WO 03/ 086112 PCT/ US03/ 03456 -1 Use of Ox, hydroxide Conpounds for Reducing
Car bon Monoxide in the M nstream Snoke of a Cigarette FIELD OF | NVENTI ON
[ 001] Thewormsmsdlinn rel ates generally to methods for reduecagsohessasrount of
carbon nonoxi de in the mainstream snoke of a cigarette during snoking. Mre
specifically, the invention relates o cut filler conpositions, cigarettes,
met hods for making cigarettes and nethods for snoking cigarettes that

i nvol ve the use of oxyhydroxi de conpounds, which deconpose during snoking
to produce one or nore products capable of acting as an oxidant for the
conversi on of carbon nonoxide to carbon dioxide gnd/or as a catalyst for
the conversion of chs&8hOxgk L orppowds for Redueing p oK GROUND [ 002]

vari ous et hOdSCfa%Ol{ Il%&ﬂﬂ i{IQe.R/ﬂ {£~ea?1fl Sﬁﬁﬁg% ar@%gi‘étﬂze in the

mai nstream snoke-of & Ccrgarette aurrng SNoKl ng have proposed. For
exanple, British Patent No. 863,287 describes nethods for treating tobacco
prior to the manufacture of tobacco articles, such that inconplete
conbustion products are rendUEBEDOFINNENEIONduri ng snoking of the tobacco

artic In additfion, cigarettes c [ Sin bsor.ben rally in a
fil ted_DSH P, havif“bé@ﬁ?@?fg&é@?se@@@%ﬂﬁq%@ls??/rslgeggglflg?lﬁ:gang@r%g?gf t he carbon
m)nox‘fa‘ilﬁon fHoHA%iAL 1 the thAiRétPeaR i dite! df%rdégﬁeﬂﬂ@&ﬁﬁﬁ%hﬁoléﬁpgﬂ. NRs6r i bed, for
exanple, In US  Relissue Patent No. RE 31,700; U S. Patent No. 4,193,412,
Bri t i sleciflehléyitthdlinvedid@n 8J4tes toBnit fillshcarapaesitionsiocigagtes axth@sifor miakmgt ent No.

comp GgereTad BEOARS Rromekiietie e hgR K HEGRG of CRUN RPN, bon monoxi de
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i ncorporating a conventional catalyst into a cigarette include the |arge
quant ¢atalpst fof the conversion of carbon monoxide to carbon dioxide.

o

BACKGROUND

[002] Various methods for reducing the amount of carbon monoxide in the
mainstream smoke of a cigarette during smoking have been proposed. For example,
British Patent No. 863,287 describes methods for treating tobacco prior to the manufacture
of tobacco articles, such that incomplete combustion products are removed or modified
during smoking of the tobacco article. In addition, cigarettes comprising absorbents,
generally in a filter tip, have been suggested for physically absorbing some of the carbon
monoxide. Cigarette filters and filtering materials are described, for example, in U.S.

- Reissue Patent No. RE 31,700; U.S. Patent No. 4,193,412; British Patent No. 973,854;
British Patent No. 685,822; British Patent No. 1,104,993 and Swiss patent 609,217.

However, such methods are usually not completely efficient.

[003] Catalysts for the conversion of carbon monoxide to carbon dioxide are
described, for example, in U.S. Patent Nos. 4,317,460, 4,956,330; 5,258,330; 4,956,330,
5,050,621; and 5,258,340, as well as in British Patent No. 1,315,374. The disadvantages
of incorporating a conventional catalyst into a cigarette include the large quantities of

oxidant that need to be incorporated into the filter to achieve considerable reduction of



oxi dant that need to be incorporated into the filter to achieve

consi derabl e reducti on of WO 03/086112 PCT/US03/ 03456 -2 carbon nonoxi de.
Mor eover ,woDfo3ns@1i nef f ecti veness of the heterogeneous rea®Cirarsod/a34s@ken
into account, the anmount of the oxidant required would be even |arger.
[004] Metal oxides, such as iron oxige have al so been incorporated into
cigarettes for various purposes. Se€&, for exanple, |nternational
Publ i cati ons WO 87/ 06104 and WO 00/40104, as well as U.S. Patent Nos.
3,807,416 and 3,720, 214. Iron oxide has al so been proposed for

i ncorporation into_tobacco articles, for a variety of ot her_%rgurgoses. For
exanpfaEbon mogoside d Mergevite Hifhe inetiervenesOf fhe heteroReReous Fectothisdaksn | er

Cgen: it ot 3 s orfod g Rradhk WenRBe cPBftafhel s P01, 2%, 5, Tetor! o

regul ator (e.g. U S. Patent No. 4,109,663). In addition, several patents
describe treating filler materials with powdered iron oxide to inprove

t ast e[00dd| or andatal axides asuchce iam qrida hage apgthean injorporged gBo tiaretss 508, 868;
5,129,408;. 5, 105, 836 and_.5, 101, 839) . wever. ..t he o] t make
ci gar BrV@LIOUS RUBPSSY _fien&’f Pﬁfoi‘?‘taréllégoﬁ?ﬁb‘é%auﬁﬁ%%? 82@%@&?@2&@) have
not | g§/4b9o4,N8 ‘ﬁ!uf %CltJ!SVQ’aEe%@ Woki 9809416 6Ad BINOMAONksiLokile HEY 4150 h&AM SnOke.
[ 005] Despite the devel opnments to date, there remains a need for inproved
and pmpesef for dacenporaterthuis tabaccocatiples,i for anari¢ty rof odwn purppsesheF@amount  of

carbon nonoxjde in _the majnstream snpke of a cigarette dqur.i snmoki ng.
Pr ef ef5BBle, Lok Axide bahBeenfeacribed Aspartic ‘dﬁﬁgt(eign\(igﬁvggt ensi ve or

! . . / | - e
Lime SRRSHTLIGGIRAbIGY! ios 88019k RLAGRIRNGLH Ehe U WPRANGEET 0L Y. It

shoul 0’ catalyzé or oXidize ca oxide not only in the

filteq 1egiganafd i hevddrFase s & bubiitegalatn (algoNYSt Pee@ 6. r£10%8663)0 Iaf the
cigarette during snoking. SUMVARY §806] The invention provides cut filler

conpoadditiomssevenabpatents describe iteating filer mptgripla §vidi pryderede5on A¥idEER hods f or

smoki o pr%iv %a{s%, tcglsortaplg}or iaBI\)/eOalra\l/necet(Q%. ﬁsg lpaften%rhos. 6,095,152, 5,598,868;
5,129,408; 5,105,836 and 5,101,839). However, the prior attempts to make cigarettes
incorporating metal oxides, such as FeO or Fe,0; have not led to the effective reduction of

carbon monoxide in mainstream smoke.

[005] Despite the developments to date, there remains a need for improved and
more efficient methods and compositions for reducing the amount of carbon monoxide in
the mainstream smoke of a cigarette during smoking. Preferably, such methods and
compositions should not involve expensive or time consuming manufacturing and/or
processing steps. More preferably, it should be possible to catalyze or oxidize carbon
monoxide not only in the filter region of the cigarette, but also along the entire length of

the cigarette during smoking.

SUMMARY
[006] The invention provides cut filler compositions, cigarettes, methods for
making cigarettes and methods for smoking cigarettes that involve the use of an
oxyhydroxide compound, which is capable of decomposing to form at least one product
capable of acting as an oxidant for the conversion of carbon monoxide to carbon dioxide

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



oxyhydr oxi de conpound, which is capable of deconposing to format |east one
product capable of acting as an oxidant for the conversion of carbon
nonoxi de wo ogasdion di oxi de and/or as a catal yst for the eomuEsN303as6 of

car bon nonoxi de to carbon di oxi de. WO 03/086112 PCT/ US03/ 03456 -3 [007]
One enbodi ment of the invention relates to a cut filler conposition
conprising tobacco and an oxyhydroxi de conpound, wherein during conbustion
of the cut filler conposition, the oxyhydroxide conmpound is capabl e of
deconposing to format |east one product capable of acting as an oxi dant
for the conversion of carbon_ nonoxide tq carbonaﬂ%%xide and/or as a

cat al P87 for t h@nééﬁ\b@ﬁﬁ&l}eﬁhogﬂled&‘f%ﬁn RelAs e cyt CELCBYROSIEPDxi de. [ 008]
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t obact erernt aCCo ro COIT]jI’I Ses a Ccu er conposition

COoNpr il mposidac thedxhydroridy tpaipouhdR capaie ufdbcomposing te fopki aideast t he
cigarette, the oxyhydroxide conpound is capable of deconposing to form at
| eastomsrroguc dapable apadiing agfan oxidanhfpr dke egnvessianeftcartn meroxidaiPer si on of

car bon noxi de tq,carbon di oxi and/ or. as.a . catal vs or_4 he conversion
of ca™® ‘?P%Bﬁ&?ia&g/ W&Ségﬁﬁgﬁ?g‘ﬁ&ﬁ? ganvession of carboty Ifugn%?lé? Lor%ag%(i/n conpri ses
fromaBeit 5 nmy to about 200 ng of the oxyhydroxide conmpound per cigarette,
and nore preferably fromabout 40 ng to about 100 ng of the oxyhydroxide

conpound per cigarette. [009] A further enbodi nent of the invention
relates to a nethod of king a . cigarette, conpri.sin I ) adding an
oxyhy@8ki de coftpsthsge O‘Hm(?g'i of the I“g"re,nu%éql?et%tot%@gar(?%/ %VE‘P’BW%I@ conmpound
is c [ ' | Al testo form at

| et BB B F o e B ot B e i o of

car bopbadBenexiseoxyhydkiiecotipound e Danids smokmgaf dlat ciparstte fthe t he conversion
of carbon nonoxide to_  carbon dioxide; (ii) providing the cut filler

conpr ¢xsihydraxide entypapad 3x Fanablegriscorapesing:to fermg at leastongprodist Fapahied to form

at Obgc 1%?; ars%g;ox?&"a%t %ri thé c@ﬂv%?gi&@oﬁce{?@&eﬁm%ﬁﬁ)@ﬁ)rca%(ﬂlu(ﬂgxide and/or as a

catalyst for the conversion of carbon monoxide to carbon dioxide. The cigarette preferably
comprises from about 5 mg to about 200 mg of the oxyhydroxide compound per cigarette,
and more preferably from about 40 mg to about 100 mg of the oxyhydroxide compound per

cigarette.

