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SMOKELESS ME AND ARTI CLE UTI LI ZI NG CATALYTI C PtfsoPAdREE FOR
CONTROLL @2 S OF COMBUSTION 5 Background of the Invenglon

Prior proposals have been nade to use catalysts in snmoking articles mhere
the catalyst is mxed with a carbonaceous material to forma conbustible
fuel el enent (U.S. Patent No. 5,211,684). It has al so been proposed to 10
use an aerosol presdKkFYESS MPIHOD GNDAERTIALE ATIOr3iNG GRTALYRIOSOl in a

snoking article (RESr SavRCE ROR SONTROBROEG PRINECTEADENGOMBUSTAON in a
snoker's cigarette with ceria also have been proposed (U.S. Patent No.
5, 040, 551) . 15 Sunnary of the I nventi on Broadl y, the present

its nethod of construction and a

operatiof inclugj rrs%xa ;ttftﬂso NPTy et L8 3R @85 088ka BPELEOMmaNd 2

nout hpi ece in whi eat source includes,a Iiquid fuel and air
M xi Nng chasbekix® @ntickes dhane Jiiei ot aheTbets | REYRE chithedfuel air

m xture SO g aiatdiei d nfd dlenean of ¢hebEat abyst fuel elementThe
invention includes the nethod of cqﬁ%%oll%n the £oducts of cgn@ustlon
i ncl udi ng tite SandiAft e oNLarbot 52 dbhoxi %g‘b‘?%dﬁtﬁa LRhPEBRYTSE € found
in the COﬂ%@@ﬂaﬂ(Hhrosdﬂubxgnufﬁaxnnfﬁcéfmmnatmavsr1shb§®rafermungngenent

i ncl udi A supportin a S n i gh y | ude
one or nor é‘ed:fos at’tinft na coalﬁI Xa@&cﬁée)rmnmgox%%ﬁéﬁg ¥¥"“ 5 1&@ BQP? ally a
pl ati num paIlHeachmI:dnj orf ce ﬁwlllrg a T$reoksy e fan@aseth@béttheﬁarléoéﬂFﬁgs
are catal ytiG, joen ro%%- cigasetpor of+ 1S, PEeggpt sspyention includes a
fuel/air m'Xing gectidn IC ont ai ns a.quU|d absof ben reservoir
having liquid fuel therein. Air is nmoved through 35 the reservoir to pick

up fue|IXH§HﬁH%§Ef@fniﬁg et y6g for delivery to the catalytic
conbust idn er. e conbustion y@;cducts are_drawn throu %t a

fl avorant porti BredRividi Hye present @aFb@yggorprises a St e an
PCT/US97/23§E§5meth@ﬂySﬁr&ﬂnéﬁr@eﬂgbﬁtena glyperanibasédcaedmsgla Teet
flavored aerosol is en_de |vered u i ec e

The ci gar et F€t hd Biﬁggﬁ?n#nﬁ |on E%ﬁg 5@8 gn§ﬁ§£8h980 ngﬁd&thh
gener al appees dnezt ofogpogehbcbudés a tngatétfesl and apri sfixpbagc EhpMPer of

the Draw ngs , cataf&gt pul-fifg PLARBEEW: AT wh RS ERKI Rdedr Biie! gi%tutee 10
pr esent 20VENT i on
combusts under the influence of the catalyst.

i nventi on GeRIKIISS

The invention includes the method of controlling the
products of combustion including the amounts of carbon
25 monoxide produced. Such control is found in the construction
and operation of the catalyst substrate arrangement including
a supporting matrix and coatings thereon which may include
one or more of an alumina coating, a cerium oxide coating and
finally a platinum/palladium chloride coating. The oxide and
30 nobel metal coatings are catalytic.

The cigarette of the present invention includes a
fuel/air mixing section which contains a liguid absorbent
reservoir having liguid fuel therein. Air is moved through
the reservoir to pick up fuel particles forming a mixture for
delivery'to the catalytic combustion chamber. The combustion

products are drawn through the flavorant portion including a

35



Fig. lais a sectional viewalong line la-la of Fig. 1; Fig. 2is
the sanme view as Fig. 1 showing in addition 15 the air, fuel/air m xture,

and aer osWP 9B pat t erns duri ng snoki ng; and PGE/Y897123%65d ar e
perspecti've views of honeyconbs used in the present invention. 20
Description of the Preferred Enbodi nent In the Figures, cigarette

or snoki ng qngdé&ﬁr 160 | fehentese a éi&c}tc:@fliﬁmu&ﬁ@aesérg.eﬁllOnTﬁ&,fﬂa&&@éant
section 12, aerosol. section. 13 uel, storage and ai 1 Xing _section 16
and a 25 cRATYTTE HHnEREYidh. BEE #0970 By Bop 5558 pE HRFi nlaRes -

outer cylindrical paper wap |0r which may be a single piece of wrap or
be conposed of C 0 Yol L ONS. : hiiopal wrappers and
ti ppi ng paper ng§§§68§§%a§t9y§%%a@@én%%§§%%$eg§v§%%%§ggh%% ?gga filter for
filterind therengpees of G 122N 2hEPRG2HRNGE cofivepnrventiogtgarette
filter. Flavprawdeeestion 12 is principally cut tobacco 12a i ncluding top
dressing or other materials and flavors to enhance the taste of the gases
reaching the snmoker's nouth. 35 Preferably, cut tobacco 12a fills the space
bet ween Bt dhi Beecsbetiamn dfl enel Reswhods support material 19.
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Aerosol section 13 in](':l:h%eaé %lnarée¥%%%lOfsu%%%r?m%}i:ﬁ%glﬁrtl%?hoﬁl Brin on
it. Aterhaiveseni ghyertion; pol yhydric al cohol s such as propyl ene glyco
may be used. Aerosol supporting materials may include carbon mat,
magnesi um oxi de, . 5 alumna, glass beads, vermculite, carbon, alum num
foil and paperF¥datRl ¥ tth I8 PRV G ambRNY oktmeslaThe abrbsgt 1;
former can al so be added/incorporated into the cut tobacco or a
reconstituted tobacco type nmaterial., Wien hotf gases of, conbustion

i ncl udi ng vapor S er? %%&Eﬁ?]siﬁﬁiYif%w%?c%ﬂ%edlt%h€®1$?oﬁﬁtﬁ?6ﬁ§h°%lug 19
a gl yceris tes asint, i Suébfael. mixture and RuetosdDr 8pew apalt B&Fngi duAgngect i on

16 include:ssmo fﬁrpu grential side ventilation holes 21 through which
outside air eﬁ%er%’C|garette 10 as it is snoked as will be 15 further
expl ai ned. Section 16 includes fuel absorbent reservoir 22 including a

w ck material fog;stor | 1. qui i n i o] o]
300-500 mcroli %%iéz [i”e?‘irlil-%l.g‘%J perﬁ%éa is‘(’)% B\éﬁ%w uééi[S IE%E%}F?/%?%C%%?S% of a
synt heti c f¥herpPresenguinvertay@ter wick material which utilizes capillary
20 actigy Preferably, Transorb brand wi cks are used in the practice of
this invention. Reservoi 2 may | ude any.. suitable material for
hol di ng t h2SFHAREI RIS grielerreq X @8t i xing with air at the
tenperature, predsuties Figqareb aiciddostvel aci snalsipgeseticla £oganeltd@edO.
The 25 pref f 1.S: L1 gul |yt e Len ature
et hanol to f;{#@éri%tlfﬂ%‘gtﬂrl %%g‘%%;é %cr%{r?rg.gf‘toﬁl%?zgpént (A%?/gg%’rﬁn}é%’ at ePS},’S;[
preferred. section 13 Oxaecfuechrfieradst candied br suthing secohohsl6ecandry,

25 catalytic combustion section 17. Cigarette 10 is defined by

outer cylindrical paper wrap 10r which may be a single piece
of wrap or be composed of attached or overlapping sections.
Additional wrappers and tipping paper may be used.

