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(57) Abstract: Cat  filler compositions,
- cigarettes, methods for making cigarettes and
methods for smoking cigareties are provided,
which involve the nse of an oxyhydroxide
compound that 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. The combustion
zone of a cigarette during smoking (Where Fe,O;
nanoparticles act as an oxidant) and the pyrolysis
region of a cigarette during smoking (where the
FeyO5 nanoparticles act as a catalyst), as well as
. Televant reactions that ocenr in those Tegions.




5 Cctober. 2006 WO 03/086112 PCT/ US03/ 03456 -1 Use of Ox Wicobsri2006
Conpounds for '‘Reduci ng Carbon Monoxi de in the Mai nstream Snoke of a = .
Cigarette FIELD OF I NVENTION [ 001] The invention relates generally to

N Ve

cut filler conpositions, cigarettes, nethods for naking cigarettes and

met hodsDJcQ;at,‘angepg,,glgar ettes that ‘i.nvol ve. %ﬁ%&f‘%@]ﬁiy%&yn}}’@& i o
conpounds, as\WipeRa R EHHTROS B K fo\Bd 5O Pkiead T 0PI PGHGE @ﬂﬁs % ﬁ%éfg LA#}OAE B
‘capabl e ofapsaeiRung.1a8) afvhdslodandesibtiont k2 conw@l i om rof rgar bon rmnom de. fo
carbon di ¥ de4Mn@/HOMZes, BB, BG R BEPEICAI UL, the aCony@pigirdTentiensittd QR HIRANK oI
‘to carbon @¥ éQl%CU BA@WIBNIDDZ FO0R ES/8E i ous eqmieet brplbgtich Glule ¢ @TN(L fong)! desi@ations -

‘amount of ”‘f JPl’F&M%_tream snmoke of a cigarette during .
snoki ng .hgy, ]@bggfl 8 ME " pRmited:sh Patent No. 863,287 & |
- descri bes gmin@dsy koy; hfqﬁtmﬁﬁ @%%Zbrmr1vvbn¢m0w&nwha@bmre of -t obacco

‘articles, guehri b atz,mznc OURD Ll-8 (GRS Lon products are renoved or nodified’

during snoki:ng, Bf st be 12 0l0aDE WA Elrktn@atent N Fxelebiibideides bkt G Rk BIpAeRSioks QYR VI BB
absor bent g4M, ﬁgeﬁimm WD R, &J. TM) Breqpednippsnt hanceNdpe e oga oy st aliochO hppiRsa fddediy
absor bi ng (SRl 56 CH. ChEZCRE BENEE BHRbYR 68, @rgydret eplof it €rhg PMGhzdee | tering -
materials are described, for exanple, in U S Reissue Patent No, RE
- 31,700; U S. Patent No. 4,193,412; British Patent No. 973, 854; British

Pat ent -No. 685, 822; Br|t| sh Patent No. 1,104, 993 and Swi ss patent 609, 217.

However, such net hods are ‘usual Il 'y not corrpl etely efficient. [003] Catalysts o

for the conversion of carbon nonoxide .to carbon dioxide are described, for .
exanple, 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 weII as in British Patent No. 1, 315,374. The "
di sadvant ages : : - '



sof i ncorporating a conventional catalyst into a cigarette 5@cbbee008e | large. = -

. quantities of oxidant that need to be i ncorporated into the'filter to
- achi eve cgg(i ggrabl e reduction of .5 COctober 2006. . WD 03/ 086112
"PCT/ US03/ 0548

o het er ogeneous reaction is taken mto‘accourit ‘the ‘anount of  t he oxi dant

* required woul d be .even larger. [0041 et al OXIdeS such as lron oxi. de have.V”

- al.so- been |ncorporated into cigarettes for various purposes. See,  for

-~ exanpl e, International Publications WD 87/06104 and ‘WD. 00/ 40104, as mell-

.-as U.S. Patent Nos.. 3,807,416 and 3,720,214. Iron oxi de has-al so been

~ proposed for incorpqgral J s, for a variety of other-
~pur poses.. ‘For exanptEd eh REHOLPAUEMESs particulate . .
inorganic filler %"T%T_££§a¥g45 and

3,931 824), as o= %‘?"%ﬂt‘#ﬂg”““m Mmre ot &1 9,104) and in-

powder formas a buntregulator (e. g U S Patent No. 4,109,663). In

addition, several patents describe treating filler materials with pomdered

iron oxide to inprove tast dPF dﬁﬁﬂﬂﬂ% arance (e g. U S. Patent

: 5,152; 5,598 129, 4 101, 839) . However, .-
the p&og? atte e&%ﬁat{éﬂ‘%‘r‘ &8?%?&%? 14‘3#@%?8 Pﬂﬁg ﬁjt?taé‘im"é‘f( Pﬁe such as
FeO OEarEe:Z%nbe\ae lﬂette ﬁe&streaxﬁ@eoeét,eﬁt:tgdaeeﬁee&tﬁﬁtdﬁtb e, bon monoxi de in

mai nstream snoke. [005) Despite the devel opments to there remains a
need f$mrifically othe dovemtion relates ¢ tmtcﬁléeﬁconqtohnnbasm@xempmm@m fogkingeduci ng
t he anpunt of carhon noxi.de in the nmainstream snoke of a cigarette

dur i n€f83sEES #Ryl methods ferymoking, eigareties, §s Inodve s e el eXvlmdroxiisul d not

b o' UpuRBRIR Mookl OB TR RS b e ot RUCSBERR TR P>
- MONOX4HHg 38 tan @idant Forl A€ chiverbn bE8rBAn etoﬂo&eie%eefbehfd?om@lénd%ﬁ& &l ong the
“entire length of . the cigarette during snoking.

catalyst for the conversmn of carbon monoxide to carbon chox;de

' BACKGROUND |

[00z] Va:_rioﬁs methods for reducing the amount of carbon moﬁoxide in ithe

mainstream smoke of a cigarette during smoking have been proposed. For example,
- British Patent No. 863,287 describes methods for treeting ltobaeco prior to the manufacture
of tobacce articles, such that incomplete combustion products are removed or modified
| during smoking of the tobacco article. In addition, cigarettes comprising ebsorbents
i _ i/ generally ina ﬁlter tip, have been suggested for physically absorbmg some of the carbon .
monox:lde Cigarette filters and filtering materials are descnbecl 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 Sw1ss patent 609 217

However, such methods are usually not completely efﬁcn:nt

- [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; 4,956,336;

: 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

812 carbon nonoxi de. Noreover, if the ineffecRCTUSHSESOr the




[066] "Di'sclosed herein are cut filler conpositions, cigara&t®ssberaoobods for -
maki ng cigarettes and nmet hods.for snoking cigarettes that involve the use
~of an oxyﬁg e conpound, - which i s capabl e of deconposkpay/usosfss at - -
| east one product capabl e of acting as an oxidant- for ~the conversion of
-carbon nonoxi de to carbon di oxide and/or as a catalyst for the conversion -
of carbon nonoxide to carbon dioxidée. 5 Cctober 2006 -3 [0071 In a first
aspect of ‘the present invention there is provided, a cut filler - o
conposi tion conprising tobacco and-an oxyhydroxi de conpound, wherein during -
conbusiion of.th ut filler conposition, the oxyhydroxide conpound is =~
capatt 0’61‘“9?(956#&) RGPS %f&ﬁ?ﬁﬂﬁ%cnmﬁs ghiieelraoganceusggnttionos takeni ng as’™
an oxj . | QF . ' xide to carbon di oxide and/or
as gﬁ(t:d;tgﬁoy%?’ ?%ﬁhﬁtoﬁgpéﬁg%e%a%%Io@%@%gﬁﬁ%ﬁgﬁ&g?ro carbon dioxide. . =
[008] In a second aspect of the present invention there is provided a
cigarette conprising a tobacco rod, whereinthe tobacco rod.conprises a -
cut [PP£] er complesit oxidess snph asiroy oxadeaizoe asudbecarinmxydrygbddniodsgaeamound
wherein duri nlgasrmkig ng t he ‘(ii gﬁqrette, sai-d_oxyhydroxi de conpound is .
capdBT SDPIBEBRGS | WG (0 PEMAlS: I eReRonA Fublicions WA SANE06R1dHOng as an
oxXi qufo o] . LSOVErS) i r bon .di oxi de. and/ or as
a cata yls(-j';4 for the cb%v%rt‘gﬁgﬁf S(')-? aé%?b%rﬁﬁ%h% riolg’t O%%Bhaﬁ?lﬁ%ba%q The .

 ci ggrepdsedforirenaiytionins wiascd EQIIAD Poit a Paridty lof oﬁﬁﬁgﬁ?og&() of . the

- oxyhydr oxi de conpound per cigarette, and nore prefera rom about .40 ny

tﬁ'. eaﬁank,im@t;ﬁd@haa brendleperyiendons mﬁcldaﬁdnmgapﬁ:rﬁmgﬁ.ggﬁ.& P{itﬁﬂ%] ]Ich;a _
thi a rese | ton,ter_els rovi de a nmet ho (6]

maki 14§ 3%@@%2%@6&@%#3@%%& ?@Oanga&ﬁﬁagoﬂ-@&@mmnd to a cut-
fil ' i d i bl e. of i ng duri

t he "SI0, 00 B Tn pReE AR £ BLEP rGIROH Oe 8, AR ok 1 UL EEB O "o "'
act addjtias, soversl ipdenits de2tribé Gettnpy B8} ARLHICHRPBWdBRANILGidOrFar bon

di oxi de and/or as a catalyst for the conversion of carbon nonoxide to
c ar BBPFONF dasiteiccolen ayd/on eppediange (4. ELS. PateheNos P93, 352105, 598,868y hy dr oxi de

e S0 e AR e ok s 1o s ciparezcs ()

.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 compositioﬁs for reducing the amount of carbon monoxide in
. the mainétream smqke of a cigarette during smoking. Preferably, such ﬁ:ethods and
cqmpc_)sitions should not involve expéﬁsive or time consuming manufactﬁring 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] Disclosed herein are 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.




tobacco rod to formthe cigarette. The cigarette thus protdtshepredéer abl y
conprises from about 5 ng to about 200 ng of the oxyhydroxi de conpound per
cigarette, and nore preferably from about 40 ng to about 100 ng of the
oxyhydr oxi de conpound per cigarettg. [0010] In a fourth aspect of the

Br esent b et | oMyl f1EGSeles: RRYLASH ALRRARL O SRk Rg i ol garette as

defined*I'n' the secon € cigarette to form
snoke aeminpokitibradampgsibg @batmb emnd @@@ﬁhydmﬁl@EﬁtﬁﬁﬁlmQEV}i@@ﬂ dms t@8ABEon - 4 t he

smoke, Eg &}t Hllg%g{ng&lt 3%% gg%p%d}&l&)e co un%llg(%%ﬁtflé (?f’de(gohxﬁ)o?ﬁ%/ W i xi de

conmpoun sin orn1a east uct capabl e of
acting aéeaatmngnmdmn taphge of 4véng mn\pendsnt@w theef cog eyt nmhqudm»ict@ tgar bon

di oxi de, dag@ﬂ/d&) x1d%?8(8circa?ra%t¥1§§t éone éﬁgﬁ%%é.%z,mm@ofxmﬁ(e@s ide to

car bon pre erre nment e oxyhy rOX|de conpound
is capable of deconposing to format |east one product capable of acting

as both an oxidant for the conversion of carbon nonoxide to carbon dioxide
and as HBO%lat al ystInfagecondhasped 4 e sicemt @ivention tistsrs ProYiIBsd asardiccampiéiingdi oxi de.

