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WO 20041110186 PCT/IB2004/002180 Catalyst to Reduce Carbon
WRSREXAEh the Mainstream Smoke of a Cigarette Field of tHCTHUEHHI4102180
0001 The invention relates generally to methods for reducing constituents
such as carbon monoxide in the mainstream smoke of a cigarette during
smoking. More specifically, the invention relates to cut filler compositions,

cigarettes, methods for making cigarettes and methods for smoking
cigarettes, which involve the use of nanoparticle additives capable of
reducing the amounts of various constituents in tobacco smoke.
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specifically, the invention relates to cut filler compositions, cigarettes, methods for

making cigarettes and methods for smoking cigarettes, which involve the use of
nanoparticle additives capable of reducing the amoumts 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.



WO 2004/110186 PCT/1B2004/002180 0004 Catalysts, sorbents, and/or
WO MHHHEHr smoking articles are disclosed in the following: URS: iP &g #/002180

No. 6,371,127 issued to Snider et al., U.S. PatentNo. 6,286,516 issued to

Bowen et al., U.S. Patent No. 6,138,684 issued to Yamazaki et al., U.S.

Patent No. 5,671,758 issued to Rongved, U.S. Patent No. 5,386,838

issued to Quincy, Il et al., U.S. Patent No. 5,211,684 issued to Shannon

et al., U.S. Patent No. 4,744,374 issued to Deffeves et al., U. S. Patent

No. 4,453,553 issued to Cohn, U.S. Patent No. 4,450,847 issued to

, U t ND. 4,182,348 i i@l 2 s
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2002/0002979.A1, 2003/0037792 Al and 2/ L e
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described for use in_tgbaccgo prodycts (see e. Patent N .
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thgeglzg?el;nét%f%%?%atem No. 4,108,151 issued to Martin et al., U.S. Patent No.
3,807,416, and U.S. Patent No. 3,720,214 Published applications WO 02/24005,
WO 87/06104, WO 00/40104 and U.S. Patent Application Publication Nos.
2002/0002979.A1, 2003/0037792 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.z., 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; 4,195,0645; |
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.
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monoxide in the mainstream smoke of a smoking article during smoking. 2
Summary 0007 Tobacco cut filler compositions, cigarette paper, cigarette
filters, cigarettes, methods for rréakir}g cigarettes and methods for

. . . 11 a .
smoking cigarettes are provided With e& alysts for the conversion of
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greater than 20 m¥/g.

0008 One embodiment provides a tobacco cut filler composition comprising
tobacco and a catalyst for the conversion of 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.

According to another aspect, there is provided 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 and wherein the nanoscale metal particles and/or nanoscale
metal oxide particles comprise Cu, Zn, Co and/or Fe and the high surface area support
particles comprise silica gel beads and/or activated carbon having a surface area greater than
20 m¥/g.

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



metal oxide particles comprise Cu, Zn, Co and/or Fe and the high surface

area support particles comprise silica gel beads and/or activated carbon
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is preferably formed prior to the smoking of the cigarette. According to a
further aspect, there is provided a method of making a cigarette as
defined above, comprising: (i) 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 and
wherein the nanoscale metal particles and/or nanoscale metal oxide
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0011 A further embodiment provides a method of making a cigarette, comprising (1)

adding a catalyst to a tobacco cut filler, wherein the catalyst comprises nanoscale metal
particles and/or nanoscale metal oxide particles supported on high surface area support
particles; (ii) providing the cut filler to a cigarette making machine to form a tobacco rod; and
(iii) placing a paper wrapper around the tobacco rod to form the cigarefte.

0012 In a preferred embodiment the nanoscale metal particles and/or metal oxide
particles comprise Group IIIB and Group IVB metals and metatloids, high melting point
metals, and transition, refractory, rare earth and precious metals, e.g., B, Mg, Al, 81, T1, 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, 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 zircomum, 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

0013 ENVORRRAGINE NERRITACERIER SHRROMLRAICIRS GAMRUSR ERYFarticles
beads, Iron oxide an foractivated carbon in an dmount effective to
convert at least.aboyt 10%, preferably at 4a WO 200 :
oo SO0 LS8 A S DU et 5 ZApo e (4 dhe bigh
dioxide. For example, the catalyst can comprise fram, about 0. :
surfc{ gk PO CaD M/ o7 PR AR o dton BUUE AR AR 824 carbon in
area ort particles. 0014 According to ope method, a cigarette is
an am?ﬁl%ﬁ%g%t%?g bc39 %%‘ﬁba?n?%agmaa r%‘é[tipg?é ﬁ%é?%%&% solve?\t to form a
metal precursor solution, combining the metal precursor solution with high
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
particles, and drying the mixture. Optionally, a dispersion of nanoscale
particles can be added to the metal precursor solution. 0015 The
nanoscale particles can have an average particle size less than about
100 am, preferably less than about 50 rim, more preferably less than
about 10 nm, and most preferably less than about 7 run. 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
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substantially carbon free. The nanoscale metal particles and/or nanoscale

Wit/ 18%18e particles can comprise magnetic particles. The higgirsumnfececo2180

area support particles preferably have a surface area of about 20 to 2500
m2/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 j3- diketonates, dionates, oxalates and hydroxides and the
metal comprises at least one -5 WO 2004/110186 PCT/IB2004/002180
element selected from B, Mg, Al, Si, Ti, Fe, Co, Ni, Cu, Zn, Ge, Zr, Nb,
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precursor to form nanoscale particles within and/or on the high smface area support
particles, and drying the mixture. Optionally, a dispersion of nanoscale particles can
_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 mﬁ, more preferably less than about 10 nm,
and most preferably less than about 7 im. 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 suppoﬁ
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 -

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



colloidal solution can comprise adding a dilute acid or a dilute base to the
walgidatigelution. The dilute acid can comprise HCI. Accordinfftbd2004/602180

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 -6 WO 2004/110186 PCT/IB2004/002180 the smoke through the
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Suprpc?fgla?bel; r(f(i)er;)i)';tlgs v(vftlizl;}:ci) %;:z?t?;s'tﬂ;ﬁ)?g zlﬁlgjf%; on the surface of the bigh surface
area support particles. The size of the pores in the high surface area support can be
less than about 50 nm.
0017 = The high surface area support particies can be derived from a colloidal
solution and can comprise magnesia, alumina, silica, titania, ytiria, 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 tlie: pH of the colloidal solﬁtion. The step of increasing the viscosity of the |
colloidal solution can comprise adding a dilute acid or a dilute base to the colloidal
colution. The dilute acid can comprise HCL. Accordingto 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 Vet another embodiment provides a method of smoking the cigarette

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



King of Prussia, PA) having an average particle size of about 3 nm, versus
Wrdpdys1igkvder (from Aldrich Chemical Company) having an BVE#Zge04/002180
particle size of about 5m. 0023 Figure 8 depicts the temperature
dependence for the conversion rates of CuO and Fe203 nanoscale
particles as catalysts for the oxidation of carbon monoxide with oxygen to
produce carbon dioxide. -7 WO 2004/110186 PCT/1B2004/002180
Detailed Description 0024 Tobacco cut filler compositions, cigarette paper,
cigarette filter material, cigarettes, methods for making cigarettes and
methods for smoking cigarettes.are. provid ' Sedaly, [
iR e o S
surface area supp%rt I[farticles atpabl grfl 89n1¥ﬁ(r3ting carbon monoxide to
CARITR! GRIRIEIS 625 SIRBRIY™ S A'Cigarette means the heating or
combustion of the cigarette 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 tobaccp cont in(gi therein undergoes a
combustion reaction, d%ﬁ&ﬁﬁ%@éﬁ?’éﬁ%@?ﬁ E¥hidtigh the mouth end

of the cigarette. The cigarette may also be srp%l,(%d b a% [ neans, kar,
fple, Hisvergdrduhriay B I Lh) HEANRG e Cigarstte and/or
heating using electrical heater means,. a&s desc({ibed.'
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particles.