30 Mouthpiece section 11 is a filter for filtering the
gases of cigarette 10 and may be a conventional cigarette
filter. Flavorant section 12 is principally cut tobacco 1l2a-
including top dressing or other materials and flavors to
enhance the taste of the gases reaching the smoker's mouth.

35 Preferably, cut tobacco 12a fills the space between

mouthpiece section 11 and aerosol support material 19.



30 hydrocarbons, nethanol, isopropanol, hexane, nethyl car bonat es of
al cohol i j ngs, etc. may be used. Further, heat r | s may
be used %@%ﬁi@%{el s are relatively non-volatile fuel pr‘gécfzﬁ%g{%%g

consisting of a vol atil e fuel component chemically or physically bonded
to a 35 support material. Upon heatjng the volatile fuel conponent IS
rel eased. Such FARTISHAVEETHECRARAMAGEILTS pPRVRFTPRGE SUBPRpPSr RLMFe Poss
of fuel duriitth sfoFeeeimnsh eitsurixptéheative to glycerin, polyhydric
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rel ease Of% Cﬁf’ CORTD oFF RF R F7 i T RE YRRy t PRsUSedsuf PPEPERE for
conbust i on sarppdietaingenetetiabs fE@anjhebudé carbeat mat| emsgnéselus akdde,
ment hol t bo ' te peth - ornate

al cohol ;%sag?dbmel oh ggégc:se[?%aég%m n%&%‘%;g%?g?{% e%%%ggﬁd x%%ﬁ?ﬁl%% Iﬁrggtr]ida]n fel .
Finally, caamenicozked withduedrelysedeexganogylakpaonas. Thel ageosmilxture
suppl y tubg e ANglssabAl ¥dd&a  incSOPo AL PEAYi f8haRHE EURe+d8WRIChR
houses honeyconb 25 10 e Io%%an‘g a frictional ,fit or other attachnent
means. GeEERshbeited t T tohpoiktebtal: deffeenniPti gases of

( 3A1] e{j r ]hO[cﬁinrﬂus}Si&ﬁ etfi¢d)uding ‘@érﬂéﬁéw@ﬁéfi XCo,T raexcrhr&meraixad daﬁaée%mﬁto

grai ne i t enperat ure erative and npnporous. . The materi a as a
Ui K spcd Fe b oysth o588 B 4 Sy Rt T8 RRRRRs bt £ £ BFRRRS0 or 1] & and a
fl exural strength of 20,000 psi. Tubes 24 and 26 are preferably made of
heat resistant tegl : | i anic. rom McDanel
Refractory Co. &%%?y%f%%%?%%aév%%gﬁﬁ+e$% F%gﬁs%fégggaegqr Cel cor
9475 honeyamitrwefenent hal eside vYentbhationikdlen 20 thuehgh, whadht hen
coat ed ""'”bx?c#é&@'é@{—] E08L N0 TG £EERE 10 éé‘ci{:'diEgsﬁokléfliaga%ﬁﬁloﬁe

transition oxi such_as cerium _(IVL oxi de, and fina are coated with
a cat al W8 Fwddhenexplabpedi al Serelenli by nptedesusuadt absesbanton,

preferably,reseradl A0 9¢1 0 Bhd Naln i & LREt SHER) CPAET 880t At MBRLiIKNE 25
honeyconb substrate 25 (see FI%S. 3@- dl?\ i S 1T@Faced in , Ci i\r_ette tulrcis 26
(Figs. 1, IH&hd-?)ameuntydranehnd of Fom 2Pant ¢’ f@??a’i“lﬁﬁg OFREF SHidabl e
non- conbustTHe ealssd@Ebyst fueluppostvoht ecdrsisan b2 asepnshebiasfaberwoven
carbon nmat,, . hi I i ber n I en ceramc
30 fibers, ]r'?b%%ﬁ ta‘grérélgfe%xlea%ff%%g |{%1Prr‘ért%%rla‘lu§,§fgf?§% Egp?%%é? ed to as
honeycor® rexttekomd s, Paeferapdier cTodhgorb byand abieks (arg. usédoanCthai ng

A ass WOrkg, {¥ Nbd0or M is inJEROSLL T ONROXLAGSi FUSH A8y include an
Ta[ err] Qerrﬁ., ZnO zZrJerr],MTiJerr],LaCoerr], RuQgerr], CuQ, I\/qurr],

and ZnO naysbaRky PakeEdyl of CE R Pifi R Bae 353uid TueligRdyE€BKh substrate

25 EaS_ I OYV;f&ﬁﬁiS&JtEﬂnQrQQs nighng wsthiface atesnandempbigbutber geksandes
nmechnani ca

strength - , . -4- WO
98/ 28994 ané af& flow velocities present in c?ﬁﬁ?fﬁﬁ?/%%SGSThe Honeycormb
struct ures preevferrédwWpebsssir eiguipd {bdeluiéfetiranel. | Atpambsent created

wh 1 ' Lgh k
A I L L S R S A
cigarette i@y volume) are preferred.

Other combustible fuels such as alcohols, esters,

30 hydfocarbons, methanol, isopropanol, hexane, methyl
carbonates of alcoholic flavorings, etc. may be used.
Further, heat release fuels may be used which fuels are
relatively non-volatile fuel precursors consisting of a
volatile fuel component chemically or physically bonded to a

35 support material. Upon heating the volatile fuel component
is released. Such fuels have the advantage of preventing

evaporative loss of fuel during storage and ensuring the
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5 five (5) inches of water (gauge), such pressure being nmeasured at the
nmouth end of the cigarette. The honeyconb preferably has square cells and
a formul ¥OWBRYO 2AI [err]err].5Siderr].  The honeycoRETRESESEh
porosity of 33% nean pore size of 3.5 m crons coefficient of thermal
expansion (25-1000[err]C x IO[err]/[err]C 10 of 10 and a nelting

t enper at ur redkagigo@f TABY] diy jcontried led laovweicorittathtprardlitfimss a

het er ogenegq%fq_@l%lrbbgtfor combustlow thhd m®%é&ﬁ&honeycég%3%¥;%e@5

i ncl udes S|xteen (16) cells 29. The di nensions of
5.7 15 mm bgat 5#%%@%%@5 §‘e?’tm1 methyilg cagRonddifoyconb 25
| ncl udes nume(tamwﬂb&r&&e Tltel@tm@wm«a‘rﬂmymrﬂbnﬁ absir@®ed on 4. 5

117 mﬂéhcgfi‘“t? fere "]C1‘3‘:%11]z§“’|rr1r’lfxlIé S andla'ggq"rﬁ%q'%' bdiﬁn’g]rﬁﬂe H 1213902 i

0.69 mMm m—20nmandn:2030nm Fig. 3c shows a unit wth five (5)

cells and Fig. i Syhsequent
to the alum num Xl &el \aé%"lgly{ltc \g‘#lvt \A%o(o't%l)cr‘il%g \/&?11 sﬁacm%n . "H] ch

st abi | i zed ihgluldiegh mm%m&%%ﬂt&nm Jtrh@rdm’t@el,ythmeyconb
substrate 2anitaGeiiHes c%raml‘éatt@b\ét P wn%@hn%@use@%rmy@w% of Cel cor