Pref er r gpxy adkRsdig ﬁlﬁ%ﬁ%lf&g&rﬂpﬁgéslé(iﬁt filR¥Eo ﬁoﬁﬂ&?&omﬂﬂsﬁﬂg tdbech @nd FEOOH,
Al OOH, TiOOH, and m xtures thereof, wt being partrcularly

pref er r@cpxmdéf’fékéempounfl miesinding wnaking Oé ﬁ}?ﬁtﬁﬁﬁﬁeﬂ%ld @%ﬁlﬁlé{l%'loéld@)f deconposi ng

to formegg ohm%apam@@f&e&%%g &%ﬁﬁ&tqshsﬂ‘&ﬁwdh& cHHaBMR: &ARS hedd RdlaRf Fe203,
A1203, Ti 02, and m xtures thereof Preferably, the product fornmed fromthe

deco rrpo@r the sppvemion REcahepmearEds Weadon diggde @@f% @52 fagyshfor thesomvgrsioniof | er

CONPOSi &k nioBoRAER etbor MoAlke. Q?H@éigatret%fﬂrﬁglrablg goﬁﬁisgsq'ﬁﬁﬁﬁﬁouaﬁ mg@@aout 50 % of
t he carbon nmonoxi de to carbon di oxid yet anot her preferred

enbodi mRtme efithe xxipiyxidsepapoud wm&ttamﬂ more Rrﬁférablwér@at%bowp #&LOf r om t he

decorrpoa%bﬁmnnfgfofuﬁ%xﬁp RWAE QhSRndpricRareg@MOUSt i on of the cut filler
conposition is in the formof nanoparticles, preferably havi ng an average

- particle size less than about 500 rim nore preferably having an average
particle size | ess than

[009] In a third aspect of the present invention, there is provided a method of
making a cigarefte, 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] In a fourth aspect of the present invention there is provided a method of smoking
the cigarette as defined in the second aspect comprising, lighting the cigarette to form smoke and

inhaling



“ about 100 nm ‘nore preferabl y having an average particl e Si@&obs®806han
about 50 nm -and nost preferably having an average particle si ze Iess t-han
about 5 W9 0BBS@EE2 DESCRI PTI ON OF TUE DRAW NGS [ 0013] Vari oqsc.{ 56 and
advant ages of ‘this invention will be apparent upon consi-der ’on’ o
f-ol  owi ng detailed description, taken in conjunction with the accorrpanyl ng
drawi ngs, ‘i n which: [0014] FIG ‘1 de‘ﬂrcts the tenperature dependence of the
G bbs Free Energy and Enthalpy for the oxi dation reaction of carbon -
nonoxi de to form- car bon di oxi de. 5 October 2006 WO 03/086112 -
PCT/ US03/-03456 0015] FIG 2 depicts the tenperature dependence for the -
conv@\esﬁnmkeoﬁvkeam ringitiyxémieking of dhdoigaraieo diedmyhydaidotomidiRigl FIG 3
dep| cts ari son of the G bbs Ener y chan?es of various.  reactions.
among: P@Bﬁo‘?fg‘ﬁpo’@%’ﬁg i forgnat lﬁ%ﬂ&nedeo pableipbadting, asanobm@ahtcfgremegas

. [ 00- dofiy econ r5|on n dioxide to

car bon: c%%)glf ?%dﬁjfo %d?.l% ?L'ﬁ)g)?}p@g %@X?ﬁ deRPaVg§oR of
resptmbmn/ﬁionoxidé%&hrﬂoh‘aloﬁddepl cts 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. Fe2G8 and Fe304
respectively, over a range of tenperatures. [0020] FIG 7 depicts. the G bbs

Ener ggoochange fplr a&amm%ﬁtﬂhe e of
terrpe%oatidjr es. fx FIG S de tl ct Es]xt% gpﬁ&]ilpom{ﬁéﬁgpag’%s%gof Fe OCH

deconff5ePrIsEs t%\f?&“ R %Bonerl’é‘di%tt"?m’?le of edjveet ok yoxidenefor ther ange of
te ”petﬁoﬂ{rétﬁ@fﬁof a0 dbndzide o SarBlERIGGR: aﬁd 9@&(@@{13}5?%&3 tlQ%BX%?sPon dpe catalytic

activi of Fe203 nangparticles (NA Superfine Tron Oxide (SFI O
from n}onoppd&to carkrl)rhtao%}de Preferred oxyhydrox1de compounds include, but are not

limited to: FeOOH, A100H, TiOOH, and mixtures thereof, with FeOOH being particularly
preferred. Preferably, the oxyhydroxide compound is capable of decomposing to form at least
one product selected from the group consisting of Fe,Qy, A1,0s, TiO,, and mixtures thereof.
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.

[0012] - In yet another preferred embodiment, .the oxyhjdroxidc compound and/or
the product formed from the decomposition of the oxyhydromde durmtr combustion of the
cut ﬁller composition is in the form of nanoparticles, preferably having an average parficle
-size less than about 500 nm, more prcfcrably having an average particle size less than
about 100 nm, more preferably having an average partlcle size less than about 50 nm, and '

most prcferably having an average particle sme less than about 5 nm.

BRIEF DESCRIPTION OF THE DRAWINGS

| [0013} - Various features and advantages of this invention will be apparent upon.

copsideration of the following detallcd description, taken in COI!_]I]IICIIOII with the
accompanymg drawings, in whlch

{0014] FIG. 1 delCtS the tcmperature dependcnce of the Gibbs Free Energy and

. Enthalpy for the oxuiatmn reactlon of carbon monoxide to form mrbon ledee




“Prussia, PA) havi ng an average part| cle size of about 3. anctemérlmOEeZCB
. powder: (from Al drich Chenical Conpany) having an average particle size of

~ .about 5m % | Gs. 10 depicts the conbustion zone of a cigarette duri ng
snoki ng (\\/,\‘[hcgre ];]tlge Fe203 nanoparticles act as an oxi dant) PAFQUS0RO3456 :

- .pyrolysis region of a cigarette during ‘'snoking (where the Fe203

~ nanoparticles act as a catalyst), asswell as the rel evant reactions. t_hat

..occur in those regions. 5. Cctober 2006 WD.03/086112 PCT/'US03/ 03456 -6
[00241 FIG 11A. depicts the conbustion ‘zone, the. pyrolysis/distill ation -
-zone, and the condensati on/fi | tration zone, and. FIGs. -11B, 11C and 11D

' depi la di oxi de and de . -
- PeLatonkE, o SR WY It P RERRR o SR SRR T 3n[“888§' -
- FI G didxidepd @i@ogngdﬂamtuyccﬂo@ quartz flow tube reactor. [0026] FIG 13

' ‘deplcts the tenperature dépendence on the production of carbon rmonoxi de,
car bon di oxi'de and oxygen, when using Fe2G3 nanoparticles as the catal yst

- for oxi dat j f _carbon nonoxi de by _oxygen to produce car bon- di oxi de. -
_, [0027[?8@?]@ 14 Fﬁ? Liflfr‘Pé%téé CORPapeeTheh the (ibbé Baengy whanges &f werowsonoxi de, __
carb o e rti as an .oxi dant
for ?ﬁe reacti gﬁ%o E é)gf‘gén %%ﬁ@%@%ﬁ%@%ﬂég%& ‘%‘X OZER B%h di oxi de
and FeO . [0028] FIGs. 15A and 15B illustrate the reactl on orders of carbon -

monoxi de and carbon di oxi de with Fe203 as a catal yst. [0029] FIG 16

depi dP&1The meddi ¢hiapicts the precentage\convensionrdogsboartiotifie tpezborex ponent i al
ction of carbon n to.produce-carbon

- factaor_faor.t ea 0 e.W th oxy

di oxHEROxHlE %g'ﬁ%‘fﬁ@ SRS B & %a%&g}g#gg%{e@q;%\r@lwe reaction. [0030]
FI G 17 depicts the tenperature dependence for the conversion rate of
- .carbon nonoxi de, for flow rates of 300nL/nmin and 900 ni/nmin respectively.
[0018] - FIG. 5 depicts the Gibbs Energy changes for several reactlons mvolvmU

' Fe(III) and/or carbon monomde

- [0019] FIG. 6 depxcts the conversion of carbon monoxxde to carbon dlomde by

. ]E?ezc}3 and Fe304 respecnvely, over a range of temperatures.

C[00201 - HG. 7 deplcts the GlbbS Energy change for the decomposmon of FeOOI—I |

over a range of temperatures.

(, _[oo213 FIG. 8 depicts the Enthalpy Changes of FeOOH decomposmon and FeZO:.,

' reductlon resPectlvely, over a range of temperatures

[0022] FIG. 9 deplcts a companson between the catalync activity of F6203
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,0; powder (from

- Aldrich Chemical Company) having an average particle size of about 5um.

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

that occur in those regions.




[0031] FIG 18 depicts contamination and deactivation stud©stober208t er
wherein curve 1 represents the condition for 3 % H20 and curve 2 R
repr esentwotds@seandi ti on for no H20. 5 Cctober 2006 WO 0 ' [
PCT/ US03/ 03456 -7 [0032] FIG 19 depicts a fow tube reac%‘?ﬁ@égﬂu%ﬁ*ﬁ% -
simul ate a cigarette in evaluating different catal ysts and catal yst - o
“precursors. [0033] FIG 20 depicts ttfs rel at ive amounts of - carbon nonoxide =
- and carbon dioxide production without a catalyst present. [0034] FIG .21
depicts the relative ambunts of carbon nonoxi dé and carbon di oxi de SR
production with a Fe2Q3 nanopdarticle catal yst present. DETAI LED DESCRI'PTI ON

[ 003%p0ZA)e i nveRlG.ohl A depiciabe coinbhistidreromo throsirblysisAlistillgian ebheSandret hods
for making cigarettes and nethods for snoking cigarettes which involve-the
use &1e epndepsajivpdiilerign zevhnradidGsh ddBi 4 1€a9dbl 1D depiefdbonglodventgvelsrafng -
snmoking to farm at l.eas ne product capable of acti oxi dant for
The S8R SPAILEORLE A HOMBPABOREE rETPRRY i Nsicihe drheth of the Cledbtta yor
for WhEnse j on of carbon nonoxide to carbon dioxide. Through the o
i nvention, the anount of carbon nonoxi de in mainstream snoke can be:

reduced, thereby also reducing the anmount of carbon nonoxide reaching the
snoker and/or "given off as second-hand snoke. [00361 The term "nmai nstieant
smok&Pf er s tcﬁﬁ%ézrﬁ%@ﬁésﬁlﬂef@%@e%fﬁ)%ﬁ%ﬂoﬂmﬁ TeRR®r obacco rod and
issuing through the filter end,” i.e. the amobunt of snoke issuing or- drawn
fromthe nmouth end of a cigarette during snoking of the cigarette. The

. MEi NEHIERM SR, GBMepidis i Rlpetdiitle depefleitd oh thd roRHSRoPO drblie it
‘region of the cigarette, as wel -as through the ci'garette paper w apper.:
[ 003@onGhidet caron aliwide and oxpgeno whennwiigiEe (), ennogariiclesras thetcnadyst fopke and

the oxidation of carbon monoxide by oxygen to produce carbon dioxide.

[00271 FIG. 14 illustrates the relative production of carbon monoxide, carbon -
dioxide and oxygen, when using Fe,O, nanoparticles as aun oxidant for the reaction of Fe,0; =

- with carbon monoxide to produce carbon dioxide and FeO.

[0028] FIGs. 15A and 15B iltustrate the reacticﬁi orders of carbon monoxide and

carbon dioxide with Fe,0, as a catalyst.