0020 Figure 5 depicts the temperature dependence of the Gibbs Free Energy and

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

06021 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 FepOs
nanoscale particles (NANOCATH Superfine Iron Oxide (SFIO) from MACH [, 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
Sum.
0023 Figure 8§ depicts the temperature dependence for the conversion rates of
CuO and Fe,O5 nanoscale patticles as catalysts for the oxidation of carbon monoxide

with oxygen to produce carbon dioxide.



6,053,176; 5,934,289; 5,591,368 or 5,322,075. 0026 The term

w0 'madnstrem” smoke refers to the mixture of gases passing d8@wH/iHi804/002130
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 -8 WO
2004/110186 PCT/1B82004/08%t8tedBeRfrB88* combustion (about 36%)

and reduction of carbon dioxide with carbonized tobacco %a%tleﬁﬁ 23%srial
Bopmatiofl g zarbart MbraidwaBHe B eFHaTCHE PERTHOSEE Which is ’
largely controlled by chemical kinetics, starts at a_ temperature af about ‘o
1800 B3N dinishedatabing JESTYE. OrmENOH FEATBER TR AT °
and carbon dioxide during combustion is controlled largely by the
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500 C, k, and kb, are about the same. At about 4000 C, the reaction .
hecomes diffusinnecontinflesiiinaliyeaane et AR BTN SRbAaR e
carbonized tobacco or charcoal occurs at temperatures around 3900 C

angiakayen00Re Rurinbesndakiitpthere are three distinct regions in a
cigarette: the combustion zone, the pyrolysis/distillation zone, and the ,
capglensatigrfiltiations a cigarette means the heating or combustion of the cigarette

to form smoke, which can be drawn through the cigarette. Generally, smoking of a
cigarette involves lighting one end of the cigaretie and, while the tobacco contained
therein undergoes a combustion reaction, drawing the cigarette smoke through the
mouth end of the cigarette. The cigaretic may also be smoked by other means. For
example, the cigarette may be smoked by. heating the cigarette and/or heating using
clecirical 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 cigaretie 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



zone. While not wishing to be bound by theory, it is believed that catalysts
Whalikd1t8moscale metal. particles and/or nanoscale metal oxidd BB tieiHe2150

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

% ggﬁh%g%%ﬁ%ﬁ;ﬁ%@% 1% SARPHSIIRN ol 173060 88120 G0

€,’water vapor, and various organics, the
concentration of oxygen is lgw in the -9 WO 2004/11 . thermal
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catalyst can convert carbon monoxjde to car (oxide.via bpth catalysi
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and the heat generated is carried to the pyrolysis/distillation zope. 0030
Thensyidiysns zeReor diseida B BE AR RB ORI SONE K Cre the

temperatures range from about 2000 C to about 6000 C. The pyrolysi
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reaction is the pyrolysis (i.e., _ -
and ky, are about the same. At about 4000 C, the reaction becomes diffusion

controlled. Finally, the reduction of carbon dioxide with carbonized tobacco or
charcoal occurs at temperatures around 3900 C and above.

- 0028 During smoking there are three distinct regions in a cigaretie: the
combustion zone, the pyrolysis/distillation zone, and the condensation]ﬁl{raﬁon
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 sutface 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 7008 C to about 9500 C, and
the heating rate can be as high as 5008 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

0.



thermal degradation) of the tobacco that produces carbon monoxide,
wEarbpnaiexide, smoke components, charcoal and/or carbon BEIRGBEE4/002180
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 noQ '(%ﬁ nd.carbon
obombestimgen©uﬁ@ﬁtl@Nd§aﬁ§ﬁéW%?ﬁé%<%‘é%{g§ﬁW§és %a%%e
cigarette. The partial pressure of oxy%:n in_the cond%%%?tion/filtragog the
zenepdabsrabtagererdiyredastien of RebeAiife it BRI TERRB e PY
2004/110186 PCTIIB2004/002180 0032 The catalyst comprises metal
angaminetaiodeics ndn SeicargrmibrR SE Sl GAB ABH Hy PR RRIES IS o

support particles. The high surface area support particles can comprise
peseusm ghianides anboieadislvetiencheaydafiata jsEhe combustion zone
interconnected passages that extend from one surface of the support [ﬁ X
anotheyexatiditiniy, tne Highsurtanerairdasappisd paheBE RS FoRpraEon
nanoscale particles. The high surface area support preferably comprises

patigles having a surface area greater than about 20, preferably greater
than about 50 m2/g. The support may be a

(030 The pyrolysis zone is the region behind the combustion zone, where the
temperatures range from about 2000 C to about 6000 C. The pyrolysis zone is where
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 3001 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 sorner 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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catalytically active support. 0033 Nanoscale particles are a class of
Whiaterlalsghose distinguishing feature is that their average difiiEsapd4/002180

particle or other structural domain size is below about 100 nanometers.

The nanoscale particles can have an average particle size less than

about 100 mu, preferably less than about 50 rim, more preferably less

than about 10 nrn, 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 yyith a catal icr?,r‘ly j j
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nanoscale particles disposed on a high stirfaci%}arﬁlaﬁuggo

;
aeppeTiad coUBRh SN FOT TR TROBAIAGuantitid S of mgfeg FfoupPoTt

catalyze, for example, the oxidation of CO t C?%Z' -11 WO 2004/110186.
POTB00400PTS0POAS SHEHE AP MR AR Petar e
oxide particles and a high surface area support. The su gort can compris
intrgmiocodaaraEib o R S BERHEAE LBt CTR iy Ao T
magnesia, alumina, silica, titania, zirconia, iron oxide,.cobalt oxide, ni kf-)l
axididiovo fpchiahise §ee R BSOTBRRY RIBEEG I DPEBE r’é\?‘}ﬂ%‘ﬁ‘g%ﬁesé ©s-
oxide optionally doped with palladium, ceria and mixtire thereof. Also

beshigbonertars eovsHBROECIRR{ESEP L AOBIPHAFH BRI CLE PrX R R e area

carbon (PICA carbon, Levallois, France). The sug(;))org? ar%hpreferably
chardetéhimegbout 20, preferably greater than about 50 m*/g. The supportmay be a

catalytically 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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by a BET surface area greater than about 50 m2/g, e.g., 100 m2/g to
W(R226001m2¢¢, with pores having a pore size greater than about$I/kB2604/662180

Angstroms, e.g., 10 Angstroms to 10 microns. 0036 An example of a

non-porous, high surface area support is nanoscale iron oxide particles.

For instance, MACH I, Inc., King of Prussia, PA sells Fe203 nanoscale

particles under the trade names NANOCAU Superfine Iron Oxide (SFIO)

and NANOCATU Magnetic Iron Oxide. The NANOCATU Superfine Iron

Oxide (SFIO) is amorphous ferric oxide in the form of a free flowing

owder, with a particle size of about 3 nm, a specifi¢ sur i
gbout 2583 m /gk?amdtalm momémﬁyw%aﬂﬁ&g%‘éﬂinﬁ’ﬁ%e%%ﬁ{n%@%% high
Superfine Iron Oxide (SFIO) is synthesized by a vapor-phas
whishcenelessibiee Tisragritesah e BN (e ﬁﬁ%‘h‘é%ﬁe\%%%%?cms
catalysts, and is suitable for use in food, drugs, and, cosmetics. T. L
NM%AEMM,@@Ma1MM@m%%%}H@= Sl a’a;%egﬁilc e
size of about 25 inn and a surface area of about 40 mZI%.?ﬁcgor%ig%&a
1202004 bike] BRIRDTIB00MO0RISH PHIATRY EMBSdihent,
nanoscale metal particles, e.g., noble metal particles such ase %Oldlacr%ln'mes
b?im%%&[gmﬂkbw@@emmlmﬁ@@d@ﬁﬁ%%@‘%? AR ERample
of a porous, high surface area support is silica gel beads. _Fuji-Si‘:;@lia

OVghamoraiks danappseliasibompatbeetintrdershRpnAERE SR 45
. 510 30 microns and have a range of average pore diameters Ofgio%aracterize a

a%%xuéogi%ICA carbon, Levallois, France). The supports are prelcrably

PICA
out

2 2 t-h
by a BET surface area greater than about 50 m*/g, e.g., 100 m /g to 2,500 m*/g, Wi

pores having a pore size greater than about 3 Angstroms, €.£. 10 Angstroms to 10

microns.