Cordierite illustrated in Fi 3a-d were catal yzed by treatnent as set
out in &ReePBLPYAHNYy aefé'ﬁ‘ﬁté@na §Gt or other attdchment means.pxanple 1

Ewo hung{) edetadQr lﬂ(i}!HeSOQg;AICJ[Q|6CQ&'eC@dﬂipGSSISere off9<é7faenserraﬂglllﬂﬂb ceramc

oneyco e err i goate

[err]y Al[elqg%‘a e’r'lz]s élvgbﬁ‘l%e?i %ﬁ %1 Jt’érrpe ﬁ’é??grﬁﬁngne'

di anet er: 4raiceg lhmg@httembeumctlmrehmpargd% <ae1IdI mqmrommare'ﬁﬁa i nch) was
t t t f 9 |1

cut 11000 SHUBEE;SSCHRANS: JBROLLL LY Sy seORY! ST 110 Of, NG, () cel | s

w th di mrensions he mat eri al
was dri 88 temperaiure of 1650°C and a flexural strengﬁﬁ-of 20, 0080E3/.28994

PCT/ US97/ 233885 24 asl-xa%%rralr@&; o R Omadc0 o s . icadife the | evel
of occl uded qr _adhered including Herr he two undred

(200) uni tE‘aR@Féatlhéhlqhmalso @@dmrlrtldt& Iﬁ’@ét’taéﬁc( Fofkesr [foem Mod@ngdi on
consi sti ngR@Er&@Q @l .deicariaz 1@' skl eé W@atl%'h pre3ed-abliy3632 &lcor
Ce(qurr] err 4&% Ce er.r sal uble in vvater

nmonol i th u f‘? r §‘°é?§§’tc ‘Jﬁ}'[a &ry-ato I mpeded W’\Eé’r é"kept
in the laeaaédmaulaut iagid fthrenoceattaldl whdir a A:htt«arlyst ro@mmmfgg ratemitale

sol uti on, gﬁﬁ&ﬁﬁfhgq%! @@5e%&%ﬂno§rQQE% tlonn%nQJ égyﬁsé\még}ﬁiﬁrl

conpressed air nolirth units were 1'aced Son a gl ase
di sh and héadVédoxideo[ end Civaldyhere CO@K@@eW@h 20 Omtrf'ﬂdw@slc Teatimgol i t h

units werephkeridni §dhd1Rkdingdlal prlech e Meltqaf @b 1hthely .- p?&%efi% Mg,

tr eat nent V\B.S repeated two nbre tinmes to_glve a total of treat’ments

with the &d ERANEY 1OF) Pty NEsY- ut MﬁerAﬁpé'fP eRe timgr d:r&ﬁ‘d:“ﬁ%l he eat ment
the 15 msnabntebc@mbt subteattel ¢ i(Red IFids. 113.@[-ar)r]16 ueidighiin so as to

substanti al |, I t.ed terial | ci_ned inair at
SEO[err]IC F6§ %&?r gubrép 2(?”grt?:lgsT 't B ﬁ&ﬁdﬁgd %(5’0)3 e &9 npr egnat ed
with Cef Nopera}n)l_[cem]tezda\lela@ydm!h@e'd suitabiley m_oQ'vﬂr)coadwmltJdeIs caEadlysitot
was treatedypnoWict ha?ae1qh Laur pdi LEekeRLcROLY RS ¥ RIF L8N mat,

graphite felt, carbon fiber yarn, carbon felt, woven ceramic

30 fibers, monolith materials. Monolith materials, also
referred to as honeycomb materials, are commercially
available, (e.g., from Corning Glass Works, Corning, NY).
Transition oxides such as Ta,0;, Zno, 2r0,,MgTiO,, LaCo0;,Ru0,, Cuo,
MnO,, and ZnO may be used instead of cerium oxide.

35

Honeycomb substrate 25 has low pressure drop, high

surface area and a high thermal and mechanical strength.
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Solution 1 A 2% (wt/vol) Pd solution prepared by diluting 15.7233
25 n1 Pd yjion (0.0318 g Pd/m) to 25 m with delonhiﬁ?g tilled
wat e %98?5&9 Sol ution 2 /S(#/G\%ol ) Pd
solutlon prepared by diluting 15. 7233 30 n1 PdO [err] solution (0.0318 g
Pd/m) to 50 mMl w th deionjzed t

Sol uti on 3 Honeycomh $tEeyg %f?%d??vﬁda ?Ht?ﬁﬁsﬁPE5a968°b§tBFIGﬁFﬁ&rf§c?233
35 m Pdd 25 obresoumr € OcH8dBed Wdénl pul bidgOamt whibudai ohezedpporah)stl |1 ed
wat er . 994
PCT/USQ?/Z@ﬁﬂPared to a tightly packed cergmlcsgrbgr g §a%. AA 0. 25%
(wt/vol) Fktﬁmﬁwmlomr9$e@a¢e@r@g dﬁr@w|n951stQEC§233‘nb Pdgafrettl del ution

0. 0318 g P t d - .
H oy (5 %% o0 Pt & Wacer (HRMERT Sheh pEECUELTbetng, (o
Sol ution 1 eersweRd egitt Bheorgotlrepd ofi the GSQ?Iﬁfﬁﬁél i t Bhe hoReysombr e

added to ejgghePdrdbey OhAE s i@éﬂél@éﬁlg énanatBSrmuléaﬂ? DREBERA1LH, . 6360
case, the nonolith ﬁ%lts were 10, agitated by ha e?er gﬂnlnutes

vere kept TR HPPRRERMP Dag PREN GROFRFit h8§r33ﬁftEFaPeHHFFnﬁlﬁﬁoﬁﬁtﬁe
solutiOnsdnucﬁwﬁﬁS@oéfg%cﬁ%maSObl@marﬁamnekbsnamaﬂlwtb moobscthh87/°c
conpressed a e.nmno unjts_were then gl.ass Petri

di sh andF%é%#e%o ?“%o?é??}%?%% g?ﬂ%?riggf% ?Sr %593PﬁuFes E% The
monol i t h urhdseyeorbt hehediabdf ormsai a netéﬁﬁgenepﬁs cabuéysicght and t hen

calcined in air at 550[err]C for 5 hours. The units so treated were
found useful in the practice of this 20 invention.
Exanpl e 2 Withouespeetetduhitlg ed3 @ 300pneayrenbndhofinchudeist sixteen

consi sting s}vxeeigé 59' ! Stm(xE' Qind %t&\hého?' Hégeeﬁbi”z%’ée@ 3 Bmyx 12.3

mm were | nat e NJ err % err| err 5|n1Iar ‘manner
to that Hed®ribed=ih- EXQﬁp?% 1Ce§%%§ Sthakm. 3B. 6598 dbef honeycomb 25

CB(NKIerr])iﬁ&l&dé&ﬂﬂiﬁéckgp é591§1zdelomhéedlﬂbﬁgubhgdowah@he conds 2ssed.
30 One_hundg ed 9 the three hgndredaé3201 %b& err]%&

i npr egnat e®Fonofi Th* oni B8 wBre tra3afBd®ifth 5 helfed (70 9?]Cfc and 3d
sol ution comiméméngné §66718. @ﬁC#[ern? mi; 2b ﬁ14HBemm}PuC#[erB]nw8 vt =%
solution i £k 10 g9 e ed di still.ed water
ina Slﬂl|2} mannérk ?karg%éscrlbe %5 % hﬁ § Thé 00#@ bﬁdged
treated i3 s0vire fsmgd gseshpws auhh@heWptbcin&e 6éF)t helpsegadt Fig. 3d

I NVeNtion. shows a unit with two (2) cells.