[0029] FIG. 16 depicts the measurement of the activation energy and the pre- e
exponqntial factor for the reaction of carbon monoxide with'oxygen 1o produce carbon -

dioxide, using Fe,O, napoparticles 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,0O and curve 2 represents the condition for no
H,0.




- “formed. during snoki ng comes from-a conbination of three e DCtolperranes :

t her mal - deconp05|t| on (about 30%, conbustion (about 36% and reducti.on- of.*'
.carbon di with carbonized tobacco (at least 23 % . Formation of :
car bon rm%i?3 *4¥om t her mal = deconposition starts at a terﬂf@f’é\&mw@aof - :
about 180C, and fini shes at” around 1050C, ‘and 5 Cctober :2006 WO 03/ 086112 - =
~ PCT/ US03/ 03456 - -s_ is largely contrg}led by chem cal kinetics. Formation

of carbon nonoxi de and carbon di oxi de during conbustion is controlled

~largely by the diffusion of oxygen to the surface (k2) and the surface

- reaction (kb). At 250C, - k3'and kb are about ‘the sanme. At 400C, the

react econe Si on ntr | | ed. Final I e reductiagn of car bolh .
i omﬂﬁ@gg\}bt . g}[(g iéa IEAFIQF E'EFHP @E{}&%ﬁ 3C18E{SdRat ures ar ound
_ 390C é@ﬂm@iﬁ ﬁtséa%? ﬁgggn@gt%glsstl tuents, the tenperature and the

oxygen conc ntratl on a significant factors affecting the . 7
- -formation and reaction of car bon nonoxi de and carbon - dioxide. [0038] V\hlle '
not Wi shing to be bound by theory, it is believed that the oxyhydrOX| de

- conpd@Rd3 deconpBae2Qdeniets demrlatisranausts ehearbumibonexidnant carben diaxidei | | er

- .conp

or th Ki ng f.the arette to produce _either catalyst or . oxidant
(}ﬁ'ﬂgﬁﬂ% ’Eﬁouttaaﬁaba&ﬁﬁ’ﬁ%g ®D%rious reactions that occur in di fferent

-regions of the. cigarette during snoking. During snoking there are three .
‘distinct regions in a cigarette: the conbustion zone, the : ‘
pyr ol[0834)/ di st i P‘I&tlbdc;nm ¢he redtivehenopntdef sebdnomb fiodide aid erbapaRxidei T St
the "conbustion region” is the burnlng zone of the C|garette produced
duri rfﬁog?%’l@iﬂﬁ@ﬂbﬁﬁeh% pangRREiclecatalyst pIFssptat the |it end of a.cigarette.

{he ‘tenperature in the conbustion zone ranges from -about 700C to about
950C, and the heating rate can go as high as 500C/ second. The

concentration of oxygen i SDEWAIIED DESCRIPPIONSI nce it is being consumned
in the conbustion  of tobacco to produce carbon nonoxi de, carbon.di oxi de,

wat ef083or, an’ﬂhtvmvem prowvigka lcusﬁllélfmcsnpceamsmlgarsttm gielthpdefoi herm c and
_ the heﬁcmgg glrg]glre%tteg gn me oldg fgra £nr16183g g%/gagettes which involve the use of an -
oxyhydroxide compound that 15 capable of decomposing during smokmg to form at least
one product capable of acting as an oxidant for the conversion of carbon monomde o
carbon dioxide and/or as a catalyst for the conversion of cérbon monoxide to carbon )
dioxide. Through the i_nvcﬁtion, the émoﬁnt of carbon monoxide in mainstream smoke can
be reduced, thereby also redncing the amount of carbon monoxide reaching the smokcr ‘

and/or given off as second-hand smoke.

[0036] = The term "mainstream" smoke refers to the mixture of gascs ‘pas‘sing doWﬁ
the tobacco rod and issuing through the filter end, i.e. the amount of smoke issuing of-
drawn from the mouth end of a cigarette during smoking of the cigarette. The mainstream
smoke contains smoke that is drawn in through both th_e Iit region of the cigarctl-;c‘;' as well

as through the cigarette paper wrapper.

- [0037] ~ The total amount of carbon monoxide present in mainstream smokc and '
formed during smoking COn:_:es from a combination of three main sources: thermal
decomposition (about 30%), combustion (gbout 36 %) and reduction of carbon dioxi_cle with
carbonized tobacco (at least 23 %). Formation of carbon monoxide from thermal’ |

decomposition starts at 2 teﬁ:pcrature of about 180°C, and finishes at around 1050°C, and



to the pyrol ysis/distill ation zone. The l'ow oxygen concentﬂabﬂomm‘}eupl ed .
with the high tenperature in the conbustion region leads to the reductlon
of car bonwe @kt 0 carbon nonoxide by the carbonized tObf"(ﬁflﬂso Bihe
. conbustion regi-on, it is desirable to use an oxyhydroxide t ecomnposes - -
" to forman oxidant in situ, whichwll convert carbon nonoxide to carbon

~dioxide in the absence of oxygen. The®-oxidation reaction begins at around -

150C, and reaches maxi mum activity at tenperatures hi gher -t han about . 460C.
-[0039] Next, the "pyrolysis. region” is the region behi nd the conbustion
region, where the tenperatures range from about 200C to about 600C. This -
i's Wfi@l@ g8 Ton@bNEd 6% chbaicalRBetics\OFOEh RS df2carbol oA A8 dlbearbBnt he car bon.
“monoxi de IS produced. The major reaction in this region is the pyrolysis
(i. dioxitdéduting combusigy Jad:amrg}igd bicgely byt ihe difdwsiamei oxygonl teths suafabon

nmono carbon di oxi de, onpone and charcoal usi. e, heat
geneﬁhgéa dithe pyrdacegRpcion Gw- %52581@215 %it]‘é ﬁ?n% &%éﬁmﬁr (2 theyj s |
-zone, .. andat ;dgﬁnleé tﬂfﬁ.lsf]cﬁls%c{n%?ﬁl‘édt %Fi e AN ?ﬁ 9?‘&%3011 BitiacdgggPoSes to

producea ca In Si atlon of carbon nonoxi de- to car bon
di oXicegboniAed tﬁﬁdoﬁby)&'lcﬁafc@alcddcﬁfb é:tetgnnpsramreimnmeo‘?@aﬁ@ eBoveaxBaiMesact i vity
~around 300C. In a preferred enbodinent, the catalyst may also retain

oxi déalng tobapetbédustiinentst, dre uempemet@dﬁha%mgwcmcelm@mﬁe thegwohmpsti t can

B ot s MO Rt O P En ShoorbiEbindRe i catbioer at ure

rangey §ﬁ{1@m anbi ent to about 150C. The major process is the
condensation/filtration of the smoke components. Sone anount of . car bon
_nmonoxi de and carbon di oxi de diffuse out of the cigarette and sone oxygen(
- diffuses into'the cigarette. However, in general, the gen | evel does.-
not [e@Rler tomemmmt%b¢bmdbxﬁmm, 1 i kel ﬁ’mﬂrﬂhﬂé%l gned U.'S.

.a;.)pl Io%?l%y r&unber 09/ 942, 881 ed Aa%st

¢ compounds décompose un ef condmions for the combustion of the cut filler

or.the smoking of the cigarette to produce either catalyst or oxidant compounds, which
target the various reactions that occur in different regions of the cigarette during 'smoking.
During smoking there are three distinct regions in a cigarette: the combustion zoﬁe, the

- pyrolysis/distillation zoné, and the condensation/filtration zone. First, the "combustion
region” is the burning zone of the cigareﬁe, produced during smoking of the ‘cigarette,
usnally at the lit end of a cigéu'ette. The temperature in the combﬁstion zone ranges from
about 700°C to about 950°C, and .the heating rate can go as high as 500°Clsécond. ..The
concentration of onge_n is low m this region, since it is beiﬁg consumed in the combustion .

.of tobacco to produce carbon ﬁlohoxide, carbbn dioxidé, water vapof, and various
organics. This reaction is highly exothermic and the heat generated here is carried by gas
1o the pyroleis/distiﬂation zone. The low oxygen concentrations coupled with the high
tcmpcrature m the combustion region leads to the reduction of carbon dioxide to carbon
monoxide by the carbonized tobacéo. In the combustion region, it is desirable to use an

- oxyhydroxide that decomposes to form an oxidant in sizu, 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.

T0039] | Next, the “pyrolysis region" is the region behind the combustion region,
-where the temperatres range from a’_bout 200°C to about 600°C. This is where most of



~.carbon no

31, 2001, and entitled " Oxi dant/ Cat al yst Nanoparticles to ﬁduﬁa-mebon 1
- .Monoxi.de t i-n the Minstream Snoke of a Cigarette", various: _
_OXi dant/c%{g()z%\{%ié6 nanopar t icles are described for redu0| ng the anount of .
'} mai nst ream snoke. The di scl osure of thiRCHPBIISa6 on i S

. “hereby incorporated by reference inits entirety. Vhlle the-. use of- these-‘--

~catal ysts reduce the anmount of - carbongmonoxide i n. mai nst ream snoke during
snoking, 'it-is further desirable to mnimze or prevent contam nation.

- ‘and/ or deactivation of catalysts used in the C|garette filler,

particul arly over |long periods of storage. potentlal way of achi evi ng

this tes oxyhydr oxi de conpound, .t o ener te the catalyst or'~';
. .oxi dan &kﬂgﬁl ﬁ?ﬁlgﬁ@? @%ﬁ%@: '9%‘? 2y Tef Pé?%é‘s I?%?HF BEddysit g o
deconpas@s hed dur| ng .-
 smoki g of“*‘fﬂhie‘ﬁﬁtﬁsﬁﬁéﬁi@@%ﬁé@&ﬁﬁtﬁ‘% B o Ao SRR o e
-i s nmeambkecemppoens) andchaicoalnging tﬂlydllemlpgﬁnem@eml tat YombudaonGPas. 208k w :
03/.086112 PCT/ US03/ 03456 -10 i.e. "-O- O H'. Exanples of oxyhydr oxi des -
i ncl udfeSOmRPXIECR PRESETH mrﬁltwnt:oanqﬁ@em is dpgirable toasd amio@ghydramyledhitt abl e

oxyhy used, pabl e of deconposi ng, under
t he tgér(%é{rpa'? ﬁ%@%%@%%%c |Sler§ecar%rqxﬁ‘:&%‘§’ﬂt9§ ﬁ'g’oﬂfm%tl garcerha® 1o
pr odugRxRRIPPRIERaIHE shiclibh BEHAN2085(PT M Aades IHAIMES u%% yst for

converting carbon fmonoxi de to carbon dioxide. in a pref erre odi ment of -

the BORféht Ton prefaeed eybydineot,dbe Camlyst mapaisduetait dmatiant&:apﬁﬁﬁ@l Arepfit acting

as bog% an oxi ant fo t he, conversion qf carbon nonoxi de to carbon
- di oxi Q?ﬁﬂ“é gd gs E&%%{Yﬁ'étsoftb?“tq:?@@%ﬁ@ﬁ}?%ﬁs amp pXidantisibgreerolistiont o car bon
@ oxXi od ds ¥ aI so possible to use conbinations of oxyhydr oxi de corrpounds
to obt |n tShIS effect. f [0043] Preferably, the sel ection of an-

~ appropriate oxyhydroxide compound will take into account such factors as
~stability-and preservation of activity during storage conditions, |owcost
and aﬁ’@ﬁébnce oFinsallppthgre Brib¢ eontdensationffdtratigmh yohe xildes The|tbmbﬂ'aﬁlrbenl gn '

mat erial.
o : Ianves from ambient to about 150°C. The major process is the condensation/filtration of

 the smoke CODIPODEDtS. 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 atalosphcric level.