[009] A further embodiment of the invention relates to a method of making a
cigarette, comprising (i) adding an oxyhydroxide compound to a cut filler, wherein the
oxyhydroxide compound is capable of decomposing during the smoking of the cigarette to
form at least one product capable of acting as an oxidant for the conversion of carbon
monoxide to carbon dioxide and/or as a catalyst for the conversion of carbon monoxide to
carbon dioxide; (ii) providing the cut filler comprising the oxyhydroxide compound to a
cigarette making machine to form a tobacco rod; and (iii) placing a paper wrapper around
the tobacco rod to form the cigarette. The cigarette thus produced preferably comprises
from about 5 mg to about 200 mg of the oxyhydroxide compound per cigarette, and more

preferably from about 40 mg to about 100 mg of the oxyhydroxide compound per cigarette.

[0010] Yet another embodiment of the invention relates to a method of smoking the

cigarette described above, which involves lighting the cigarette to form smoke and inhaling



the tobacco rod to formthe cigarette. The cigarette thus produced
preferably conprises fromabout 5 ng to about 200 ng of the oxyhydroxide
conmpound wer3osgarette, and nore preferably from about 4@cmysodozabout 100
ng of the oxyhydroxi de conpound per cigarette. [0010] Yet another

enbodi ment of the invention relates o a nethod of snoking the cigarette
descri bed above, which involves lighting the cigarette to form snoke and

i nhal i ng WD 03/086112 PCT/ US03/ 03456 -4 the snoke, wherein during the
snoking of the cigarette, the oxyhydroxi de conpound is capable of

deconposing to form at | east one product capabl e of acting as an oxi dant
for tihe smokpywheieghdyingthe %ﬁ%%@%%@%éﬁ%%@ﬂ%@%@mﬂ“& 13s a

cat al for, e er s car i : X [ 0011]
o PR S Tp P len e pRONED AP RO A GinPACANO el e, 107

capabidvefsidesospps Mené:add @ ¢aredn diegide andver py @ datelysicap @i @noérsimtofng as
both an oxidant for the conversion of carbon npbnoxi de to carbon di oxi de

and acarborcmoadyide té carbemdiozisiever si on of carbon nonoxi de to carbon di oxi de.
Preferred oxyhydroxi de conmpounds include, but are not |limted to: FeOOH,
Al OOH, TiOOH, and m xtures thereof, with FeOOH being particularly

pr ef e{ob? Pref gf Q?kéferrédl&nmﬂtr SPthé et wdosiyhy8aRak @mpelnd @ onposi ng

to format |east one product selected fromthe group consisting of

Fe( er capablerof)decomAp@a®s tofodheat tepst enecproduct capabletdiacting as Pothfagoxidapt t he
product fornmed fromthe deconpgsitio f the oxyhydroxide during
conbulrithhcversien ef ¢arben WQPg’Bg‘?rﬁb%qr b Ofléleﬁ?‘g@%ﬁfatia Sta&’r Bfount effective

toc O%Bﬁ%fsti(ﬁ'fe of &#6n ﬁlgngd/Qigéng% %:i'brr(%ﬁ{li?fv?ﬂem%. 188 ok Phyeieb 888 cothporinds- [ 0012]

In yet ano I preferre t he oxyhydroxi"de conpound and/or the
pr odugiclhides Berchré motiiinited che cBeMOE, tAlIOOM TiONH cendhyitivors theradfiy wity conbust i on
of the cut filler conposition is in the formof panoparticl|les, preferably

havi nje@AHaheing gartisalarly greferrgd, Sreferably, thgoxybydroxuisrompound seaplde er abl y
havi n n_aver.a rtigcl i t : r ref erably
havi ngf @%OH\P(QF‘&gEO S‘Z‘Fi %’@F%St ?i&é §r4d§§tgse{e?ge§ fgg’gu %é‘q}g ﬁ]gﬂglésrt\%g O?rDFgféﬁ referably
havi ng1 @), U5/, 288 niiRfukdstheredf. ZBrdf@ably| therpradietiformedfrom the decomposition

of the oxyhydroxide during combustion of the cut filler composition is present in an

amount effective to convert at least 50% of the carbon monoxide to carbon dioxide.

[0012] In yet another preferred embodiment, the oxyhydroxide compound and/or
the product formed from the decomposition of the oxyhydroxide during combustion of the
cut filler composition is in the form of nanoparticles, preferably having an average particle
size less than about 500 nm, more preferably having an average particle size less than
about 100 nm, more preferably having an average particle size less than about 50 nm, and

most preferably having an average particle size less than about 5 nm.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] Various features and advantages of this invention will be apparent upon
consideration of the following detailed description, taken in conjunction with the

accompanying drawings, in which:

[0014] FIG. 1 depicts the temperature dependence of the Gibbs Free Energy and

Enthalpy for the oxidation reaction of carbon monoxide to form carbon dioxide.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0013] Various features and advant ages of
this invention will be apparent upon consideration of the foll ow ng

det ai | ed wes08quz on, taken in conjunction with the acco®parusosEe466 aw ngs,
in which: [0014] FIG 1 depicts the tenperature dependence of the G bbs
Free Energy and Enthal py for the o>§rdati on reaction of carbon nonoxide to
form carbon di oxi de. WD 03/086112 PCI/US03/ 03456 -5 [0015] FIG 2 depicts
t he tenperature dependence for the conversion of carbon dioxide to carbon
nonoxi de by carbon. [0016] FIG 3 depicts a conparison of the G bbs Energy

changes of varigQus _reactions anong carbagn, %X er‘lzp car.bon _nonoxi de, carbon
P

di oxi18815land hybE¥eedenigis the tepperafuredependengs REETRHER CLFARGR conver si on
f . i OXl id di ff , b b
0 Cﬁ%}gﬁg&g%Q%%égEr&(}%ogfaﬁ?’?wmx' e at different tenperatures y carbon

and spective 8] FIG 5 depicts the G bbs Energy changes
for several reactions involving Fe(lll) and/or carbon nonoxide. [0019]

FIG 6 depicts the conversion of carbon nonoxide to carbon dioxide by
Fe208[0ahe] Fe( er FIG&( ®depicts a spuparisas of the (dhbsEneagigehapges @inaeions ur es. [ 0020]
FIG 7 depicts the G bbs Ener change. .for the.de itdon_of FeOOH,

over Iﬁa?tﬁﬁ‘ﬁmgtcm& YR8 C %Eﬂlg’f:‘fi& caghe %}%@g’%@ﬁ&?gl &Y changes of
FeOOH deconposition and Fe(err)Q(err) reduction, respectively, over a
range of tenperatures. [0022] FIG 9 depicts a conparison between the

cat al POlLF] act i VFIG. dlerfiei2 @@ pencantagarconvdreion ORoNDOAT{0xjdeSoertonne | ron Oxi de

(SFIO fromMACH I, Inc., King of Prus(f a, PA) havj.ng an average particle
si ze BPnede at diffgpant W@W’Fé’g%caﬁg%%? ¥qrasan IRFRECHYAY Cheni cal  Conpany)
havi ng an average particle size of about 5m [0023] FIGs. 10 depicts the
conbustion zone of a cigarette during snoking (where

[0018] FIG. 5 depicts the Gibbs Energy changes for several reactions involving

Fe(III) and/or carbon monoxide.

[0019] FIG. 6 depicts the conversion of carbon monoxide to carbon dioxide by

Fe,0, and Fe,0, respectively, over a range of temperatures.

[0020] FIG. 7 depicts the Gibbs Energy change for the decomposition of FeOOH,

over a range of temperatures.

[0021] FIG. 8 depicts the Enthalpy Changes of FeOOH decomposition and Fe,0;

reduction, respectively, over a range of temperatures.

[0022] FIG. 9 depicts a comparison between the catalytic activity of Fe,O,
nanoparticles (NANOCAT® Superfine Iron Oxide (SFIO) from MACH 1, Inc., King of
Prussia, PA) having an average particle size of about 3 nm, versus Fe,O; powder (from

Aldrich Chemical Company) having an average particle size of about Sum.

[0023] FIGs. 10 depicts the combustion zone of a cigarette during smoking (where
the Fe,0, nanoparticles act as an oxidant) and the pyrolysis region of a cigarette during
smoking (where the Fe,O, nanoparticles act as a catalyst), as well as the relevant reactions

that occur in those regions.



t he Fe2G3 nanoparticles act as an oxidant) and the pyrolysis region of a
cigarette during snoking (where the Fe203 nanoparticles act as a

cat al yst )woag/os@lit as the rel evant reactions that occur POTIUSO¥E346€QI ONS.
WD 03/086112 PCT/ US03/ 03456 -6 [0024] FIG 1 1A depicts the conbustion
zone, the pyrolysis/distillation zong, and the condensation/filtration

zone, and FIGs. 11B, 11C and 1 1D depict the relative |levels of oxygen,
carbon di oxi de and carbon nonoxi de respectively, along the length of the
cigarette during snoking. [0025] FIG 12 depicts a schematic of a quartz

flow tube reactor. [0026]. FIG 13 depicts the t erature dependence on the
pr odu®P24n of cﬁ%oﬁA G§iﬂ3fe‘f°“§%‘% z%eomedgr(g&gis@g@gﬁ?ng\ﬁgnag ing Fe20s
nano i he . i datq : ; § by

oy gt phfdsiSay iy hitGigRl Sl sh £36s. HIE S NP IR RARVEIBRI OF, 27 Ve
pr odusityigen @ibedibeide Hadexibde mexiierespictivedlylealanythe tgmpenof thheiganstieng Fe203
nanoparticles as an oxidant for the reaction of Fe2G3 w th carbon nonoxide
to prédingsnedkim®n di oxi de and FeO. [0028] FIGs. 15A and 15B illustrate the
reacti on orders of carbon nonoxi de and carbon dioxide with Fe203 as a
catalyst. [0029] FIG 16 depicts the neasurenent of the activation energy

and tjogopr e- exXpPRHErs dddicts astidmdiRrof taifafte oW tabe Bfacar bon nonoxide with
oxygen to produce carbon dioxide, using Fe203 nanoparticles as a catal yst

for the reaction. [0030] FIG 17 depicts the tenperature dependence for the
conver si rate rbon .nonoxi d foor flow rates 00 in and 900
L/ i I{Q%)?&g pect i gg(fl;yl'fﬁmifheﬁp@pexfgiragﬁpe@pgnc&s)ﬁtatéﬁpﬁoﬁu%%n gzﬁé?%%%ct i vation
st udi {3n5:86e,\H6dn dYGﬁg@lélg% 8?%%1? eh GBI TR Sneirlx\?@)ﬁa&iel%ﬁl b itﬂérbafc%st %070 H2O and

curve represents t h for no- H2G 03/ 086112 PCT/ US03/ 03456
the oxidation of carbon monoxide by oxygen to produce carbon dioxide.