Subsegquent to the aluminum oxide stabilizer wash
coating, which wash coat is stabilized for high temperatures
25 present in the device, honeycomb substrate 25 receives a
catalytic treatment. Configurations of Celcor Cordierite
illustrated in Figs. 3a-d were catalyzed by treatment as set

out in the following examples.

30 Example 1
Two hundred (200) units of Celcor Cordierite #9475

‘monolith ceramic honeycomb material (2Mg0.2A1,0;.5S10,; coated
with 6-Al1,0; stabilizer for high temperature performance,
diameter: 4 inch; height: 1 inch; having 400 cells per sgquare
35 inch) was cut into square sections, monolith units,
consisting of nine (9) cells with dimensions 4.5 mm X 4.5 mm

X 7 mm (Fig. 3b). The honeycomb material was dried in air at

-5 -



-7- WD 98/ 28994
PCT/ US97/ 23565 Exampl e 3 About , 60

dried niWO@%B$%el | nonolith units were i npregnat ed wi REA/USI7/23565"
Ce(NJerr])[err].6Herr]Oin a simlar manner to that described in

Exanple 1 except that 8.6846 g of Ce(N(Jerr])[err].6Herr]0 in 5 100 m
dei oni zed distcl Fed wabet was tised. hours to redhost tBe vabheof

Ce err e 0] 1 1,0 upi e tr t he ted
o1t el E bketthebredabedarasal b0 LA SalRE Sy ! LEBET b Hluted
dei oni zed (260€) | hndtwawere ThenlOntondhtel danktpsa hﬁh&hdm&9@°§g|tated by
hand everygg: it fUhe8ons i WL AgKEP 2bB hieo ?e?Lﬁ E%Ht li%?tt.ﬁrl @aQ%W

Af ter renovi n %‘I’ omt ﬁi solfutl on, excess

monol i t h5 uaPEs1vi BA92oApFesNed saPH:0 Th&%%h t1I15 R Merin wam pl Beed

on a gl asspbRbLitA ﬁhlaaq bﬁ@&ﬁdwat»e69&eta]:5doayahaaa a%%aa@ hehuZ@s
m nutes. The nnnol%t err]C for. 1 hour.

The above Y®EStKER L Eﬁ?gadtﬁB§UtlﬁBr£°F|ﬁE§ PB*SlV@“ -t ofdfegf 3
t r eat nent srgmdphihgefr omZtﬁb[ebnhEhBHLeexkéssonmbumd wAEt BlloWwhe firbinw ¢hend

final treatnen R h dr| 1i1Q[err] C

over ni ght %%R%iiﬁﬁ nggﬁgg ght% ng %Ee&e%grlnp gSnngaiﬁgﬁePPél g%aethen
cal ci netioi nhenrpaacédOper r] gléss BehnmrQLSHhénébbaateﬁlatyGOﬁCtsn a hete
found usef ' a ft n w p
Exampl e 4 ékatg %Bg PPeggh Eei trgggeﬁgﬁgggFﬁt ﬁﬁfts ?on1§2 drﬁgdS “er e
added to aadr08t WLOCPt £95] Ut heurpr ePhredbByedtraatngnyd. ¥as repﬁﬁtsﬂatlnum

chloride sghythehe(8inkd Eb gmvwaaefbtasz 8@03ntreatwehlesd%heﬂl zgd distilled
wat er . After being ipmersed in m nutes, the ponolith

units were ?éﬂﬁﬂedSSHBtéﬁnexcﬁggerlEﬁ?dt?éﬁﬁvaadmfﬁﬁa&oﬁﬁ?@§?§8talFheThe
gg[ml i ;iés moﬂﬁﬂ.iﬁh\l\l&hetbhﬁarél aeeddonnaagkaas Pebet dvabna@dtheat ad ab

err on m. nut es. units
aried 1 oPpbstansBeded) a2k, ERaT uAPH SRS, PRERE tda FRA
720[ err] C fiorabrhatir §50Y0efbrf bebouuni.ts so treated were 35 useful in the
practice of the present invention. WO 98/ 28994
PCT/ US97/ 23565 . Exanple 5 _ About
thirty (30) dri€deotwel hupgnefli {R0QNi BBikEr 80 imprpprgkatedifint Re (NOs),
ZrlerspQ8Fbent P9kl antbnebat g&?”@ &Q iB@E 5 ggen’ hBedyka Exadaeks 3.
Fifteen (15) of the Zrd[err] O 8H e %P nated nonolith units were
treated wiYhtEePRe| efr f9 Er?}féﬁf PF] °§ nPfaFdfdmer to  that
described in Exanple 3 except that a calcination 10 tenperature of
720[ err] C was used. The fifteen un|t§ fgtiéga{ed were useful in the
practice of the present invention —S=T———="—=

A 2% (wt/vol) Pd solution prepared by diluting 15.7233

25 ml PACl, solution (0.0318 g Pd/ml) to 25 ml with deionized
distilled water.

t en cg%c1neg

Solution 2
A 1% (wt/vol) Pd solution prepared by diluting 15.7233
30 m1 PdCl, solution (0.0318 g Pd/ml) to 50 ml with deionized
distilled water.

Solution 3
A 0.5% (wt/vol) Pd solution prepared by diluting 15.7233
35 ml pPdCl, solution (0.0318 g Pd/ml) to 100 ml with deionized
distilled water.



Exanpl e 6 Fifteen (15) treated nonolith units from Exanple 5 were
15 treat ] a 0.005% Pt solution in a simlar manner

descri beg%l-ar(lyngbgnpl e 4. Ceram c cordierite units n’%"&% %3</585 el |
densities from?9 to 400 cell/in[err]. Such cells are coated with a

uni form | ayer 20 of gamma ([err]) al gmlng to increase the stability and the
coating surface by one hundred fold described in t he Exanpl es
above. General | %, ot.R&%al(wrt/wvalgoai =g liutiion prdpﬁrn‘ed:d@t el Wit ing sol ution
of Ce(NJ et k] r S r xi de; 8t

Cerium n|t ét)éggé k&%rdc%[éé‘i l&t' gf{ﬁlsdg ESE/) guge ggr%r%gqﬁ% orm
coati ng cadebengbﬁdr @e@tl@éleldumateroorrpounds including cerium(I11) oxalate
car bonatg nitrate may be used as starter nmaterials provided they are
converte to cerium (I oxide prior to use in the invention. Finally, a

third coat of aFadifltt 5931 Gei(¥R:bf iFPaeiomahesd mafritde wiitpalverk tadded

chloride i goapBhiu@d o?n 1t RAC BBy tFIH-BIHANY GOREd NG s N EREH SR @ Y St
coatings, when activated as corrbustl on is initiat edS generate

t enper at ur BREEoeSoGAded Fgopacty € Fhea SHRIo[MIYEomhe 1 gin the

t enperat ur ga;nasmaszhern InA@AichV icag eG 0 bl nfo it ot ©f  WwiECH | wietk&l T uel
and al L2 aBiEhees 3 hAHY Vg YRe IR, SATRYSHED B SR B0lhea oo,
PCT/ US97/ 23563t10n for 1 bhourhe &fdreat iremoofing daret ttthel GsoXuteiamoker dr aws
on mout E&}:@%‘? ign w?ajs AU A Shde nf’Hr{olt Ocrf '@Wéé‘r&f%‘ si de
holes 21 in tTue age and air mXxing section I'n addition,

