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generally to nethods for reducing constituents such

as carbon nonoxide in the mainstream snoke of a
cigarette during snoking. Mre specifically, the
invention relates to cut filler conpositions,
cigarettes, nethods for neking cigarettes and nethods
for smoking cigarettes, which involve the use of
nanoparticle additives capable of reducing the anounts
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reduction of carbon nDnOX|de i n snmoke i esira
making cigarettes and methods for smoking cigarettes, w ﬁlcﬂ involve Jthe use of

nanoparticle additives capable of reducing the amounts of various constituents in

tobacco smoke.

Background of the Invention
0002 In the description that follows reference is made to certain structures and
methods, however, such references should not necessarily be construed as an
admission that these structures and methods qualify as prior art under the applicable
statutory provisions. Applicants reserve the right to demonstrate that any of the
referenced subject matter does not constitute prior art.
0003 Smoking articles, such as cigarettes or cigars, produce both mainstream
smoke during a puff and sidestream smoke during static burning. One constituent of
both mainstream smoke and sidestream smoke is carbon monoxide (CO). The

reduction of carbon monoxide in smoke is desirable.



WD 2004/ 110186 PCT/ | B2004/ 002180 0004 Cat al ysts,
sorbents, and/or oxidants for snoking articles are
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to Quincy, Ill et al., US Patent No. 5,211,684
!ssued to Shannon et al., U S. Patent No. 4,744,374
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and/ or oxidants. 0005 Iron and/or iron oxide has been
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taste, color and/or appearance (e.g. Pat ent  Nos.

6S&hbfet 605l., 5].SIBt@BNo. 3,108d SMwuethoMg‘t@;;@ alid.S. Patent No.
5,101, 839). 0006 Despite the devel opnents to date,

t @%OMI@ RRi N5S P AGR NJ. 01720204 ovablished apptivatioss WIr02/24005,
nmet hods ‘and conpositions for reducing the amunt of
CH8%/06104, WO 00/40104 and U.S. Patent Application Publication Nos.
2002/0002979.A1, 2003/0037792 Al and 2002/0062834 Al also refer to catalysts,
sorbents, and/or oxidants.
0005 Tron and/or iron oxide has been described for use in tobacco products (see
e.g., U.S. Patent No. 4,197,861; 4,489,739 and 5,728,462). Iron oxide has been
described as a coloring agent (e.g. U.S. Patent Nos. 4,119,104; 4,195,645;
5,284,166) and as a burn regulator (e.g. U.S. Patent Nos. 3,931,824; 4,109,663 and
4,195,645) and has been used to improve taste, color and/or appearance (e.g. U.S.
Patent Nos. 6,095,152; 5,598,868; 5,129,408; 5,105,836 and 5,101,839).
0006 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 smoking article during smoking.



nonoxi de in the mainstream snoke of a snoking article
during snoking. -2 WO 2004/110186 PCT/ | B2004/ 002180
wEmatus®007 Tobacco cut filler conpositions, PCT/IB2004/002180
cigarette paper, cigarette filters, «cigarettes,
nmet hods for making cigarettes and nethods for snoking
cigarettes are provided with catalysts for the
conversi on of carbon nonoxi de to carbon di oxi de. 0008
One enbodi nent provides a tobacco cut filler
conposition conprising tobacco and a catalyst for the
conversion of carbon nonoxi de to carbon di oxide,
wherein the catal yst conpri ses nanoscal e net al
particles and/ or nanoscal e netal oxide particles
supported on high surface grea support particles. 0009
Anot her enbodi nent provi deS“‘&“&%ar ette conpri sing
tobacco cut filler, wherein the cut filler ¢o {ises
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oxi de particles supported on high surface area support
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particles. 0010 G garettes produced according to the

| MG 218 RbB6radd oh EERBIfAR akd sufport particles.
0009 Another embodiment provides a cigarette comprising tobacco cut filler,
wherein the cut filler comprises a catalyst capable of converting carbon monoxide to
carbon dioxide, wherein the catalyst comprises nanoscale metal particles and/or
nanoscale metal oxide particles supported on high surface area support particles.
Optionally the cigarette can further comprise a filter wherein the catalyst is dispersed
on and/or within the filter material. A still further embodiment provides a cigarette
filter that comprises a catalyst capable of converting carbon monoxide to carbon
dioxide, wherein the catalyst comprises nanoscale metal particles and/or nanoscale
metal oxide particles supported on high surface area support particles.

0010 Cigarettes produced according to the invention preferably comprise up to

about 200 mg of the catalyst per cigarette, and more preferably from about 10 mg to



about 200 ng of the catal yst per cigarette, and nore
preferably fromabout 10 ng to -3 WO 2004/110186

WA BABO4/ 002180 about 100 ng of the cat al yBCT/[E2004/002180
cigarette. The catalyst is preferably formed prior to
the snoking of the cigarette. 0011 A further
enbodi nent provides a nethod of making a cigarette,
conprising (i) adding a catalyst to a tobacco cut
filler, wherein the catal yst conprises nanoscal e
metal particles and/or nanoscal e netal oxide particles
supported on high surface area support particles; (ii)
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0012 In a preferred embodiment the nanoscale metal particles and/or metal

oxide particles comprise Group IIIB and Group IVB metals and metalloids, high
melting point metals, and transition, refractory, rare earth and precious metals, e.g.,
B, Mg, Al, Si, Ti, Fe, Co, Ni, Cu, Zn, Ge, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Sn, Ce, Hf,
Ta, W, Re, Os, Ir, Pt, Au and mixtures thereof, and the high surface area support
particles comprise silica gel beads, activated carbon, molecular sieves, magnesia,
alumina, silica, titania, zirconia, iron oxide, cobalt oxide, nickel oxide, copper oxide,
yttria optionally doped with zirconium, manganese oxide optionally doped with

palladium, ceria and mixtures thereof.

0013 According to another preferred embodiment, the nanoscale metal particles
and/or nanoscale metal oxide particles comprise Cu, Zn, Co, Fe and/or Au and the
high surface area support particles comprise silica gel beads, iron oxide and/or

activated carbon in an amount effective to convert at least about 10%, preferably at

-



and/ or nanoscal e netal oxide particles conprise Cu,

Zn, Co, Fe and/or Au and the high surface area
waapportisparti cl es conprise silica gel beads, PE€DIB2004/002180

oxi de and/or activated carbon in an anmount effective

to convert at |east about 10% preferably at -4 WO

2004/ 110186 PCT/1B2004/ 002180 |east about 25% of the

carbon nonoxi de to carbon di oxi de. For exanple, the

catal yst can conprise fromabout 0.1 to 25 wt. % Cu,

Zn, Co and/or Fe nanoscale particles supported on

hi gh surface area support particles. 0014 According to
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solution. 0015 The nanoscal e particles can have an
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particles and/ or nanoscal e netal
be added to the metal precursor solution.
0015 The nanoscale particles can have an average particle size less than about
100 nm, preferably less than about 50 nm, more preferably less than about 10 nm,
and most preferably less than about 7 nm. Nanoscale particles may also contain
carbon from partial decomposition of the organic or inorganic components present in
the metal precursor and/or solvent. Preferably the nanoscale particles are
substantially carbon free. The nanoscale metal particles and/or nanoscale metal
oxide particles can comprise magnetic particles. The high surface area support
particles preferably have a surface area of about 20 to 2500 m?*/g and can comprise
millimeter, micron, submicron and/or nanoscale particles.

0016  According to a further method, the metal precursor is one or more of [3-

diketonates, dionates, oxalates and hydroxides and the metal comprises at least one



oxi de particles can conprise magnetic particles. The

hi gh surface area support particles preferably have a
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mllineter, mcron, subm cron and/or nanoscale

particles. 0016 According to a further nethod, the

metal precursor is one or nore of (3- diketonates,

di onates, oxal ates and hydroxides and the netal

conprises at least one -5 WD 2004/110186
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preferably deposited within cavities, pores and/or on
t kores| frameatiohydrbearborghund umikiees thereefa Fge@tﬂkﬂx, the mixture is
particles. The size of the pores in the high surface
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solution and can comprise magnesia, alumina, silica, titania, yttria, zirconia and/or
ceria where the concentration of colloids in the colloidal solution can be from about
10 to 60 weight percent. The viscosity of the colloidal solution can be increased by
changing the pH of the colloidal solution. The step of increasing the viscosity of the
colloidal solution can comprise adding a dilute acid or a dilute base to the colloidal
solution. The dilute acid can comprise HCl. According to a preferred method, the
viscosity of the colloidal solution is increased to form a gel before the step of
heating the mixture. Preferably the gel is washed. The step of drying the mixture
can comprise air-drying.
0018 Yet another embodiment provides a method of smoking the cigarette

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



solution. The dilute acid can conprise HCl. According

to a preferred nethod, the viscosity of the colloida
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heating the m xture. Preferably the gel is washed. The

step of drying the m xture can conprise air-drying.

0018 Yet anot her enbodi nent provides a nethod of

snoking the cigarette described above, which involves

lighting the cigarette to formsnoke and drawing -6
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the cigarette, wherein during the snoking of the
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Figures 1-4 show TEM i. es _.of al yst prepared
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particles are deposited on iron oxide support
particles. 0020 Figure 5 depicts the tenperature
dependence of the G bbs Free Energy and Enthal py for
t he oxi dation reaBtieDDesdriptiombofrtherbwewings t o car bon
di oxi de. 0021 Figure 6 depicts the tenperature
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oxi de carbon nonoxi de. 0022 Figure 7 depicts a

conparison between the catal yii L ity 0@ rofr 82018 support
AR P VGG DRRQSCR ‘flé‘%&gg%‘?". e ron Oxide ¥
(SFIO fromMACH I, Inc., King of Prussia, PA) having
apartdles.age particle size of about 3 nm versus Fe203

0020 Figure 5 depicts the temperature dependence of the Gibbs Free Energy and
Enthalpy for the oxidation reaction of carbon monoxide to carbon dioxide.

0021 Figure 6 depicts the temperature dependence of the percentage conversion
of carbon dioxide to carbon monoxide.

0022  Figure 7 depicts a comparison between the catalytic activity of Fe;O3
nanoscale particles NANOCATL Superfine Iron Oxide (SFIO) from MACH, Inc.,
King of Prussia, PA) having an average particle size of about 3 nm, versus Fe, 03
powder (from Aldrich Chemical Company) having an average particle size of about
Spm.