[0041] In comﬂton]y—aSSigned U.S. application number 09/942,881, filed Angust
31, 2001, and entitled "Oxidant/Catalyst Nanoparticles to Reduce Carbon Monoxide

~-. inthe Mamstream Smoke of a C1garette" various ox1dant/catalyst nanoparttcles are

|

descnbed for reducing the amount of carbon monoxide in mainstream smoke. The
disclosure of this appllCdIlOI] 1s 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 prevcﬁt 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 sity during smoking of the cigarette. For instance, FeQOOH _
decomposes to form Fe,O; and water at temperatures typically :teached during smolting of

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

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




Further, it is preferred that the .oxyhydroxi de conpound d®&e3ctoldér 200act or
form unwanted byproducts during snoking. [0044] Preferred oxyhydroxide:'
conpoundswer@stabl-e when present in cut filler conposi t'iro?ﬁTRJrsof;}'& 56
cigarettes, at ‘typical .roomtenperature and pressure, as we as under

prol onged storage conditions. Preferred oxyhydroxide conpounds include. °

i norgani ¢~ oxyhydroxi de conpounds t hd0-deconpose during snoking of a-
-~ cigarette, to formmetal oxides. For exanple, in the followi ng reaction, M
- represents a netal: 2 MOOH-+ MG + H2O [0045] Optionally, one or nore .
“oxyhydroxi des may al so be used as m xtures. or in conbination; where the"

* oxyhydr oxigesonmy”. bBxathples bf BiyBBbiRRs itNdel besaremotliitfivtapt Fdowas of the

~same netal oxyhydroxides. Preferred oxyhydroxide conmpounds include,  but
‘ar e dO0Hrand TiO0H. FAODEpitaO0Ky hiTdroRide cm)mponn&mwém wsedy ehich isi t h FeOOH

being particularly preferred. Oher preferred Qxyhydroxi de caonpounds L
i ncl Gapahle 9% e50raROSHIg arptieﬁemeﬁra&gem iRy e ved durme smaelang ehe product

sel e r Q| i st of 12
perr oo Aoy BB SAY Bl Yonora il BB hldfor o3 GHINRYT vt arty

pr ef @bhfd g CatbnanoaNadd fCéaBen dfasid] IPapidféPehbodimenb6f fier m of  a- FeOOH
(goethite); "however, other forms of FeOOH such as y-FeOOH (Il epidocrocite),
( 3- Fed@HEtibak thgarryhy doxidenfivrias afeQdatt(thatrio xgrablec)f anting aalboth be osslent. foft her
preferred oxyhydroxjdes inc|ude y-AlOQH (boehmite nd a- ALOOH (di aspore). -
The %WPE&?%@ E%FHBBEHR?ON@}! t_eé:aﬁ%%e&dﬁgmﬁ@ ag-?arai)éss fer tecwAvedL or
purc r : Lak. |4 : | e Conmpany, ~
M1 vetapon GG BRI (e pisd gRile sy LIRSS, G iEe Yo 203
upon okhefdrekideeenpdahdOid obthadER dffece preferred catal yst/ oxidant because (t
I's not Known to produce any unwanted byproducts, and wll sinply be

“reduced to FeO or Fe after the reaction. Further, when

{00437 Preferably, the selection of an apprppriate oxyhydroxide compound will take
into account such factors as stabilify and preservation of activity during storage conditions,
iow cost and abundance of supply. Preferably, the ox’yhy_droxide will be a benign material.
Further, it is preferred that the oxyhydroxide compound does not react or form unwanted

byproducts during smoking.

10044] ‘ Preferred oxyhydroxide compounds are stable when present in cut filler

compositidns or m cigarettes, at typicai room temperature and pressure, as well as under
prolonged storage conditions. P;eferred oxyhydroxide compounds include inorganic N ( o
‘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-0-O-H — M,0; + H,0

- [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, AlIOOH, 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 =




- “Fe2@ is.used as the oxidant/catalyst, it wll not be congapiteskrtzoogn -
 environnental | y- hazardous material. In addition, use of a precious. netal,
-.can be av&gﬁﬁ% 6&& both Fe203 and Fe203 nanoparticles are economical and
“readily avar| Bie “"Moreover, Fe203 is capable of acting af@EU3RAR6xi dant
for the conversion of carbon nonoxide to carbon di-oxi de and as a- catal yst
for t.he conversion of carbon nonoxidgijto .carbon dioxide. [0047] In SRS
sel ecting an oxyhydroxi de conpound, various thernmodynam-c considerations - .
- rmy be taken into account, to ensure that oxidation and/or catalysis wll
~.occur efficiently, as wll be apparent to the skilled artisan. For. '

of L i he G bbs Free Energy
and ERP (G THop A e ol BB P G B bl b e R et nox e
t 0 caFeOOH| witiclfarlfiiGihe T GF%-FEROEHREMAE), HOweah SRS siSnsAls %é&ﬁm

percentage of carbon di oxide conversion with carbon to form carbon ,
‘monox b, as[ HEEOPH fepitflottooiit ) §-Fe@O Ro@lagantite) e qud 6 1-5eQ O (erosghitd) rir

R T RIENIE RO S CR I U NN R
ARyt Sl o 651 RO oy

- K) GountB3seliHfom aSbyhmereinl Bipplity, such laé Algdch ChehRiVCompardyd My Rkkden J/ mol

- where_y=103+ T [0049] . The equilibriumconstant Ke can beé cal cul ated from
- AG Keiscogsl. . [- OG (RT)]. For sone reactions, or the percentages of the
conversions, a, can be calculated fromK,. Table 1. Thernodynam c '

~+ parameters and .constants."

[0046) ~ FeOOH is preferred because it produces Fe,O, upori therma} degradation.
Fe,0; is a preferred cataljst/oxidant because it is not known to produce 'auy Iuﬁwanted. B
byﬁroducts, and will simply be reduced to FeO or Fe after the reacﬁoﬁ. Further, When. :

- Fe,05 15 used as the dxidant/catalyst, it will not be converted t0 an envhonﬁenfﬂly _ :
hazardous material. In addition, use of a precious metal can be avoided, as both.Fe‘ZOB- 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 carboﬁ dioxide and as a

* catalyst for the conversion of carbon monoxide to carbon dioxide.

[0047] In selecting an oxyhydroxide compound, various thermodynamic
- coﬁsiderations may be taken intq account, to ensure that oxidation and/or_catalyéis will
occur efficiently, as will be apparent 1o 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 temperaturc
dependence of the percentage of carbon dioxide c_onveréion with carbon to fonﬁ carbon

- monoxide.

- [0048] The following thermodynamic equations are useful for analyzing the Timits
of the relevant reactions and their dependence on temperature:
Atp=1 atm, | |
C,= a + bey + coy? + dey? e in J/(mol *K)
H= 10° [H? + asy + (b/2)*y? - coy! + (d/3)y’] ' o in J/mol




the chart,

BCd I3

FeO 48. 794 8. 372
-1151.755 -435. 650
(solid) FeOOH 49.371 83.680 -576. 585"
-0.423 -253.871 -11.75
(gas) 5 Qctober 2006 WO 03/086112 PCT/ US03/ 03456
a conmparison of the G bbs free energy .changes of various
‘i nvol 8§ eantiofT/K)ak oy -no/Mxyte; (@/2)y4ydn di oxi de,
bot h the oxidation react

t he o%iiabi BF ob**y - asy*In(T-1) - (b/2)*y* -

'C 0.109 38.940 -0.146 -17.385 -2.101- - 6.586t0bégzomehi t €) -
(gas) 02 51. 128 4.368 -1.469 -

184 -1.017 -09. 589
(sol id) Fe304 91.

where y=10°+ T

[0049] |

)

CO 30.962 2.439 -0.280 -120.809 18.937
~ -413. 886 waYoR@d112(gas) 0z 29. 154 6.477 -
-0.289 -281.844 -222.719
(solid) Fe208 98. 278 77.818 -1.485 -861.153 -504.059
“(solid) H20,
(vapor) H2 26.882 3.568 0.105 -7. 823 - -22.966
=13 [0050] FIG. 3 shows
reactions - -
and oxngﬂﬁxﬂﬁggshomn |n
rbon to ‘carbon nDnOX|de

(d/6)ey T

545871

on of

(c/z)-yga

%g@sé%&.hégas)

34.376 7.841

inJ/mol

* The equilibrivm constant Ke can be calculated from AG: K, = exp [-

'AG/(R*T)]. For some reactions, or the percentages of the convérsions,’. o, can be

Table 1. Thermodynamic parameters and constants.

- calculated from K.

A -B C d - H S*
C 0.109 38.940 0.146 | -17.385 2,101 | -6.546
(graphite) ' S '
CO 30.962 2.439. -0.280 -120.809 | 18.937
(gas) S o : | | |
CO, .. 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) A _
FeO - 48.794 8.372 .0.289 -281.844 | -222.719
(solid) '
Fe,Oy - 91.558 201.970 _ -1151.755 -435.650
(solid) : 7 ' ' :
Fe,0; 98.278 77.818 - ~1.485 -861.153 | -504.059
(solid) : ' ' '
FeOOH | 49.371 83.680 -576.585 | -245.871
(solid)
H,O, | 34.376 7.841 - -0.423 -253.871 -11.75
(vapor) : '
H, - 26.882 3.568 0.105 -7.823 - -22.966
(gas) ' '




~ carbon nonoxi de to carbon di oxi de are thernodynanical |y fa¥Ocmbke200Bhe . -
~.oxidation of <carbon to carbon dioxide is nore favorable, according the AG
of the reawbicamssiihe oxidation of carbon nonoxi de to carbop dioxide is -
al So strongly favorable. Therefore, in the conbustion zone® CUXPEYR4M oxi de
should be the dominating product unless there is a shortage of oxygen. As .-
shown in FIG. 3, under oxygen deficiel conditions, carbon. . dioxide can be
reduced to carbon nonoxi de-by carbon. There is also the possibility that-
t he carbon dioxi de-may be reduced to carbon -nonoxi de by "hydrogen, since
hydrogen is also generated in the conbustion process. [0051] FIG 4 shows
the pdPes0jt age JFIG.& itmwsdi cotisteison 0y eict GIbbk Free LYY chIRNRHr 8ok carbon
and hydrogen respectively, under oxygen deficient conditTons at . different
-t enperF83qHioRS Invohdng carben, b measkide, irbon diexisle, emd boyyea! Ad hown @bout 700
K ich.is,very close to the experinmental observation of about 400C. At '
t he \é\gﬁrﬁ‘b%}?ﬁ 5’8&‘ %r?é‘,lé%&rgacpﬂ&“} SAEboRde GrRbondnensside. subthe exidationwd in FIG
4, abe 9 : | xdsde W ' arbgn nopoxi de. Wiile -
R A e S T e g P R R
unl i kehtboaso bydongiexidas mofef fusarabley beodtdinh ehe AGRSMahE feaBlbtKiYe [ 0052]
FIGs.. 5-8 illustrate the effect of using iron conpounds as ‘oxidant and/or
cat al Y¥1dation ef grPeR MONOKiGE 1o Katben idingideois adfo stromighnfavomblel. dBhdrefoeqiion
EFl G ..5 nonoxi de to carbon

di oxi de. i n .5...the | dation of .carbagn. -

i ot O souRRR Dot cafRoaidiiod foutd bt Bl nRarat it WRhonesntsar ot ur o A
hi gheghd: F kU6, | j i ' X ones