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

iron oxide particles. For instance, MACH T, Inc., King of Prussia, PA sells Fe, O3

nanoscale particles under the trade names NANOCATH Superfine Iron. Oxide

(SFIO) and NANOCATI Magnetic Iron Oxide. The NANOCATU Superfine Iron

Oxide (SFIO) is amorphous ferric oxide in the form of a free flowing powder, with a

2
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 lron Oxide (SFIO) 15

synthesized by a vapor-phase process, which renders it free of impurities that may be

C . d
present in conventional catalysts, and 1s suitable for use in food, drugs, an

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

article size of about 25 nm and a surface area of about 40 m’/g. Accordingtoa

p
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nm to 100 nm. The surface area of the silica gel beads ranges from about
WRBB0tRR/g. 0038 Exemplary classes of porous ceramic materialethao02186

can be used as a high surface area support 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

precursQr cqmpounds. For example, a metal precursoy such as gol
eSSBS T Es ) B s such o
oxalate-zinc oxalate, or iron per%tane dionate ca&ebe i

olved in a
RS 88 MEBRBTARHhEA RIS RESIE meta
such as titanium pentane dionate. The metal precursor mixture can b
neated 093 re /BT TSR BRBE ouRP DS I E] beacs

& metal precursor
wherein thermal decomposition of the metal p %)curs;)t[ﬁaéresults.in the
araastNshT CplouRMTE ke laParRils A PP RS 1 SRR B SH B3
titanic sup&g)rt particles that can range. in size from glbout 100 to 5]90 95
oL 8 e 20t GRS PE A MBDEO AT RS RIS Rty ™ 2P0t =

nanoscale particles can be formed in situ upon heating a mixture of

suitelp| (R pReeuTEGReoTBAtbraicRigh LsASIaRes KRmptR a8
way of example, metal precursor compounds such as gold hydroxide,
sivég-pentane

0038 Exemplary classes of porous ceramic materials that can be used as a
high surface area sapport 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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dionate, copper (Il) pentane dionate, copper oxalate-zinc oxalate, or iron
WOpfiari@18lionate can be dissolved in a suitable solvent such 6 EHEN6#/062180
and mixed with a dispersion of a support material such as colloidal silica,
which can be gelled 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 mixture include hydrochloric acid, acetic acid, formic acid,
ammonium hydroxide and the like. When an acid containing chlorine is
used to gel the colloidal mixture, preferably the gel is washed in de-

gol. T o ST AT My et o e e

gel. Thé a C ny suitable concentration such

, | le,.1Q .to 60 wt.%, e.g., a 15 wt.% di ' 0
SRS 8,0 SO o AN AR AL E LMo,

precursor-colloidal silica

mixture can be heated to a relatively low temperature, for. p "

Wﬂ%@%eﬁ%%ﬁﬂﬁﬂe@éﬁ%ﬁfﬁ% t%seg?nﬁe arldf)%))é%%gr’s%)?}ver pontane
results in the formation of nanoscale metal or.metal oxide, particle.
cdippaiceaPEIILE S5BHBR HARITe oM P& BICAS: ggﬁsﬁ%égc%%% A

titania or a colloidal silica-titania_ mixtyre can he usé%d ?%’f Syppor
out 1316

A t, .
Ghtioiersudolissahien S ARIREON G, SR o w8

rm.

0041 Silica hydrogel, also known as silica aquagel, is a silica gel formegd.in
witgering phSRPASIRA LT FE I S A LS Qe g te
hydrogel -14 WO 2004/110186 PCT/|B20041002180 with the Watezrx ids and
rqmsveck Ahaaagaidastyiid RNRSE HE IR EHAGTHEL Aoics

bases that can be used to gel the colloidal mixture include hydrochloric acid, acetic
acid, formic acid, ammonium hydroxide and the like, When an acid éontaining
| chlorine is used to gel the colloidal mixture, pfeferably the gel is washed in de-
ionized water in order té reduce the concentration of chloride ions in the gel. The -
colloidal support material can be any suitable concentration such as, for example, 10
0 60 Wt.%, e.g., a 15 wt.% dispersion or a 40 wi.% dispersion. During or after
gelation, the metal precursor-colloidal silica mixture can be heated to a relatively
low temperature, for example 200-400RC, 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

14
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been removed in such a way as to minimize collapse or change in the
Watriletune1as the water is removed. 0042 Silica gel can be preparaaig./002180

conventional means such as by mixing an agueous solution of an alkali

metal silicate (e.g., sodium silicate) with a strong acid such as nitric or

sulfuric acid, the mixing being done under suitable conditions of agitation

to form a clear silica sol which sets into a hydrogel. The resulting gel can

be washed. The concentration of the Si02 in the hydrogel is usually in the

range of between about 10 to 60 weight percent, and the pH of the gel

can be from about | t99. 0043 Washing can be acc lished simply b
R T8 TR or OGB4 PP Cb e ol g pas
water which leaches out the undesirable salts, leaving essentially pure

S (SR rReS . b Sl PR R ABOH oF HRE R stinitre as e
influence the physical properties of the silica particles, such as surface
alBHARH BB EBlume. 0044 Molecular organic decomposition (MOD) can

be used to prepare nanoscale particles. The MOD process starts with a.. .
metal pré@fsos B arliRgHhe ProerRdbh SETEMEPRE MRS SIGBAT PR ixing
suitable solvent. For exa%, the process can invglve a sjng[Ie meta

etal
DRICRABERUSCROlHEPBINE o ANGHE Tirteh MiSABNNE Br BRETPRoHHSE LT ReRE

multiple single metallic precursors that are combined in solution to form a.

sokidondhisturiings dokbriscasidoBramins ReRhions s prufre cpditions

of agitation to form a clear silica sol which sets into a hydrogel. The resulting gel
can be washed. The concentration of the SiO; in the hydrogel is usually in the range
of between about 10 to 60 weight percent, and the pH of the gel can be from about 1
to 9.

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 (SiO;). 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 deoomposiﬁon (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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WO 20041110186 PCT/IB2004/002180 nanoscale metal particles and/or
whanasgalgdnetal oxide particles, including the support particlesc99dmdin@ 2150

decomposition temperature of the metal precursor is the temperature at

which the ligands substantially dissociate (or volatilize) from the metal

atoms. During this process the bonds between the ligands and the metal

atoms are broken such that the ligands are vaporized or otherwise

separated from the metal. Preferably all of the ligand(s) decompose.

However, nanoscale particles may also contain carbon obtained from

partial decomposition of the organic or inorganic . components present jn
thenpsewdd prefelipsshiele siidonasmossaladrs QH@?\Q%@S?@%%}@&?@S&&%

substantially carbon free. 0046 The metal precursors used in MOD
pragessprgtinieferably are high purity, non-toxic, and easy to handle and
store (with long shelf lives). Desirable physical properties include
solubilit90ssoVbarispsmprsitonisanaRy it REARHIRIGRBROTF the
multi-component synthesis, and volatility for low temperature rocessin%ié

OBApdamosetigieribiel g peubsrntelidinaniaiefes wiatkiap) fom
precursors or from single-source metal precursor molecules in which one
omBta etometdlicraie then iz avess erhically baismsiaibe lipgadicgibthe metal atoms
stoichiometry of the resultant particles can match the stoichiometry of the
metdhpleaunstr Solutiei H0M8 Aw vapuitcf doODiInstRetRied %@@H@e metal.
a catalyst is that a _
Preferably all of the ligand(s) decompose. However, nanoscale particles may also
contain carbon obtained 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.