out si de ai ﬂotnﬁrﬁlséﬁdt ﬁrlé'ugh Tagd mediod ixh jupits é@ﬁﬁ dhery glacedion (&) air

flow arrowg)Akkebeleri Aflstl Aha@hdatdOWt Bod lon a afrwk B d# 9ror)do

Qutside air flow represented by arrows AF[err] - AF4 ‘passes through
reser voitP MENEEREa ni ng et hanol fuel where a fuel/air mxture is forned.
The air/fuel mxture is saturated as it exits reservoir 22. The air/fuel

ratio is 10 incpeased w.th air .drawn thr i.p penln beforethe

m xture contact F‘th‘ ORI P sy ¥EZE &?’eﬂbrﬁ%ﬁ%‘ﬁt} 11%a‘f alytic
surfaces oevernigtit tng ghees chllovinsde iabeuitr & t550°C Ei'.i:m[&arm}mgs Thehe
fuel/air e ch i ”fcé{grg@n f d0

nout hpi ece ﬁ}%gAs?%t %g%gil%re fynel m%;(atugir%g ows Cl%; t}}e or(r)ra\r/s&s{l%nt Oé!%(){i? Het with

coat ed 88r aARVenkdmdcomb 25 inside tube 26 as the cigarette 10 is it
with a conventi onal | ighter by applying the lighter to the area of tip
hol e 31. As the gases continue to nove toward nout hpi ece 11 they are

heated by catal yzed conbustion (see &¥3RIARerr]-ARlerr]; Fig. 2). 20 Gas
fl ow conti nues Mfowgrtrﬁ@é Weinirled e 396) dried mondSittheursipker conti nues

to draw on CI tte C ust.i.on es f delrvery t.ube

t hr ough &gr A (9% 59 rf% plcl?gussup(%gr @f &%L}hdﬂd?%sew,}? r’?}go}f 25
whi ch f Réws mhr eudlz .Seatni ,owet@® pinghieypaded lvaidr <d (N ¢AH,0 inobacco 12a.
The aer oso ho (o] S de i { t ce
filtor 11 F3"iRetsfther, HOTHA ddaifiovkq 4iEB800me 1o SR aRY IR EC

cat al yst r815a|0|5§35l9f qucﬁé”(tNOs)s 168a® in %é@tmbndEIOQQZ?ﬁatilﬁEéﬁl?ﬁewgﬁﬁker S

t aki ng secqyd 3@eand subsequent drags combustion will resunme without the
requi rement of relighting.

30 One hundred of the three hundred (300) Ce(NO,),
impregnated monolith units were treated with a heated (70°C)
solution containing 1.6667 g Pdcl,, 0.25 ml H,PtCl, (8 wt %
solution in water), 10 ml HC1l (1 M) and 90 ml deionized
distilled water in a similar manner to that described in

35 Example 1. The one hundred treated units were found useful

in the practice of the present invention.



The products of conbustion exiting delivery tube 27 and finaIIy reachi ng

the smoker's mputh are water, CJerr] and CO 35 The weight of ro. -

ci garet t VPRI { han the weight found in standard ci &9@?’8@3%Fesent ly
bei ng sold. For exanple, - 10 - WO
98/ 28994 PCT/ US97/ 23565 cigarettes

of the present invention have 0.2ny oExeaipde & CO per cigarette.

Reductions in CQABBQtastr H?EEathnEO(%ecQﬂQCﬁQHEQﬂtB AnWRIsC yefext ur e of
air and fuel pass thraqu materjal_ 20 which functions as

coated and &éBPEPYEATEL %éFElﬁe(Neéscﬁﬁﬁb&“liuﬁ#ﬁf%ﬂﬁﬁﬂ%ﬁ%ﬁ%c%ﬂeﬂ@%#c

action causgséscr@kedati hoRxahpTe t0eREbptr tnhe subsuanti akl v er(@z@yﬁe eth® 9
cont ent as SUF}E gases exl.t In view of th eat

gener at ed®i #%80 F98ﬁ1§88tFbﬁgi%gedtHFgegeHF?oHSﬁgy be insul ated using

al um num f oi | / paper | am nates, graphite foil, glass fiber non-woven

CarDOn LS o nRCRaCREEhE FRREDY, HEDbRTEA bOGER TR e

The catalystreahedlwﬁng poheabadoﬂ9vhe)sankphgoartputalnlngam e sr gused. |t
s cont enpl aLed. . AAEK 18" 168 haNol! adfoRTPEANE 1 8EEHSEES WIRY, ) NClide one of

nore catalys ﬁ ts o e sno attach to the end of the
snoki ng 19 weppééth units, whiph verm egibREPdAsbY heads everyady minutes,

cigarette 23elBdusbkyinatfevhegtbRakohgatsnr abbeb, Ehapykur ngsihe tobacco.
"Fl amel ess” refers tq catalytic_flanmel ess conbustign I ncluding catal ytic

oxi dati on o?eWBVéPBIgrBPQQHFCS9éﬁ5ﬁ§“0ne§°essnéﬁgP18rWﬁﬁt&ﬂoﬁﬁlé§°mTﬁ§e

present lnvmahbmtdeuh&esl wikat bompresaekelaess @nd ) Bhamltﬁsslmtaowere
When al | ghfuel in reserv0| gtte

b
D naut sheEnpiopiplelBE 8obiags Petpictanbaand Reaseaafeodatt, g % Bot

puffs. 185plate for 20 minutes. The monolith units were dried in air
at 110°C for 1 hour. The above treatment was repeated two
more times to give a total of 3 treatments with the
2rCl,0.8H,0 solution. After the third and final treatment,
the monolith units were dried in air at 110°C overnight so as
20 to substantially dry the impregnated material, and then
calcined in air at 720°C for 5 hours. The about thirty units

were found useful in the practice of this invention.

Example 4
25 Fifteen (15) treated monolith units from Example 3 were

added to a 0.005 wt% Pt solution prepared by diluting 0.125
ml platinum chloride solution (8 wt% Pt in water) to 200 ml
with deionized distilled water. After being immersed in the
solution for 10 minutes, the monolith units were removed and

30 excess liquid removed with compressed air. The monolith
units were then placed on a glass Petri dish and heated at
60°C on a hot plate for 20 minutes. The monolith units were
then dried in air at 110°C overnight and then calcined in air
at 720°C for 5 hours. The fifteen units so treated were

35 useful in the practice of the present invention.