0023 Figure 8 depicts the temperature dependence for the conversion rates of

CuO and Fe,0; nanoscale particles as catalysts for the oxidation of carbon monoxide

with oxygen to produce carbon dioxide.



powder (from Aldrich Chenical Conpany) having an

average particle size of about 5m 0023 Figure 8
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rates of CuO and Fe2O3 nanoscal e particl es as

catalys:s fordthe oxi dation of carbon nonoxide wth
oxygen to produce carbon dioxide. -7 WO 2004/ 110186
PCT/ | B2004/ 002180 Detailed Description 0024 Tobacco
cut filler conpositions, cigarette paper, cigarette
filter material, cigarettes, nethods for making
cigarettes and nethods for snoking cigarettes are

provi ded whi ch use cat ' nanoscal e met
_ al
particles and/or nano§§% %&ﬁge gﬁﬁggide particles on

hi gh surface area_ support .particles c I :
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Snoki ng" of a cigarette means the heating, or
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be drawn through the cigarette. Cenerally, snoking of
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Nos. 6, 053,176; 5,934, 289; 5,591, 368 or 5,322, 075.
to form smoke, which can be drawn through the cigarette. Generally, smoking of a
cigarette involves lighting one end of the cigarette and, while the tobacco contained
therein undergoes a combustion reaction, drawing the cigarette smoke through the
mouth end of the cigarette. The cigarette may also be smoked by other means. For
example, the cigarette may be smoked by heating the cigarette and/or heating using
clectrical heater means, as described in commonly-assigned U.S. Patent Nos.
6,053,176; 5,934,289; 5,591,368 or 5,322,075.
0026 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.
0027 In addition to the constituents in the tobacco, the temperature and the
oxygen concentration are factors affecting the formation and reaction of carbon

monoxide and carbon dioxide. The total amount of carbon monoxide formed during

smoking comes from a combination of three main sources: thermal decomposition



0026 The term "mai nstreant snmoke refers to the mxture
of gases passing down the tobacco rod and issuing
wa brosighsé he filter end, i.e., the anount of SPOREB2004/002180

issuing or drawn fromthe nouth end of a cigarette
during snoking of the cigarette. 0027 In addition to

the constituents in the tobacco, the tenperature and

the oxygen concentration are factors affecting the
formation and reaction of carbon nonoxide and carbon

di oxi de. The total ampunt of carbon nonoxide forned
during snoking cones froma conbination of three main
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During snoking there are three distinct regions in a

CiRIBLE Fidall9, the Rlatksdn eftatteneliotiiewith carbonized tobacco or
pyrolysis/distillation zone, and the
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0028 During smoking there are three distinct regions in a cigarette: the
combustion zone, the pyrolysis/distillation zone, and the condensation/filtration
zone. While not wishing to be bound by theory, it is believed that catalysts having
nanoscale metal particles and/or nanoscale metal oxide particles on high surface area
support particles can target the various reactions that occur in different regions of the
cigarette during smoking.

0029 First, the combustion zone is the burning zone of the cigarette produced
during smoking of the cigarette, usually at the lighted end of the cigarette. The
temperature in the combustion zone ranges from about 7000 C to about 9500 C, and
the heating rate can be as high as 5000 C/ second. Because oxygen is being

consumed in the combustion of tobacco to produce carbon monoxide, carbon

dioxide, water vapor, and various organics, the concentration of oxygen is low in the
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nanoscal e metal particles and/or nanoscal e netal oxide
particles on high surface area support particles can

Wa amg@e1018hie various reactions that occur in di PEETE2004/002180
regions of the cigarette during snoking. 0029 First,
the conbustion zone is the burning zone of the
cigarette produced during snoking of the cigarette,
usually at the lighted end of the cigarette. The
tenperature in the conbusti on zone ranges from about
7000 C to about 9500 C, and the heating rate can be
as hlgh as 5000 C/ second. Because oxygen is being
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I OXI wat er vapor,

varlous organi c e .concentra
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zone. The | ow oxygen concentrati ons coupled with th
heagboniedtplacat u e thisregion: Ge caalyslegnconsit exbd %?’88??“3‘3 to
di oxi de to carbon nonoxi de by the carboni zed tobacco.

| SarbéH SiokRIgvaNbothReta g.aisaqh& skidation mecheaismsc ditggmombustion zone
nonoxi de to carbon dioxide via both catalysis and

gﬁ}g 1 8}‘30’[ @?ﬁ& H’E hedf EenEAHRYS EdrABd ZPMRE pytotydid/disti¥ation

eat Qgenerated is carried to the
pyronS|s/d|st|IIat|on zone. 0030 The pyrolysis zone
i $9%%e regi on behind the conbustion zone where the
tenperatures range from about 200Q C to abqut 6000,C,
The3(pyr oThyespygolysis@onsisihricaion hshind dpe ¢amaPUSHPB gPRS: where the
nmonoxi de i s produced. The major reaction is the
PYSrRbeYtinfes finge-from kbaut 2600 degalauat0di). The pyrelysistyane i where

t hat produces carbon nonoxi de, carbon di oxi de,
most of the carbon monoxide is produced. The major reaction is the pyrolysis (i.e.,
thermal degradation) of the tobacco that produces carbon monoxide, carbon dioxide,
smoke components, charcoal and/or carbon using the heat generated in the
combustion zone. There is some oxygen present in this region, and thus the catalyst
may act as an oxidation catalyst for the oxidation of carbon monoxide to carbon
dioxide. The catalytic reaction begins at 1500 C and reaches maximum activity
around 3000 C.
0031 In the condensation/filtration zone the temperature ranges from ambient to
about 1500 C. The major process in this zone is the condensation/filtration of the
smoke components. Some amount of carbon monoxide and carbon dioxide diffuse
out of the cigarette and some oxygen diffuses into the cigarette. The partial pressure

of oxygen in the condensation/filtration zone does not generally recover to the

atmospheric level.
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snoke conponents, charcoal and/or carbon using the
heat generated in the conbustion zone. There is sone
w@00gemipé esent in this region, and thus the cBCHIB2804/002180

may act as an oxidation catalyst for the oxidation of
carbon nonoxi de to carbon dioxide. The catalytic
reacti on begins at 1500 C and reaches maxi rum activity
around 3000 C. 0031 In the condensation/filtration
zone the tenperature ranges fromanbient to about
1500 C. The major process in this zone is the
condensation/filtration of the snoke conponents. Sone

nt .of carb i leRahOaldl galticdes
35&1 of ’?]F,Feca?afl ?Qo@felgéag ng&al%Q/& Mprxl i

are nd sone oxygen diffuses into the

cigarette. The partial pressur '
coprbsted anibigl SUrlacs ateR SRS GRSy HStIgRa fac %‘JA%UPPO“

recover to the atnospheric level. -1Q0 WD 2004/110186 .
Riattlcld320 460 pAgBrogo@andikeanstheafs s PLRRaY fgt Gpmprise
and/ or metal oxide nanoscale particles supported on

hh@RoaHEGACSsHpRaBYBRONd frp@rdnk shufsce of e fupphrtde picibe. In
area support particles can conprise porous granules

?ﬁgg&ggﬁ%gg@g%ﬁﬂcg@éa gﬁpﬂ%a?t@élesc&mébh@ﬁse nanoscale particles.

passages 't extend from one surface

of the support to another.,.In addit] the: i
SThe e g atsaspBat prirsly SumBasts paftibics HAFInG i face area

particles. The high surface area syppost efera

cgepici thess alpaat 20cpre rﬂéwgﬁ@waﬂ@ﬁﬁg g%dPé% ?B?ggwgﬁﬁ&wtma
t han about 20, preferably greater than about 50 n2/g.
T&Qaﬁﬁ%ﬂl?fabti%ﬂsupbﬁrt.a catal ytically active support.

0033 Nanoscale particles are a class of materials whose distinguishing feature is
that their average diameter, particle or other structural domain size is below about
100 nanometers. The nanoscale particles can have an average particle size less than
about 100 nm, preferably less than about 50 nm, more preferably less than about 10
nm, and most preferably less than about 7 nm. Nanoscale particles have very high

surface area to volume ratios, which makes them attractive for catalytic applications.

0034  The synergistic combination of catalytically active nanoscale particles with
a catalytically active high surface area support can produce a more efficient catalyst.
Thus, nanoscale particles disposed on a high surface area support advantageously

allow for the use of small quantities of material to catalyze, for example, the

oxidation of CO to COa.
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agSS Nanoscal e particles are a class of materials
W(wiz(gmsngwglllstlngu!shlng feature is that their average
n Bq particle or other structural donmai NPGI/EB20044002180
el ow about 100 nanoneters. The nanoscal e particles
can have an average particle size |less than about 100
Pnl preferably |l ess than about 50 nm nore preferably
gss than about 10 nm and nost preferably |ess than
about 7 nm Nanoscal e particles have very high
surface area to volume ratios, which makes them
attractive for catalytic applications. 0034 The

synergi stic_conbj nation. of i . : .
SLnu s GusRRCkiRae! pEBL bl peul e phccts e vt

surface area support can prod i o
ﬁﬁffa‘teye&ea supphuis, hearnoRdrt c%ggg%ﬁggaélﬁso%giée@xﬁ;ﬂ%wch .

i gh surface area support advantageously allow.for. .
ts'il?calg%?b&fds,&ﬁallebulmmeis,tmwesja, Hemning; glicq, Sitanid Argoue. iron
;86 éxanpl e, the oxidation of COto C®R. -11 W)
30 i%%Qa?t?&iﬁ’%}ﬁdk@?&Q&é,Q@g@&@xi&pﬁ&im@io@aﬂﬁﬁy@d with

