
of claim®62. 64. The wapper of claim®62, wherein the

j cl i f. t 5 I ' :
About "6t cThpuraber gt Jain o, el 1B Bhaet Bt Rl e
\Aﬁéaﬁgﬂgﬁrlls %fgs ﬁ’xlag'gﬂbl_ﬁi_% miMAG s Mest ARnGBb@ 30eAmconpri ses

i ron- ox he wrapper of claim62, wherein the
catal yst conprises particles of a 10 first oxide

supported on_ particl es of second ,.co - :

wr appePSof  &PaPRRRPST Oaﬂéllné WHEY gbeo(%’}?atq%ie %8?@%%%&%% oxide.
pattern having a plurality of discrete features

i ncludi ng an al phanuneric sequence, a pictogramor a
geonet 66C S Mapevraper 68claifin62.vwizpgie thagatalysiicamppises particles of a
wherein the pattern jncludes a concentration gradient
offirstiesidesnapartad pwararacles of #5erdd OB having a | ow
concentration feature and a second portion having a

high concentration feature. 20 69. The w apper of

cl ai m §2, wWrkeirappdief phinmé2pihdrein thd deposit wrdidss @ nagern

having a plurality of discrete features including an alphanumeric sequence, a

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 permeability of the wrapper 1s

no 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.

71.  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.
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50% of the total surface area of 25 the wapper. 71.
The wrapper of claim62, wherein the areal coverage of
catal yst on the wapper is greater than about 1% or
greater than about 5% of the total surface area of
the wapper. 30 WD 2005/002370 PCT/ US2004/018854 -32
72. The w apper of claim62, gtherein the features of
the pattern repeat such that the |argest area of

uncoat %a""a ?Iglﬁ:\{rggﬁ)egf%f ?ﬁ}m BXCERICi il FeStthad oﬁﬁ‘feﬁﬁi}[ﬁbem mrﬁpeat

havi ng m cr’on or a diameter o

5 sdh thAY 1B 11206kt Bfea R QBCARK U rapiger Qo g tekecqdapdrculdr ttpadaving
patterned deposit of catal %St particles, the nethod

c anjiarhetenef 1 fuigrof or wiliageter ohEQMMBf ci garette paper in
a papernmaki ng machine; and (ii) depositing catalyst
particles on at |east a portion of a surface of the

paper t@ forfaiRatdrenaeeclengsigarate faper wah hipattemeddeposit
the paper. 10 74. The nethod of claim 73, wherein the

caff ahtylyst praticles thesmathed deppsiegd by gravure printing,

rotogravure.printin oqgr [ i Nt o
printing, ® m%%megpﬁcﬂ%fﬁe&a%F e‘Fll agédpgg?%l‘?lﬁ%%,%me’ and
intaglio pr(ﬁ?tdeggsiﬁﬁg ERAGK: PRfices Phian tdabioh portipii a4 mgface of the
brushing, rolling or size press technjques. 15 75. The
meiapadto dbrne b pkiterid] degosit of e prdictesoaithepagsarticl es are
deposited in the absence of a binder. 76. The nethod

of claim73, wherein the average particle size of the

20 cat ajyst PR hibmbeSs bigink #5Swikdian tebeidlys paitileanse deposited

| ess than about 50 nm 77. The method of claim73,

whsr @hvurt beinting, abtpgtavp@rrintihgphotngsaiusepiiptgg, 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 particles are deposited

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 nm.

77.  The method 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. A catalytic ink utilized in production of a wrapper for a smoking

article, the catalytic ink comprising:



oxi de. 25 78. The nethod of claim 73, wherein the
patterned deposit includes a plurality of discrete

wo e@b00230 | ncl udi ng an al phanuneri c sequence, BCT/US2004/018854
pi ctogramor a geonetric shape. 79. A catalytic ink
utilized in production of a wapper for a snoking 30
article, the catalytic ink conprising: WO 2005/ 002370
PCT/ US2004/ 018854 -33- a liquid; and a nanoparticle
catal yst suspended in the liquid. 80. A catalytic ink
utilized in production of a wzapper for a snmoking 5
article, the catalytic ink consisting essentially of a
liquid; and_a nanoparticle catal yst suspended in the
liquid 812lgH 3?%‘fal ytic ink of Caim80, wherein the

ink is bi ndebsfdaffie catalyst suspended in the liquid.

80. A catalytic ink utilized in production of a wrapper for a smoking

5 article, the catalytic ink consisting essentially of:
a liquid; and

a nanoparticle catalyst suspended in the liquid.

81. The catalytic ink of Claim 80, wherein the ink is binder-free.