VE CLAI M 1. A snoking article with a nouthpiece section and a
ti Qycbihshgy Whi ch gases flow to the nmouthpi ece secti @grifkofzsseslownst ream
direction with a plurality of sections upstream of sal d nout hpi ece

section conprising a. a heat source portion positioned at the

tip end for produci ases of conbustion in turn L
conpri sing (%%égpgg—gentilation holes in the article to:. =
serve the heat source portion through whi ch out si de L

air enters, thir%aﬁz%eam{/{e%%lf%é?f%?ﬁgi1£Hehn5E§%¥9U f“”her avnay

fromthe nmﬁ?Flece atron ol e
througﬁpmnﬁteﬂlm‘@lkrz#¢ba@s8ﬁb02m a similar manner tgrthéd an al r/fuel

lq cribed in Example 3(3) a catalyst combustion section further
amay romthe nout plece t%an t he fuel reservoir into

whi ch and t hrough which 25 the fuel/air mxture flows as
such Fifteen (15) of tmxzﬂcgoc@mfg@lsmpiagﬁgtadtﬁoﬁ@wtn

conbust,ion gases ich catal onbust.i on section
el GRS ripeated Witd dElNo) .60 gy @ AT JHSUER 5 ever se
di r el described in Example 3 a¥wyeht othabeanpatbphaeéohoward the

ownst ream condui t _associated with the
rﬁ%ﬁiﬁéﬁ?ﬁ#@ﬁﬂf?cﬁ?t PRUerives ¥ %agaégg P1EEER En1Es 5 %reag 8conbustion

t onarwktehaiswfin hpimcehe practice of the pmaesesto$oiveseibhon into which and

t hr ough whi ch the gases of conmbustion flow to form an
aerosol and - 12 -
c. a tobacco section into whi ExamRédeadrosol flows as it

rmves furtﬁﬂpftéi@mmigﬁaf&é%@adm&n@nm units from ExBRpibBPEegergection.
The artlcle of claiml in which the catalyst conbusti on section

|tﬁ§lﬁﬁ%§ et oREVR oRrb® cBP At %tsﬁ%§$$%?% in a similar manner to that

described in Example 4.

Ceramic cordierite units may have cell densities from 9
to 400 cell/in?. Such cells are coated with a uniform layer
20 of gamma () alumina to increase the stability and the
coating surface by one hundred fold or more as described in
the Examples above. Generally, the alumina coating is in
turn coated with a solution of Ce(NO,),, or a slurry of ceria
(cerium oxide: CeO,). Cerium nitrate Ce(NO;), is preferred

25 because a more uniform coating can be obtained. Cerium

compounds including cerium (III) oxalate carbonate, or
nitrate may be used as starter materials provided they are
converted to cerium (IV) oxide prior to use in the invention.
Finally, a third coat of a dilute solution of platinum

30 chloride or palladium chloride is applied on the cerium
containing coating. These catalyst coatings, when activated
(as combustion is initiated) generate temperatures from about
700°C. up to 1000°C. The high temperatures assist in
achieving complete combustion of the liquid fuel and air

35 mixture and achieving the further combustion of carbon
monoxide (CO).




coated with alumna which in turn is covered with first catal ytic
coati ng. 3. The cigarette of claim2 in which the first .
catal yti WeS#¥MY is a rare earth oxide. 4. The RGTJBIERISES of
claim2 in which the first catalytic coating is a transition oxide. 15
15 5. The cigarette of claim3 in which the first catal ytic coating
i ncl udes cerium Dnttheeoperation 6f cifheettganelt enhef sebietn drawswainch the

rare earth ?%Qéh ge%é gg&kyg%oi ?ﬁug?n qutsid Zﬁl Ihe. %8 s;%e?ﬁf claim

2 in which rat vered 4 §8cod
coating i ncéidenpodes Adbén ﬁ%ﬁélstOESGe and a18 mixThg sag&nehtéSOﬁndLalm

7in which iﬂead@99§bnnEB§£51déSaP§|£3deH$uth*ough edd hgﬁ% ghgﬁﬁette of

claim2 in which the afumna is
ci gar et t €5 oF€EFAPTh 271 ASGRi ERX L hE) f?%%tflOWCQFEPyﬁléfcdaﬂﬂhgaéén?§rﬁ§5 B,

ceriuml X oxhdes, @8g. 2)31. ol@ GO 8! tra ¥ zvéﬁéaéqﬁéa%y%m@s fa# st
catal ytic coatlng conta|3i€ 45«1;2%%%Jeyr] The C|garette of
claim1l in Wit BRESESKHFS J&béélﬁﬂ?Qﬁ%ﬂ%ﬂﬂ ‘qHaneh el he
fuel . where a fuel/alr mlxture is fo#Med. The alr/fuel mlxture isld
13. The cigaﬁettg g t n which the %gr n% z% Iudes a
substrate havrnga® e?F 4 n%?% of EBETY° 1T 400" ce p?/? Bp ]ra 10 18 14
The ciga*%tincnéaséalw1ﬁh|almhdrawnhéhnamghytnp openahgngisbeface anea over

whi ch the gpe§ o] sf | u 5.
The cigarette o £%|§?ﬁ? %ﬁglgét%%QQth ?a&Qioggggﬁﬁégcgﬂpf%ge a?gé
over which @ﬁ%abbﬁbgsﬁﬂbﬁaga%egvﬁrthl@h th@oﬁ@s&s foos5anperbbhg. 16 to

65 m’/g. The fuel/air mixture changes direction and commences

flowing toward mouthpiece 11. As the air/fuel mixture flows,
15 it comes into contact with coated ceramic honeycomb 25

inside tube 26 as the cigarette 10 is 1lit with a conventional

lighter by applying the lighter to the area of tip hole 31.

As the gases continue to move toward mouthpiece 11 they are

heated by catalyzed combustion (see arrows AR,-AR,; Fig. 2).
20 Gas flow continues through delivery tube 27.

As the smoker continues to draw on cigarette 10,
combustion gases pass out of delivery tube 27 through
glycerin containing plug support 19 forming glycerin aerosol

25 which flows through section 10 picking up flavors from cut
tobacco 12a. The aerosol laden with flavorants finally
passes through mouthpiece filter 11 to the smoker's mouth.
When the smoker stops drawing the catalyst retains sufficient
heat in section 17 so that upon the smoker's taking second

30 and subsequent drags combustion will resume without the
requirement of relighting.

The products of combustion exiting delivery tube 27 and
finally reaching the smoker's mouth are water, CO, and CO.

35 The weight of CO per cigarette is less than the weight found
in standard cigarettes presently being sold. For example,

- 10 -



16. The cigarette of claim2 in which the ceramc substrate is cordierite
mat er,i alyweoogngees 17. A cigarette with a nouthpiece for genriseiiseg
flavorful gases for draw ng downstreamtoward and through the nout hpi ece
conpri sing (a) a flaneless heat source portion adjacent the
20 . p_.en e r %ﬂﬁf ASE5

i ncl udi ng Clgarettg of @thB}leeﬁq: #ggtr‘aap\%i%?] Sltr%\{égcd;nt di SDII?IQ fue Of 75
ii) condupernsapgrpiiei-ng |nto and out of the

reservoir unit so that when the cigarette is drawn
on a suitable air/fuel mxture is formed whigch
mxture i s del i Refugtigng in CO are attributable o ths, BRorPRMS Yt

section gngWhEghnm3Qture of alr and fuel @REUShHreugnIts AHendyaioms;

:ht?uzrﬁg %gﬁ%ﬁgérnl ggﬁgkﬁr u@g e%ﬁgpgs coated and catalyst as heqﬁ%n
|l ayers of aksertdedcer Dumidy such flow catalytic actiagomeowswb and a nobel

retal compgyiiation of, o to cbb)eo MEANSLALiEAUS! POShEE £REDUS! LBR-EARES

to reverse Tion as it the cataly

section; aad such gases exit tube 27. -14-

(c) a flavorant section downstream of the fuel bur ni ng
catal yst for receiving and flavoring t he conbustlon ases

as they fl ow t oIph&iew of the heat gerﬁ%'taﬁ:ﬁdedé‘ com%;ecﬁy % Jcﬁsrga} tte

when |it apg;dr awet4Ren st Hﬂaai@x%uﬂ.&%%d Jsrlei@ tammfluﬁim txwirn Nsapat al yst
section through the flavorant ctl he nmout h

cigarette SRMEPEEHSL7 GLRRMIEh § berg, tw?verbo?acﬁké‘?’? t’%aWt h a
structure aﬁdaWwﬂenﬂﬂbﬂHﬁﬂdlﬂﬂhyﬁﬂ Such ingiflat ionet tsos mdipraiheitge an

B O A RR NSRS Eiye, (1 HUME U NG RS LA A Weveen

N % et i'es puff rom t'he ‘ci gare Irst
it untlbuffsstops produci ng aerosol puffs through an aerosol pr oduci ng
section to the snoker's nmouth conpri sing a) providing a

cigarette body having an
The catalyst containing portion of the smoking article

can be reused. It is contemplated a pack or carton of
20 smoking articles may include one or more catalyst units to
which the smoker would attach to the end of the smoking

device.