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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commercially desirable stoichiometry can be obtained. For example, the
WOd@8iveth 1856 WO 2004/110186 PCT/1112004/002780 atomid €&t EHe0218¢

catalyst can be achieved by selecting a metal precursor or mixture of

metal precursors having a ratio of first metal atoms to second metal atoms

that is equal to thé desired atomic ratio. 0049 The metal precursor

compounds are preferably metal organic compounds, which have a

central main group, transition, lanthanide, or actinide metal atom or atoms

bonded to a bridging atom (e.g., N, O, P or S) that is in turn bonded to an

ic radical, Examples of the mai tal atom | dure
R AR A LA

Pd, Ag, Sn, Ce, Hf, Ta, W, Re, It, Pt and An. Such ¢ .
SCATSR B f(é@&ﬁ%&%ﬁ%ﬁ?e’??%?g%S&%f S e gft%rtg'}:%ll,at v

metal hydrides, thiolates, amides, nitrates, carbonates, cyanates,

sanatde t Jrnbied AlREEO and hydrates thereof. The metal precursor

can also be a so-called organometallic compound,_ wr%?reine%lcgrngmaJc

metal 289APis BBAAIAPETRISP ARSI SrTEEI o SR GG up.

Aspects of processing with these metal precursors arlgxg'sgnﬁ]gsegr bgtlz%\i\ﬁe

COBWPFadtrabisrorite SFRIFE B BB EARYSR) e molecules

having pre-existing metal-oxygen bonds such as metal alkoxi M(OR)"
RO RO TSRy oo e AL GrA
alkyl or aryl), (3-diket?£atais M((Bigiketonate)" ,((Bg-rggpeholgt%}% o include. but
rRodeHe Ry eaticHilitealbeRfsOMS SEH) 8 ’

are not limited to 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, I, Pt and Au. Such 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 Qrganometallic 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), f-diketonates
M(p-diketonate), (B-diketonate = RCOCHCOR') and metal carboxylates M(O:CR),.
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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Metal alkoxides have both good solubility and volatility and are readily
wappicablesdo MOD processing. Generally, however, these conpEauUIBI04/002180

are highly hygroscopic and require storage under inert atmosphere. In

contrast to silicon alkoxides, which -17 WO 2004/110186

PCT/IB2004/002180 are liquids and monomeric, the alkoxides based on

most metals are solids. On the other hand, the high reactivity of the

metal-alkoxide bond can make these metal precursor materials useful as

starting compounds for a variety of heteroleptic species (i. e., species

with different types of ligands) such as M(OR)"_xZx (Z = (3-diketonate ar the

QRAR)i065hdecacakogidbe MordesBaedeRARATH S&B‘“f&ﬂ@ ota "

large variety of molecules. This allows easy chemical modification and

thtlsechatd) ti Bieichieristly whgmgﬁbﬂ&mﬁlﬁ@%ﬁ‘ﬁﬁim%r%e metal

compounds such as alcohols, silanols (R3SiOH), glycols OH(CH2)nOH, .

cprbueylic ancHytiroxyichrsottivacsidspayorsir surmiare heterggpac species

Fluorinated all-oxides M(ORr)n (RF = CH(CF3)2, C6F5,...) are readily

splublepiecRiganis uienistams el zusitse publeanlti(aPolsls (fan B-diketonate

classical allcoxides. These materials can be used as precursors for

flupgsiesypxides or fluoride-doped oxides such as F-doped tin oxide,
which can be used as metal oxide nanoscale particles and/or as a high

syyfase aragSHPRRx PRSI NRfesiiareafietatalkoxinsenedliedargieevariety of
number of M-OR bonds
molecules. This allows easy chemical modification and thus control of
stoichiometry by using, for example, organic hydroxy compounds such as alcohols,
silanols (R;SiOH), glycols OH(CH,),OH, carboxylic and hydroxycarboxylic acids,
hydroxyl surfactants, etc.
0052 Fluorinated alkoxides M(ORg), (Rg = CH(CF3), C¢F's,...) are readily
soluble in organic solvents and less susceptible to hydrolysis than classiéal
alkoxides. These materials can be used as precursoi‘s 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 in 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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available for hydrolysis and thus hydrolytic susceptibility. Thus, it is
wpossible s control the solution chemistry in situ by using, forrexampies/on2180
(3-diketonates (e.g. acetylacetone) or carboxylic acids (e. g. acetic acid)
as modifiers for, or in lieu of, the alkoxide. -18 WO 2004/110186
PCT/1B2004/002180 0054 Metal (3-diketonates [M(RCOCHCOR")",,, are
attractive precursors for MOD processing because of their volatility and
high solubility. Their volatility is governed largely by the bulk of the R and
R' groups as well as the nature of the metal, which will determine the
degree of association, m, represented in the formula above.
ARy laceldeialdy dikeruania BVHRCAVENTRTEbls Bo ciid itayregsors for
provide good yields. 0055 Metal (3-diketonates are prone to a chelating
beteiprdbattarbead o tHecredstlitythediielesplpBitheSbepraelntabiss
These ligands can act as surface capping reagents and polymerization

inkibitarsl Ehudy Ssndikpatticéshedh el Bheained afteethydiblysriwe of the
M(OR),,.,((3-diketonate)x. Acetylacetone can, for instance, stabilize
napescaleicoNaitdeTrmsmeribtal dB:dikdtonatdaiecurs seprgrenisbie thedffonula
preparing nanoscale particles. 0056 Metal carboxylates such as acetates
(MESRC ety ateicanun erciaityCaisiablalasnngtate beorishtbendse provide
rendered anhydrous by heating with acetic anhydride or with
24pe8haxywthanol. Many metal carboxylates generally have poor
0055 Metal B-diketonates are proneto a chelating behavior that can lead to a
decrease in the nuclearity of these precursors. These ligands can act as surface
capping reagents and polymerization inhibitors. Thus, small particles can be
obtained after hydrolysis of M(OR),.«(p-diketonate),. Acetylacetone can, for
instance, stabilize nanoscale colloids. Thus, metal -diketonate precursors are
preferred for preparing nanoscale particles.
0056  Metal carboxylates such as acetates (M(0,CMe),) 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,CCHEL,Bu)y,), which are the carboxylates with the smailest
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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solubility in organic solvents and, because carboxylate ligands act mostly

woasoprdgigg-chelating ligands, readily form oligomers or polyrensis2oo4/60218¢
However, 2-ethylhexanoates (M(O2CCHEt"Bu)n), 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 -19 WO 2004/110186 PCT/IB2004/002180 example,
formate AI(O2CH)3(H20) and carboxylate-alumoxanes
[AlEnRHORCR) 33k (5 PlapdrearrsmaircdiNSPERE e minerals

gibsite or boebmite. 0057 Multicomponent materials can be prepared,
fronDRIXEL(BeER Hatero bmptatityleourtr dnerparetvrtivagjai gibsite of
mixture of single metal (homo-metallic) precursors. 0058 The use of
redlipigtsingle-metal precursors has the advantage of flexibility in
designing precursor rheology as well as product stoichiometry.