Ses e and/or netal oxide particles and a

hi gh surface area sup T 9
T S0 ARGy s oug o, e

nmol ecul ar si eves, i ' il : :
i therofli Also%jﬁ)@@upmngpgl?c%mgp ?étgf%}egg(zmb%@ag?cl%s% %(féhr!is PICA
opper oxi e, yttria optionall dopéd W th [ ni
a0 e oo, Sty e e PR GEF
, eof . so, the support cgn conpri
act ; 3 rise .
by 'k%géle %é‘?f%? AR gRiidritRAresoutsEm’/gse. Bl, €0 ncé&@@rr;SpQOpp@e with

l'ois, France). The supports are

preferably character] k
gresedivekar iy Bl g o ST RUTES0E. B0 e

microns.
0036 An example of a non-porous, high surface area support is nanoscale

jron oxide particles. For instance, MACH I, Inc., King of Prussia, PA sells Fe;O3

nanoscale particles under the trade names NANOCATU Superfine Iron Oxide

(SFIO) and NANOCATI Magnetic Iron Oxide. The NANOCATI Superfine Iron
Oxide (SFIO) is amorphous ferric oxide in the form of a free flowing powder, with a

particle size of about 3 nm, a specific surface area of about 250 m*/g, and a bulk

density of about 0.05 g/ml. The NANOCATI Superfine Iron Oxide (SF10) is

synthesized by a vapor-phase process, which renders it free of impurities that may be
present in conventional catalysts, and is suitable for use in food, drugs, and

cosmetics. The NANOCATI Magnetic Iron Oxide is a free flowing powder with a

particle size of about 25 nm and a surface area of about 40 m?*/g. Accordingto a
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pores having a pore size greater than about 3

Angstronms, e.g., 10 Angstrons to 10 mcrons. 0036 An
wez@apleEsof a non-porous, high surface area sUPEDIE20045002180

nanoscale iron oxide particles. For instance, MACH I,

Inc., King of Prussia, PA sells Fe203 nanoscale

particles under the trade names NANOCATO Superfine

Iron Oxide (SFIO and NANOCATO Magnetic Iron Oxide.

The NANOCATn Superfine Iron Oxide (SFIO is anorphous

ferric oxide in the formof a free flow ng powder,

wWth a particle size of about 3 rim a specific

;géi%ﬁgg e@a%gﬁ'iflﬁnt %?.ﬁégcal% %tﬁ%faﬁwl@ng ga nbBblk knetslgiagtidles suth as

NOCATU Superfine Iron i de

(SFlL O nt hesi. z a_va cess, which
@A‘gé%‘%lbﬁs ?ﬁli’é@ hﬂ@p%‘lrﬁéf? %rgafﬁa{)%@rigiﬁgm&pr esent in
conventional catalysts, and s, suitable for

food,  @TgeAngNAPIESE TS, hish STKSRIGHER FUPRAG Rilice eel beads.
Iron Oxide is a free flow ng powder wiwth a particle

siFap-SifysalukarRiradan Japan) slls sititagel berdsthalf rapgsoisizedom
er/ g. According to a -12 WD 2004/110186

rre > é‘l} B%0 964}(9&%9@ Qnd Mv@fa%ﬁ bf %ﬂ&@?& pE@Btdiannane of flom about 2.5

partlc es, nob e netal particles such as

90' o 158 B %@gspug@ aerga 8{%}1@ <8 @éﬁrﬁea&&aag@safr&h%o@@mo

exa or ous I gh surface
arga support is silica gel beads. Fuji-Silysia
(Nafigarrur a-ka, Japan) sells silica gel beads that range
in size from about 5 to 30 microns and have a range
of avenedp BExemphipctesses ef prirods asranaisaaterilsthahean ke %9@) asa
nm The surface area of the silica gel beads ranges
f hiyh! AP ar3Ps@M8rt include molecular sieves such as zeolites, microporous
aluminum phosphates, silicoaluminum phosphates, silicoferrates, silicoborates,
silicotitanates, magnesiumaluminate spinels and zinc aluminates.

0039 According to a preferred method, both nanoscale particles and a high
surface area support can be formed in situ upon heating a mixture of suitable metal
precursor compounds. For example, a metal precursor such as gold hydroxide,
silver pentane dionate, copper (II) pentane dionate, copper oxalate-zinc oxalate, or
iron pentane dionate can be dissolved in a suitable solvent such as alcohol and
mixed with a second metal precursor such as titanium pentane dionate. The metal
precursor mixture can be heated to a relatively low temperature, for example about
200-400EC, wherein thermal decomposition of the metal precursors results in the

formation of nanoscale metal or metal oxide particles deposited on porous titania

support particles that can range in size from about 100 nm to 500 nm.
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nm2/g. 0038 Exenplary classes of porous ceramc
materials that can be used as a high surface area

WG apport1ss ncl ude nol ecul ar si eves such as zeol PCBEEB2004/002180
m croporous al um num phosphates, silicoal um num
phosphates, silicoferrates, silicoborates,
silicotitanates, magnesiunalum nate spinels and zinc
al um nates. 0039 According to a preferred nethod, both
nanoscal e particles and a high surface area support
can be formed in situ upon heating a mixture of
sui tabl e nmetal precursor conpounds. For exanple, a

et al  (y4C UL BOatHE) natosgRb Paltit ik @h B fornfellliN €% upon heating
pent ane di onate, copper (Il pent ane di onate copper

oxal & eé)ﬁasﬁlt gmeﬁaj@iregugsg{ %ﬂﬁ“ﬁ a coﬁ‘—’e?&ggl1 . By

m xed with a second net al
e ol XD atcdal W%?gppéuﬁﬁéés 5o nipioe v Pentane

heated to a relatively Iom1tenperature for exanple
adiottite, dpPer4lI) RS tamhdinmite, coppar wiklattedbhpEEate] GHIGFPeNEe
netal precursors results in the formation of

NGBASE BAELABL VAT inBfuahbleXéldentRacH ascdleshol a@d)mlx@dwﬂin a
porous titania support particles that can range in

si,.ze fro out

e HaBoh awgé%fgﬁﬁﬁl‘g% FotiRaL a%ﬁ%@%‘a@%&‘@@ inthe
rticles can _be

opresensa of apped @ébéﬁ%rqgﬁé%g’g o %%H’E%lﬁ?go Arhgif né all. Acttlsnd

surface area support of exa

pbmmt}mocambnmdm@geléh@wlbsd%mlﬂufwlé} Ph@dfogliﬂp’(}% peid, acetic
pentane dionate, copper (ll) pentane dionate, copper

0% @k afoRn7d 425d, Qxh@iem hgdrokiderng et le When an acid containing
chlorine is used to gel the colloidal mixture, preferably the gel is washed in de-
ionized water in order to reduce the concentration of chloride ions in the gel. The
colloidal support material can be any suitable concentration such as, for example, 10
to 60 wt.%, e.g., a 15 wt.% dispersion or a 40 wt.% dispersion. During or after
gelation, the metal precursor-colloidal silica mixture can be heated to a relatively
low temperature, for example 200-400EC, wherein thermal decomposition of the
metal precursor results in the formation of nanoscale metal or metal oxide particles
deposited on silica support particles. In place of colloidal silica, colloidal titania or a
colloidal silica-titania mixture can be used as a support. Colloidal support particles

can range in size from about 10 to 500 nm.
0041 Silica hydrogel, also known as silica aquagel, is a silica gel formed in

water. The pores of a silica hydrogel are filled with water. An xerogel is a hydrogel
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di onate can be dissolved in a suitable sol vent such as

al cohol and m xed with a dispersion of a support
woredoeni@EBe such as col loidal silica, which can PeT/TE004092180

in the presence of an acid or base and allowed to dry

such as by drying in air. Acids and bases that can be

used to gel the colloidal mxture include hydrochloric

acid, acetic acid, formc acid, amoni um hydroxi de

and the like. Wien an acid containing chlorine is

used to gel the colloidal m xture, preferably the ge

is washed in de- ionized water in order to reduce the

i ﬁ{é%zﬁéﬂ Ro9Ed.CRE AEI0Z8 ik @Bfpeiol xbidgeledbm witieh the liquid has

colToldal support material can be any suitable
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During or after gelation, the netal

p%@@uﬁggmoﬁ%iloidal silica mxture can be heated to a

relatively |ow tenperature, for exanple 200-400EC, . .

wher ei 0042heSitieh gdlemarbegsépriadrbysionyersionyemegnsspel ¢ Bomixing

results in the formati on of nanoscal e netal or netal

0, S8R {dlGhSof Aemesi hew] $hcasd (e £ aodiyppsilicate) with a strong

partfcles. In place of colloidal silica, colloida
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the liquid has been renoved in such a way as to

rritg'brri ze col lapse or change in the structure as the

0043 Washing can be accomplished simply by immersing the newly
formed hydrogel in a continuously moving stream of water which leaches out the
undesirable salts, leaving essentially pure silica (SiO2). The pH, temperature, and
duration of the wash water can influence the physical properties of the silica
particles, such as surface area and pore volume.

0044 Molecular organic decomposition (MOD) can be used to prepare
nanoscale particles. The MOD process starts with a metal precursor containing the
desired metallic element dissolved in a suitable solvent. For example, the process
can involve a single metal precursor bearing one or more metallic atoms or the
process can involve multiple single metallic precursors that are combined in solution

to form a solution mixture. As described above, MOD can be used to prepare
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water is renoved. 0042 Silica gel can be prepared by

conventional neans such as by m xing an aqueous
w@odoutiiaase of an al kali netal silicate (e.g., SPdI/IBR0O04/002180

silicate) with a strong acid such as nitric or

sul furic acid, the m xing being done under suitable

conditions of agitation to forma clear silica sol

whi ch sets into a hydrogel. The resulting gel can be

washed. The concentration of the Si02 in the hydroge

is usually in the range of between about 10 to 60

wei ght percent, and the pH of the gel can be from
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of the silica particles, such as surface area and
nanperaiokaatevhidon ligahdscubstantiallyalisseciaisderyatilized from the
(MOD) can be used to prepare nanoscale particles. The

M2 PA OGS SPuSh@Hi Sprotéss tide hrrids betprees tredigandomidathe inregal atoms
t he deS|red netalylc el enent dissolved in a suitable

zﬁ?% éﬁ Ly SLF %]rtheﬁ)fm#a?nds :V p[)ﬂ%so? otle@fiske R¥Mried ?rom the metal.

recur sor Ing one or nore net al

atons or pr oc can invaol.ve mul ti

b erbly aliod B ASomoRe P T e %?ﬁ%lﬁs mpy also
forma solution m xture. As descri bed above MOD can .
bentaiechrben plteinad &ompariig deogpasitpnee the organic or inorganic
PCT/ | B2004/ 002180

components present in the metal precursor and/or solvent. Preferably the nanoscale
particles are substantially carbon free.