[0027] FIG. 14 illustrates the relative production of carbon monoxide, carbon
dioxide and oxygen, when using Fe,0; nanoparticles as an oxidant for the reaction of Fe, 0O,

with carbon monoxide to produce carbon dioxide and FeO.

[0028] FIGs. 15A and 15B illustrate the reaction orders of carbon monoxide and

carbon dioxide with Fe,O; as a catalyst.

[0029] FIG. 16 depicts the measurement of the activation energy and the pre-
exponential factor for the reaction of carbon monoxide with oxygen to produce carbon

dioxide, using Fe,O; nanoparticles as a catalyst for the reaction.

[0030] FIG. 17 depicts the temperature dependence for the conversion rate of

carbon monoxide, for flow rates of 300mL/min and 900 mL/min respectively.

[0031] FIG. 18 depicts contamination and deactivation studies for water wherein
curve 1 represents the condition for 3% H,O and curve 2 represents the condition for no

H,0.



-7 [0032] FIG 19 depicts a flow tube reactor setup to sinulate a cigarette
in evaluating different catalysts and catal yst precursors. [0033] FIG 20
depi cts tWwe osmes@ail: ve anounts of carbon nonoxi de and car bomrCaiusks/eBase
production without a catal yst present. [0034] FIG 21 depicts the relative
anounts of carbon nonoxi de and carbon di oxi de production with a Fe203
nanoparticle catal yst present. DETAIED DESCRI PTI ON [ 0035] The invention
provides cut filler conpositions, cigarettes, nethods for making
cigarettes and nethods for snoking cigarettes which involve the use of an

oxyhydr oxi de conﬁgund that is cagabl e of decorr_poil n% during snoking to form
at | d8932] one pFKaHUS depiginp lovoibe Eeacioy SeD 10, SIHWLYHE ACI§4EF S e conver si on of
car ban oxi.de t 0, )| as a catalyst for the conversion
of caervﬁg‘r%ﬂﬂ%l%%rﬁrgtCta%?sgzsgsr%]dﬂéa%ﬁsg%%ggo irough the invention, the anount of
car bon nonoxi de in nai nstream snoke can be reduced, thereby al so reducing
the anount of carbon nonoxi de reaching the snmoker and/or given off as
secon@B3ind snokEG. J0dpiqts teaeladiveramaunts of pahen morpkide asd eaop die%ide ni xt ur e
of gase assi down .the tobacco rod and issuing through the filter end,
i.e. Rrﬂa“‘g%‘ﬁ{t]ﬁwamye“%egﬁ?ng or drawn fromthe nouth end of a
cigarette during snoking of the cigarette. The mainstream snoke contains
snoke that is drawn in through both the Iit region of the cigarette, as
wel | [08384] hr ougRIG.2l dépiets dtet relagisaip emownta of earbof 08BPkidTland catbah dioridint of
car bon nonoxi de present in nmajnstream snoke and fornmed during snoking
conmesProdBHoR wihBifica?; BHOBRILICH AL PHESEur ces: thermal  deconposi ti on
(about 30%, combustion (about 36% and reduction of carbon dioxide with
carboni zed tobacco (at |east 23 % . Formation of carbon nonoxide from
thermal deconposition staDETAKLED DESGRERTION of about 180C, and finishes

at around 1050C, and WO 03/086112 PCT/ US03/ 03456,
[0035] The invention provides cut filler compositions, cigarettes, methods for

making cigarettes and methods for smoking cigarettes which involve the use of an
oxyhydroxide compound that is capable of decomposing during smoking to form at least
one product capable of acting as an oxidant for the conversion of carbon monoxide to
carbon dioxide and/or as a catalyst for the conversion of carbon monoxide to carbon
dioxide. Through the invention, the amount of carbon monoxide in mainstream smoke can
be reduced, thereby also reducing the amount of carbon monoxide reaching the smoker

and/or given off as second-hand smoke.

[0036] The term "mainstream" smoke refers to the mixture of gases passing down
the tobacco rod and issuing through the filter end, i.e. the amount of smoke issuing or
drawn from the mouth end of a cigarette during smoking of the cigarette. The mainstream
smoke contains smoke that is drawn in through both the lit region of the cigarette, as well

as through the cigarette paper wrapper.

[0037] The total amount of carbon monoxide present in mainstream smoke and
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 monoxide from thermal

decomposition starts at a temperature of about 180°C, and finishes at around 1050°C, and



-8 is largely controlled by chem cal kinetics. Formation of carbon nonoxide
and carbon dioxide during conbustion is controlled |argely by the

di f f usi orwofo3ogsigen to the surface (k(err)) and the surf @&ce/usene4s®©n
(k(err)). At 250C, ka and kb, are about the sane. At 400C, the reaction
beconmes diffusion controlled. Finally, the reduction of carbon dioxide with
car boni zed tobacco or charcoal occurs at tenperatures around 390C and
above. Besides the tobacco constituents, the tenperature and the oxygen
concentration are the two nost significant factors affecting the formation

and reaction of carbon nongxi.de, and, carbon _ di,oxi de. [003 il e not

Wi shilﬁéarg@)lm@n%ﬁ%{j&bshm ﬁs)f}et}cﬁ- %@“B%tﬂqne‘?fé&ﬂ{%"?%& € ?P%];ﬁ‘?%"bxi de
conpo oy f ' t filler
or T RBERE BEABEEARGMRSE coRRlich By b BERERAMIIY Ak @ mb SRR, ||
conpoundmd thé kwdfacetradcgion (kf)e AMa2300Cs ki emkh,i aresabhathesamer AtdO0PES theent

regions of the cigarette during snoking. During snpking there are three
di st i ieaetiondesicomes fiffugion; qoarrelled: Finglly chapefuctionofearon diggide with

pyrol ysis/distil|ation zone ' bl Welg| First,
t he ‘{36"?;%0&%% 't8haccpé)§icg%cgalﬂsdcf: ﬁg%ﬁhr |e?1%&%g%§0%%?%? Qecg%l gg{r)aé\{%t’ e},%(t%:i;)h‘r?e Sduced
dur i nge Mkt Botitdehy, tHedemperdature atid tR! dxygé cdndenttdtionene tieftwe mogar et t e.
The tenperature.in the conbustion zone ranges from about 700C to about

950C, sigmificartidadtemtaficgtingithe formatipn and reacgion 9 cgbormnmesidg and garbon
concentration of oxygen is lowin this region, since it is being consuned
in t o%Yfbusti on of tobacco to produce carbon nonoxi de, carbon di oxi de,
wat er vapor, and various organics. This reaction is highly exotherm c and
the heat generated here is carried by gas to the pyrolysis/distillation
zone. [00B8] | ow oXWidlemot erisiemg tcehd ommddyuhéarsy, itiig believed thagthe t enperature in

t he conbustion region _leads to the reduyctio f carbon di pxide o carbon
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desirable to.use ' n pdant in
situ, Omeéhlovﬁﬂ}gl 0@5)%\9%? eﬁég{) %iédr@ E?r%{rﬂllgégic %E{gg&g%?g%&nggllfngé‘%g’ ?Nglmthhe absence
of oXyg@ thelgidu iretibANthaeactul ANAITREdND Segidns dfitheicigarktid Quriag smokiaghes

maxi num activity at tenperatures hi gher than about 460C.
During smoking there are three distinct regions in a cigarette: the combustion zone, the
pyrolysis/distillation zone, and the condensation/filtration zone. First, the "combustion
region" is the burning zone of the cigarette, produced during smoking of the cigarette,
usually at the lit end of a cigarette. The temperature in the combustion zone ranges from
about 700°C to about 950°C, and the heating rate can go as high as 500°C/second. The
concentration of oxygen is low in this region, since it is being consumed in the combustion
of tobacco to produce carbon monoxide, carbon dioxide, water vapor, and various
organics. This reaction is highly exothermic and the heat generated here is carried by gas
to the pyrolysis/distillation zone. The low oxygen concentrations coupled with the high
temperature in the combustion region leads to the reduction of carbon dioxide to carbon
monoxide by the carbonized tobacco. In the combustion region, it is desirable to use an
oxyhydroxide that decomposes to form an oxidant in situ, which will convert carbon

monoxide to carbon dioxide in the absence of oxygen. The oxidation reaction begins at

around 150°C, and reaches maximum activity at temperatures higher than about 460°C.

[0039] Next, the "pyrolysis region" is the region behind the combustion region,

where the temperatures range from about 200°C to about 600°C. This is where most of



[ 0039] Next, the "pyrolysis region" is the region behind the conbustion
region, where the tenperatures range from about 200C to about 600C. This

i s wher e woIB/08d112M0 03/ 086112 PCT/ US03/ 03456 -9 the carbeoTrusdsd4ee i s
produced. The major reaction in this region is the pyrolysis (i.e. the

t hermal degradation) of the tobacco éhat produces carbon nonoxi de, carbon
di oxi de, snpke conponents, and charcoal using the heat generated in the
conbustion zone. There is sonme oxygen present in this zone, and thus it is
desirable to use an oxyhydroxide that deconposes to pr oduce a catalyst in
situ for the OXId i.on rbon nmpnoxi de t.o _car bon OXI e catalytic
ot 18 SHROGRANCHA 8 GEOUNSRE 1 1 9E MEROT AR 458 FEDY SO BHETSTRE: T n &
prefe t %aﬂ)to I|ty after
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condensation/filtration zone, where the tenperature ranges fromanbient to
about iSS80E, OXyBEen pEgSerH %ﬁ@&é@@ iagd hys 1&@@6@?@%& ﬁodﬁﬁfailqub’hl’qréﬁldéﬁ alt he smoke
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[ 0041] In comonl y-assigned S. application nunber 09/942,881, filed

Augus300°EL, I pﬂﬁfemed:iemhodmienﬁ tHeCxatal pstniageelsol setain mndamanapamh@safte@ ilReduce
Car bon NMonoxide in the Minstream

OXi dah‘%sll?,ecﬁpéc‘ls%?s %%@ﬁ%ﬁ* £9 g?aéét Qe SO&ﬁ%PP@é&nfogaJaPtHUéF ﬁﬁmﬁﬂéwgrmunt of
car bo %HGH] i n mai nstream snoke. The disclosure of this application is
her eby corporated by reference in its entirety. Wile the use of these
catal ysts reduce the anobunt of carbon nonoxi de in mainstream snoke during

(D.. D

snoki n it is further desirable to mnimze or prevent contam nation
and/ of0048hct i vaPiQﬂHYthefQ:’étth‘F 9%ﬁd§n§?§1@ﬂ/fﬂ‘iﬁattqlﬂezoé‘Fg‘é(P%ﬁett@ fepegature

particul ar |.on chi evin
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the smoke components. Some amount of carbon monoxide and carbon dioxide diffuse out
of the cigarette and some oxygen diffuses into the cigarette. However, in general, the

oxygen level does not recover to the atmospheric level.