Hetero-piesallig/puktinosgrmeon theathisromaie, prppistidrae i thmtpfhetero-
systems whose single metal precursors have undesirable solubility,

Vﬁ‘{é‘&!!'ﬁé%r&ﬁmﬁ%ibﬂei Mt@ﬁﬁﬂxfdlbg@dammmﬁ éaglp @@Eﬁh{h@@@jﬁletallic)
Lewis acid-base reactions or substitution reactions by mixing alkoxides
apg/ar@ier metal precursors such as
0058 The use of multiple single-metal precursors has the advantage of
flexibility in designing precursor theology as well as product stoichiometry.
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 1_33 obtained via Lewis acid-base reactions or
substitution reactions by mixing alkoxides and/or other metal precursors such as
acetates, B-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 mixtare 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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acetates, (3-diketonates or nitrates. Because the combination reactions
woagoniteded by thermodynamics, however, the stoichiomegy-0fgb&.1/002180
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; Theological compatibility with -20 WO
2E0INA1Es RCNIT82 beMDBTIYD ShHbABpTSHoAHNHE BRINY qodipr
(e.g. the desired viscosity, wettability and/or compatibility with other
roegtetyikitjustérsyhbothag gmindivalssn presiuge el FAROGIGEBR AR
and economic factors (e.g. cost, recoverability, toxicity, etc.). 0061
sHvpotsiamaydseuseni OB (srocesdingancils BEreredy. etc.).
hexanes, cyclohexanes, xylenes, ethyl acetates, toluene, benzenes,
tetrahy6furaSplseetothet casbonwislifidd Qfithierebeng dieyde pentanes,
nitrobenzenes, pyridine, methyl alcohol, ethyl alcohol, butyl alcohol,
thicmeioroydotaninesak gieirits <106 2¢ktgosdinttoea prefenesd tetrahydrofuran,
embodiment, nanoscale particles of metals or metal oxides can be
fareaach Ofebbighi sulffdeadividarvbenoxide, siipportzSuitabigifinscmredy
compounds for the metal, metal oxide or iron oxide are those that
thexnallygeramprsk mitreatviely, hiotefoperatdrespsudiasidiscussed

wove 0062  According to a preferred 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 ean 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 preﬁurscr solution as described above.

0063 Nanoscale metal particles may be incbrporated 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

mietal 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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According to an embodiment, a metal precursor solution can be combined
wowithya 1gispersion of iron oxide particles. The support can be eonvesetoiady:z180
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
rietebitrd cursor. sTifacgiof Sheetrnostibyanmey nmthr fatdr sy a8 Be
adsorbed onto a surface of the support or absorbed into the support. The
reedpbprion soitatdycaist deraiOreoRs To1Bs RerviB2bba kysidaeay be
deposited onto a surface of the support by removing the liquid, such as by
evdstaatidiy sorthakthonetat preparsdnriemainerin théhstuppbi PRdNEGRI
may be substantially removed from the support during or prior to

thesaiaihe dieatingibie asetakpieguisosppott asaymeaititereashep Yesrn she

a temperature higher than the boiling point of the liquid or by reducing the

PrRSSHE§6ihef abmngpiiese isuresducisin thet ipecsamport. (0O 61l sofprnding
metal to molecular sieves, for example, can be accomplished through
mpdngghernolecular sieves with a solution, preferably aqueous, of an
appropriate metal precursor. The mixing can be performed at about
0064 Addition of the metal to molecular sieves, for example, can be
accomplished through mixing the molecular sieves with a solution, preferably
adlueous, of an appropriate metal precursor. The mixing can be performed at about
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 ireatment 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 solation and the contacted support can be heated in the presence of an
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ambient temperature or at elevated temperatures, e.g., through reflux.
WOAer/1IMeerporation of the metal precursor, but before heatingdinapmetado2:so
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 atrri%s heres. For instance Hi]zemg

suppeRearmssIRE Rt dhRr Rt U B LO AT Sha e O
contacted support can be heated in an inert or reducing atmosphere to
f@ﬁﬁpa@lmtﬁdfm%é%ﬁf&wm}ﬁ&@w&ﬂ?ﬁ%&%e support can
be contacted with a metal precursor solution and the contacted support
can be AgaTed ThemagnbaEssEser sprioda ey DRy 8 Pagiserbly heated to a
PCT/1B2004/002180" oxidizing atmosphere and then heated in the
swbgtentiakagahte Wa'ﬁmﬁ@m@%W?é terndetivabihe metal
nanoscale metal oxide particles. 0067 The metal precursor-contacted
spipporids. Fbtepatiiytedaiedting smmenparaovdlclipantbosy GraeicHanligrads
decomposition temperature of the metal precursor. The preferred heating
temperatuel wilbudpedctonittioptrioaalng o4 dbe meiales dipay ohendesired
degradation temperature of the metal(s) and any other desired groups
WhisipanetiohensainrdtoieyEly tegrdherpeefesiobtampraias brvapciout
200EC to 400EC, for example 300EC or 350EC. The heating of the metal
precursor-contacted support can oceur 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,Os 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 400BC. 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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200EC to 400EC, for example 300EC or 350EC. The heating of the metal
wopeausascontacted support can occur in an oxidizing and/orreatiaBing4/002180
atmosphere. 0068 As an example, iron oxide particles smaller than 100
ran can be used as a support for nanoscale gold particles. The Au-Fe203
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 patrticles, 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 scalev?é)lﬁl%arﬂfl?s §up rted
areHaRORIales CARPRONFGKITe Partire SORFERBRRARHER HE 1A’ %b As
a further example, nanoscale copper particles can be deposited on a hi'lgh
s@m@c@mémaﬁé@@c‘?ﬁ%’%%&@é%%ﬂ%%& fRRisH A suetras
molecular sieves, magnesia, alumina, silica, titania, zirconia, iron oxide,
CPlgxt axchie oicibFaoselibeadnpar benied (REARCSRIBA SR ABRRY R erperature
zirconium, manganese oxide optionally doped with palladium, ceria and
miktheesdheseotortupesimplescdpepperwts s oay fhp fuirate material.
PCT/IB2004/002180 pentane dionate, copper oxalate, or other copper
compoubiEithat e drjbuituteevapersterarplesmpo st ih xdle 1, metal
combined with the substrate material, such as PICA carbon or silica gel
beads:arddiaptends, abiaverthe Hecthpositispr epmuaundeanst fhixtures of
precursor to deposit nanoscale copper particles on the substrate material.
0QZAcTaikeArilitistatebriarbpsexamplespAsshovsTdnRabie MTchRstdanoscale

metal and/or metal oxide particles on high surface area supports. In each of the
examples, a dispersion of the substrate material was combined with a solution
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
oﬁ 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 Nangscale
particles
1 copper pentane dionate chloroform Cut+ ZnO

zinc pentane dionate

2 copper pentane dionate chloroform Cu
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precursor compounds, mixtures of metal precursor compounds and/or
WOngtireslef nanoscale particles and metal precursor compoReBIRENE /002180
used. to prepare nanoscale metal and/or metal oxide particles on high
surface area supports. In each of the examples, a dispersion of the
substrate material was combined with a solution 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

mder.flowing-argen—to-a-temperature-sf-about-306-400EE—FH S
ot r? g -oa g ot o™ ;ﬁl Irli.d\zl Lu&bl JUuthﬁ\.aYca¥G\iE I |t?uH_| b\ébbl
vas manos a‘é%p ] g’na:e particles, typicajly ranging in

$uppart patticles. ctbgiGrbalaxidatiyon oxide danogaale partiClesrof oxide
Example 4iwere fousdstatae: diagnetic. Talile 1. Preparatipn of nanoscale
partictes ory high surface area Supports Example Precursor/p W(% r
;Fixtu?e Solvent NatfOEEIESREVEL 1 co elplblgﬁé’ﬁ% dianat%uc ?6%6%rm
u+ ZnO_Zinc pentanBHiiH¥E2 capper | i chloroform Cu
-24 WO 2004/110186 PCT/IB2004/002180 3 copper pentane dionate (50

wt.%) ethyl alcohol Cu + CoO cobalt pentane dionate (50 wt.%)
0071 In general, a metal precursor and a support can be combined in any

suitabl_e ratio to give a desired loading of metal particles on the support. Gold
“hydroxide and iron oxide can be combined, for example, to produce from about 0.1
to 25% wi.%, e.g., 2 wt.%, 5 W‘t‘.%, or 15 wt.% gold on iron oxide. |

0072 The support may include substantially any material which, when
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 CO», the nanoscale particles and/or
the high surface area support may become reduced. For example, Fep 03, which may
comprise the support or particles disposed on a support, may be reduced to FezOa,
FeO or Fe during the reaction of CO to COx.