0046 The metal precursors used in MOD processing preferably are high
purity, non-toxic, and easy to handle and store (with long shelf lives). Desirable
physical properties include solubility in solvent systems, compatibility with other
precursors for multi-component synthesis, and volatility for low temperature
processing.

0047 Nanoscale particles can be obtained from mixtures of metal
precursors or from single-source metal precursor molecules in which one or more
metallic elements are chemically associated. The desired stoichiometry of the
resultant particles can match the stoichiometry of the metal precursor solution.

0048 An aspect of the MOD method for making a catalyst is that a

commercially desirable stoichiometry can be obtained. For example, the desired
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nanoscal e metal particles and/or nanoscal e netal oxide

particles, including the support particles. 0045 The
walemarpassé ti on tenperature of the nmetal precurBOr/1B2804/002180

the tenperature at which the Iigands substantially

di ssociate (or volatilize) fromthe netal atomns.

During this process the bonds between the |igands and

the netal atonms are broken such that the |igands are

vapori zed or otherw se separated fromthe netal

Preferably all of the |ligand(s) deconpose. However,

nanoscal e particles may al so contain carbon obtained
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conmponents present 1 n the nmetal” precursor and/or

sal vent. Pref bl h j :
SR rrT BRI D oL T b eREe St Patgms hat s

used in MOD processing preferably are high urit
regnak toxthe desitedi 2emigratie. handl e ang store ?mﬁtﬁ Ioné,
shel f lives). Desirable physical properties include
sol ubi 0049y Tl BelaypRtursyrsioen®undarp atdftrably myetel qrganic
other precursors for multi-conponent synthesis, and

VQlAdunlid Yyfi Gl hdveY deRfiRehiah Bich edghan0d4dr actinid
V\&rﬁcapé part]ilcl es can be gbt gfﬁi%ﬁ??%r?%agturegaco? )

met a recursors or fr [ = rqe isi
] S A OB RSPy
el enents are chenically associated.. The desired .
Seaiishome otz A ERERI 2h hegai S BITTal FimRgjude, but
the stoichiometry of the metal precursor solution.
045 oAlimitepecB, bz, AhSINODFexdhdd, EorZmle, & No.deARy &b, Pd.
is that a comercially desirable stoichionetry can be
oRaknatk, HroTa, AWaRB)! s, It PeastEAlr 8dch compounds may include metal
alkoxides, B-diketonates, carboxylates, oxalates, citrates, metal hydrides, thiolates,
amides, nitrates, carbonates, cyanates, sulfates, bromides, chlorides, and hydrates
thereof. The metal precursor can also be a so-called organometallic compound,
wherein a central metal atom is bonded to one or more carbon atoms of an organic
group. Aspects of processing with these metal precursors are discussed below.

0050 Precursors for the synthesis of nanoscale oxides are molecules having
pre-existing metal-oxygen bonds such as metal alkoxides M(OR), or oxoalkoxides
MO(OR),, R = saturated or unsaturated organic group, alkyl or aryl), B-diketonates
M(B-diketonate), (B-diketonate = RCOCHCOR') and metal carboxylates M(OCR)n.

Metal alkoxides have both good solubility and volatility and are readily applicable

to MOD processing. Generally, however, these compounds are highly hygroscopic

and require storage under inert atmosphere. In contrast to silicon alkoxides, which
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the catal yst can be achieved by selecting a netal
w@e@anrEes or mxture of netal precursors havPCIE2004/002180

ratio of first nmetal atonms to second netal atons that

is equal to the desired atomc ratio. 0049 The net al

precursor conpounds are preferably nmetal organic

conmpounds, which have a central main group,

transition, |anthanide, or actinide netal atom or

atons bonded to a bridging atom(e.g., N, 0, P or 9

that is in turn bonded to an organic radical.
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0052 Fluorinated alkoxides M(ORg), (Rg = CH(CF3)2, C¢Fs,...) are readily
soluble in organic solvents and less susceptible to hydrolysis than classical
alkoxides. These materials can be used as precursors for fluorides, oxides or
fluoride-doped oxides such as F-doped tin oxide, which can be used as metal oxide
nanoscale particles and/or as a high surface area support.

0053 Modification of metal alkoxides reduces the number of M-OR bonds
available for hydrolysis and thus hydrolytic susceptibility. Thus, it is possible to
control the solution chemistry iz situ by using, for example, B-diketonates (e.g.

acetylacetone) or carboxylic acids (e.g. acetic acid) as modifiers for, or in lieu of, the

alkoxide.
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to MOD processing. Generally, however, these conpounds
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as precursors for fluorides, oxides or fluoride-doped
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Thus, 1t I's possible to
capping reagents and polymerization inhibitors. Thus, small particles can be
obtained after hydrolysis of M(OR),.x(B-diketonate)y. Acetylacetone can, for
instance, stabilize nanoscale colloids. Thus, metal B-diketonate precursors are
preferred for preparing nanoscale particles.
0056 Metal carboxylates such as acetates (M(O,CMe)y) are commercially
available as hydrates, which can be rendered anhydrous by heating with acetic
anhydride or with 2-methoxyethanol. Many metal carboxylates generally have poor
solubility in organic solvents and, because carboxylate ligands act mostly as
bridging-chelating ligands, readily form oligomers or polymers. However,
2-ethylhexanoates (M(O,CCHEt,Bu)y), which are the carboxylates with the smallest
number of carbon atoms, are generally soluble in most organic solvents. A large

number of carboxylate derivatives are available for aluminum. Nanoscale aluminum-

oxygen macromolecules and clusters (alumoxanes) can be used as catalyst materials. For
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processing because of their volatility and high
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can lead to a decrease in the nuclearity of these
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metal carboxyl ates generally have poor solubility in

goﬂgxt@llfbi}ﬁsé godasgmﬁng pedrsdrabeniegy asavdibagyiradist soiehiersetae t
Hetero-metallic precursors, on the other hand, may offer access to metal systems
whose single metal precursors have undesirable solubility, volatility or
compatibility.

0059 Mixed-metal species can be obtained via Lewis acid-base reactions or
substitution reactions by mixing alkoxides and/or other metal precursors such as
acetates, p-diketonates or nitrates. Because the combination reactions are controlled
by thermodynamics, however, the stoichiometry of the hetero-compound once
isolated may not reflect the composition ratios in the mixture from which it was
prepared. On the other hand, most metal alkoxides can be combined to produce
hetero-metallic species that are often more soluble than the starting materials.

0060 The solvent(s) used in MOD processing are selected based on a

number of criteria including high solubility for the metal precursor compounds;

chemical inertness to the metal precursor compounds; rheological compatibility with
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pol ymers. However, 2-ethyl hexanoates (M OG2CCHEt"
w@egoiji1o1ehi ch are the carboxylates with the snedT/ER004/002180

nunber of carbon atons, are generally soluble in nost

organi c solvents. A large nunber of carboxylate

derivatives are available for alum num Nanoscale

al um num oxygen macronol ecul es and cl usters

(al unoxanes) can be used as catal yst materials. For

-19 WD 2004/ 110186 PCT/1B2004/ 002180 exanple, formate

Al (Q2CH) 3( H20) and car boxyl at e- al unoxanes
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precursors has the advantage of flexibility in
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stoichionetry. Hetero-netallic precursors, on the
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[ 3-di ketonates or nitrates. Because the conbination
react i 0062 apecardinignoklpegferred embodiment, nanoscale particles of metals

or metal oxides can be formed on a high surface area iron oxide support. Suitable
precursor compounds for the metal, metal oxide or iron oxide are those that
thermally decompose at relatively low temperatures, such as discussed above.
According to an embodiment, a metal precursor solution can be combined with a
dispersion of iron oxide particles. The support can be commercially available
particles, such as NANOCATU iron oxide particles, or the support can be prepared
from a colloidal solution or metal precursor solution as described above.

0063 Nanoscale metal particles may be incorporated into the support by
various methods, such as ion exchange, impregnation, or physical admixture. For
example, the metal precursor may be dissolved or suspended in a liquid, and the high
surface area support may be mixed with the liquid having the dispersed or suspended
metal precursor. The dissolved or suspended metal precursor can be adsorbed onto a

surface of the support or absorbed into the support. The metal precursor may also be
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prepared. On the other hand, nost netal al koxides can
be conbined to produce hetero-netallic species that
are often nore soluble than the starting materi al s.
0060 The solvent(s) used in MO processing are
sel ected based on a nunber of criteria including high
solubility for the netal precursor conpounds;
chem cal inertness to the netal precursor conpounds;
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al.cohol, ethyl al cohol, butyl alcohol, chloroform and

nthsSPEPOtSpi rits. 0062 According to a preferred

enbodi ment, nanoscal e particles of netal or t al
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support. Suitable precursor conpounds for the netal,

Meécdimplishétbthesughmoiringxhelmolecelat lioses witiag solttien, mpa¢fhsably

deconpose at relatively | ow tenperatures, such as

S'P aseft aﬂgﬁﬁlt%}aria@(iﬂé?ﬂqiré&ﬁoﬁ The ﬁﬁﬁtiﬁg carehd perforfietiat about
a

cursor so on can be conbined wt

ambient temperature or at elevated temperatures, e.g., through reflux. After
incorporation of the metal precursor, but before heating, the metal precursor
solution-molecular sieve mixture can optionally be filtered and washed with water.

0065 Thermal treatment causes decomposition of the metal precursor to
dissociate the constituent metal atoms, whereby the metal atoms may combine to
form a nanoscale metal or metal oxide particle having an atomic ratio approximately
equal to the stoichiometric ratio of the metal(s) in the metal precursor solution.