[0041] In commonly-assigned U.S. application number 09/942,881, filed August
31, 2001, and entitled "Oxidant/Catalyst Nanoparticles to Reduce Carbon Monoxide

in the Mainstream Smoke of a Cigarette", various oxidant/catalyst nanoparticles are
described for reducing the amount of carbon monoxide in mainstream smoke. The
disclosure of this application is hereby incorporated by reference in its entirety. While the
use of these catalysts reduce the amount of carbon monoxide in mainstream smoke during
smoking, it is further desirable to minimize or prevent contamination and/or deactivation of
catalysts used in the cigarette filler, particularly over long periods of storage. One
potential way of achieving this result is to use an oxyhydroxide compound to generate the
catalyst or oxidant in situ during smoking of the cigarette. For instance, FeOOH
decomposes to form Fe,0, and water at temperatures typically reached during smoking of

the cigarette, e.g. above about 200°C.

[0042] By "oxyhydroxide" is meant a compound containing a hydroperoxo moiety,



catal yst or oxidant in situ during snoking of the cigarette. For instance,
FeOOH deconposes to formFe(err)Q(err) and water at tenperatures typically
reached owoiongsampki ng of the cigarette, e.g. above aboutrCZOB@3/0§46042] By
"oxyhydroxi de" is meant a conpound containing a hydroperoxo noiety, WO

03/ 086112 PCT/US03/03456 -10 i.e. "-0-0-H'. Exanples of oxyhydroxides

i nclude, but are not limted to: FéﬂﬁH, Al OOH, and Ti OOH. Any suitable
oxyhydr oxi de conpound may be used, which is capable of deconposing, under
the tenperature conditions achieved during snoking of a cigarette, to

produce compounds which function as an, oxidant and/or. as. a cat t for
convekéi mgOcdPth - ewanRleRok exybudiexides inclidge bug afe é‘ob{@tﬁﬁl oS dﬁ‘éﬁbﬁs i ment of

the | tion. o] i t ol e of acting
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and agpable ¥ Abdcthpdshig, LheraRe Wik Atre hditidnd achieved ek @g shokimgrdfan di oxi de.
It is also possible to use conbinations of oxyhydroxide conpounds to

obt ai cigarkits, tefpreditce coopPadidsPwkitie ftstipn as e oxidpicaniling asfa catlysbielopr i at e
oxyhydr oxi de c ound wil] take ..into account such. fact stability and
pr eseTPAETHS %*%%crf‘?’%x\tl‘\{lﬁ @Lﬁafal?f)dl SPRig o &0 & BRAPTT ﬁ@?mﬂfr’c?% <§f0\t§§ and abundance
of 's i &(Y% ¥ pYSHhRK el isWapdbl OB Acthignis HAtH'BE Sxitiait £
Furtﬁ@?{eﬁ{ﬂf?@é(?xg%%xé tﬁg%( ?he oxyhylgr oi>)<i de conpgursid does nlot r(éract or

f or m thpwantesion oy parbdn manodideito garbon idioxgde JnaiCas4] carrlyst dor td corversiadn oxi de
conpounds are stable when present |n_cut fﬁihiler conposij.tio or in

ci gar @f Gaskon mENeXIde to¢arpeyhioxiden dt 15t alj0PosHg e P HSE GPEDINGUORTAY 55 ynder

pr ol onged .st or age ¢ i1 T ed oxyhydroxi de conpounds i ncl ude

i nor g%’%&lé(dmd@é/%sﬁ'rq?)%ﬂgée{dc(g&rr%%t}ﬁlggf?é%t deconpose during smoking of a
cigarette, to formnetal oxides. For exanple, in the follow ng reaction, M
represents a netal: 2 M0-0-H -- M03 + H20 [0045] Optionally, one or nore
oxyhy[i0d3] des nByeferably. the selastiom of an RPRIPRMAlY pXyhydroxide compound will take

into account such factors as stability and preservation of activity during storage conditions,

low cost and abundance of supply. Preferably, the oxyhydroxide will be a benign material.
Further, it is preferred that the oxyhydroxide compound does not react or form unwanted

byproducts during smoking.

[0044] Preferred oxyhydroxide compounds are stable when present in cut filler
compositions or in cigareites, at typical room temperature and pressure, as well as under
prolonged storage conditions. Preferred oxyhydroxide compounds include inorganic
oxyhydroxide compounds that decompose during smoking of a cigarette, to form metal

oxides. For example, in the following reaction, M represents a metal:

2 M'O"O'H - M203 + H20

[0045] Optionally, one or more oxyhydroxides may also be used as mixtures or in
combination, where the oxyhydroxides may be different chemical entities or different
forms of the same metal oxyhydroxides. Preferred oxyhydroxide compounds include, but
are not limited to: FeOOH, AI0OH, TiOOH, and mixtures thereof, with FeOOH being
particularly preferred. Other preferred oxyhydroxide compounds include those that are

capable of decomposing to form at least one product selected from the group consisting of



conbi nati on, where the oxyhydroxides may be different chem cal entities or
different forns of the sane netal oxyhydroxi des. Preferred oxyhydroxide
conpoundswpriglosrde2 but are not limted to: FeOOH, Al OCH, PTIr@Shs/0x6e

m xtures thereof, with FeOOH being particularly preferred. Qher preferred
oxyhydr oxi de corrpounds i ncl ude those1 that are capable of deconposing to
format | east one product selected f romthe group consisting of WO
03/086112 PCT/ US03/ 03456 -11 Fe203, A1203, Ti 2, and m xtures thereof.
Particularly preferred oxyhydr oxi des include FeOOH, particularly in the

f f a-F t f - FeOH
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Al drich Chem cal Conpany, M I waukee, . Wsconsin. [0046] FeQOH |8 eferred
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converted to an environnentally hazardous material. In addition, use of a

pr eci Wiscomeinal can be avoi ded, as both Fe 203 and Fe203 nanoparticles are
econom cal and readily avail abI e. Moreover, Fe203 is capable of acting as
both an oxidant for the conversion of carbon nonoxide to carbon di oxi de and

as a 5 ERl ySt FROOHS pr El%gede&ﬁlSQEt 8RB FEI) Qb ehdrfhaf asdiahtidh Oxi de.

[0047} I'n sel ecting an ‘oxy roxi de conpound,” vari ous thernodynam c
consi Betis apscfemyd baallyaﬂ(@ndamﬂaecmc gunhot knowerte preduchany arwasted on and/ or
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car bo to car shows the tenperature
hazardous material. In addition, use of a precious metal can be avoided, as both Fe,0, and

Fe,0; nanoparticles are economical and readily available. Moreover, Fe,0; is capable of
acting as both an oxidant for the conversion of carbon monoxide to carbon dioxide and as a

catalyst for the conversion of carbon monoxide to carbon dioxide.

[0047] In selecting an oxyhydroxide compound, various thermodynamic
considerations may be taken into account, to ensure that oxidation and/or catalysis will
occur efficiently, as will be apparent to the skilled artisan. For reference, FIG. 1 shows a
thermodynamic analysis of the Gibbs Free Energy and Enthalpy temperature dependence
for the oxidation of carbon monoxide to carbon dioxide. FIG. 2 shows the temperature
dependence of the percentage of carbon dioxide conversion with carbon to form carbon

monoxide.

[0048] The following thermodynamic equations are useful for analyzing the limits
of the relevant reactions and their dependence on temperature:

Atp=1 atm,

C,= a + bey + coy? + dey? in J/(mol *K)
H= 10° [H! + aey + (b/2)ey? - cey! + (d/3)*y’] in J/mol



dependence of the percentage of carbon dioxide conversion with carbon to
form carbon nonoxide. [0048] The foll ow ng thernodynam ¢ equations are
useful fowoanaseizing the limts of the rel evant reacti on®can$os/vsase
dependence on tenperature: At p=1 atm Cp= a + bey + cy-2 + dy2 in J/(nol
K) H= 103 [H* + ay + (b/2)y2 - cy L.+ (d/3)y3] in J/mol WO 03/086112

PCT/ US03/ 03456 -12 S= St + aln(T/K)y™+ bey - (c/2)y2 + (d/2)y2 in J/(nmol K)
G= 103 [H* - S$y - ayln(T-1) - (b/2)y2 - (c/2)y-1 - (d/6)y3] in J/nol

where y =103 + T [0049] The equilibrium constant Ke can be cal culated from

AG Ke = exp [- ( . Far so eactions, or the percent of the
convePsi %*né',a'gi}(Tg‘]"'bgw o 'Vat"gzd/lé} dm Ke. Table 1. Th&ﬁ@ﬁ@%ﬁﬁi c

par anglen g and @eps A Bt HS( ey C. p/A9B8. 94051 fbft6 - 17. 385

P oe = as R S?g?atﬁh tlgsT®o A S L PRt S L (gas) O
51. 12§hére36810°%- 469 - 413. 886 -87.937 (gas) 02 29.154 6.477 -0.184 -1.017
-9.589 36.116 (gas) FeO 48.794 8.372 -0.289 -281.844 -222.719 (solid)

[0049] The equilibrium constant Ke can be calculated from AG: K, = exp |-
AG/(R*T)]. For some reactions, or the percentages of the conversions, o, can be

calculated from K..

Table 1. Thermodynamic parameters and constants.