0074 Tron 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 éspeciaﬂy useful for certain applications, such as within a

burning cigarette where the partial pressure of oxygen can be very low.
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4 cobalt pentane dionate chloroform CoO + iron oxide iron pentane
wdlmoata @ geuO nanoscale powder chloroform coo + Z110 zineoxaeten+/002150

0071 In general, a metal precursor and a support can be combined in any

suitable ratio to give a desired loading of metal particles on the support.

Gold hydroxide and iron oxide can be combined, for example, to produce

from about 0.1 to 25% wt.%, e.g., 2 wt,%, 5 wt.%, or 15 wt.% gold on iron

oxide. 0072 The support may include substantially any material which,

when heated to a temperature at which a metal precursor is converted to

a metal on the surface thereof, does not melt, vaporizfe cqmpletely, or.
otherwis®Bcomeninbabissiapdrie @ polestiadhe saqe ﬁaﬁ%ﬂ%&cf’%g Hon, €.g.,
During the conversion of CO to CO2, the nanoscale particles ang/or, the
higlrsuitartharet stppthiinarbeehae Ransdde Korak g Spygout
which may comprise the support or particles disposed on a support, ma
bearedijzehonf e 36 1aFe® proRacafifetreoH Rt PG TBPARE P

Iron oxide is a preferred constituent in the catalyst because is has a_dual
fungtionassaGQant, MO, batdiystingiosyseséintee seasigpe sushdhay heeyidant
oxidant for the direct oxidation of CO in the absence of oxygen. A catalyst
thattan adgadad. used as an oxidant is especially useful for certain
applications, such as within a burning cigarette where the partial pressure

of oxygepwan b vepsiiow a catalyst various thermodynamic considerations may be

taken into account to ensure that catalysis will occur efficiently, as will be apparent
to the skﬁled 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 compatison between the catalytic activity of Fe;03
nanoscale particles INANOCA'TH Superfine Iron Oxide (SFIO) from MACHL Inc.,,
King of Prussia, PA) having an average particle size of about 3 nm, versus Fe,0s
powder (from Aldrich Chemical Company) having an average particle size of about
5pum. The Fe;O3 nanoscale particles show a much higher percentage of conversion
of carbon monoxide to carbon dioxide than the larger Fe;O3 particles.
0078 As mentioned above, Fe,Os 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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-25 WO 2004/110186 PCT/1B2004/002180 0075 A catalyst is capable of
Wnpfeatingtse rate of a chemical reaction, e.g., increasing the nate/@2004/002180
oxidation of carbon monoxide to carbon dioxide without participating as a
reactant or product of the reaction. An oxidant is capable of oxidizing a
reactant, e.g., by donating oxygen to the reactant, such that the oxidant
itself is reduced. 0076 In selecting a catalyst various thermodynamic
considerations maybe 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  Gihbs Free Energy and
i ﬁfé@ﬁ&rﬁ&@’éﬁ%ﬁﬁ&?@&@ﬁﬁé I e e
to carbon_dioxide. Figure 6 shows the temperature dependence of the
pé?@é’ﬁfﬁ&%f@f‘@émﬁr%%gﬁglégﬂ%}gmﬁ%ﬁf%%n to form carbon
monoxide. 0077 Figure 7 shows a comparison between the catalytic
activity of #6203 Hialiskeindpsiiery tResRes capaislpamime sl Sigee 8
(SF10) from MACH |, Inc., King of Prussia, PA) having an average |
paHiTB s SOEBBHE STV Hee PO srasek dePthdinca i ROPTHBRndale for
Company) having an average particle size of about 5m. The Fe203 )
ndrdddatE adtiched Shrs Eornvie P hiepssdedentisdes gFaen/embhubs particles
carbon monoxide to carbon dioxide than the larger Fe203 particles. 0078
AspdetitisieleaBovantezioparishscaie paitlo srarareaablbeoractivg Tas gas

both an oxidant for the conversion of carbon monoxide to carbon dioxide
and -4%:dC0, 21% O,, balance He) flow rate was 1000 ml/min. and the heating rate

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 CuQ and Fe, O3

nanoscale particles.

Table 2. Comparison between CuO and Fe;O; nanoscale particlés

Nanoscale particle CO/CO;, O, Depletion (%)
None 0.51 48
CuO 0.29 67
Fey04 0.23 100

0081 Inthe absence of nanoscale particles, the ratic of carbon monoxide fo

carbon dioxide is about 0.51 and the oxygen depletion is about 48%. The data in
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catalyst for the conversion of carbon monoxide to carbon dioxide. The
waF8d93i0iaposcale particles can act as a catalyst for the conversiomefos/ 402180
carbon monoxide to -26 WO 2004/110186 PCT/IB2004/002180 carbon
dioxide in the pyrolysis zone, and as an oxidant for the conversion of
carbon monoxide to carbon dioxide in the combustion region. 0079 To
illustrate the effectiveness of nanoscale metal oxide, Figure 8 illustrates a
comparison between the temperature dependence of conversion rate for
CuO (curve A) and Fe203 (curve B) nanoscale patrticles using 50 mg CuO
particles and 50 mg Fe203 nanoscale particles as a catalyst in a_quartz

tibrbleadidestraiesghs itepnvecooniringiogd b amds PREYTsHe REHRls. 1he ratio
1000 ml/min. and the heating rate was 12.4 Kimin. AIthou%h the CuO

nafiosdzie panteiddertavahighgiosiindrersedtey) anddiwer 20

at higher temperatures the CuO and Fe203 have comparable conversion

rateso SOBORatitdcs, strpndisadpmprissrebe wnneligirgResEdarBorm and 100%

monoxide to carbon dioxide, and the percentage of oxygen depletion

witerCugingn € e, @ndaRe203: patiobraepeaitioty Table 2. Comparison

between CuO and Fe203 nanoscale particles Nanoscale particle CO/CO2

OZ Depleiign (Ydhd\minayd1ts WwidBpEfe@ablp dbdtistributed throughout the tobacco
rod portion of a cigarette. By providing the catalysts throughout the tobacco rod, it
is possible to reduce the amount of carbon monoxide drawn through the cigarette,
and particularly in both the combustion region and in the pyrolysis zone.

0083 The catalysts, as described above, may be provided along the length
of a tobacco rod by distributing the 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 cigaretie making machine or added to a tobacco

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

heating a mixture comprising a metal precursor solution to a temperature sufficient
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Fe203 0.23 100 0081 In the absence of nanoscale patrticles, the ratio of
warbommenoxide to carbon dioxide is about 0.51 and the oxygeng2e04/062180

depletion is about 48%. The data in -27 WO 2004/110186

PCT/IB2004/002180 Table 2 illustrates the improvement obtained by

using nanoscale particles. The ratio of carbon monoxide to carbon

dioxide drops to 0.29 and 0.23 for CuO and Fe203 nanoscale particles,

respectively. The oxygen depletion increases to 67% and 100% for CuO

and Fe203 nanoscale particles, respectively. 0082 The catalysts will

preferably be distributed throughout the tobacco rod portion of a cigarette.