~_ener get iréﬁglgl y%ig?/%r a%lggh&@ rﬂﬁ?%?'r?’ﬁ%gggégf%n(%sﬁgﬁéé%nﬂgjroﬁh%%ﬁ%ct_i-ons of

e304digxide caarbsanduaed toanfbon munoaidedsy, capbén.gFhereds hio Htepd:SBAly g Wi th

.Fe304 _are | ess energetically favaorable than with Fe203.” The conpetition
wi th @&r%@%ﬁ?ﬁde&‘?’ﬂgfo‘w TeRGHIP GaThoRInpRPXidR b Bydpgen, Sincamydmican és t he

react ;108 oWidrhes a5 RR:d ' solid reaction that usually cannot
proceed gihadea A tedr%'%’é’?g{’%g‘e"t‘ﬂgsss'very~h;i gh. 5 Cctober 2006 WD 03/ 086112

PCTI US03/ 03456 - 14 :

[0051] FIG. 4 shows the percentage of carbon dioxide converted to carboﬁ :

| monoxide, by carbon and hydrogen réspeCtiver, undér oxygen deﬁcieﬁf conditions at
differegt temperatufcs.. Thf: reduc_tion of carbon dioxide by carbon starts at about 700. K,
which is very close to the cxperimeni:al observation of about 400‘50. At thé combﬁstion

- zone, where the temperature is about 800°C, as shown in FIG. 4, about 80% of carbon
dioxide will be reduced to carbon monoxide. Whﬂe the carbén dioxide may be reduced by

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

(0052} FIGs. 5-8 illustrate tI_le 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 dioxidé is energetically favdraﬁlé for
- Fe)04, even at room temperature. At higher temperature, the oxidation of carbon by Fe, 0,
- also becomes energetically favorable. Similar trends are observed for the reabtions of
- Fe;0, with carbon and carbon monoxide, but generally the i‘eactions with Fe;0, are less
energetically favorable than with Fe,O,. The competition with carbon with carbon
~monoxide should not be significant _siﬁce the reactibn with carbon is solid to ﬁo‘lid reaction

that usually cannot proceed nnless the temperature is very high.




[0053] FIG 6 shows the tenperature dependence for the corf/@cisber200B carbon
.monoxi de to carbon dioxide. Wth. Fe203, the carbon nonoxide to carbon. . .
- dioxi de w@we3rssgilgn percentage can reach al nost -100%.in a bf,eil Sbﬁé}geg ature
range staring with the ambient tenperature. Fe304 is |ess effectiver It is
desirable to use freshly prepared - Fe203 to nmaintain the high activity. One: -
possi ble way to do this is generati rrd4the Fe203 in situ froman iron
oxyhydroxi de, such as FeOOH. While FeOCH is stabl e at anbient tenperature,

it will thermally deconpose to form Fe2@3 and water, at tenperatures around - |

200C. Thernodynami c cal cul ati ons confirmthat deconposition is an :

ener g@0b3jal | y FEV06 ahdws fireaespsratns depondentd fdrlthe convel 00 4F cAypeh her

“advant age of using FeOOH instead of Fe203 as the oxidant is that the

decoriperiidotd Gromedopides Widolewehnthe caviem mobexidelta earben diaxide r ange, as

~shown_in FIG 8. Thus, th eat umed in the deconposition is nore than
the. IHEBCTS GNP By et GRSt FONOR orupBb P e PO ae HRRBE T he net
resulge i | r : : eTPAT; e N the ustion.zone; Co
e e A e e g

i n nefen®] remaintain e highGhilituOtgpaesiblemay endo MG isSpenkRRing B PEQD, inn -

‘mai nstream snoke at a concentration of about 0.45 ng/cigarette. wever,
NO ca#“BEom 88 dnaepiydensidm sugh apXeAQ@Thc ¥ohili FieDOH is lstableott ammbingy r eact i ons:

"2NO + CO --1 N20O. 2 N2O+CO- - ~. N de, either in th duced
F or miSFPEARSS 1 i {DTAIS A4 RREse O T opOa 00 WAl ot femporaguat acetd yst
f t “t j - f ot h
or . 12ese. MR rinBafidrii ta Rl BAP BA At AEQHASLARRIL taﬁeggrgg%g%gf ore, the

addition of iron ©ox I'ts generation 1€ Cl e during
snokifmgraids lpdocesstaarshivadl iy FIGNi7mi ze the concentration of .NO i n nai nst r-ean( -
snoke ‘as well. [0056] I'n a preferred enbodi nent of the invention, the - .~
~ oxyhydr oxi de- conpound and/or the product fornmed from.the deconposition of

Lhe ) S RSO AR TR LT LA o

the decomposition of FeOOH is endothermic over a broad temperature range, as shown in

FIG. 8. Thus, the heat consumed in the decomposition 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
cf:)ncentrati.og of gbout 0.45 Igg/qi_ga.l"\f':tte.. Hox.y't?ver, NO can be reduced by carbon , {
monoxide according to the following reactions: T
2NO + CO— N,0 + CO,
.NZO + CO— N, + CO, .
Iron oxide, either in the reduced form of Fe;0, or in the oxidized form of Fe,0,, acts as a
- good catalyst for these two reactions at temperafures around about 300°C. Therefore, the
- addition of iron oxide or its generation in situ in the cigarette during smokiﬁg could

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

{0056] In a preferred embodiment of the invention, the oxyhydroxide compound
gnd/ 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




'5 October 2006 WO 03/ 086112 PCT/ US03/ 03456 - 15 have an. @v@ctabyer 3096t i cl e

si ze of Iess than a micron. The preferred average particle size.is

.than abougy, Elﬁ% nmor e~ preferably | ess.than about 100 nm even nore
h

pref

- onm .
the

sur f

about 200 nR/g ‘to about 300 n2/g.
~‘the

 part PSR PhogPURET ke of s el il TH TR e P R T0C,

- Conpdess)thoraabiony 560 nay,enageprofrible less Slnmhmht 20in, SveR mbbeplef? A Iess

erably Iess

l-ess

an. about. 50 nm and nost preferably | es POIAESO3AB56L 5

Preferably, the oxyhydroxide .conpound and/or the product forned from
deconposition of the oxyhydrOX| desduring conbustion or snmoking has a

ace area from about 20 n2/g to about 400 n2/g, or nore preferably from :
[0057] FIG- 9 shows a conparison between:

catal'ytic activity of Fe203 nanoparticles. (NANOCAT(r) Superfine Iron

" nanoparticles show a nuch: hi gher .percentage of conversion of car

: monoxhdeahoyt &
~of ‘a
- deco

. showgogmherm ducﬁl&mng ﬂaﬂ Gurfadd a:te!ﬂ ﬁeﬁﬁaf% PARODRN] LGh& Si08

in t

2
he pyrolysis zone, and act as an oxidant I1n the conbuglﬁll%n region.

- | | Apstferably fram ahmtﬂ@@rné!@tmﬂmuzaﬂ@mzlg] alit cigarette, and FIGs.

11C

(he

catalyst (i. e. in the pyrolysis zone)
t he EossiasPird rilarvéigl agrgveragequsotle vizeiod labmmébmm wensts Fe 4O powdee (fremu d y

t her
quar

and | I D show the respective armunts of oxygen, carbon di oxi de

nsm@ﬁmepmmemmsapmmum Ggﬁ@fisgﬁ? Hemuaad 1 Iubagh)i% %‘f

then as an oxi

118,

Qﬁlﬁﬁrﬁﬂddﬂ@st |Pd@fef4’4%3hllq5ﬁ énsp@bgﬁt &amd nBrefarablye ﬂmyh%xxlcﬂeé s |h ze
F

atbatli pRHET dlSRbHbe 5 HoRtpBsish %it?aypéftbp%@qxamﬁé‘%&:ﬁgSéFE] e

%rqn&%t a yst :

FI G

and .
car bon-nonoxi de in each region , of the cigarette during snoking. The

oI TG bR RO b RS AL ORGS0 2ggedﬂ?rﬁg

and ki neti s of various cat.al st re conducted using a '
R hemRar choimpRhy ) Boyiie 3 PP ERUR S FEro gBU: Ry The Fes0s 0

nanoparticles show a much hlgher percentage of conversion of carbon monoxide to carbon

dioxide than the Fe,0; havmg an average particle size of about Spm. Such results may -

- also be achieved using FeOOH particles that decompose during smoking to produce Fe,O,

- nanoparticles in situ.

[0058] As shown schcmatlcally m FIG. 10, the Ff:zo3 nampamcles 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
respecnve amounts of oxygen, carbon dloxlde and carbon monoxide in each reglon of the -
cigarette during smoking. The oxidant/ catalyst ‘dual function and the reaction temperature
range make FeZO3 a preferred oxidant/catalyst to be generated in situ. Also, during the
smoking of the c1garette, the Fe,0, may be used initially as a catalyst (i.e.- in the pyrolysis

zomne), 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 govemmtr
these reactions is as follows:

In (1-x) = ~Aoe "E2/RT) @ (5]/F)



these reactions is as follows: In (1-x) = -Aoe -R o . (sold GtoberXangber
2006 - WD 03/086112 PCT/ US03/ 03456 -16 where the variables are defined as
foll ows: wnt cent age of carbon nonoxide converted to n di oxi de
- A=t he p-r-e‘?gxﬂg@ﬁ&e)ﬁ% ial factor, 5x104 s'' R=the gas constant ,_ﬁéﬂgﬁ"?mﬁ“%l_.
kcal / (nol K)- Ea=activation energy, 14.5 kcal/nol s =cross section of the .
flow tube, 0.622 cn2 - 1=length of thdbcatalyst, 1.5cm F=flow rate, in cnB/s -
A schenmatic of a quartz flow tube reactor, suitable for carrying out such
studies, is shown in FIG 12. Helium oxygen/helium and/or carbon

monoxi de/ hel i um mi-xtures may be introduced at one end of the reactor. A. -
‘quar twhatP e PH#siHRG Wb ldafigad ad Fgfowdr catalyst precursor, such as Fe203 or
FeOOH, Is placed within the reactor. The products exit the . reactor at a .
- second endk = tiei princamtager ofs@sb@nmendiads coaveatted toapibdnatiyxidene t o .a Quadrupol e -
- Mass. Spectroneter ("QWS"). The relatjve amounts of products can thus be

- - det er m nedA\fole prewaPPRanjiabiaciasaex1®nstondi ti ons. [0060] FIG 13 is a graph

of tenperaju rsus, Lo ensist I est wherein ‘Fe203 nanoparticles -
are used gi—gheec%’? aq%gia%\g’bﬁéqﬁea%@@ﬁc’%@car bon nonoxide w th oxygen to
produce .car Roptidhidn g&rgﬁ,pypbq{cgﬁbl about 82 ng of Fe203 nanoparticles are
| oaded in “the quartz fl'ow tube reactor. Carbon nonoxide is provided at 4 %
concent r atsi=omrossnseetibn ofitheafiow tibeg . 622 emdf about 270 nl/nmin, and oxygen is
provi ded at .21 % concentration in heliumat a flow rate of about 270 -

mL/ mi n:  TAT1PREER 0A40G catdYPls 1atst 12.1 K/nin. As shown in this graph,
Fe203 nangpéﬁ&iyclja%s,- e 'ngffective at converting carbon nonoxide to -

A schematic of a quartz.ﬂbw tube reactor, suifable for carrying out such sfudies, is shown
in FIG. 12. Helium, oxygen/helium and/or carbon monoxide/belium mixtures may be |
infroduced at one end of the reactor. A quartz wool dusted with catalyst .or catalyst - |
precursor, such aS Fe,O; or FeOOH, 1is 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
E%Q3 napopa;tic}es are qsed asa catglyst for the ;eaction of carbon monoxide with oxygen - .
~ to produce carbon dioxide. 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 in helium
 at a flow rate of about 270 mL/min; and oxygen is provided at 21 % concentration in
helium at a ﬂov& rate of about 270 mL/min. The heating rate is about 12.1 K/min. As
shown in this graph, Fezt)3 nanoparticles are effective at converting carbon.ﬁlonoxide to

- carbon dioxide at temperatures above around 225°C.