The term "“smokeless" means to many in the cigarette
25 industry, a device that heats rather than burns the tobacco.
"Flameless" refers to catalytic flameless combustion
including catalytic oxidation of volatile organic vapors on a
metal or metal oxide. The present inventive device is both
"smokeless" and "flameless".
30
When all the fuel in reservoir 22 has been consumed,
cigarette 10 extinguishes itself. Cigarette 10 is designed
to produce about 6 to 12 puffs.

35

-11_



absorbent fuel reservoir therein in which a sel ected
anount of avail able |iqui el and air are intermttently
ni xed to YOI eri es Iﬂ!’i MI Iu “ Iu/uﬂf fuel /air mixtuPEIUSIT/Z3565

b) further providing a , conbusti on
section coated with one or nore catal ytic | ayers;

c) causi fgclddMfuel /air m xtures to be serially 30

transported into the ceram c catal yst conmbusti on section
for conmbustion therein | o such m xtures during conbustion

f1 owi ng, 1. A cigargie Kidh th TR Ar R BIOR IRIIPRISEIRG 35
(2) said surface area being such that the

conmbusti gn gases resultinqifroqggych . $assage of such
series of fuel fair &) heat source for;proAncinggPSHR through t he
conbusti on combusticedin cumndtaverisied area produce a

- 15 - 17

selected total weight of CJerr], a total wei ght of
wat er and a total weight ofl)COa heat source body sectaimhmherein the total
wei ght of COis about 0.2nmg for such series of puffs.

20. The nethod of claim 19 in which the creation of t he, conbusti on
section3%cl udes the steps{@f Vventilation hplesyrigyitheFigaxstis cto

honeyconb substrate serve tHely ddrtivh sestd@i which
b) placing a coating of alum na on the substrate
support; and c) °4§%ﬁ9%uf%¥<ﬁﬁ§ﬂ5ﬁdc coating on the alum na

coat i ng. 21. The cigarette of claim17 in which the cerium

conpound | ayer includes cerja. _ 2 The cigarette claim21 in
which the cerium (f) an(ﬁbsorbenén%uel s SEHARS upstream og
1s the ventilation holes through which such

air flows to create an air/fuel mixture;

(4) a honeycomb catalyst combustion section
upstream the absorbent section into which
20 and through which the fuel/air mixture

flows as it combusts;

(5) an exit conduit in the heat source body
section to deliver the gases of

25 combustion toward the mouthpiece;

b) an aerosol section into which and through
which the gases of combustion flow to form an

aerosol and

30
c) a tobacco section into which the aerosol flows
as it moves further downstream toward the
mouthpiece section.
3s 2. The cigarette of claim 1 in which the ceramic

catalyst section includes a ceramic substrate coated with

This Sheet Has Been Re
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conmpound | ayer inclu ﬂaugﬁu ﬂ"s 23. The cigarette of claim
21 in mhhé?ﬁ%gsg eriu er includes cerium I oxi de.

24. The claim?21 in mhlch *the catalyst  coating G E%HEEES ceri um

and in addition a further coating containing a nobel netal. 30

25. The nethod of providing gaseous materials to a person's nouth

conpri si ngalumina which ip TumgjisgigRyeradiyel Havi ist eatehptéce and 35

chanber fogcaedeigui ng a honeyconb materi al ; b) coating the

honeyconb material with an al um num oxi de stabilizer;

c) drying the coated honeyconb materi al ; -
3. The igarette of clalm 2 1? which %HecﬁlrstntFOdUC'ng

t he honeyc S0 tion of water

Ce(NE[er¥]%EQr??&ﬁftmﬂaglﬁa is a rare &5 UiY%ti ng the honeyconb

material in said solutlon 5 f) thereafter

heating the hongyco r e the honeyconb

mat eri al and pogltlg%ﬂr?thda;ye’tt of claim 2 19) sud(% c nblerSt_LO

h)  provi GrkgLytAGeloa ™ ing Kisng ﬁansgﬁnqm mnc,d?- a

m xture of fuel and air is created when a person draws on

such tube; i) causin such fuel and air mxture to
fl ow ovéP the hneycd GiE&redts Ris§dRim 3 1n which the first chamber
under condchtanytdle camtisi dmcludes cerium nitrate. Of such fuel and air
m xture; and 20 1) causing flow of such conbustion

gases to
6. The cigarette of claim 3 in which the rare earth

oxide is cerium oxide.
15
7. The cigarette of claim 2 in which the substrate is
further covered with a second catalytic coating including a
nobel metal.

20 8. The cigarettg of claim 7 in which the nobel metal
is palladium.

9. The cigarette of claim 2 in which the alumina is
gamma alumina.
25
10. The cigarette of claim 2 in which the first
catalytic coating contains cerium IV oxide.

11. The cigarette of claim 2 in which the first
30 catalytic coating contains Ce(NOG,),.

12. The cigarette of claim 1 in which the reservoir
holds absolute ethanol therein as the fuel.

35 13. The cigarette of claim 1 in which the ceramic
section includes a substrate having a cell density of 9 to
400 cells/inch?.
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Pﬁ:spg?\é\g?\t ;eﬁtr)nu: Er me\m “‘ﬂi“ﬂsﬂm (L,“Let hod of claim 25 ha\s;?(r:]t ! ?Eeand _t?

addi t i oM 9838294 provi ding a cerani c RERMFEUIE6S
substrate; b) pIaC|ng a coating of alum na on the 30
substrat e; C) placing a coating of ceriumoxide (IV) on the
al um na coating4.andhe3®igarette of) Claplﬂaél g ahdedr ithg efate lattiimum
chloride ag,khg surface area overC 9HitH PHAL GRRAIIGN gases flow 4 A
met hod of rOVI i ng gases,to a snoker's nouth conprisi'ng

-17 - about 16 to 65 m’/g. 19 provi di ng
a snoking article haV|ng a side, a nout hpi ece end and a tip

end; si d ventll i.on hQIes he
mout hpi &ce and Xivp g claarete é@%ﬁ&lndnw 4$Ng%§zSQFﬁﬂ¥§%?fIU|d
fuel reseevating surface arfear oveceiwhing ahe ertmdustyorherasend iflatt ds hol es

when t he spok ra he article; causing a fuel and air

m xture thD %quér\gfro] %L%etm?g° reservoir to a catalytic conbustion
section with honeyconb substrate support for supporting |ayers
of catalytic mgleriahs Wighe e EHeElah% @‘XEP%%1¥% the cerﬁﬂf% bur ned;

t hereafter causing ﬁ% corbusti on gases oward the
nDuthpFécéué§¢Fﬁ§ewHﬁcWoﬁﬁaﬁéﬂ%Ph@%terla pass through an aer osol
generating section and unbur ned tobacco. 20 28. The

met hod of claim_27 in which the catal ytic conbusti on sectlon has a
substrate coatéd -wi £h SHIGETLe with a mouthpiece for generating

flavorful gases for drawing through the mouthpiece comprising

1is (a) a flameless heat source section for generating

heated gases including
i) a reservoir unit containing fuel;