A B C d H* St
C 0.109 38.940 -0.146 -17.385 -2.101 -6.546
(graphite)
CO 30.962 2.439 -0.280 -120.809 18.937
(gas)
CoO, 51.128 4.368 -1.469 -413.886 -87.937
(gas)
0, 29.154 6.477 -0.184 -1.017 -9.589 36.116
(gas)
FeO 48.794 8.372 -0.289 -281.844 | -222.719
(solid)
Fe;0, 91.558 201.970 -1151.755 | -435.650
(solid)
Fe,0, 98.278 77.818 -1.485 -861.153 | -504.059
(solid)
FeOOH 49.371 83.680 -576.585 | -245.871
(solid)
H,0 34.376 7.841 -0.423 -253.871 -11.75
(vapor)
H, 26.882 3.568 0.105 -7.823 -22.966
(gas)




Fe304 91.558 201.970 -1151.755 -435.650 (solid) Fe203 98.278 77.818 -1.485
-861. 153 -504.059 (solid) FeOOH 49.371 83.680 -576.585 -245.871 (solid)
H20 34. 300388012 0. 423 -253.871 -11.75 (vapor) H2 26. 88PC3/1B680156.05
-7.823 -22.966 (gas) WD 03/086112 PCT/US03/03456 -13 [0050] FIG 3 shows
a conparison of the G bbs free energg_changes of various reactions

I nvol vi ng car bon, carbon nonoxi de, carbon di oxi de, and oxygen. As shown in
the chart, both the oxidation reaction of carbon to carbon nonoxide, and

t he oxidation of carbon nonoxide to carbon di oxide are thernodynam cally

favorahl e. The | dation of carbon.to carbon dioxide is re. favorabl e,
accorﬁﬁé@ t he A@%%a %h?évsrae%&?ﬁ’%ﬁ@?ﬁ@e %‘Eﬁﬁﬁ?‘? GRFreY Cﬁaé}gﬁ%ﬁp‘ﬁ%f?&i de to
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shor t jgehaf, Botl genoxidaicahewnstionroffeafbon3o carbde maoygle nastbthiewixitation ofidi t i ons,
carbon dioxide can be reduced to carbon nonoxide by carbon, There is also

t he peasbomimonexide Ffaﬁarbelhéio({(g}et%@. ﬂ@r@ggquﬂ)@mﬁﬂ,lygquré@gcgaxetqgﬁ%f)%gﬁ Tonoxi de
by YSER98T: AR RIORER prBle R ARRRE A & hERERTRUTHLON Pr ocesS.

centage’or car I'oXi de converfed to carbon

NDNOXj£iatidWofAFRR mSRckily &Y Qessh diBSiae & A1¥estyonglin & bradley €herdlfofd, dhent
conditions at different tenperatures. The reduction of carbon dioxide by

car bothesorbusticat zaab pcarbo diokide shhaildtbeitbe demipating produet yiessdbgie is arent al
obser Xh%trtiagg o? f)xyaglgzgytAs4 S %\Cv'n f]AJ‘tFIE}h%, GRde? %%{%fige%ndeficient conditions, carbon

dioxide can be reduced to carbon monoxide by carbon. There is also the possibility that

the carbon dioxide may be reduced to carbon monoxide by hydrogen, since hydrogen is

also generated in the combustion process.

[0051] FIG. 4 shows the percentage of carbon dioxide converted to carbon
monoxide, by carbon and hydrogen respectively, under oxygen deficient conditions at
different temperatures. The reduction of carbon dioxide by carbon starts at about 700 K,
which is very close to the experimental observation of about 400°C. At the combustion
zone, where the temperature is about 800°C, as shown in FIG. 4, about 80% of carbon
dioxide will be reduced to carbon monoxide. While the carbon dioxide may be reduced by

hydrogen gas, this reaction is unlikely as hydrogen gas diffuses out of the cigarette quickly.

[0052] FIGs. 5-8 illustrate the effect of using iron compounds as oxidant and/or
catalyst in cigarettes for the oxidation of carbon monoxide to carbon dioxide. As shown in
FIG. 5, the oxidation of carbon monoxide to carbon dioxide is energetically favorable for
Fe,0,, even at room temperature. At higher temperature, the oxidation of carbon by Fe 0,
also becomes energetically favorable. Similar trends are observed for the reactions of
Fe,0, with carbon and carbon monoxide, but generally the reactions with Fe;0, are less
energeticaily favorable than with Fe,0;. The competition with carbon with carbon
monoxide should not be significant since the reaction with carbon is solid to solid reaction

that usually cannot proceed unless the temperature is very high.



zone, where the tenperature is about 800C, as shown in FIG 4, about 80% of
carbon dioxide will be reduced to carbon nonoxide. Wile the carbon

di oxi de map obesaieriuced by hydrogen gas, this reaction isPamlusk&dissa@s
hydrogen gas diffuses out of the cigarette quickly. [0052] FIGs. 5-8
illustrate the effect of using iron_lg_orrpounds as oxidant and/or catal yst
in cigarettes for the oxidation of carbon nonoxide to carbon dioxide. As
shown in FIG 5, the oxidation of carbon nonoxide to carbon dioxide is
energetically favorable for Fe203, even at roomtenperature. At higher
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is solid to solid reaction that usually cannot proceed unless the
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staring wth the ient tenperature. Fe304 is less effective. It is

desi rehiperature L evillrtbedmajlypleeprapess to Ferp0Be Q; andivateri At erweratyrs aoupdity. One
possible way to do thjs |s generating.the Fe2Q3.in, situ from.an iron
oxyhy#0®E-d ,ergltg)élﬁngglcp@@q?m% F‘Plguﬁ’eg@ﬁf cQMPPSIHPTLIS AN CRFRENEIY + epper at ur e,
it wi r g0 7f orm Fe2G8 and water, at tenperatures around
200C. %#R%IB%D@?&N%% %e%%ﬁ}gﬁﬁati or?s confirmthat deconposition is an
energetically favorable process, as shown in FIG 7. [0054] Another

advant age of using FeOOH i nstead of Fe203 as . the 35<i dapt is that, the
deco #1i on oAnptherpfvyantags @b usiag Fe@OR, mstegd pf & 3taérFE%P§‘fiﬁﬂtéS Mhge, as

shown,in_ FIG .8 T, q i it i sore than
t he h@gtdegmgsg%o&o@&?ﬁgg ¢ g@qf&?rﬁgﬁﬁmﬂgg%{e%&ec ar %?r%ﬁ gréﬁ r? ggﬁ%‘tﬁ II£I'nrjle net
resul fiy¢; s8.aTHhd, Ghé hel Gosameedoih thd:@ecomposition is more than the heat generated by

the reduction of Fe,O; by carbon monoxide. The net result is a slight decrease of the
temperature in the combustion zone, which also contributes to the reduction of carbon

monoxide concentration in mainstream smoke.

[0055] During combustion, NO is also produced in mainstream smoke at a
concentration of about 0.45 mg/cigarette. However, NO can be reduced by carbon
monoxide according to the following reactions:

2NO + CO = N,0 + CO,

N,O + CO— N, + CO,
Iron oxide, either in the reduced form of Fe;O, or in the oxidized form of Fe,0;, acts as a
good catalyst for these two reactions at temperatures around about 300°C. Therefore, the
addition of iron oxide or its generation in situ in the cigarette during smoking could

potentially minimize the concentration of NO in mainstream smoke as well.

[0056] In a preferred embodiment of the invention, the oxyhydroxide compound
and/or the product formed from the decomposition of the oxyhydroxide during combustion

or smoking is in the form of nanoparticles. By "nanoparticles" is meant that the particles "



tenperature in the conbustion zone, which also contributes to the reduction
of carbon nonoxide concentration in mainstream snoke. [0055] During
conmbust i OWQ 0BI@8d41$2 al so produced in mai nstream snoke at a PCOrSesnoysd i on of
about 0.45 ng/cigarette. However, NO can be reduced by carbon nonoxide
according to the follow ng reacti ongs. 2NO + CO-- N2O + C02 N20O + CO -- N2
+ CO02 Iron oxide, either in the reduced formof Fe304 or in the oxidized
formof Fe203, acts as a good catal yst for these two reactions at
tenperatures around about 300C. Therefore, the addition of iron oxide or

its generation in sjtu.in the cigarette ring. smki ng coul. ot.enti al |
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is meant that the particles WO 03/086112 PCT/US03/ 03456 _-15 have an
aver agenpeand aad/er e progpct|farmed fam the Aecormesition Of Hrecpuby dpx e VBB particl e

size is . less than .about 500 n r I 2ab 0 nm
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about o1y BioRt 85621200 the tMmuy do®ie  compound and/or the product
forma% fromthe deconposition of the oxyhydroxide during conbustion or

snoki ng has a surface area from about 20 n2/g to about 400 nR/g, or nore
preferably fro out. 200 n2/ g to about 300 nP/g. [0057 I 9 shows a
corrpa[q%gm bet &&g éfjﬁléo‘%sa? 8‘?‘98%?053’?%“(??{1 ?xeoqa%%%wgtgﬁké?ﬁ cles
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Prussi a, l) aving an ave|Page particle size of about 3 M, versus Fe 2(3

powdePrus§in OPA) Baving ah aGirage paticlEsipeafppoltd/img vensuabe;gowdear (frahe si ze of

about 51im The Fe203 nanoparticles show .a nuc i r cent age of
convepddrich %er@aal&ﬁmmb%a@gg £ ayerpgsopprticle size o ago‘ﬁhﬁ‘m-p%he Fe 0y

nanoparticles show a much higher percentage of conversion of carbon monoxide to carbon
dioxide than the Fe,O; having an average particle size of about Sum. Such results may
also be achieved using FeOOH particles that decompose during smoking to produce Fe,0;

nanoparticles in situ.

[0058] As shown schematically in FIG. 10, the Fe,O; nanoparticles act as a catalyst
in the pyrolysis zone, and act as an oxidant in the combustion region. FIG. 11A shows
various temperature zones in a lit cigarette, and FIGs. 11B, 11C and 11D show the
respective amounts of oxygen, carbon dioxide and carbon monoxide in each region of the
cigarette during smoking. The oxidant/catalyst dual function and the reaction temperature
range make Fe,O; a preferred oxidant/catalyst to be generated in situ. Also, during the
smoking of the cigarette, the Fe,0; may be used initially as a catalyst (i.e. in the pyrolysis

zone), and then as an oxidant (i.e. in the combustion region).