0066 The thermal treatment can be carried out in various atmospheres. For
instance, the support can be contacted with a metal precursor solution and the
contacted support can be heated in an inert or reducing atmosphere to form activated
nanoscale metal particles. Alternatively, the support can be contacted with a metal

precursor solution and the contacted support can be heated in the presence of an
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di spersion of iron oxide particles. The support can be
commercially available particles, such as NANOCAT1I

w0 e@a/1oMBele particles, or the support can be pPEPEB20@H/002180
froma colloidal solution or metal precursor solution
as described above. 0063 Nanoscale netal particles may
be incorporated into the support by various methods,
such as ion exchange, inpregnation, or physica
adm xture. For exanple, the netal precursor may be
di ssol ved or suspended in a liquid, and the high
surface area support may be mxed with the liquid
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e o or suspended netal precursor can be
adsorbed onto a .surface o t he, support. pr absor bed
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WO 2004/ 110186 PCT/ | B2004/ 002180 deposited nLo a

sur f ace0@t Themsts [ercurshi-coriafiRA P &s Prﬁﬁﬁi?tg},’ efiechtods
by evaporation so that the metal precursor remains on

t hgnperee ehualtber gfe@’p& thafrahe deeompoditiom remipmidtyreraod tim/metal
fromthe support during or prior to thermally treating

th : astuby j i

a %gfﬁﬁi%fﬁﬁgeﬁﬁéﬂa@%ﬂgn e e hea
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preferably aqueous, of an appropriate netal ’

PHEGEC 38 100D Sfoftxdnigle 600E® or REOHGr Tiachating b the metal

anbi ent tenperature or at elevated tenperatures, e.g.,
t %Egc%%%r-ggﬁtg%d sﬁogp}o?trcan occur in an oxidizing and/or reducing atmosphere.
0068 As an example, iron oxide particles smaller than 100 nm can be used
as a support for nanoscale gold particles. The Au-Fe,0; catalyst can be produced
from gold hydroxide that is dissolved in alcohol and mixed with the iron oxide
particles. Decomposition of the hydroxide into nanoscale gold particles, which can
be intimately coated/mixed with the iron oxide particles, can be caused by heating
the mixture to about 300 or 400EC. TEM images of nanometer scale gold particles
supported on nanometer scale iron oxide particles are shown in Figures 1-4.
0069 As a further example, nanoscale copper particles can be deposited on
a high surface area substrate such as silica gel beads, activated carbon, molecular
sieves, magnesia, alumina, silica, titania, zirconia, iron oxide, cobalt oxide, nickel
oxide, copper oxide, yttria optionally doped with zirconium, manganese oxide

optionally doped with palladium, ceria and mixtures thereof. For example, copper
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precursor solution. 0066 The thernmal treatnent can be
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at nosphere and then heated in the substantial absence

of an @@@'odi ThRG 1 iBhARSRRAFSud SkafiPldd) aishy@add Table 1, metal
nanoscal e netal oxide particles. 0067 The netal

precursor-contacted su [ :
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300EC or 350EC. The heating of the netal
containing the metal precursor compounds and/or nanoscale particles. In Examples
1-4, both silica gel and PICA carbon substrates were used. Example 5 was prepared
on a porous silica gel substrate only. The mixtures were heated under flowing argon
to a temperature of about 300-400EC. The product was nanoscale metal and/or
metal oxide particles, typically ranging in size from about 300 to 500 nm, supported

on the high surface area support particles. The cobalt oxide-iron oxide nanoscale

particles of Example 4 were found to be magnetic.

Table 1. Preparation of nanoscale particles on high surface area supports

Example Precursor/powder mixture Solvent Nanoscale
particles
1 copper pentane dionate chloroform Cut+ ZnO

zinc pentane dionate

2 copper pentane dionate chloroform Cu
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heated to a temperature at which a metal precursor is converted to a metal on the
surface thereof, does not melt, vaporize completely, or otherwise become incapable
of supporting nanoscale particles.

0073 During the conversion of CO to COy, fhe nanoscale particles and/or
the high surface area support may become reduced. For example, Fe;O3, which may
comprise the support or particles disposed on a support, may be reduced to Fe;Oq,
FeO or Fe during the reaction of CO to COa.

0074 TIron oxide is a preferred constituent in the catalyst because is has a
dual function as a CO or NO catalyst in the presence of oxygen and as a CO oxidant
for the direct oxidation of CO in the absence of oxygen. A catalyst that can also be
used as an oxidant is especially useful for certain applications, such as within a

burning cigarette where the partial pressure of oxygen can be very low.
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wartitalies on hi gh surface area supports. |n eBChHIB004/002180

the exanples, a dispersion of the substrate nateri al

was conmbined with a solution containing the netal

precursor conpounds and/or nanoscal e particles. In

Exanples 1-4, both silica gel and PI CA carbon

substrates were used. Exanple 5 was prepared on a

porous silica gel substrate only. The m xtures were

heat ed under flowing argon to a tenperature of about
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nanoscale particles of Exanple 4 were faynd.to b
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on high surface area supports Exanple

R5:86iuT1B0] fepeistes. g Thy touatinGokygamt to Narusedahtesuchdhatites exdant
1 copper pentane dionate chloroform Cu+ ZnO zinc

p. ﬁ & 'Q_ate 2 copper pentane dionate chloroform Cu
-g%ﬁ%%%gﬁllol% PCT/ 1 B2004/ 002180 3 copper pentane

pent ant0h olfbtelsetiB (it GO, tind e Bldernions may be
chl orof orm CoO + iron oxide
taken into account to ensure that catalysis will occur efficiently, as will be apparent
to the skilled artisan. For example, Figure 5 shows a thermodynamic analysis of the
Gibbs Free Energy and Enthalpy temperature dependence for the oxidation of carbon
monoxide to carbon dioxide. Figure 6 shows the temperature dependence of the
percentage of carbon dioxide conversion with carbon to form carbon monoxide.
0077 Figure 7 shows a comparison between the catalytic activity of Fe;O3
nanoscale particles NANOCATI Superfine Iron Oxide (SFIO) from MACH I, Inc.,
King of Prussia, PA) having an average particle size of about 3 nm, versus Fe;O3
powder (from Aldrich Chemical Company) having an average particle size of about
5um. The Fe,O3 nanoscale particles show a much higher percentage of conversion
of carbon monoxide to carbon dioxide than the larger Fe;O; particles.
0078 As mentioned above, Fe,O; nanoscale particles are 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. The Fe,O3

nanoscale particles can act as a catalyst for the conversion of carbon monoxide to
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i ron pentane dionate 5 CuO nanoscal e powder chl orof orm
CuO + ZnO zinc oxalate 0071 In general, a netal
w@e@entEes and a support can be conbi ned i n angCT/IB2004/002180
suitable ratio to give a desired | oadi ng of netal
particles on the support. Gold hydroxide and iron
oxi de can be conbi ned, for exanple, to produce from
about 0.1 to 25%w.% e.g., 2 w.% 5 w.% or 15
wt. % gold on iron oxide. 0072 The support may include
substantially any material which, when heated to a
tenperature at which a netal precursor is converted to
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pressure of oxygen can be very |low -25 ) .
was 12.4 K/min. Although the CuO nanoscale particles have higher conversion rates

at lower temperatures, at higher temperatures the CuO and Fe,O3 have comparable

conversion rates.

0080 Table 2 shows a comparison between the ratio of carbon monoxide to
carbon dioxide, and the percentage of oxygen depletion when using CuO and Fe,;O;

nanoscale particles.

Table 2. Comparison between CuO and Fe,0O3 nanoscale particles

Nanoscale particle CO/CO, O, Depletion (%)
None 0.51 48
CuO 0.29 67
Fe 03 0.23 100

0081 In the absence of nanoscale particles, the ratio of carbon monoxide to

carbon dioxide is about 0.51 and the oxygen depletion is about 48%. The data in
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a catalyst for the conversion of carbon nonoxide to

¢ %’fk&nge%icg )f&gﬁy dil&ﬁuﬁffg%% catalyst on the tobacco or incorporating them
into the cut filler tobacco using any suitable method. The catalysts may be provided
in the form of a powder or in a solution in the form of a dispersion. Catalysts in the
form of a dry powder can be dusted on the cut filler tobacco and/or cigarette filter
material or the catalyst material can be added to the paper stock of a cigarette paper
making machine. The catalysts may also be present in the form of a dispersion and
sprayed on the cut filler tobacco, cigarette paper and/or cigarette filter material.
Alternatively, the tobacco and/or cigarette filter material may be coated with a
dispersion containing the catalysts. The catalyst may also be added to the cut filler
tobacco stock supplied to the cigarette making machine or added to a tobacco

column prior to wrapping cigarette paper around the tobacco column. The step of

heating a mixture comprising a metal precursor solution to a temperature sufficient
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nanoscal e particles can act as a catalyst for the

conversion of carbon nonoxide to -26 WO 2004/110186
weFansnBAO4/ 002180 carbon dioxide in the pyroPgBiIB004/002180

zone, and as an oxidant for the conversion of carbon

nonoxi de to carbon dioxide in the conbustion region.

0079 To illustrate the effectiveness of nanoscale

netal oxide, Figure 8 illustrates a conparison

bet ween the tenperature dependence of conversion rate

for CuO (curve A) and Fe203 (curve B) nanoscale

partlcles using 50 ng CuO particles and 50 ng Fe203

osca [ t
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conversion rates. 0080 Table 2 shows a conpari son
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di oxi de, and the percentage of oxygen depl etion when
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mg/cigarette. More preferably, the amount of catalyst will be from about 10
mg/cigarette to about 100 mg/cigarette.

0085 One embodiment provides a cut filler composition comprising
tobacco and at least one catalyst that is capable of converting carbon monoxide to
carbon dioxide, where the catalyst is in the form of a nanoscale metal particles
and/or nanoscale metal oxide particles supported on a high surface area support.

0086 Any suitable tobacco mixture may be used for the cut filler.
Examples of suitable types of tobacco materials include flue-cured, Butley,
Maryland or Oriental tobaccos, the rare or specialty tobaccos, and blends thereof.
The tobacco material can be provided in the form of tobacco lamina, processed
tobacco materials such as volume expanded or puffed tobacco, processed tobacco

stems such as cut-rolled or cut-puffed stems, reconstituted tobacco materials, or
blends thereof. The tobacco can also include tobacco substitutes.