20 ii) conduit means passing into and out of the
reservoir unit so that when the cigarette
is drawn on a suitable air/fuel mixture

is formed;

25 iii) a catalyst section including a honeycomb
support coated with layers of aluminum,
cerium nitrate and a palladium compound;

and
30 (b) a flavorant section

whereby the cigarette when lit and drawn upon hot gases pass
from the heat source section to through the flavorant section
to the mouthpiece.
35
18. The cigarette of claim 17 in which the honeycomb
support is cordierite with a structure of about 400 cell/in’.
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25 29. The nmetho | m“mv\hlch t he coated substrate has a
(77t saa)hamacoat et The Mot earhgiabal m 29
in which the first catatytic %oétlﬁg is a rare earth oxide.

31. The nethod of claim29 in which the first catalytlc coatlng S
"a transition oxigde. 2 of aim29 in which the first
35 catalytic co%glng |E§FﬁggsgceFE§§Pgﬁ%gé%€ aé%os&? g FEARYHOd of

cl ai m 30 | inghhéhnghereatdngapgtles O@XF@EhW§hx§ntand»unknsportlng them

- 18 - in a series of puffs f%ém thize ﬂg 3N 28440 W c#
Substrate 1s further covered wth _a secon “catal ytic coating incl u ng a
nobel netaft stops prggucipgeapErred @Pfé|5a|tr1hr3>439m aFhiagr gl rmdueinal

is pal bagbdfion to the3émokbe 'BEhbREnOlco Zg;ln which the alumna is
gama al um na. 37. The method of c in mhlch the first
catal ytic coating contains ceriumlV oxide. The net hod of

claim29 in which tha)flrprov1dahglytbdgama&mmgbmayéﬁdﬁiﬁ&ﬂ&ﬁﬂéﬂﬂdﬁﬂéﬁﬂ].

39. The nmet hod of cl.aim 27 _i.n i.ch.the r.eservoi.r. hol d ut e
et hanol therein as the fu%ﬁeT BeserW% f therelfpin whichy &S %;%%#ﬁ%7 in
whi ch the ceramc sect i enount| gfiesva idabdter dtieruhiaVifngela aoel laldersmta y of 9

to 40Q4cells/inchferr]. jntrermittdhel h Of i n which
t he catgPytlc 25 coating éur acé area vg%xﬁﬁic the conﬁﬁgilontégses fl ow

is about 16 to 65 nierrfPRgl/air mixturesiThe nethod of claim 33 in which
the catalytic coatlng surface area over which the conmbustion gases flow
S about 16 to 65 % % 43. The method of claim 28 in which
the ceramc subst P te UTEBRY; BrPvddiRied feramic catalyst

combustion section coated with one or more

15 catalytic lavers;

c) causing such fuel/air mixtures to be serially
transported into and through the ceranic
catalyst combustion section,

20 ,
(1) over the surface area of such layers;

(2) said surface area being such that the

combustion gases resulting from such

25 passage of such series of fuel/air
mixtures into and through the combustion
section and over such area produce a
selected total weight of CO,, a total
weight of water and a total weight of CO

30 and wherein the total weight of CO is
about 0.2mg for such series of puffs.

20. The method of claim 19 in which the creation of the
combustion section includes the steps of

35
a) providing a ceramic honeycomb substrate
support in the section;
. N
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(a) a fl 84 heat sdur€e portion for %ﬂ@r”gﬁfrﬁﬁg heat ed
gases |nclud|ng - 19 -
i) areservoir unit containing fluid fuel; ii) conduit

means passing into ahd ouplating a coating of aluminéhenrther gobstmatt so
that when the support ; angl garette is drawn on a suitable
air/fuel mxture is forned, i) a catal yst

conmbusti on section into which the air/fluid
mxture is c) placing a cauglﬁﬂmcfébaﬁgﬂguéﬁ'QHetQQEﬁhHa“h'Ch 10
i ncludes_a honeyconb support coated a |layer
of alunifha and a |ayer  COating. of catalytic coatlng

whi ch section has a passageway therethrough in

whi ch t he fuel/?lOnnyﬁguﬁgtﬁggbgftélalm 17 in which t gaFﬁ%ygggtrgam

gases of conbus

(b) a flaveeahingointdndésrcertai ving the gases
conmbustion 20 whereby the snoking article when it and drawn upon gases
of conbustion pass fromthe heat source portion to and through the
flavorak® portidf-toThAemabPRppEcelaims2l in whigh tihfpecataiyfécof claim

and

44 in mhic@ogbgh?agﬁgygags cefOahi ROt+sSta. rare earth oxide. 46.
The article of claim44 in which the catalytic 30 coating is a transition
oxi de. 47. The article of claim44 in which the catalytic

coati ng includes3cerwhé1méthﬁﬁeof 3baim 2ﬂ81n whechr thel eaghigtaem 45 in
whi ch the rar r Xi iS_C m OXi 49. The article of
clai m 44 i f°Wat %ﬂ%lgﬁ stgg & ?Ebyf%¥f %r covered with a second

catal yti% coatlng i ncluding a nobel netal.

- 20 - 24. The method of claim 21 in which the catalyst

coating includes cerium and in addition a further coating

containing a noble metal.

20 25. The method of providing gaseous materials to a
person's mouth comprising

a) providing a tube having a mouthpiece and

chamber for receiving a honeycomb material;

25
b) coating the honeycomb with an aluminum oxide
stabilizer;
c) drying the coated honeycomb;
30
4a) introducing the honeycomb in a solution of
water Ce(NQO;),.H,0;
e) agitating the honeycomb in said solution;
35
f) heating the honeycomb;
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coat ed e tal m A : The ar
|n mhlch the alumna is ganma al um na. 53. The article of claim
44 in which the catal ytic coating contains ceriumlV oxide. 54.
The article of clalnﬂﬁ4 i AXXANGh thige PORBYISAMRY  coating contains Ce
(NdJerr])[err]. 55. The article of claim44 in mhich the reservoir
unit hol ds absol ute gshanol t herein as .the fuel N The a9$icle of
claim 44 in which th® hon&F¥§HE928 SMSddAtT Mbr{fde 4 %u@s‘f"fa‘f‘é havthg a

cell density of 9 to 40ﬁomewbsmmnmmpam1condl*1ors o phtedwart it eodf
claim44.in which the catglyti.c nfpoating surface area over which the
conbusti on gases flow is abdut 6 to 65 nferr]/g. 25 58. The
article of claim49 in which the catalytic coating surface area over

which the combustion;gasegabisQWy $1owaRHUsukh Hededlfiddd do Bhs

59. The article of claim44 in which the ceramc . substrate i's cordlerlte
mat eri al . through an aerosol section ang to the person's
mouth.
10
26. The method of claim 25 having the additional steps
of
a) providing a ceramic honeycomb substrate;
15 b) placing a coating of alumina on the substrate;
c) placing a coating of cerium oxide (IV) on the
alumina coating; and
20 d) placing a coating of platinum chloride on the

cerium oxide coating.

25

30

35
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