[0059] Various experiments to further study thermodynamic and kinetics of various
catalysts were conducted using a quartz flow tube reactor. The Kinetics equation governing

these reactions is as follows:

In (1-x) = -Ae E/RD o (s0]/F)



di oxi de than the Fe203 having an average particle size of about 51tm Such
results may al so be achi eved using FeOOH particles that deconpose during
snoki ng twopsostite Fe203 nanoparticles in situ. [0058] A®CThis0s03456
schematically in FIG 10, the Fe203 nanoparticles act as a catalyst in the
pyrol ysis zone, and act as an oxi da% in the conbustion region. FIG 11A
shows various tenperature zones ina lit cigarette, and FIGs. 11B, 11C and
11D show the respective anpunts of oxygen, carbon di oxi de and carbon
nonoxi de in each regi on of the cigarette during snoking. The

oxi dant/ cat a@/r qtpégual and the reaction tenperature range neke
Fe203Whersthg w3y S&FF& W‘é(? to be generated in situ. Al so, during
the snokipgqof o} ﬂ@yq‘g%ﬁqﬁ*a&tlally as a

cat al yst (JI?. t&?&bﬁg pyr o ydsilrgMb?(l)dr?e ve t0 elFl as %nl oxidant (i.e. in the

combust i ONAf L gieqst-expOimihl MaroroﬁJsOémSerl ments to further study
therm)dynam c and kinetics of varl ous catalysts were conducted using a
quartz fl oR~tihd gas eqnstagt, 1. %%Xﬂpngﬁqlﬁgloéﬂ@atl on governing these reactions

is as follgws 1- /RT) . (sl/F) WD 03/086112
PCT/ US03/ 0 %%th-aﬁé"v\ﬂ%gg ‘ﬁg%\%gr@bl es are defined as foll ows: x=the

per cent ageg oty R k&Pion 07 IRXFlew tasp)0a2Rash’t o carbon di oxi de AO=t he
pre-exponential factor, 5x10-6 s-1 R=the gas constant, 1.987 x 10-3

kcal / (ol Kd= leBath-ofbe catalystor] . 20er gy, 14.5 kcal /nol s=cross section of the
fl ow tube, 0 22 cn? 15l ength of the catalyst, 1.5cmF=flow rate, in cnB/s
A schemati £ “érﬁ?ra‘fltc}n{ﬁ ow tube reactor, suitable for carrying out such
studies, is shown in FIG 12. Helium oxygen/ hel i um and/ or carbon
nonoxi de/ hel i um m xtures may be

A schematic of a quartz flow tube reactor, suitable for carrying out such studies, is shown

in FIG. 12. Helium, oxygen/helium and/or carbon monoxide/helium mixtures may be
introduced at one end of the reactor. A quartz wool dusted with catalyst or catalyst
precursor, such as Fe,0; or FeOOH, is placed within the reactor. The products exit the
reactor at a second end, which comprises an exhaust and a capillary line to a Quadrupole
Mass Spectrometer ("QMS"). The relative amounts of products can thus be determined for

a variety of reaction conditions.

[0060] FIG. 13 is a graph of temperature versus QMS intensity for a test wherein
Fe,0, nanoparticles are used as a catalyst for the reaction of carbon monoxide with oxygen
to produce carbon dioxide. In the test, about 82 mg of Fe,O; nanoparticles are loaded in
the quartz flow tube reactor. Carbon monoxide is provided at 4% concentration in helium
at a flow rate of about 270 mL/min, and oxygen is provided at 21% concentration in
helium at a flow rate of about 270 mL/min. The heating rate is about 12.1 K/min. As
shown in this graph, Fe,O, nanoparticles are effective at converting carbon monoxide to

carbon dioxide at temperatures above around 225°C.

[0061] FIG. 14 is a graph of time versus QMS intensity for a test wherein Fe,0,
nanoparticles are studied as an oxidant for the reaction of Fe,0; with carbon monoxide to
produce carbon dioxide and FeO. In the test, about 82 mg of Fe,0; nanoparticles are

loaded in the quartz flow tube reactor. Carbon monoxide is provided at 4% concentration



i ntroduced at one end of the reactor. A quartz wool dusted wth catal yst or
catal yst precursor, such as Fe203 or FeOOH, is placed within the reactor.
The prodwO930%i112t he reactor at a second end, which conmpcirases/essexhaust
and a capillary line to a Quadrupole Mass Spectroneter ("QV5"). The

rel ative amounts of products can thys be determned for a variety of
reaction conditions. [0060] FIG 137is a graph of tenperature versus QVBS
intensity for a test wherein Fe203 nanoparticles are used as a catal yst
for the reaction of carbon nonoxide with oxygen to produce carbon dioxide.
In the test, about 82 of Fe203 nanoparticles are |oa Lh .the quartz
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effective at converting carbon nonoxide to carbon dioxide at tenperatures
abov ecoaditionsl sippibac. to [tiowe dyripg gnoking o agiggreth of tine versus QVB intensity
for a test wherein Fe203 nanoparticles are studied as an oxidant for the
reaction of Fe203 with carbon nonoxide to produce carbon dioxide and FeO
I n th@ogﬂst, abpiths. 83 Anghdof SH-ste £Paphe SRGPIAL thCleAsticH erdetsadaghonn the quartz
fl ow tube reactor. Carbon nonoxide is provided at 4% concentrati on WO
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and lfBciage Qrsaphisarg hdactingitiohenerges tis provisledeén Table 2car bon  nonoxi de and
carbon dioxide with Fe203 as a catalyst. FIG 16 depicts the neasurenent

of the activation energy and the pre-exponential factor for the reaction of
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Flow Rate CO% 0,% A, E,
(mL/min) sh (kcal/mol)
1 300 1.32 1.34 1.8 x 10’ 14.9
2 900 1.32 1.34 8.2 x 106 14.7
3 1000 3.43 20.6 2.3 x 10¢ 13.5
4 500 3.43 20.6 6.6 x 10° 14.3
5 250 3.42 20.6 2.2 x 107 15.3
AVG. 5x 10° 14.5
Ref.
1 Gas Phase 39.7
2 2% Au/TiO, 7.6
3 2.2% 9.6
Pd/ALO,




reaction. A summary of activation energies is provided in Table 2. Table 2.
Summary of the Activation Energies and Pre-exponential Factors Fl ow Rate
CO% 02% Avoma/osqimt./ m n) (s'1) (kcal/nol) 1 300 1.32 1.34PCTARISK3/A156 14.9 2
900 1.32 1.34 8.2 x 106 14.7 3 1000 3.43 20.6 2.3 x 106 13.5 4 500 3.43
20.6 6.6 x 106 14.3 5 250 3.42 20.642.2 x 10 15.3 AVG 5 x 106 14.5 Ref.
1 Gas Phase 39.7 2 2% AU/ TiQ2 7.6 § 2.2%9.6 Pd/ A1203 WD 03/086112

PCT/ US03/ 03456 -18 [0063] FIG 17 depicts the tenperature dependence for

the conversion rate of carbon nonoxide using 50 ng Fe203 nanoparticles as
catalyst in th ar tube reactor, for flowrates of .300nL/m n and 900
nL/ mi [RO®Hspect ?Er‘gfyﬁ%%’%ﬁ eprEper{yIg dane 9%11082,% ICRAYFHAD K 6c'iOIETeact i vation
st udi i ' éﬁﬁ‘ﬂ@@%ﬁlﬁhﬁﬁw afidbidlefictdr) the
quartézéf?%ngléo}r@%@ grﬁéﬁg C lriezbragnse n #r omthe j,gr aph%ﬁlcorrpar ed to curve 1
(Wi t hfot Flowadadss)of 30011 pings et 900k L ipint resi&ctivelmt er (curve 2) has little
effect on the ability of Fe2O3 nanoparticles to convert carbon nonoxide to
carbon dioxide. [0065] FIG 19 shows a flow tube reactor to sinulate a
ci gar in ev j pg.  di r ent. I ] shows a
conpaPDBBn' bet vElsh {H Bt bit Ghilo T ARPRALL i Rido/El Sarcl 380 5D

mg Fe,0, nanoparticles as catalyst in the quartz tube reactor. As can be seen from the

graph, compared to curve 1 (without water), the presence of up to 3% water (curve 2) has
little effect on the ability of Fe,0; nanoparticles to convert carbon monoxide to carbon

dioxide.

[0065] FIG. 19 shows a flow tube reactor to simulate a cigarette in evaluating
different nanopaticle catalysts. Table 3 shows a comparison between the ratio of carbon
monoxide to carbon dioxide, and the percentage of oxygen depletion when using Al,0; and

Fe,0; nanoparticles.

Table 3. Comparison between Al,O,, and Fe,O, nanoparticles

Nanoparticle CO/CO, O, Depletion (%)
None 0.51 48
AL, O4 0.40 60
Fe,0; 0.23 100

In the absence of nanoparticles, the ratio of carbon monxide to carbon dioxide is about

0.51 and the oxygen depletion is about 48 %. The data in Table 3 illustrates the

improvement obtained by using nanoparticles. The ratio of carbon monoxide to carbon

dioxide drops to 0.40 and 0.23 for Al,O, and Fe,0O, nanoparticles, respectively. The

oxygen depletion increases to 60% and 100% for Al,O; and Fe,0; nanoparticles,

respectively.




nonoxi de to carbon di oxi de, and the percentage of oxygen depl etion when
using A1203 and Fe203 nanoparticles. Table 3. Conparison between A1203,
and Fe2Q3wpanopant i cl es Nanoparticle CO CO2 02 Depl eti on @@/USMRORSO. 51 48
A1203 0.40 60 Fe203 0.23 100 In the absence of nanoparticles, the ratio
of carbon nonxide to carbon dioxidQJP§ about 0.51 and the oxygen depl etion
I s about 48% The data in Table 3 iltustrates the inprovenent obtained by
usi ng nanoparticles. The ratio of carbon nonoxide to carbon dioxide drops
to 0.40 and 0.23 for A1203 and Fe203 nanoparticles, respectively. The
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conpounds, as descri bed above, may be provided along the length of a
t obacpresenbcarvydediesises thatameynt dfecathoprmenraxidaieresa®pounds on the tobacco or
i ncorporating theminto the cut filler tobacco using any suitable nethod.
The oxyhydroxi de conpounds nmay be provided in the formof a powder or in a
sol ut i n the | | ; : K met hod,
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the length of a tobacco rod by distributing the oxyhydroxide compounds on the tobacco or

incorporating them into the cut filler tobacco using any suitable method. The
oxyhydroxide compounds may be provided in the form of a powder or in a solution in the
form of a dispersion, for example. In a preferred method, the oxyhydroxide compounds in
the form of a dry powder are dusted on the cut filler tobacco. The oxyhydroxide
compounds may also be present in the form of a solution or dispersion, and sprayed on the
cut filler tobacco. Alternatively, the tobacco may be coated with a solution containing the
oxyhydroxide compounds. The oxyhydroxide compounds may also be added to the cut
filler tobacco stock supplied to the cigarette making machine or added to a tobacco rod

prior to wrapping cigarette paper around the cigarette rod.

[0068] The oxyhydroxide compounds will preferably be distributed throughout the
tobacco rod portion of a cigarette and optionally the cigarette filter. By providing the
oxyhydroxide compounds throughout the entire tobacco rod, it is possible to reduce the
amount of carbon monoxide throughout the cigarette, and particularly at both the

combustion region and in the pyrolysis Zone.