- {00617 FIG. 14 is a graph of time versus QMS mtensity 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

Joaded in the quartz flow tube reactor. Carbon monoxide is providéd at 4% concentration




‘car bon dioxi de at. tenperatures above around 225C.- [0061] M Gctohdr 2006a ‘gr aph

of -time versus QVIS intensity for a test wherein Fe203 ‘hanoparti cl es are

studi ed as an oxi dant for. the reaction of Fe203 w t h- carbon nonoxide to

produce c¥OEH¥{Bxi de and FeO. In the test, about 82 ny ofPCHEER3/03456
nanoparticles are |oaded in the quartz flow t ube reactor. Carbon nonoxide

~is _provided at 4% concentration 5 Ccipber 2006 WO 03/ 086112 PCT/ US03/ 03456
-17 in heliumat a flowrate of about 270 nL/min, and: the heating rate.is

~about 137 K/ninto a maxi mum t enper ature of 460. C. As suggest ed by data
shown in FIGS. 13 and 14, Fe203 nanoparticles are effective in conversion

o PRI R SRR B, M e h%)ﬁg'a%'e?ﬁ@?%ﬁji%?@ﬁgatgﬁm g

car a GEREER AREAGLEe A0 0T AR AT Bl B R RS ana e

~-pr e- expopaticleslaré affe@ivefin boﬁ*&smﬁaﬁ tarbon @horaid2ad chRAicede Widep Oxygen to _.

produce carbon di oxide, using Fe203 nanoparticles as a catalyst for the

r eact FOItIoNs siralTp thesealuring sulokmgeofer gigaketies provi ded in Tabl e 2. Table 2.

Summary of the Activation Energies and Pre-exponential Factors Flow Rate

CO% 02% A. E, (mL/min) (S-1) (kcal/nmol) 1 300 1.32 1.34 1.8 x .107 14,9 2

900 511, 34 8 1 4 500 3.43

200s EPR 30, Orfos MACadlel iR Buh 880kl ud B dinty 1,500 1
monomde and carbon dioxide with Fe,0; as a catalyst FIG. 16 deplcts the measurement

of the activation energy and the pre-exponentlal factor for the reaction of carbon monoxide -

_ ( with oxygen to produce carbon dioxide, using Fe,O; nanoparticles as a catalyst for the

reaction. A summary of activation energies is provided in Table 2.

- Table 2. Summary of the Activation Energies and Pre-exponential Factors

Flow Rate CO% - 0,% A, ‘ E,
(mL/min) o Y | Qccal/mol)
1 300 132 1.34 1.8x107 | - 14.9
2 900 | 132 1.34 82x10° | 147
3 1000 | 343 20.6 23x10° | 135
) 4 500 - 3.43 20.6 6.6 x 10° 14.3
5 250 )T 34z ) 206 | 22x107 | iss
AVG. | 5x100 | 145
Ref.
1 . { GasPhase | : 39.7
2 2% AWTIO, | | | 7.6
3 c22% | | | 9.6
PWALD, |




1 Gas Phase 39.7 2 2 %Au/Ti02 7.6 3:2.2%9.6 Pd/A 208 BOGobal#062006
WO 03/ 086112 PCTI US03/ 03456 . -18 [0063] FI G 17 depicts the tenperature -
- dependencedf @oskfi@ conversion rate of carbon nonoxi de usi n??"?&sﬁ%fe 03 -
" nanoparticles as catalyst in the quartz tube reactor,. for o} o
300nL/min and 900 ni/m n respectively. [0064] FI'G 18 depicts contamnation -
and deactivation studies for water u fng 50 ngy Fe2CB nanoparticles as .

- catalyst in the quartz tube reactor. As can be seen fromthe graph, _

conpared.to curve 1 (w thout water), the presence of up to 3 % water (curve
2) has little effect on the ability of Fe203 nanoparticles to convert: '
car bqoogainoxi deFI®. rhddpiats the exipdeamicd@pohddncSiodl Se coavasivnithewit ube ,

reactor to sinmulate a cigarette in evaluating different nanopaticle =~ -

. cat aloprhios. mpagyide Bsisg SRyng Fegpranopanticirstaseeralyshdn thetquaripftulardactor, monoxi de

to carbgn di oxide,..and the ent age of oxygen depl etion when using A1203
-~ and ?’%gﬁﬂfﬁgﬁéggaf)@q@énaﬁ‘gg{’@ ./%WFQ%%"between A1203, and Fe203 .
nanoparticl es Nanoparticle CO CO2 02 Depletion (% .None 0.51 48 A1203..
. 0.40 60 Fe2Q3 0.23 100 In the absence-of nanoparti-cles, the ratio of

car bqooGunxi de JFIG.CHy dupicts contagiénationahddea@ivatioa RehdiddoPwmae msHRMet i on is |
about 48 % The data in Table 3 illustrates the inprovenent obtained by
usi n@hEedhanppardisles uheatalyst B 1B¢ GaTth SIPaTEAURT-ddstean basbanirom the

graph, compared to curve 1 (without water), the presenée ofupto3% -'water (curve 2) has
little effect on the ability of Fe,O, nanoparticles to convert carbon monoxide to carbon

dioxide. : o R o {

[0065] . FIG. 19 shows a flow tube reactdr to simulate 2 cigarette in evaluating
different nanopaticle catalysts. ‘Table 3 shows a comparison between the ratio of carbon
* monoxide to carbon dioxide, and the percentage of okygen depletion when using Al,0, and

- Fe,0, nanoparticles.

Table 3. Comparison between Al,0,, and Fe,0, nanoﬁérticles

‘Nanoparticle CO/CO, O, Depletion (%)
None 0.51 48
ALO, 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 Al1,0; and Fe,0, nanoparticles, respectively. The

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

Tespectively.




“dl0X|de drops to 0.40 and 0.23. for A1203 and Fe2CB nanopal Ottobers2006 - :
respectively. The oxygen depl etion"increases to 60% and 100% for A1203 and
.Fe203 nan8§§ %mﬁges respectively. 5 Cctober 2006 WD 03/086112

PCT/ Us03/ 05383149 [ 0066] FIG 20 is a graph of tenperat urBCHEs0SM345GNG
“intensity in a test which shows the amunts of ‘carbon nonoxide and carbon
di‘oxi de praoduction wi t-hout a cataly339_present' FIG 21 is a graph of -
tenperature versus QVS intensity in a test whi ch shoms the  amounts. of‘

" carbon nonoxi de and car bon di oxi de production when u3|ng Fe203.

' nanopartlcles as a catalyst. As can be seen by conparing FIG 20 and FG

resen ohnF 3 es incr es. the .ratio of carbon -

,d| OXi Bﬁ) car bgﬁGh%R(‘}g%%éaprhpéﬁg‘g ?faﬁﬁﬁ&e{féﬁﬁﬁ‘gsré%te?% 18 3JEHWIEER car bon,
NoNoXkidfyshe eebuntd 3 Mon FORIHOMY, bove, -
may be provided al ong toﬁeﬁggﬁg?%yg%bgﬁogacco géobyﬁéj?gﬁﬁ% ?ﬁﬂ's{ﬂt he -
-oxy hypiressait d F1€0 Pl ds adapinof feenpexinae oersms QMSQ.ml’eﬂﬂt}aml D@t WEh isRéwWs ﬂllge cut.

filler tobaci; E’SI ng any_ suitable nmethod.. The oxyhydroxi de conpounds. may
be prY9PYEE Of FATDRE TROACRdSrand ERRAHOBAe production whepusing Hieh®; formof a

disp | r r nmet.ho d de conpounds -

i P oRElopRisl Qs GG, ALeR I RETb SnlRhpR 1, 6 R R 2D S o The
OthypkreQQﬂcé f FeQDPAHOHSrtITRY lﬁéréﬁerbmﬂaﬁowfcar%ntd?@)uﬁ@fd‘aﬂo@mﬁﬂ{)ﬂﬁe on or
di spersion, and sprayed on the «cut filler tobacco. Alternatively,

t obacWGSMyamTedmwseﬁthm ankoust gbtarbommononidaipnésent.t he  oxyhydr oxi de -

conpounds.. The oxyhydroxi de conpounds nay al so be added to-the cut f| I.I er
t obacco stock supplied to the cigarette maki ng machi ne-or added to a- -

(oba od pr e qu he_ci. tte ro'd'
[0063}69 ‘ﬂe oxshll; F OX Jy&rg@%gunggﬁ%ﬁ%g?se era b@gﬁ%gpﬁ‘ﬂg‘?c{e %P r oughout
the thelmgdoof ototpesd iabphisaitatiaanias dey1Aac:am d;cﬁﬂ%idnﬁs bRA%LIoBHBIE

filter. By providing the ox hydrOX| de compounds roughout the enti re
tobad@@)mo@tmgtthﬁ:rg ipodbe pnteliltes tobagoe usingany suitable method. . The

oxyhydroxide compounds may be provided in the form of a powder or in a solution in 'the

' form ofa dispersion, for example. In a preferred method, the oxyhydroxide compounds Ini.
the form of a dry powder are dusted on the cut filler tobacco. The oxyhydromde
eompounds 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 coﬁtaining the
oxyhydroxide compounds. The oxyhydroxide compounds may also be added to the cut
filler tobacco stock sﬁpplied to the cigarette maldng 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 t]ie
tobacco rod portion of a cigarette and optionally the cigarerte 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 parﬁcularly 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 carbox dioxide. Preferably,




amount of carbon nonoxi de throughout the Ci garette, and p& Oétoberaa0Dg at
both the -.conbustion region and in the pyrolysis zone. [0069] The anount- - of

- oxXyhydr oxyy@fes@pReund to be used may be deternined by -rout

experinmentati on. Preferably, t he product forned fromthe d ﬁ@ﬁBB@WP*&h of
the - oxyhydroxide during conmbustion of the cut filler conposition is
‘present i'n an anount effective to cé8fvert ‘at |east 50 % of the carbon
nonoxi de to carbon dioxide. Preferably, 5 Cct ober 2006 WD 03/ 086112 :
PCTI USO3I1 03156 - -20 the amount of the oxyhydroxide will be from about a few
mlligrams, for exanple, 5 ng/cigarette, to about 200 ng/cigarette. More
pr ef eh@Rmyunt dsretharmynydx@kxdewnwérmm%oum ltbw higilfigrams, dop ekarfdfle 8/ ci garette
to about 100 ng/cigarette. [0070] One enbodi nent . of the i nvention rel ates

- to amglcigardites o abmid&i)&mmlgawtmrMonfmocdhamcmt of oaykydsomide
oxyhydroxr as descrr ve mhr h is .capable of acting as
an’ oV idft F’E‘ra%gﬁégamg‘rgé?egﬁ BF‘ @2’ ‘to carbon dioxide “and/or
as a catalyst for the conversion of carbon nonoxide to carbon di oxide. Any
suitabl e tobacco m xture may be used for the cut filler. Exanples of .

sui t.abdT]t ypes Ohe epibadisent Rt inabmionelateteiof 4 be-filler ecnpBisey, Maryl and,
or Oiental tobaccos, the rare or specialty tobaccos, and bl ends t hereof.
The tcobavwmgrmb@crqoaandcﬁi edseonsr exybyderside eorapewIdnas flescobed abovel avhiclais