0087 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
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0081 In the absence of nanoscale particles, the ratio

of carbon nonoxi de to carbon dioxide is about 0.51 and
wao b@4oxigen depl etion is about 48% The data i PCT/HR2604M02180

2004/ 110186 PCT/1B2004/ 002180 Table 2 illustrates the

i nprovenent obtained by using nanoscale particles. The

ratio of carbon nonoxi de to carbon dioxide drops to

0.29 and 0.23 for CuO and Fe203 nanoscal e particl es,

respectively. The oxygen depletion increases to 67%

and 100% for CuO and Fe203 nanoscal e particles,

respectively. 0082 The catalysts will preferably be
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i ncorporating them into the cut filler tobacco using

any sjggabl £némRénasbodihent padvadesst dgarele denprising aletacdorod,
the formof a powder or in a solution in the formof a
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er acco ana/or cigarette

filter nmaterial or t catal yst material ¢ b .
tdssuedRpEs. "OBLR SPARe o G U e IR oA g ca0n bxide
machi ne. The catal ysts may al so be present in the ,forsn
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tobacco, cigarette paper and/or cigarette filter
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filter material may be coated with a
making machine to form a tobacco column; and (1i1) placing a paper wrapper around
the tobacco column to form the cigarette.

0089 Techniques for cigarette manufacture are known in the art. Any
conventional or modified cigarette making technique may be used to incorporate the
catalysts. The resulting cigarettes can be manufactured to any known specifications
using standard or modified cigarette making techniques and equipment. Typically,
the cut filler composition is optionally combined with other cigarette additives, and
provided to a cigarette making machine to produce a tobacco rod, which is then
wrapped in cigarette paper, and optionally tipped with filters.

0090 Cigarettes may range from about 50 mm to about 120 mm in length.

Generally, a regular cigarette is about 70 mm long, a "King Size" is about 85 mm

long, a "Super King Size" is about 100 mm long, and a "Long" is usually about 120
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di spersion containing the catal ysts. The catal yst may

al so be added to the cut filler tobacco stock
weoppliicass t o the cigarette naki ng nmachi ne or aPCIETB2GH@2180

tobacco colum prior to wapping cigarette paper

around the tobacco columm. The step of heating a

m xture conprising a netal precursor solution to a

tenperature sufficient -28 WO 2004/110186

PCT/ 1 B2004/ 002180 to thernmally deconpose the netal

precursor into nanoscale particles is preferably

perfornmed prior to adding the catalyst to the

glj’e—‘ﬁ Zliti: fetélgﬁs l}?%%?}ﬁﬁ&?eﬁ%@%‘ Froff abbliel FhPloyabout 3Mmbein

at t anount of carbon nonoxide in
mai nst.r eam snoke.i s, reduc duri [ -
SR R L

will be a catalytically effectiveg anpunt, e.g.,3 from
ayrocallyetueenthe range aﬁ@g uf 400 %&ﬁ% Ite gg%‘i?}é@f) @i, and
ng/ ci garette, to about 200 élgglcigarette. Mor e
rebablbl 30, mplm’ aoabmtt 265 mgamal yst wil | be from about
10 ng/cigarette to about 100 ng/cigarette. 0085 One

509 i vRAhoRELHhBSS R Hbvilied 4 BEtHeasPesbkinghe cigarette
conprising tobacco and at | east one catalyst that is

capabl f converting c | d drawi
feSithed Bare P i e SRR PR 1 oSk And draving
nanoscal e nmetal particles .and/.or nanoscale tal

ke smokathreughdhe sigaiste wepre during fiv Sglﬂ??%?c%f tﬁ? gigarette, the
support. 0086 Any suitable tobacco m xture may be used

f cakalyshacts us a tatalyst for texanpdrsion of cabon miohexidy preearbgn dioxide.
tobacco materials include flue-cured, Burl ey,

98 iR theInivEt R has BBRCEREbIRFItH Rif@ede 1 pecftmtd v
t obaccos, and bl ends thereof.
embodiments, it is to be understood that variations and modifications may be
resorted to as will be apparent 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.
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The tobacco material can be provided in the form of
tobacco | am na, processed tobacco materials such as

wao loureiexpanded or puffed tobacco, processed PODOER200H/002180
stens such as cut-rolled or cut-puffed stens,
reconstituted tobacco materials, or blends thereof.
The tobacco can al so include tobacco substitutes. 0087
In cigarette nmanufacture, the tobacco is normally
enployed in the formof cut filler, i.e. in the form
of shreds or strands cut into widths ranging from -29
WO 2004/ 110186 PCT/ |1 B2004/002180 about 1/10 inch to

t. {nch or even 1/40 inch. The | engths of the

M%ﬁ%gfaﬁg%dnﬁdé from bet ween about 0.25 inches to about
3.0 inches., The.cigarett.es may .further conpri
or rmorke f1£Y6F "g%S]nPSflﬂgl? C‘ﬁéﬂ‘i@’i‘%g’g’ NE. aélgpab%r%ﬁﬁysge £ the
addi tives, conbustion nodifying agents, colorjng )
agantrsion ol nertbps maspsidy tk prsben digxidgewhgerein the safalxsigopyyises
enbodi ment provides a cigarette conprising a tobacco
r Qhoscalhraétal partitles ambaceaoscald metalprxidesarticoaisuppored on high
filler having at | east one catalyst, as described

' ' ?wgg_al e of converting carbon nonoxide
?%ﬂ%g? %h‘gbg%sp e. A further enbodi nment provides a

met hod of making a cigarette, conprising (i) adding a
catalyst to a tobacco cut filler; (ii) providing the
cut filler to a cigarette_  makjng, n'?ch' ngit form

t obaccd col Thmeutdiigr compgsitinmend (riginy Loy & ppgscale metal
around the tobacco colum to formthe cigarette. 0089
Tpatelegaelof mhosiatpaneint exidaparficles comepriged3,igiil, Sk Finke, Co,
art. Any conventional or nodified cigarette making

tRE U, FUEGERY:, W, NRERul Rhi PENDShACE HiiFa, W, Re, Os, Ir, Pt, Au

and mixtures thereof.

3. The cut filler composition of Claim 1, wherein the high surface area
support particles comprise silica gel beads, activated carbon, molecular sieves,
magnesia, alumina, silica, titania, zirconia, iron oxide, cobalt oxide, nickel oxide,
copper oxide, yttria optionally doped with zirconium, manganese oxide optionally

doped with palladium, ceria and mixtures thereof.
4. The cut filler composition of Claim 1, wherein the nanoscale metal

particles and/or nanoscale metal oxide particles comprise Cu, Zn, Co and/or Fe and

the high surface area support comprises silica gel beads and/or activated carbon.
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catal ysts. The resulting cigarettes can be

manuf actured to any known specifications using
wGar@adanss or nodi fied cigarette making techni gREeBIE2EH002180

equi pnent. Typically, the cut filler conposition is

optionally conmbined with other cigarette additives,

and provided to a cigarette making machi ne to produce

a tobacco rod, which is then wapped in cigarette

paper, and optionally tipped with filters. 0090

Cigarettes may range from about 50 mmto about 120 mm

in length. Generally, a regular cigarette is about 70

mm | ong, a %Ki pzer is. y i

ing SPzen 15 St SopbRRReUE Chifn Tkl GalafsP&inpriscs

usual Iy about 120 -30 WD .2004/110186 PCT/|,B2004/ 002180

rRiorach B o ¥ 8 % PRRAIE PECESS SUSHRF G RS L Koo

about 30 mmin circunference, and preferably around

25uppuort penéclesobacco packing density is typically

bet ween the range of about 100 ng/cnB to about 300

mg/ cnB, and preferably 150 ng/cnB to about 275

ng/ cnB8. 0091 Yet anot her enbodi nent provides a nethod

of smokl ng tHhe G ﬁﬁ‘;?{eéohﬁ)osiﬁ%ﬁ%f Ches BRMSRIn RIS surface area

i nvol ves |ighting the cigarette to form snoke and
drawi n t.he snmoke through t.h igarette, wherein

d FPPRRYT PATHC Smidﬁﬂv?f?ﬁ?ﬂgi cgﬁlﬁ@@&(ﬁ@t}on{ he catal yst
acts as a catalyst for the conversion of carbon
nonoxi de to carbon dioxide. 0092 While the invention
has been described with reference to preferred

enbodi ment s, THetcut Slleocdagpositidaros Caich 1, vdteraintheananosmle metal
and nodifications nay be resorted to as will be

gﬁ%?ﬁﬁ&t and®r hiRGRa1S KhdthiRRideDaktitGesHave aPdotay@parfitle @18 less

than about 50 nm.

8. The cut filler composition of Claim 1, wherein the nanoscale metal
particles and/or nanoscale metal oxide particles have an average particle size less

than about 10 nm.

9. The cut filler composition of Claim 1, wherein the surface area of the
high surface area support particles is from about 20 to 2500 m?/g.
10.  The cut filler composition of Claim 1, wherein the high surface area

support particles comprise millimeter, micron, submicron and/or nanoscale particles.
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nodi fications are to be considered within the purview

and scope of the invention as defined by the clains
w@pendass hereto. -31 WD 2004/110186 PCT/ | B200B¢ D0R20810002180

What is clainmed is: 1. Acut filler conposition

conprising tobacco and a catalyst for the conversion

of carbon nonoxi de to carbon di oxi de, wherein the

catal yst conprises nanoscale netal particles and/or

nanoscal e metal oxide particles supported on high

surface area support particles. 2. The cut filler

conposi tion of Gaim1l, wherein the nanoscal e netal

particligs angeQh: AARARHHOSIHIR bRC]MMN 1] Qvli@ﬁiiﬁ tHé' rﬁlﬁoscale metal
conpri se B, Ng AI Si,

Ti Fe, Co, Cu,
¢ partisfes difror Riyost Pt??%s“?i%@?%%%e%%&m@%‘ﬁegﬁb?% ﬁe%af%

conposition of Claim1l, wherejin tpe hi gh surface area
s IlsPRIRPOSHEN dh‘*e@let‘?éﬁfﬁw@@r #199rs9lveBY beads, activated
carbon, nol ecul ar sieves, nagnesi a, alun1na silica,
titania, zirconia, iron oxi de, cobalt oxide, nickel

oxi de, copper oxide, yttria optionally doped with

zi rconigm nBREWEHEr rsisitRRf Oldin Y, wittedie themdnbscale metal
pal I adium ceria and m xtures thereof. 4. The cut

fi la'(;j:ltfcr COAR 3 65%91631}6‘[9 &l (P;a(r:t %T& oﬁhﬂ sk %gg@ﬁ’@ﬁeﬁ'ﬁ'j:l@s

parti1cles an nan metal oxi
partlcles conprise Cu, Zn, Co and/or Fe and the high
surface area support conprises silica gel beads and/or
activated carbon.
13. A cigarette comprising tobacco and a catalyst capable of converting

carbon monoxide to carbon dioxide, wherein the catalyst comprises nanoscale metal
particles and/or nanoscale metal oxide particles supported on high surface area

support particles.