[0069] The amount of oxyhydroxide compound to be used may be determined by
routine experimentation. Preferably, the product formed from the decomposition of the
oxyhydroxide during combustion of the cut filler composition is present in an amount

effective to convert at least 50% of the carbon monoxide to carbon dioxide. Preferably,



the formof a dry powder are dusted on the cut filler tobacco. The
oxyhydroxi de conpounds may al so be present in the formof a solution or

di sper si owp oansbispr ayed on the cut filler tobacco. Alter mamrivses/y34s¢ he
tobacco nmay be coated with a solution containing the oxyhydroxide
conpounds. The oxyhydroxi de conpoundg nmay al so be added to the cut filler
t obacco stock supplied to the cigarette maki ng nachine or added to a
tobacco rod prior to wapping cigarette paper around the cigarette rod.

[ 0068] The oxyhydroxi de conpounds will preferably be distributed throughout
the tobacco rod portion .of | garet.te and optional l |garette
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t obaccos, ends ther e tobacco terial” can be provided in
f or m gbadco&iosuch as cut-rolled or cut-puffed stems, reconstituted tobacco materials; or

e

blends thereof. The invention may also be practiced with tobacco substitutes.

[0071] In cigarette manufacture, the tobacco is normally employed in the form of
cut filler, i.e. in the form of shreds or strands cut into widths ranging from about 1/10 inch
to about 1/20 inch or even 1/40 inch. The lengths of the strands range from between about
0.25 inches to about 3.0 inches. The cigarettes may further comprise one or more
flavorants or other additives (e.g. burn additives, combustion modifying agents, coloring

agents, binders, etc.) known in the art.

[0072] Another embodiment of the invention relates to a cigarette comprising a
tobacco rod, wherein the tobacco rod comprises cut filler having at least one oxyhydroxide
compound, as described above, which is capable of decomposing during smoking to
produce a product that is capable of acting as an oxidant for the conversion of carbon
monoxide to carbon dioxide and/or as a catalyst for the conversion of carbon monoxide to
carbon dioxide. A further embodiment of the invention relates to a method of making a
cigarette, comprising (i) adding an oxyhydroxide compound to a cut filler, wherein the

oxyhydroxide compound is capable of decomposing during smoking to produce a product



| am na; processed tobacco materials such as vol une expanded or puffed

t obacco, processed tobacco stens such as cut-rolled or cut-puffed stens,
reconsti twoad/osalbacco materials; or blends thereof. The iPerarspi/easéray al so
be practiced with tobacco substitutes. [0071] In cigarette manufacture, the
tobacco is normally enployed in the_zi_ormof cut filler, i.e. in the form
of shreds or strands cut into wdthS ranging fromabout 1/10 inch to about
1/20 inch or even 1/40 inch. The |l engths of the strands range from between
about 0.25 inches to about 3.0 inches. The cigarettes may further conprise
one or nore flavorants or other_additives, (e..g. .burn agﬁtive , _conbustion
modi fiatrig canpbln &f actige @5 ap gxidadhr die ganyersion of Larbol mguogide;tp cagbon, v~ gg72)
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cut filler, wherein the oxyhydroxide conpound is capable of deconposing
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which is then wrapped in cigarette paper, and optionally tipped with filters.

[0074] The cigarettes of the invention 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 long, a "Super King Size" is about 100 mm long, and a "Long" is usually about
120 mm in length. The circumference is from about 15 mm to about 30 mm in
circumference, and preferably around 25 mm. The packing density is typically between

the range of about 100 mg/cm® to about 300 mg/cm?®, and preferably 150 mg/cm® to about

275 mg/cm’.

[0075] Yet another embodiment of the invention relates to methods of smoking the
cigarette described above, which involve lighting the cigarette to form smoke and inhaling
the smoke, wherein during the smoking of the cigarette, the oxyhydroxide compound
decomposes during smoking to form a compound that acts as an oxidant for the conversion
of carbon monoxide to carbon dioxide and/or as a catalyst for the conversion of carbon

monoxide to carbon dioxide.



specification using standard or nodified cigarette nmaking techni ques and
equi pnent. Typically, the cut filler conposition of the invention is

opti onal Iwomamkdiined with other cigarette additives, and pcowsd®e4s® a
cigarette maki ng machine to produce a tobacco rod, which is then wapped
in cigarette paper, and optionally _b'bpped with filters. [0074] The
cigarettes of the invention may range from about 50 mmto about 120 mmin
| ength. Generally, a regular cigarette is about 70 nmlong, a "King Size"
is about 85 mmlong, a "Super King Size" is about 100 mm|ong, and a
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be inh éf@ Gtenerall , snoking of a cigarette involves lighting one end of
t he 07’3 W9 et08 §¥28RKa1 i ng the cigarette smoke through the nouth end of the
cigarette, while the tobacco contained therein undergoes a conbustion
reaction. However, the cigarette may also be snoked by ot her neans. For
exanploe77k he ci Béiktthe invaytidehasdeok deschiped eathi rafgrence te predereed e and/ or
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for e\%ﬁf@é gpparent to those skilled in the art. Such variations and modifications are to be

considered within the purview and scope of the invention as defined by the claims

appended hereto.

[0078] All of the above-mentioned references are herein incorporated by reference
in their entirety to the same extent as if each individual reference was specifically and

individually indicated to be incorporated herein by reference in its entirety.



[0077] While the invention has been described with reference to preferred
enbodi nents, it is to be understood that variations and nodifications may
be resortwooosas2z will be apparent to those skilled in tReTASII/NBEEH
variations and nodifications are to be considered within the purview and
scope of the invention as defined bé the clains appended hereto. [0078]
Al of the above-nentioned referenc'é'are herein incorporated by reference
intheir entirety to the sane extent as if each individual reference was
specifically and individually indicated to be incorporated herein by
reference inits entirety. WO 03/086112 PCT/ US03/ 03456 -23 What is clained
i s: 1What isiglaimed|i&r conposition conprising tobacco and an oxyhydroxi de
conpound, wherein during conbustion of the cut filler conposition, said
oxyhydr oxi de conpound is capable of deconposing to format |east one

product capal) entailler€binpesifién 8dmprisiag tbat@ ardnm oxyhpdrekile @dmpbumdyr bon
nonoxi de to carbon di oxide and/or as a catalyst for the conversion of

car bowhensivoduriieg cambystiooaf dicsxt filer omppsisiogy said PrYWrexddpeunrausd idf cl ai m
1, wherejn i d oxyhydraoxide conpound is. capable of deco i form at
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of ¢ O IO Girbotl §i8xRBAndr 8s & dhialy¥stor BRS conerstoanyfer si on
of cgécglgﬁrsnonomaggo%%o%g?bon di oxi de?{ 3. Thé %ut fiyl I er]'f co?rposisti on of

cl ai neatbomhenexide tidearbouy Hipdidexi de conmpound is selected fromthe group

consisting of FeOOH, Al OCH, TiOOH, and m xtures thereof. 4. The cut filler
conposition of claim1, wherein the oxyhydroxi de conpound and/or the

product. f 0 MfdPELAGHIRRIBANT A, Qindiif sEORYHIABLIAE Htpbaigh gOMDUSt i on

of the cut er conposition is int ormo noparticles. 5. The cut
fill ecapapRRSIHeto@posdig ©l fotrmal leavih@iegirodid eamblehyfcicting debethrpexitint s
capabl e of deconposi ng during conbustion of the cut filler conposition to
f or m for thegenversion of carbon monoxide to carbon dioxide and as a catalyst for the

conversion of carbon monoxide to carbon dioxide.

3. The cut filler composition of claim 1, wherein the oxyhydroxide compound is

selected from the group consisting of FeOOH, AIOOH, TiOOH, and mixtures thereof.

4. The cut filler composition of claim 1, wherein the oxyhydroxide compound »
and/or the product formed from the decomposition of the oxyhydroxide during combustion

of the cut filler composition is in the form of nanoparticles.

5. The cut filler composition of claim 1, wherein the oxyhydroxide compound is
capable of decomposing during combustion of the cut filler composition to form at least
one product selected from the group consisting of Fe,0;, AL,0;, TiO,, and mixtures

thereof.

6. The cut filler composition of claim 1, wherein the product formed from the
decomposition of the oxyhydroxide during combustion of the cut filler composition is
present in an amount effective to convert at least 50% of the carbon monoxide to carbon

dioxide.



one product selected fromthe group consisting of Fe20G3, A1203, Ti 2, and
m xtures thereof. 6. The cut filler conposition of claim1l1, wherein the
product fwoms@sdiiom t he deconposition of the oxyhydroxi deCaursosgp4s6
conbustion of the cut filler conmposition is present in an anount effective
to convert at |east 50 % of the carhgn nonoxide to carbon dioxide. WD

03/ 086112 PCT/ US03/ 03456 -24 7. The&cut filler conposition of claiml1,
wherei n the oxyhydroxi de conmpound and/or the product forned fromthe
deconposition of the oxyhydroxide during conbustion of the cut filler

conposition has an_average particle sjze |ess tha bouf 500 nu., 8. The cut
filler compositeiyhfiler eomapasition qficiaim; Iy ‘Yl}?éelﬁi%??ﬁ’?%%o&ﬁewmj and/ or

t he progduct f e . ' i-ng
oot e gfOdTRS R i ofPERIRBSuHbE b i o Py RNAY iy ObmEMiioRd |
than gbgdtcul BfleMbmpdsitibachas dh abédape parcioRPixgiléssahardbout 800mfh. wherein the
oxyhydr oxi de conpound and/or the product fornmed fromthe deconposition of

t he oxyhydroxi de during conbustion of the cut filler conposition has an

average paptigle si.ze | ess than out- 50 n 10. L i conposition
of claim 9,§' v@ﬁ@r“é’? ﬂﬁF’h“eO‘BWWd‘r%@?%@ %o 65%(5116 %W:j[lp grr&ﬁeeéoﬂ#d@gégt f or med
from LhgAk k ForafedQtorh e @csipdsiash 9L me Wk RgreLiab watin® Bombhstione cut
fill erﬁtggnpogq;?@oﬁrtl as an0 averagemgarti cle si zgﬂ)imess t han %).bout 5 DM 11. A
ci gar ef the cmofifier sinmEpsitiondiaa eoavemge paticlesize lessgharodlzoaic 00 soh. conpri ses a cut
filler conposition conprising tobacco and an oxyhydroxi de conmpound, wherein
during snoking of the cigarette, said oxyhydroxi de conpound is capabl e of

deconposi ng t-#,f ok mlfpgodlﬁgs?lﬁo#gﬁg%%g’%ﬁer&ﬁQgpbﬁ,}&tﬁ@g&é Qfnsbun@n oxi dant

for the conversion of car to carbon ‘dioxi de and/or as a
cat al yad/of e product dovaesdsirem thé decantposition odHthiccaxyhydrozidbanringicombusgion12. The

cigarette of claim1l, wherein said oxyhydroxi de COh‘pOLSInd i s capabl e of
of the cut filler composition has an average particle size less than about 50 nm.