D oceatte of Say St SrifJor e Ble s PETUR BRI bRt
" ©C005 Ll AbAYEL TR Ll ool RS IO eRbon FARCEMERS by ol 5o

practice acco Su tes I'n cigarette na acture, the

| tOba@@lﬁcb@ nfiRfuf@inay ledYedthe rut Hitlef. oEmblcs@ftsuﬁaﬂld Bbes of @baddd -t he for
of shreds or strands cut into widths rangaeg fromabout 1/10 inch to about
1/ 20 niaterials inadydenflug-aared nBurleys darsdait of Osfentah oboeeosnthe rwarbrrgespr:m@lw bet ween

b 0. 25 h Th '
R I R R I s R T
modi fhid; PERAL3A t6MRb iferials such as volume expanded or puffed tabacco, processed

tobacco stems such as cut-rolled or cut-puffed stems, reconstituted tobacco matenals or -

blends thereof. The mventlon may also be practlced with tobacco substltutes

[0071] In cigarette manufacture, the tobacco is l'normally employed in the form of
cut filler, i.e. in the form of shreds or strands.crlt into Widths ranging from about 1/ IO,inch
to about 1/20 inch or even 1/40 inch. The Iengths of the strands range from between about
.0.25 inches to.about 3.0 inches. The mgarettes may further comprise one or more
flavorants or other additives (e. g burn addmves combustion modlrymg agents colormv

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

[0072] Another embodiment of the invention relates to a cigaretie comprising a
tobacco rod, Wherein the tobacco rod comprises cut filler having at least one oxyhydroxide
- compound, as described above, which is capabie of decomposing during smoking fo
“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 oxyhydrdxide compound to a cut filler, wherein the

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




‘agents bi nders, etc. ) known in the art [0072] Anot her erﬁmdohmooef the
invention relates to a cigarette conprising a tobacco rod, wierein the
- t-obacco rod conprises cut filler.having at |east one oxyhydrOX| de .. -,
conpound, V&Q"i‘fr@éﬂ bed above, which is capable of deconposiREr/uSIzIGEs |
snoking to ‘produce ‘a product that is .capable of acti ng as an oxi dant for.
the conversion of carbon nonoxide-tgjcarbon dioxide and/or as a catalyst

- for the conversion of carbon nmonoxide to -carbon dioxide. ‘A further

_enbodi ment of the invention relates to a method of naeking a C|garette,”'
- conpri.sing (i) addlng an oxyhydroxi de conpound to a cut filler, wherein the

o aPE SRR TR w BN S s B RRE s hen heR o e ErS?'”C;e :
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di.oxi de and/or as a catalyst far the :conversion o car

-car boprosiding the; cuf ifiller cqunprisiog dg dAydydrdxidd I:dr@po@dﬂ@ﬁlcﬁgaﬁﬂtetlﬁﬁqﬁgyhydr OX' de
conpoundtoamgarette maklgmg machine to forma tobacco rod; and (iii) -
pl aci Waching ip g tahaeso wdoardi(iihplacga paper sdappst alrozummthmbm@aodttoe

[ 007 u for cigarette manufacture are known in the art. Any.
S SPiedres,

“conve dified cigarette making techni que may be .used to

- incorporate the ~oxyhydroxide conpounds: The resulting cigarettes can be

manuf actured to any desired specification using standard or nodified

Ci garfedis maki nectetdues doresigamtie exppufachnt are Byqwicial thy artl hﬂalycut filler
conposition of the invention is optiqgnally conbined with other - crgarette

addl tGOPRSIORAH O IO fied Figasette. @?]ﬁﬁgéﬁ]@l‘i%@%b%@ﬁltﬂ @lqoaaqsatedhee a tobacco

' : p | onal I pped with
0T, ot BRSNS BARR e AR AR SR st

to ahgedifidaAthn Wi étahcﬁﬁ‘lbh J3Emer @bhné anikﬂguﬂ bout 70 mm

I ong,t@a ' 1K| ng;l Size" is abofﬁ 85 n%] I gﬁg, Eﬁ%né@eﬁ?%‘gkgﬁgﬁmﬁs about- 100
nm | okypicadipid the cut diilgt compositic I)@/thabmzrtnnonZ@ optionaty Icmnginlad witheother currf erence

is fromabout. .15 mMm mm |
- cigarette additives, an provn%é to a eloarette making machine to produce a tobacco rod

D

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 rm long, a "King Size" is about
85 mm long, a "Super ng Size" is about 100 mm long, and a "Long" is usually about

120 mm in length. The cncumference is from about 15 mm to about 30 mm in

=,

. circumference, and preferably around 25 mm. The packing density is typlcally between
the range of about 100 mglcm ‘to about 300 mg/cm?, and preferably 156 mg/cm3 to about
275 mg/ o, '

- [0075] Yet another embodiment of the invention relates to methods of smoking ihe

~ cigarette described above, which involve lighting the cigarette to form smoke and mhab.nOr

| :-the smoke, wherein during the smoking of the c10arette the oxyhydromde 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 carben,

monoxide to carbon dioxide.




circunference,. and preferably around 25 mm The packi ng deQstobgr 2006
typically between the range of about 100 ng/cnB to about 300 ng/cnB, and
pr ef er abl woléghsepicn8 't o about 275 ng/cnB. [0075] Yet: anot{; &@5@&9 J'rent
of the invention relates to nethods of. snoking the - cigaret esc¢ribed -
above, which involve lighting the ci %arette to formsnoke and inhaling. the
smoke, wherein during the snmoking of- ¢he ci garette, the oxyhydroxide :
conmpound decorrposes during snoking to forma conpound that acts as an -
oxi dant for the conversion of carbon nmonoxide to carbon di oxi de and/ or as
a catalyst for the conversion of carbon nonoxide to carbon dioxide. 5

~ Cct 0§@0761006  WSMekingh ol 2 claTtdSasABIAL heatiBPoSroatuston of ik Ghakets

nmeans t he heating_or conbustion of the ci arette to form snoke, which can

be i rf?ﬁﬂéﬁlo}feeW@i“é# (Fay bes‘ﬂ%ﬂl?dlg Geperpllyi g@p fiaxigirews mviowﬂsﬂ@tmg encend of
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| I eaCtigdRetd MY e tolS:JE@o ebiged tugergﬁayuﬂe%éa% RS o Yealhs ahid tgsggeg For

exanple, the cigarette may be snoked by heating t
heat ithegcigaiatiy redyealso be ainokehbyp vtivee ansins A Fotesample the difareqammiy! be a55| gned

U S. Patent Nos. 6,053,176; 5,934,289, 5,934,289, 5,591,368 or 5,322,075,

for &PRkel by heatny hemgaretts wsl/prlearimngowitmeletisinl heatse mdons, a6 describder ence

ot PF EGEPE - FRERN T B Brcblel o3 SRR PR LS8R ef T e 1

t he gr;gg,@m:t‘foygﬁ Jeons and nodi fications are to be considered within the ;'

purvi ew and scope of the invention as defined by the clains appended
hereto. [0078] All of the above-nentioned references are herein {l
i |nthe|r entirety to the same extent as if eac

inco rated by_reference
i ndi W(%Jil r ef eVEHe dhenxentinachasibes d? Gfped with reference to preferred

embodiments, it is to be understood that variations and modifications may be resorted to as
‘will be apparcnt to those skilled in the art. Such variations and modifications are to be
considered within the purv1ew and scope of the mventzon as defined by the claims

appended hereto.

[0078] All of the above-mentioned references are herein incorfjorated 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 entiﬁ:ety.




- i ndi vi dual |y ‘indicated to be incor por at ed herein by refer dﬁ@etobarm% .
~entirety.” 5 Cctober 2006 WD 03/.086112 PCT/US03/ 03456 -23 Wat is clainmed
is: 1A chbobshdest, conposi ti on conprising tobacco and an oxyhydr oxi de-
cofpound, = wherein- during conmbustion.of the cut filler conpshVsM3esaid
~oxyhydr-oxi de conpound is capabl e of deconposi ng.to format |east one -
product capabl e of acti ng as an oxidast for the conversion of carbon - .
" nonoxi de to - carbon di oxide and/or as a catal yst for the conversion of
carbon nonoxi de to carbon dioxide. 2 The cut filler conposition of ¢laim
1, wviherein said oxyhydroxide corrpound is . capable of deconposing to form at
| eastm@ﬂgmmcapabl e of acting as both an oxidant . for the conversion
of “carbon nonoxi de to carbon di oxi de and as a catal yst for the conver si on
~ of . carbon nonoxi de to carbon di oxide. 3. The cut filler conposition of
claim 1, wherein the oxyhydr oxi de conpound is selected fromthe gr oup -
‘consi sti nglofA Flétﬁl‘?l' Wmﬁolllmii,rlsmgiobaoa)lmdantobtghﬁhbmde‘&om B@nd?u't filler

coob o o bR AR BRI sgp i i mosy St mgoud sogbust | on
of thepable Jﬁdet&ﬁ PSSP HoHnOR 1&3}1 e@taa%%ga% 9g?§wp%ta'ycﬂ'ﬁ§%w rtgge cut

filler corrp05|t|0n of " claim1l

capabteavefsiateehrarbsi monakidé tgcabod dikidyediort 8 Gullyd:ithd Gk cSR{E}&ﬁttogon to
- format, | east qne product selected fromthe group COI’ISI sting o 03i-
A1203‘:ar1?‘?xb@°n%ﬁ§eﬁ‘?R‘tfb?%gmxt‘i?er eof. 6. The cut filler conposition of -¢laim
1, wherein the product fornmed fromthe deconposi ti-on of the oxyhydroxide
gurl ng conbustion of the cut filler conposition is present in an anount
df f ecgI | ve 2.0TheRuefillertontp@BRion AWt 1 NEnGRENIY 63!37&19&&%&.:%11&%{188“ |

i oxi de.

o capable of dccomposmg to form at Ieast one product capable of actmg as both an oxidant

for the conversion of carbon monoxide to carbon dioxide and asa catalyst for the

conversmn of carbon monomde to carbon d1ox1de

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

g selected from the group cons1stmg of FeOOH AIOOH TIOOH and mlxtures thereof

4. The cut filler composition of cla:m 1, wherein the oxyhydromde compound .
and/or the product formed from the decomposmon of the oxyhydroxide during combustton .

- _of the cut ﬁller c:omposmon is in the form of nanoparticles.

5. The cut filler composition of claim 1, wherein the oxyhydroxide compound isl :
- .~ capable of decomposing during combustion of the cut filler composition to form at least

one product selected from the group consisting of Fezoa, ALO;, TiO,, and mixtures -
' thereof.