By theowidingienemmesy dhe tesi GHETTIRG Ip RS THHC Raides L iRrably
reduce the amount of carbon monoxide drawn through the cigarette, and
perfioutedypindydehathirgoberabat degioh cagi GHehe pyrolysis zone. 0083
The catalysts, as described above, may be provided along the length of a
tobaccd)fSd byTiistribotimigflibeceitabyst omnthe tolsaicsosvelibur s amegnt of
them into the cut filler tobacco using any suitable method. The catalysts
mapdeponviied imithéftrmmbagondeedicrlasongisndkingecforaigrete.
dispersion. Catalysts in the form of a dry powder can be dusted on the cut
filleftodidecthandioncigitbtiodillest mildricd onttipticathiydtasiate saIcan. 68 »
added to the paper stock of a cigarette paper making machine. The
catalystmmayfalsmiit grmase ftiethapbrmishu tispieioredndo shragedbn
the cut filler tobacco, cigarette paper and/or cigarette filter material.
mg/cigarette. More preferably, the amount of catalyst wili be from about 10
mg/cigarette to about 100 mgfcigarette.

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 particies
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, Burley,
Maryland or Oriental tobaccos, the rare or specialty tobaccos, and blends thereof.

The tobacco material can be provided in the form of tobacco lamina, processed
tobacco materials such as volume expanded or puffed tobacco, processed tobacco
stems such as cut-rolled or cut-puffed stems, reconstituted tobacco materials, or
blends thereof. The tobacco can also include tobacco substitutes.

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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Alternatively, the tobacco and/or cigarette filter material may be coated

woMbh. gigeersion containing the catalysts. The catalyst may algq@g004/002180
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 -28 WO 2004/110186
PCT/IB2004/002180 to thermally decompose the metal precursor into
nanoscale particles is preferably performed prior to adding the catalyst to
the cigarette. 0084 The amount of the catalyst can be selected such that
teantininch tarbontrhBiuxidednayrindt®aalsnidieso sl e HRiFrY's
- smoking of a cigarette. Preferably, the amount of the catalyst will be a
catialyficalibeftaativebantdut, ipdss foabaBclP ddvesmilllrgHgrdGs may
example, about 5 mg/cigarette, to about 200 mg/cigarette. More
mefeeabbmprsaoeuntmboaftlystanit beotismasddivesderaghigbretiivgs,
about 100 mg/cigarette. 0085 One embodiment provides a cut filler
cRpRsiinmeomprising:dalsnccioing arigashiodersatthysobam dnciiste
of converting carbon monoxide to carbon dioxide, where the catalyst is in

the formygé@ nanpsealemeialpaitiptesidmdoigmeios cateprisiag asithacco rod,
particles supported on a high surface area support. 0086 Any suitable

tQhAGEH, MiXtUe Y usasiter theacub kile il Exhnvilesabisultabtecajpst: a5
of tobacco materials include flue-cured, Burley,
described above, which is capable of converting carbon monoxide to carbon dioxide.
A further embodiment provides a method of making a cigarette, comprising (1)
adding a catalyst to a tobacco cut filler; (ii) providing the cut filler to a cigarette
making machine to form a tobacco column; and (iii) placing a paper wrapper around
the tobacco cotumn to form the cigaretie.

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 equipmenf. 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 mum 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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Maryland or Oriental tobaccos, the rare or specialty tobaccos, and blends
wothereofoiBhe tobacco material can be provided in the form of pohagRoe4/002180
lamina, processed tobacco materials such as volume expanded or puffed
tobacco, processed tobacco steins 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 -29 WO 2004/110186
PCT/IB2004/002180 about 1/10 inch to about 1/20 incg or even 1/40 inch.
e el of U AR i TOM BB e T 60 TUCRES
about 3.0 inches. The cigarettes may further comprise one or more |
fiveRiRTenGE GRS PEIGH &wgﬁm@%&%&ﬁ&%ﬂ%:ﬁ%h@
agents, coloring agents, binders, etc.) known in the art. 0088 Anpther

i ervgsibhgagnseiohrbne LBPBHISHY PP RES FRerdd the
tobacco rod comprisses tobacco cut filler,having at least one catalyst, as
gesferibdyl I0ove/onich ibedphlsiaef@Bnverting carbon monoxide to
carbon dioxide. A further embodiment provides a method of making a
SRR etiécioomrsipgtndienhgravédealy seathadeb seak ag fireriggptte
providing the cut filler to a cigarette making machine to form a tobacco
clohemiiredoarte vit) wheichipreopegsd iehiinppbe eresuake thdobasrokedtudiaying
form the cigarette. 0089 Techniques for cigarette manufacture are known
iththenakte Amyugh the cigarette, wherein during the smoking of the cigarette, the

catalyst acts as a catalyst for the conversion of carbon monoxide to carbon dioxide.
0092 While the invention has been described with reference to preferred
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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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
Whapisanaiyedambined 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 nun to about 120 mm in length.

ggnﬁrallly ¥l @g&ﬁts &@ﬁﬁ%ﬁ@ﬂﬁga@@u&&ﬂﬂéﬂdm@sﬂﬁm&zef|s<mbetttng
mm long, a "Super Kjng Size" is about 100 nun long,.and a "Long" |

AIGPABL 5050 10 SBoAT To b eSO T TR et
pm’iﬁﬂ'@hanm chgniekenaetis f@&[ﬂalpatticl&, nep poadbutr3Gigim sm:face area

C|rcumfer nce, refer ny aroun The tobac

SUpgRHSRE I ?ﬁp?@§IIV%) R/veen tﬁgnr%lsr?ae 0 r%qlgtalltbée%n%é%rggo to a@galte?%gtal
oxitkgfemilandopreferably 750 Gg/enddtolzbend 2718 hghcmeiagegreretupport
parfy nlothe(r)%mbs%dlsq? gﬁp\ﬁgae?'% X Igép%@v&gﬁogﬁi‘%ﬁlﬂ%ﬁwﬁée&@uﬁ&e area

describadrabove W involv hting the cigarette to form smoke and

greiaving Mendimoke through the cigarette, wherein during the smoking of
the cigarette, the catalyst acts as a catalyst for the conversion of carbon
monoxide to carbon dioxide. 0092 While the invention has bee

descéribed \ﬁitﬁlgéﬁ‘ér@éé%iﬁ%f@r?@dn’emgﬁ%t%@% Be ﬁ”&%r‘é’t‘&%&m
thelP@t fyaLiatinnsaed sodifigations may be

-

3. A cigarette according to claim 1 or 2, further comprising a filter and

cigarette paper, wherein the filter and/or the cigarette paper incorporates the catalyst.

4, A cut filler composition 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 and wherein the nanoscale metal particles and/or
nanoscale metal oxide particles comprise Cu, Zn, Co and/or Fe and the high surface
area support particles comprise silica gel beads and/or activated carbon having a

surface area greater than 20 m?/g.