10. The cut filler composition of claim 9, wherein the oxyhydroxide compound
and/or the product formed from the decomposition of the oxyhydroxide during combustion

of the cut filler composition has an average particle size less than about 5 nm.

11. A cigarette comprising a tobacco rod, wherein the tobacco rod comprises a cut
filler composition comprising tobacco and an oxyhydroxide compound, wherein during
smoking of the cigarette, said oxyhydroxide compound is capable of decomposing to form
at least one product capable of acting as an oxidant for the conversion of carbon monoxide
to carbon dioxide and/or as a catalyst for the conversion of carbon monoxide to carbon

dioxide.

12. The cigarette of claim 11, wherein said oxyhydroxide compound is capable of
decomposing during smoking of the cigarette to form at least one product capable of acting
as both an oxidant for the conversion of carbon monoxide to carbon dioxide and as a

catalyst for the conversion of carbon monoxide to carbon dioxide.

13. The cigarette of claim 11, wherein the oxyhydroxide compound is selected

from the group consisting of FeOOH, AIOOH, TiOOH, and mixtures thereof.



deconposi ng during snoking of the cigarette to format |east one product
capabl e of acting as both an oxidant for the conversion of carbon nonoxide
t o carborwoioensde2 and as a catal yst for the conversi on of Pcanisosnoysnoxi de
to carbon dioxide. 13. The cigarette of claim11l, wherein the oxyhydroxide
conpound is selected fromthe group §pnsisting of FeOOH, Al OCH, Ti OOH, and
m xtures thereof. WO 03/086112 PCT/U% 3/03456 -25 14. The cigarette of
claim 11, wherein the oxyhydroxi de conpound and/or the product forned from
t he deconposition of the oxyhydroxide during conmbustion of the cut filler

conposition i Sy N . # f .nangpartjcles, 15...The ci ette of claim11,
wher ei n thg40§%%/gég§’fté§f%ﬁﬂc} nEY%?rsﬁmc@ﬁé?ﬁV‘@’d%?md%@B%‘ga%}%Jﬁ? ng snoki ng
of t hepreigaterided ftén e BRcdinpositidh of AR ﬁfd{% i t oup
consi g%ri ng of Fe203, A1203, p'klzi 2, 0and drQ{hl:yx urseiglét%lhgrﬁ%gfgm%%mn#gghec%ar ette
of cl diltar tompositior isintthe fgrnoafimanopartinkesl f r om t he deconposition of the

oxyhydroxi de during snoking of the cigarette is present in an anount
effective to convert at |east 50 % of the carbon nonoxi de to carbon

di oxide. 17z T ' | ahm.; {0 - ' nmpound
and/ or the lsbr’g%ugkﬁ?gfgkgglaﬁ c}?n twfl?gP eéléT(]:J S\rerfggﬁ?ﬁr?)gﬁ@g?ﬂﬁ%%%%agfeo%?de

dur i nglesomposigp ddringhemoldhgaf tHetatgdrase @rfoan at Rge dmeprodilce sdect®l frémSthe han
about 500 nm  18. The cigarette of claim17, wherein the oxyhydroxide
conpo R BURFRPSIENg I?@Feﬂ?s@%dfﬁsa i mead migirestibergat onposi ti on of t he
oxyhydroxi de during snmoking of the cigarette has an average particle size
| ess than about 100 nm 19. The cigarette of claim 18, wherein the

oxyhydr oxi dgs. Coieeipi@ta e taim the wheredtiue prddciRimba 9ont IR HesapRassd | on of
t he oxyggglrom de during snoking of the cigarette has an average particle

si ze |addbe oxpdeaxida dmensmoking ofithe cigatgsicds preserit i laniamongy effdctivein t he
oxyhydr oxi de. co d. and/gr the duct faormed fromthe deconposition of
Cho o PRy uERE Bt or B2 chdien i agnRlety tatbon Heice

17. The cigarette of claim 11, wherein the oxyhydroxide compound and/or the
product formed from the decomposition of the oxyhydroxide during smoking of the

cigarette has an average particle size less than about 500 nm.

18. The cigarette of claim 17, wherein the oxyhydroxide compound and/or the
product formed from the decomposition of the oxyhydroxide during smoking of the

cigarette has an average particle size less than about 100 nm.

19. The cigarette of claim 18, wherein the oxyhydroxide compound and/or the
product formed from the decomposition of the oxyhydroxide during smoking of the

cigarette has an average particle size less than about 50 nm.

20. The cigarette of claim 19, wherein the oxyhydroxide compound and/or the
product formed from the decomposition of the oxyhydroxide during smoking of the

cigarette has an average particle size less than about 5 nm.

21. The cigarette of claim 11, wherein the cigarette comprises from about 5 mg to

about 200 mg of the oxyhydroxide compound per cigarette.



cigarette has an average particle size |less than about 5 nm 21. The
cigarette of claim1ll, wherein the cigarette conprises fromabout 5 ng to
about 200wog3o8siihe oxyhydroxi de conmpound per cigarette. WOTOZBOBAIA 2

PCT/ US03/ 03456 -26 22. The cigarette of claim 21, wherein the cigarette
conprises fromabout 40 ng to abou[zépo ng of the oxyhydroxi de conpound
per cigarette. 23. A nethod of naking a cigarette, conprising (i) adding an
oxyhydr oxi de conmpound to a cut filler, wherein the oxyhydroxide conpound

i s capabl e of deconposing during the snoking of the cigarette to form at

| east one _product, capab pf ,acting. as an oxjidant for_.the_conyersion of

car bon nondli dbeiesEds gbatn o ubOinihe Hhatts DRpaseLEoRGRSRAS B8 i0er of on
of car, i t Loxi de- (] oviding the cut filler
comriagﬁlﬁglﬁpﬁgggg%yﬁ(%@ gmgo(%ph@é{ﬁlg@?% déé%rftg%r ette making machine to form
a tobacco rod; and (iii) placing a paper w apper around the tobacco rod to

formthe cigarette. 24. The nethod of claim 23, wherein said oxyhydroxide
conpound i @3¢ ahpamthodef makiag g agaAreits, GOMPHYNE noki ng of the cigarette to form

converai on (ot FEPh A KERARMAAC boidibn 58 Bl BRI ORI Y (o, (e

convercehPbumf isCapane oﬂﬁwﬁgﬁ)@intgcdu@i@g e srablag OEthe2hzardihetoteihatlieast cl ai m
23, wherein the ox%goydrom e conmpound and/or the product forned fromthe

deconssiptaduat efpablecofaciing as ax pxidawtfor thg conyassion of garbpn mppmnogide tof i | | er
conposition.is.in the formof nanoparticles.. 26. The nmethod of claim 25,
wher orAteRAioRgh a8 p g CRRL R Bk PR e s bon Ron e e pr oduct
f or meqy;ds@m t he deconposition of the oxyhydroxide during snmoking of the

cigarette has an average particle size |less than about 100 nm 27. The
met hod of ¢lipproviBng vecout ifillet bemprisiingy the @xybpdropidp comgourskb 4 cigaedp (i)

making machine to form a tobacco rod; and

(iii) placing a paper wrapper around the tobacco rod to form the cigarette.

24. The method of claim 23, wherein said oxyhydroxide compound is capable of
decomposing during smoking of the cigarette to form at least one product capable of acting
as both an oxidant for the conversion of carbon monoxide to carbon dioxide and as a

catalyst for the conversion of carbon monoxide to carbon dioxide.

25. The method of claim 23, wherein the oxyhydroxide compound and/or the
product formed from the decomposition of the oxyhydroxide during combustion of the cut

filler composition is in the form of nanoparticles.

26. The method of claim 25, wherein the oxyhydroxide compound used in step (i)
and/or the product formed from the decomposition of the oxyhydroxide during smoking of

the cigarette has an average particle size less than about 100 nm.

27. The method of claim 26, wherein the oxyhydroxide compound used in step (i)
and/or the product formed from the decomposition of the oxyhydroxide during smoking of

the cigarette has an average particle size less than about 50 nm.



and/ or the product fornmed fromthe deconposition of the oxyhydroxide during
snoki ng of the cigarette has an average particle size |ess than about 50
nm WO 03w08824a1PCT/ USO3/ 03456 -27 28. The net hod of cl &CHIUA#3/03aber ei n

t he oxyhydroxi de conpound used in step (i) and/or the product formed from
t he deconposition of the oxyhydroxi during snoking of the cigarette has
an average particle size less than d@dout 5 nm 29. The nethod of claim 23,
wherein the cigarette produced conprises fromabout 5 ng to about 200 ng
of the oxyhydroxide conmpound per cigarette. 30. The nethod of claim 29,

wherein the cigarette produced conprises from about 40 fo aboyt 100 ny
of the oxyh§dddgimeethedehelainy2hevherpighe pxyhydroxiderepmpaung stgPa6m 23,
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FeOOH. 33. The nethod of claim 23, wherein the oxyhydroxi de conpound used

in step (i) 1is capable of deconposing to format |east one product
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present 1n an anmount” effective to convert at [east 50% of the carbon
nonoxi de to carbon di oxide. 35. A nethod of smoking the cigarette of claim
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31. The method of claim 23, wherein the oxyhydroxide compound used in step (1)

is selected from the group consisting of FeOOH, AIOOH, TiOOH, and mixtures thereof.

32. The method of claim 31, wherein the oxyhydroxide compound used in step (i)

is FeOOH.

33. The method of claim 23, wherein the oxyhydroxide compound used in step (i)
is capable of decomposing to form at least one product selected from the group consisting

of Fe,0;, Al,O;, TiO,, and mixtures thereof.

34. The method of claim 33, wherein the product formed from the decomposition
of the oxyhydroxide during smoking of the cigarette is present in an amount effective to

convert at least 50% of the carbon monoxide to carbon dioxide.

35. A method of smoking the cigarette of claim 11, comprising lighting the
cigarette to form smoke and inhaling the smoke, wherein during the smoking of the
cigarette, the oxyhydroxide compound is capable of decomposing to form at least one
product capable of acting as an oxidant for the conversion of carbon monoxide to carbon

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