6. The cut filler composition of claim 1, Whefein 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.




- 5 'Cctober 2006 WO -03/086112 PCT/ US03/ 03456 - -24-7." The cu&OQétobérex006
- conposition of clai'm1, wherein the oxyhydroxide compound -and/or the = -«
‘product f m the deconposition of the oxyhydroxide during conbustion .

of the c'u?r ¥| ;--P[é{ﬁcorr'posi tion has an average particle si ze-Té@’gg?ﬁ‘f&ﬁ:’ﬁabout

500 nm 8. The cut filler conposition of claim7, wherein the . oxyhydroxide
conmpound - and/ or- t he product fornmed f34em the deconposition of the =~ :
oxyhydroxi de during conbustion of the cut filler conpesition has an

‘average particle size |l ess than about 100 nm 9. The cut filler conposition
of  claim8, wherein the oxyhydroxide conpound f and/or the product formed

fromthe d cqﬁ#p ji ted : i L 0g- mﬁ$i" the cut
filler congb5| .%%*ﬂ%@°§%®§§§?§§£9%%%ﬂ§3ﬂ§“§#§§9?§§@ a%#gﬁ%@%ngb'nnr 10.
The caid/bi tHegirodargeghéd fromothe GeadipSsitivher i rmxgzhﬁtr@xmemmﬁicéﬁxbﬁ%mpu nd
and/ or the product fornmed fromthe deconposition of the oxyhydroxide during
conbusti thoreut &iler pampositidn hasean avenggespartion sirgdessrthan ahaug60Pan.i cl e si ze |.ess
than about 5 nm 11. A cigarette conprising a tobacco rod; wherein the
t obacco rod conprises a cut filler conposition conprising tobacco and an
oxyhydr oxi de &6, Is Wl g P I said
oxyhydroxigétggﬁ%%un ?Fs @g%%@?gyg?ﬂggéﬁﬁ%§%?g59§x ‘g?%é&égéﬁﬁégﬁﬁ one.
pr odugid/cepetpredwh fasiddBoashedesothpsitior of the beybaRveds dafin@tosdelih .
monoxi de to _carbon dioxide and/or as a catalyst for the conversionof
car boof ook filler cosnpositisnhasdingvietrge preticlypize desgdhan ahoub 0@ bwi-m 11, wherein
sai d oxyhydroxi de conmpound is capable of deconposing during snoking of-the
cigarette to format |east one product capable of acting as both an
oxi dant fog -t ' : i s (e Ve nd as a
At al yst 1ot e o g e e MR (B8 e
ci gargiiier bk pebdiciidrinedvinemehe dedvenpositipndofake deylgdnmdde duiisg sehbedtpg  from
t he group consisting of FeOOH, A10011, Ti QOH, and m xtures thereof.

of the cut filler cornposition has an average particle size less than about 50 nm.

10. The cut filler comrposition,of claim 9, wherein the oxyhydroxide compound
and/or the prodnet formt;d from the decomposition of the oxyhydroxjde during combustion

* of the cut filler ct_)mposition 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 oxyhydroiide compound, wherein during
smoking of the cigarette, said oxyhydroxide compound is cépable of decomposing to form -
at least one product capable of éct'mg as an oxidant for the conversion of carbon monbxidé
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
' 'decompoéing during smoking of the cigarette to form at Jeast one product capable of acting
a8 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. -



“5 October 2006 WD 03/086112- PCTI US03/ 03456 -25 14. The & Qetobérta006f claim .
11, wherein the oxyhydroxi de conpound and/.or the - product forned from the
_deconposi %} O{;I of . the oxyhydroxide during conbustion of the cut filler. _
_conpositi P POSH2 e form of nanoparticles. 15. The ci gar ®dT&Uses/osdsai m 11,
wher ei n 't he oxyhydroxi de conpound i s capable of deconposing during snoking -

- of the cigarette to format |east onepgroduct selected fromthe. group '
-consisting of Fe2O3;, A1203, Ti @2, and mixtures thereof. 16. The cigarette

~of claim11l, wherein the product formed fromthe deconposition of the:

- oxyhydr oxi de during snoking of. the cigarette i's present in an anount .
~effective tpy ¢RovRhEbetRlof t y arbon.,nonoxi de to carbon = -
.di oxide. 17. The C%aer ctte o lcf’g?ltr@%%,tﬁgﬁwdﬁoﬁl%cwhﬂﬂ%éh%orrpound o
‘and/ orprodiect formesilifrbmf the deebripaaiion 6 e eRPRREHLHO fypydroxide .
durin moki ng of the ci gar%tte ‘has an aver age g%%% %‘*}gb‘gglﬁﬁg%?ébfsc‘ﬁhan o
-about CRFAPO3IGON Thiw 1B donre of sanspadtichésm 17, wherei n t he -oxyhydr oxi de .
conpound. and/ or the - product fornmed fromthe deconposition of . the- - ‘
oxyhydroxi de during snoking of the cigarette has an average particle size
| ess than aBouthel§Qarfk o Yaink jraarett e 1 aim 18, wherein the - _
:oxyhy;llr'oxi de cOrrpognd ar?d)%g%ﬁlrpgé%lh%?%%%etO’g'g)]yﬁ@él@r%m@%&ése@@ﬁgéﬁti on of
t he oXgénmipasingidiring smokingok ilReigdretidi®y fopnAN&it Snd\ABaRY <& particle
si-ze | ess than about 50 nm 20. The cigarette of claim 15,%%23%#%1%e e
oxyhy SFR PEsEERY 811 HeQan Ak, THS,, and avibires therrotl f rom t he deconposition of -
t he oxyhydroxi de.during snoking of the cigarette has an average particle
size less than about 5 nm 21." The cigarette of claim 11, wherein the
i garette 46MTHeSREarkOF @RRA Y 1 SwlBreliPih of gthe. oxyhydr oxi de
gorrpound per ci ga.r%atrt e. 5 Cctober 5506 ROt Rtneltreth ol Ecc_omﬁoglmon |
o .Of the oxyhydroxide during smoking of the ciga;ette is present in an amount effective to _‘ '

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

- 17. The cigarette of c;laim 1_1, wherein the oxyhydrdxide compound and/or the- .

p;oduct formed from the decomposition of the oxyhydroxide during smoking of the

ciga;ette has an average particle size less than about 500 nm. - -

| 18. The cigarette of 'clain; 17, wherein the oxyhydrbxi&e bompound and/br the B
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 ihe '
product fonn¢d 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 cjairn 19, wherein the oxyhydroxide compound and/or the |
- product formed from the decomposition of the oxyhydroxide during smoicing 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.




WO 03/ 086112 PCT/ US03/ 03456 -26 22. The cigarette of 'claifnOatoben?ddbei n the -
cigarette conprises fromabout 40 ng to about 100 ng of the oxyhydroxide o
- conpound Med omesgarette. 23. A nethod of making a cigarette, EPRR %&iqg ()"
addi ng an oxyhydroxide conpound.-to a cut filler, wherein. tﬁ oxXy drox de
-conmpound i s capabl e of deconposi ng durlng t he snoklng of the C|garette to
format |east one product capable of Qttlng as an oxidant for the
conversion of carbon nonoxide to carbon dioxide and/or as a catalyst for
_the conversion-of carbon nonoxide to ‘carbon dioxide; (ii) providing.the
cut fil'ler conprising the oxyhydroxi.de conpound to a cigarette naklng ,
. machi ne to% @cigateiicad clait 2 brwlhdrein the pigacétrocommpaee fro FRRRU0ARL YN t he
- tobacc ro ci garette. 24, The nethod of cl'aim23, wheréin said
: oxyhy@BB éﬁﬁ@%WE’Y@“EﬁB%SP%WGWmiH@U%§@©§¢ng during snoking of the

- cigarette to format |east one product capable of acting as both an -

oxi dant for the conversion of carbon nonoxide to carbon-dioxide and as a -

- catalyst fog. tﬁenagﬁw@fﬁja@ﬁl e&encdmgﬁggh e to carbon di oxi'de. 25. The
nmet hod of cl aim 23, wherein the oxyhydr oxi de” conpound -and/ or the product

formed fror(iil)taﬁimﬁmwﬁhydmmde@bmﬁoembwmmrﬁbl&xd@vlﬂm’mﬂg: )%ﬂij}ﬂﬁﬂlagl of the
The met hod of

cut flllemg S]{tl |S|ntheformof nanoparticl es.
cl ai m~98Po Rakle oF BssARgRASeg derngths smakng el igaralis oifprmanddast  t he
pr-odug, |de dur j snoki ng of
t he, c%l%gr ette a&}agmaér{ggeg ﬁ?gﬂ%ﬂ({ahp éqé?gglgll sgﬁniﬁﬂ %B%ﬁm’i@gqﬁm '27. The
met hodarbbn dioXide 26/ondses eitar hﬁ;rqzsm&ﬂre@sibﬂaf T ep (i)
-~ and/or_the product forned frygmthe deconposi tion of tﬁe og?/ﬁ?/‘&%%m de during
snoki Aigxiske; the Cigarette has an average particle size | ess than about 50(
nm 5 COct oPe) %m
_ providing the’ cut filier comprising the oxyhydroxide compolmd to a cigarette

makmg 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 oayhydromde compound is capable of
decomposing during smok.u:tU of the cigarette to form at least one product capable of actmg
as both an oxidant for the conversion of carbon monox1de to carbon d10x1dc and asa

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 combusuon of the cut

filler composition is in the form of nanoparticles.

26. The method of claim 25, wherein the oxyhydroxide compound used in step (1)
and/or the product formed from the decomposition of the oxyhydroxide during smoking of

: ﬂle,cigarette_has'ah avérage particle size less than about 100 nm.

27. The method of claim 26, wherein the oxyhydrox1de compound used in step (i)
and/or the product formed from the decomposmon of the oxyhydrox1de durmg smoking of

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



WD 03/ 086112 PCT/ US03/ 03456 -27 28. The met hod of cl ai m ZrOckeher2006 the
oxyhydr oxi de conpound used in step (i) and/or the product formed fromthe
--deconposi Wes/Rkiikhe oxyhydroxide during smoking of the cigarette has an
average particle size | ess than about 5 urn. 29. The netho fs@?%:'il"ﬁZB .
wherein the cigarette produced conprises froth about 5 ng to about 200 ng .
- of the oxyhydroxi de conpound per cigdfFette. 30. The nethod of claim?29, -
~wheréin the cigarette produced conprises fromabout 40 ng to about .100 g
of ' the oxyhydroxi de conmpound per cigarette. 31. The nmethod of claim 23,
‘wherein the oxyhydroxi de conpound used in step (i) 1is selected fromthe

group conspst ime aéthbe O aid 20 0Wherehl Bdx Iyggﬁrofﬂcfétdﬂ: ih egEe%?}L ﬁegg% Thel

net hod of claim 31, wherein the oxyhydroxi corrpoun
- FeOOHaDdAg: thipsodst Hounask fremaherd@mpokitioni of théexybyitpdaoRinies GRSRHHE used

in st capabl e of deconposing to form'at | east one’ product
‘sel ec@&g%ﬁfﬁﬁ%@ﬂgw?ﬁge&?ﬁ%ﬁ%ﬁ% sS $ianpabpes I 203, Ti O, and. mi xt ures

thereof. 34. The method of claim 33, wherein the product formed fromthe .-
deconposi tion of the oxyhydroxide during snDklng of the cigarette is

present i re@anTheeeikodf €aiu I8, WhereROBY eidardie pre B ks £ 1?0”'
nonoxi de to_ carbon dioxide. 35. A method of s k| ng-. the CI gare te of claim

11, comsiipabay 3GGmeiafghe myhydragadectampavndiper vigarasiee and i nhal i ng t he -
"srmke wherein during the snoking of the cigarette, the oxyhydroxide . _
conpouiid is capabl e of deconposing to format |east one product capabl e of -

~acting as 3 Pié Hﬁfﬁodfd}fclmy%ﬁé@ Jﬁ't\?@c Bre(t\‘tg g?gd(}}c ﬁgﬁqﬁa@%

gom de and/or as a catalyst for t e con erS|
ar bdl@ g ¢oxabimat 100 mg of the oxyhydroxide compound per cigarette.

31. The method of claim 23, wherein the oxyhydroxide contpound used in step (i)
is selected from the group consisting of FeOOH; AIOOH, TiOOH, and mixtures thereof. -

32. The method of claim 31 wherein the oxyhyd.romde compound used in step ®
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

'y of Fe,05, ALO;, TiO,, and mixtures thereof.

34. Thbe method of claim 33, wherein the product formed from the decomposition
of the oxyhydroxide during smoking of the cigarette is prcSent 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 inhaliﬁg 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.