14.  The cigarette of Claim 13, wherein the nanoscale metal particles
and/or nanoscale metal oxide particles comprise B, Mg, Al, Si, Ti, Fe, Co, Ni, Cu,
7Zn, Ge, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Sn, Ce, Hf, Ta, W, Re, Os, Ir, Pt, Au and
mixtures thereof. |

15.  The cigarette of Claim 13, wherein the high surface area support
particles comprise silica gel beads, activated carbon, molecular sieves, magnesia,
alumina, silica, titania, zirconia, iron oxide, cobalt oxide, nickel oxide, copper oxide,
ytiria optionally doped with zirconium, manganese oxide optionally doped with

palladium, ceria and mixtures thereof.
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-32 WD 2004/ 110186 PCT/1B2004/002180 5. The cut
filler conposition of Claim1, wherein the catalyst
weeopnies from about 0.1 to 25 wt. % nanoscal BCT/IB2004/002180
particles supported on high surface area support
particles. 6. The cut filler conposition of Claima1,
wherein the high surface area support particles are
derived froma colloidal solution. 7. The cut filler
conposition of Claim1l, wherein the nanoscal e net al
particles and/ or nanoscal e netal oxide particles have
an average particle size |less than about 50 nm 8.
The cut filler conposition of Caiml1, wherein the
nanoscal e nmetal particles and/or nanoscal e netal

oxi de rt| e
than aﬁﬁut THEPRYE GRS F&E%ﬁ%gi% afetb b paricles
rel n_the surf ce area hi ur f )
é/ﬂ glawa% © pistal oxidsparticl rcampgsfo@tl %ﬁ%ﬂl&@% Sﬁe high
10 The cut filler conposition of Claiml1, wherein the
h |sg1fa®w¢m1@pau’c partickagppmptisgsilica gl égad@@n@{ow getivated carbon.
mllinmeter, mcron, subm cron and/ or nanoscal e

particles. -33 WD 2004/110186 PCT/|B2004/002180 11.
The cut filler conposition of aim1l, wherein the

nanoscgle ”EII‘H?:' cigdt@d d13t16%h ?ig elﬂ ﬂ{b‘)&@ﬂ’%’s@ cBBbabes from about

oxi de partic orrprl se ca rom part
0.1 to 25 wt.% nanoscale particles supported on high surface area support particles.

18.  The cigarette of Claim 13, wherein the high surface area support

particles are derived from a colloidal solution.

19.  The cigarette of Claim 13, wherein the nanoscale metal particles
and/or nanoscale metal oxide particles have an average particle size less than about

50 nm.

20.  The cigarette of Claim 13, wherein the nanoscale metal particles
and/or nanoscale metal oxide particles have an average particle size less than about

10 nm.

21.  The cigarette of Claim 13, wherein the surface area of the high

surface area support particles is from about 20 to 2500 m?/g.
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deconposition of the netal precursor and/or solvent.
12. The cut filler conposition of Claim1l, wherein the
woaracEBe netal particles and/or nanoscal e neBCHIB2004/002180
oxi de particles conprise nagnetic particles. 13. A
cigarette conprising tobacco and a catal yst capabl e of
converting carbon nonoxide to carbon dioxide, wherein
the catal yst conprises nanoscale netal particles
and/ or nanoscal e netal oxide particles supported on
hi gh surface area support particles. 14. The
cigarette of Claim 13, wherein the nanoscal e net al
particles and/or nanoscal e netal oxide particles
conprise B, My, Al, Si, Ti, Fe, Co, Ni, Cu, Zn, GCe,

Zr, Nb,, Mo, -Ru,. Rh, Pd.. Ag, , ioh

Ir, Pt%z‘Au gﬁ%mg?ﬁeﬁ Bfggalrgﬁé?&%?rgﬁfgﬁlﬁ#eﬁg%%%rgﬁuggg?
Claim 13, wherejin the high syrface arga su re ..
ppartieles @gnwgnﬂ%@e@mmle@ng&%%f&a ! d@& Pﬂfﬁ?ﬁgﬁl PRtielssn,
nol ecul ar sieves, magnesia, alumna, silica, titania,

zirconia, iron oxide, cobalt oxide, nickel oxide,
copper oxide, yttria optionally doped with zirconium

nmangangse oxhéeigaritc @neldin 139RAereH the naf@chladidtahparticles
ceria and m xtures thereof. -34 WD 2004/110186

PCT{,| B2004/ 00 : : i qar f : .
oy g et 85 A o AC bark s EOHARE bR frdh Bfted decomposition

net al oxi de particles(go rise Cu, Zn, Co and/or Fe
aAfithe meetalingerursos ARd(ERSAYEE: support particles conpri se
silica gel beads and/or activated carbon.

24.  The cigarette of Claim 13, wherein the nanoscale metal particles
and/or nanoscale metal oxide particles comprise magnetic particles.
25.  The cigarette of Claim 13, wherein the nanoscale metal particles

and/or nanoscale metal oxide particles are substantially carbon free.

26.  The cigarette of Claim 13, wherein the cigarette comprises from

about 5 mg of the catalyst per cigarette to about 200 mg of the catalyst per cigarette.

27.  The cigarette of Claim 13, wherein the cigarette comprises from
about 10 mg of the catalyst per cigarette to about 100 mg of the catalyst per

cigarette.
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17. The cigarette of Claim13, wherein the catalyst

conprises fromabout 0.1 to 25 wt.% nanoscal e
w@artiled1iee supported on high surface area suppPCT/IB2004/002180

particles. 18. The cigarette of Claim13, wherein the

hi gh surface area support particles are derived froma

colloidal solution. 19. The cigarette of Caim13,

wherei n the nanoscale netal particles and/or

nanoscal e netal oxide particles have an average

particle size |less than about 50 nm 20. The

cigarette of Claim13, wherein the nanoscal e netal

particlzs angd 5aRROPCRISE 19 %ﬂ?ér ?Ia?g\é?ette

an average particle S|ze 'ess’ 't an a

T renthesrfaearaof
{ 0 SRl SheiucPLBGH i il DiBeriiiosBOreled e el
20 to 2500 n2/g. -35 WD 2004/ 110186 PCT/ 1 B2004/ 002180
22. The cigarette of O aim13, wherein the high
surface area support particles conprise mllineter,
m cr on,2% ubrd cigaretrfdico rompuisisg a batalyatr dabatle sf corﬁvartm'ghﬁrbon
cigarette of Caim13, wherein the nanoscal e netal

pandaxidsto cartbnQlioNas) Rk (HERbAly Pl HfiRa h&ﬁd‘skaé metal
conprise carbon from parti al deconpos I on

”%?tkcl&r r%%os%gltglrﬁétal%gt cye 1clgs %ugporg gﬁp}g@gﬁ gur ac% area

Cl"ai m 13, ere he nanos
and/ or Iigcal e netal oxi de part| cl es conpri se
B“Bg i cl es.

30. A method of making a cigarette, comprising:

(1) adding a catalyst to tobacco cut filler, cigarette paper and/or a
cigarette filter, wherein the catalyst comprises nanoscale metal particles and/or
nanoscale metal oxide particles supported on high surface area support particles;

(i)  providing the cut filler to a cigarette making machine to form a
tobacco column;

(iii)  placing a paper wrapper around the tobacco column to form a tobacco
rod; and

(iv)  attaching the filter to the tobacco rod to form the cigarette.

31. The method of Claim 30, wherein nanoscale metal and/or metal oxide
particles comprising B, Mg, Al, Si, Ti, Fe, Co, Ni, Cu, Zn, Ge, Zx, Nb, Mo, Ru, Rh,

Pd, Ag, Sn, Ce, Hf, Ta, W, Re, Os, Ir, Pt and Au and mixtures thereof, and high
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25. The cigarette of Caim13, wherein the nanoscal e
nmetal particles and/or nanoscal e netal oxide
weartiledliee are substantially carbon free. 26. H¢EIB2004/002180
cigarette of Claim13, wherein the cigarette conprises
from about 5 ng of the catal yst per cigarette to
about 200 ng of the catalyst per cigarette. 27. The
cigarette of Claim13, wherein the cigarette conprises
fromabout 10 ng of the catal yst per cigarette to
about 100 ng of the catalyst per cigarette. -36 WO
2004/ 110186 PCT/1B2004/ 002180 28. The cigarette of
Qe b aesfugf)#@ BhetiERIPEhBHidHae alifd bd Peady) SotiaBA R0,

paper, Il'ter and/or The cigarette paper

i ncorporates the catalyst. . cigarette.fil

CBHRL a cotnr  ntf Raflg LS b g, cobal
monoxi de to carbon di oxide, wherein the )(i%ilazhyst,

c onisle] mickel it eenper et ytiria gptionallydoppd, LAY, e
metal oxide particles supported on high surface area

S uppatesp akide ptisnalFRlopdd with peldadiimpediaragpd anistuges theteef are
conprising: (i) adding a catalyst to tobacco cut

f%h&&fknﬁ%gﬁﬁéajﬁngﬁggr and/or a cigarette filter
wherein the catal yst conprises nanoscal e neta

particles and/or nanoscal e netal oxide particles
supported on high surface area support particles; (ii)

? go}/g?LﬁI}g t {1 Ehfd@e Cugg’rggé; lg% ﬁk‘gﬁ%o,a wﬁér i%rn%glgs%a e nlg.é:tg parllgglre]sl aand/or

nanoscale metal oxide particles comprising Cu, Zn, Co and/or Fe and high surface
area support particles comprising silica gel beads and/or activated carbon are added

to the tobacco cut filler.