5. A cigarette according to any of claims 1 to 3 or a cut filler composition
according to claim 4, wherein the nanoscale metal particles and/or nanoscale metal

oxide particles comprise B, Mg, AL Si, Ti, Ni,
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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. -31 What is
claimed is: 1. A cigarette comprising tobacco and a catalyst capable of
Gecanyamingloc®BORINPHOXiESn Carlidh dnxitie Reh@seiln,tRe datalydtmixtures
th coor"%uprises nanoscale metal particles and/or nanoscale metal oxide
eﬁ% icles supported on high surface area support particles and wherein
the nanoscale metal particles and/or nanoscale metal oxide particles
comgrise CH’ é%argt? _ad%gé%iﬁg nglﬁm fﬂgﬂ _%u[)flageo?%e@lﬁliﬁ%?rgzomposiﬁon
particles comprise SITIC& gel beads and/or activated carbon having a )
acqurfmeetarelaimré e S thareromibrghizhswitiae fea sepram PRt EiEm Fpmprise
mALNPHINGoRaceR-c4t filleniunersi, Higneut fillestoMRHSOS dbeceBiaYNide,

3. A cigarette according to claim 1 or 2, further comprising a filter and )
nickiglpstie pRpRRChORElRi AT iFE ARBPBHIY IR H S APy IMEBRBFaTRide
opthimaaialypbd dvith puliddrncoRposiiDncempdigisg:tgbacco and a catalyst

capable of converting carbon monoxide to carbon dioxide, wherein the
catalyst comprises nanoscale metal particles and/or nanoscale metal

oxidg particlesigufperiechedinigh chirfatelated supportapartitlés amgposition

wherein the nanoscale metal particles and/or_nan le me idess 1o
e ORGSR SR O 625 v
nanoscale particles supported on a high surface area support particles.

8. A cigarette according to any of claims 1 to 3 or 5 to 7 or a cut filler
composition according to any of claims 4 to 7, wherein the high surface area support

particles are derived from a colloidal solution.

9. A cigarette according to any of claims 1 to 3 or 5 to 8 or a cut filler

composition according to any of claims 4 to 8, wherein the
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area support particles comprise silica gel beads and/or activated carbon

having a surface area greater than 20 m2/g. 5. A cigarette according to

any of claims 1 to 3 or a cut filler composition according to claim 4,

wherein the nanoscale metal particles and/or nanoscale metal oxide
nampatitte smeapristcBs Mod/Ad, Sindicie, 82@k oXidd\patddeRbaRhaPdyvigge

n, Ce, Hf, Ta, W,.Re It, Pt, An and mixtures thereof. 6. A cigarette

palgi&l:%%ilﬁée% ?fg?rﬁtflg, 8?‘5 or a cut filler composition according to

claim 4 or 5, wherein the high surface area support particles comprise

moleﬁylar S Ves, MRoNesiR AR, BlicilianiaoZrePiae PR OXIdR: filler

cobalt oxide, nickel oxide, copper oxide, yttria optionally doped with
compesitiomaseaiivipmtsansxide dptohamP dopeerinitho araeicHs Bstal aagicles
andAXHERESHAE! 808 taf RIHIORRIR-2EEOEHNG VBRI Pakicle 370,104 GHRRAIHIL 10

filler composition according to claim 4, 5 or 6, wherein the catalyst
Myomprises from about 0.1 to 25 wt.% nanoscale particles supported on a

high surface area support particles. 8. A cigarette according to any of

claims 1 to %Of 510 7 or a qut filler com (_iglon ﬁlctcogd&pg %8 ﬁ%rof out filler

claims 4 to  SHEFSH iR ﬁ’rg WY Sfea slalﬁpor? particles are derive
coftposiai oo boidalise utiany Lldrigaf ettcoads ordingitotha yuofalamms bidke bigh
sufff: %2 A FhSATROHIRN A5G0 HI S Gipofclaims 4 to 8, wherein

12. A cigaretie according to any of claims 1 10 3 or 5 to 11 or a cut filler
composition according to any of claims 4 to 11, wherein the high surface area support

particles comprise millimeter, micron, submicron and/or nanoscale particles.

13. A cigarette according to any of claims 1 to 3 or 5 to 12 or a cut filler
composition according to any of claims 4 to 12, wherein the nanoscale metal particles
and/or nanoscale metal oxide particles comprise carbon from partial decomposition of

the metal precursor and/or solvent.
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33 nanoscale metal particles and/or nanoscale metal oxide particles have
an average particle size less than about 50 mn. 10. A cigarette according
to any of claims 1 to 3 or 5to 9 or a cut filler composition according to any
of claims 4 to 9, wherein the nanoscale metal particles and/or nanoscale
metdloxidenpaitisteschaxeratingveragy peitidiersizé less thard abol k6 a cut
. nm. 11. A cigarette accordingly to any. of clai r5 _

ciEE SRR S e A Slads S8 120l Gl

patides eitherhighosaltavetareside ppoiclpastieladisanoall abaloadire 2500
m2/g. 12. A cigarette according to any of claims 1 to 3 or 5to 11 or a cut
filler composition according to any of claims 4 to 11, wherein the high

surfdde areé sigspeite peoekding cormmried dlmseter mdrériostbatigrspt filler
coRBI NPRQsraRPRItiGless ARirAscidareftaacsensing faRRY0f plaimpdtieles

3'or 5to 12 or a cut filler composition according to any of claims 4 to 12,

an%?ﬂé?éﬂ?%H@%ﬁﬁé@&ﬁ@ﬁ%¥%ﬁ%@gn%H??)grf%’ﬁd?égfé%etal oxide
particles comprise carbon from partial decomposition of the metal
precursor and/or solvent. 34 14. A cigarette according to any of claims 1
to 3or5to 12 or a cut cigarette composition according to any of claims 4
to 12, wherein the nanoscale metal particles and/or nanoscale metal
oxide particles are substantially carbon free.



15. A cigarette according to any of claims 1 to 3 or 5 to 14 or a cut filler
composition according to any of claims 4 to 14, wherein the nanoscale
metal particles and/or nanoscale metal oxide particles comprise magnetic
particles. 35 16. A method of making a cigarette according to any of
claims.1 to 8 gethdd dbmakingrsingiréiiaddiogimgatadyst od tbbmscbioud or 5
L er, c arette paper and/or a cigarette filter, wherein the catalyst

to rﬁ?)}?? £8'&noscale metal particles and/or nanoscale metal oxide

particles supported on high surface area support particles and wherein the

nan sizcale aggggﬁﬁ}q?%%fag Alem 8%%&%1%‘9&8@{%&& a cigarette

ise C Fe an hlgh surface area support
ﬁltpamdi@modhmi@@lﬁﬁ@argmib@d@@%lé m&a&lmwl@amb‘ﬁ)ﬁm%ie metal

oxﬁiérfﬁ‘&%a@as%%%ééw 204 piRvidinghe putdiles tha clgaretete

making machine to form a tobacco column; (iii pacm a paper wrapper

nangeRARI et IREEEIS THNIIRR IBIRITAIS TSHECRD! f(.wlgﬁaéﬁﬂa - Co

anditRIHO 4he ADRRAPKRMhIR E@émsﬁhﬁ)@fg@a@ﬁ@e@&)%rﬁdmmgea@@@n@um@d/or
to claim 16, wherein fronéj about 0.1 to 2% é ha noscale particles
oAU ST RS TR R BRI AR e added (o the

tobacco cut filler.
(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.
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37 ABSTRACT Cut filler compositions, cigarette paper, cigarette filters,
cigarettes, methods for making cigarettes and methods for smoking
cigarettes are provided, which involve the use of a catalyst capable
converting carbon monoxide to carbon dioxide. The catalyst comprises
nanqgcale metatiantecondial oxideipaiticlecheappitedabnthiGh surfacet.%
area.support particles, The catalyst can be prepared by,.combinin
na S B Sor SO AN S AcH S Pt PO BRI L i to the
tobatixéuret, olldyy combining a metal precursor solution with a colloidal
solution to form a mixture, and then heat treating the mixture.
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ABSTRACT

Cut filler compositions, cigarette paper, cigarette filters, cigarettes,
methods for making cigareties and methods for smoking cigarettes are provided,
which involve the use of a catalyst capable converting carbon monoxide to carbon
dioxide. The catalyst comprises nanoscale metal and/or metal oxide particles
supported on high surface area support particles. The catalyst can be prepared by
combining a metal precursor solution with high surface area support particles to
form a mixture, or by combining a metal precursor solution with a colloidal

solution to form a mixture, and then heat treating the mixture.
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