33. The method of Claim 30, wherein from about 0.1 to 25 wt.%
nanoscale particles supported on high surface area support particles are added to the

tobacco cut filler.

34.  The method of Claim 30, wherein the nanoscale metal particles
and/or nanoscale metal oxide particles comprise Au and the high surface area

support particles comprise iron oxide.
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(iii) placing a paper w apper around the tobacco
colum to forma tobacco rod; and (iv) attaching the

wo 2doa1018® t he t obacco rod to formthe cigar et PET/IERL04/002180
The nmet hod of C aim 30, wherein nanoscal e netal and/or
nmetal oxide particles conprising B, My, Al, Si, Ti,
Fe, Co, N, Cu, Zn, Ge, Zr, Nb, M, Ru, Rh, Pd, Ag,
Sn, Ce, Hf, Ta, W Re, GCs, Ir, Pt and Au and m xtures
t hereof, and high -37 WD 2004/ 110186 PCT/ | B2004/ 002180
surface area support particles conprising silica ge
beads, activated carbon, nolecul ar sieves, nmagnesi a,

al um nag, si Hipgdaethdd GHC1aim 20, viRRéia thd cafilys2xs alifled cothaltdbacco
oxi de, nickel oxide, copper oxide, yttria optionally

QOB H1ah o Bl HetdPhve BROAANPSCAX LIS 90% AL Latbon

ope 'um ceria and mxtures thereof are
added to the tohaccp cut filler. 32. The nethod of
omneRuls to GrePRAPXHEnoscal e netal particles and/ or
nanoscal e netal oxide particles conprising Cu, Zn, Co
and/ or Fe and high surface area support particles
conprising silica gel beads and/or activated carbon

are addgd tThetrhi&@héD&BClabm 60t whdrkineffom 3Bout Pheg ireatont 200 mg
of Claim30, wherein fromabout 0.1 to 25 wt.%

i d hi gh f
PR PR dE B ERAR T "The tobacco cut

d to the tobacco cut
filler. 34. The nethod of Cl aim 30, wherein the
nanoscal e netal particles

37.  The method of Claim 30, wherein from about 10 mg to about 100 mg

of the catalyst is added per cigarette.

38.  The method of Claim 30, further comprising forming the catalyst by:
combining a metal precursor and a solvent to form a metal precursor

solution;

combining the metal precursor solution with iligh surface area support
particles to form a mixture;

heating the mixture to a temperature sufficient to thermally decompose the
metal precursor to form nanoscale particles within and/or on the high surface area
support, and

drying the mixture.
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and/ or nanoscal e netal oxide particles conprise Au and

the high surface area support particles conprise iron
wo@z00da101888 WD 2004/ 110186 PCT/ 1 B2004/ 002180 BGI/IBRa&/002180

nmet hod of Claim 30, wherein the catalyst is added to

the tobacco cut filler in an anmount effective to

convert at |east about 10% of the carbon nonoxide to

carbon di oxide. 36. The nmethod of C aim 30, wherein

fromabout 5 ng to about 200 ng of the catalyst is

added per cigarette. 37. The nmethod of C aim 30,

wherein fromabout 10 ng to about 100 ng of the

catal ysp, i s Taddedhqest ClaihdBb 8l fuftherddmpliihgridtiihgd difpersion of
Claim 30, further conprising formng the catal yst by:

C%?P?s%l@ aﬁmf@tté‘khe &Ql%ré&ﬁs&wgluﬁoﬁo' vent to forma

cursor ut i‘on; I'ning the netal
precursor sol uti on vvlth hi gh surface area support
particles to forma mxture; heating the mxture to a
tenperature sufficient to thermally deconpose the
met al  PPecurlhemethod of Ghaita 38swhereinpanescaleasrtigleshaying an
and/ or on the high surface area support, and drying
t R®erapX tiaf@ter 0B Rss than about 7 nm are added to the metal precursor solution.

41.  The method of Claim 39, wherein the nanoscale particles are located

within cavities or pores of the high surface area support particles.

42.  The method of Claim 38, wherein the high surface area support

particles are derived from a colloidal solution.

43,  The method of Claim 42, wherein the viscosity of the colloidal

solution is increased to form a gel before the step of heating the mixture.

44,  The method of Claim 43, wherein the gel is washed before the step of

heating the mixture.

45.  The method of Claim 42, wherein the step of increasing the viscosity

of the colloidal solution comprises varying the pH of the mixture.
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WD 2004/ 110186 PCT/1B2004/002180 39. The net hod of

Claim 38, further conprising adding a dispersion of
woamedoEBe particles to the netal precursor soPCL/iB204/002180

40. The nethod of C aim 39, wherein nanoscal e

particles having an average dianeter of |ess than

about 7 nmare added to the netal precursor sol ution.

41. The nethod of C aim 39, wherein the nanoscal e

particles are |ocated within cavities or pores of the

hi gh surface area support particles. 42. The net hod of

Claim 38, wherein the high surface area support

particl4s arthdaethvedt Clam e, Gaklegi Balsted A ildr&
The method of C aim 42, wherein the VIé%OSIt; onuﬂﬁevmumny

Cobd tHé dal ou}a‘i EJ)IHE{)I‘P Bothrided %ﬁ@ﬁg g%ﬂ&%_ x?c{lcg ah%xﬁﬁ%‘agsgtg b

the step o eating the mx

Cl aim 43, wherein the gel is washed before the step of
hégpg# § the mixture. 45. The nethod of C aim 42,
wherein the step of increasing the viscosity of the
coll oidal solution conprises varying the pH of the

m xture. -40 WO 2004/110186 PCT/1B2004/002180 46. The

met hod 4. Cl BieméiBod vhelamnie] Waesiehe afluicneiEasicg t he
viscosity of the colloidal solution conprises adding

a dilutg, aC"FheQzﬁetﬁo&J bf Fﬂ \?\ﬂ@@s%h&%hntﬁg {)ﬂ@éhﬁgt?on 014001101ds in the

The method of Claim4 erei ute aci
H(goilcndal solution is from about 10 to 60 weight percent.

49.  The method of Claim 38, wherein high surface area support particles
comprising at least one of silica gel beads, activated carbon, molecular sieves,
magnesia, alumina, silica, titania, zirconia, iron oxide, cobalt oxide, nickel oxide,
copper oxide, ytiria optionally doped with zirconium, manganese oxide optionally
doped with palladium, ceria and mixtures thereof are combined with the metal

precursor solution.

50.  The method of Claim 38, wherein a metal precursor selected from the

group consisting of B-diketonates, dionates, oxalates and hydroxides is combined

with the solvent.
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48. The nethod of O aim 42, wherein the concentration

of colloids in the colloidal solution is from about
waoota1@8 wei ght percent. 49. The net hod of C BCTIE804/002180

wherei n high surface area support particles

conprising at |east one of silica gel beads, activated

carbon, nol ecul ar sieves, nmagnesia, alumna, silica,

titania, zirconia, iron oxide, cobalt oxide, nickel

oxi de, copper oxide, yttria optionally doped with

zi rconi um manganese oxi de optionally doped with

pal | adium ceria and m xtures thereof are conbi ned

with t ?g MEHRL 1 dpRRCAE ﬁg{m 59| WdrGh a 1159?1 epgtggjé@tcgﬁgrigigg at

Claim wherein a netal preecursor se romt

group consj skin f - diket.onat es, ~dipnat e xal, at
oL B0k B S Fhabien SRR 2R a6 281 Bhrto. RiSRGTE Ac.
2004/ 110186 PCT/1B2004/ 002180 51. The _ nethod of C aim
380, Gadilieiln W, et QF. Iprid end daris eombined ity the solgendt one

of B, My, A, Si, Ti, Fe, Co, N, Cu, Zn, Ge, Zr, Nb,

Mo, Ru, Rh, Pd, Ag, Sn, Ce, H, Ta, W Re, GCs, Ir, Pt
and Au is conbined with the solvent. 52. The net hod of

Caim 38, Wigeehdhdl SOEMERES GRREE L Bl sBB/eft cdnfiin@Mt8eddf one of
distilled water, ethyl alcohol, nethyl alcohol,

B K T AR M T

The nethod of C aim 38, wherein the m xture is heated
t gromaticdiygeacathopeisgoningd withthe mde HecusyEC

0

53. The method of Claim 38, wherein the mixture is heated to a

temperature of from about 200 to 400EC.

54.  The method of Claim 38, wherein high surface area support particles
comprising millimeter, micron, submicron and/or nanoscale particles are combined

with the metal precursor solution.

55.  The method of Claim 38, wherein the nanoscale metal particles

further comprise carbon from partial decomposition of the metal precursor and/or

solvent.

-42-



54. The nethod of O aim 38, wherein high surface area
support particles conprising mllinmeter, mcron,

W@ miloriee and/ or nanoscal e particles are conbPeETtB2004/002180
with the netal precursor solution. 55. The nethod of
Cl ai m 38, wherein the nanoscale netal particles
further conprise carbon frompartial deconposition of
the netal precursor and/or solvent. -42 WO
2004/ 110186 PCT/1B2004/002180 56. The nethod of O aim
42, wherein a precursor solution conprising Cu, Zn, Co
and/ or Fe and a coll oidal solution conprising
magnessq, afﬁe%%odzﬁgblaﬁ 42 %E%{H @ﬁ%%&%#ﬁlut nl o} ding

and/ or” Ceria are conbined. 5 snoki ng
Cj etfe aim 13 ¢co ising li.ghtin t.he, . oy
bl e oanflor Foan e e e BN bt mer e Siboeuefvpiagrsilics
the cigarette, wherein during the snoking of the

clitgaipetitria, zir¢pniz andipnesria genspsiisede ar bon nonoxi de to
carbon dioxide. -43
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57. A method of smoking the cigarette of Claim 13, comprising lighting
the cigarette to form smoke and drawing the smoke through the cigarette, wherein
during the smoking of the cigarette, the catalyst converts carbon monoxide to carbon

dioxide.
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