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CATALYSTS FOR THE OXI DATI ON OF CARBON MONOXI DE | N
Cl GARETTE SMOKE BACKGROUND Snoki ng articles such as
w@r@anegsvdes or cigars produce both mai nstream BODKE005/002473
during a puff and sidestream snoke during static
burni ng. One constituent of both mainstream snoke and
si destream snoke i s carbon nonoxide (CO . The
czh%@';.%‘i'é OO fruEa bR ePA THEHO VFd EARBON MIKOXI SE 006 ITTHARETTE SMOKE
SUMVARY Provi ded are cut filler conpositions,
cigarette paper, cigarette filter materia
racRtEsngl tes, and net hods for naking cigarettes t hat use
silver-based catal ysts. The sil ver-based cat al

WhPERFLHG BF TSIl 5UThpaEl 6 LOF SEIT NG bs CBBCKS aRtbduce both

naifXt S Adkeasaiegt al yelr£f ahdt Bedestwednsi sm;]@f diafribgn static
nonoxi de to carbon di oxi de, gan reduce the nt. of,
burgippon ABROKPURE %HH?GT‘FB%%F’ pdPCPELT &R TS a?41?ﬂ%55tream
smoRBI NSt dELBnS MBkex 0de a(ad)gar &‘hberdcﬂllicttmgms mkbﬁgboﬂ'hmnoxide in
silver-based catal yst conprise particles of silver
smoke fkHrdeSiEGRIC oxi de that are supported in and/or on
support particles of an oxide of a second netal.
SU Pre§erab|y the particles of silver and/or silver oxide
HP8* nanoscal e particles. For example, in a preferred
eﬂmﬁdbﬂ@@d aa@oscate partéxc| esonglossicives, areigarette paper,
. 0 n_an_ex d surface.of pa cl f..an ,
LO3APHE oft 14 CBEeaNe Terar . e CSas L Pak ¢ rregtgantor  making
cigepaptése thanosoat e aﬂ&/emrbmm omagpipdtparti Ghes. Sllver ~based

catggﬁg‘%ez),agz\lh :Lcht e 0 dfee aEl rpz%%%ngfngct, dnq"réds Foth an oxidant

_ Oet T T ary secon
and pel udearagpesi Goy ah@n¢¢mNﬁra;ph|@éncatbpanm@mQdee to carbon

leX.lQadl u% ije un& emaglgglﬂﬁs ”c%@bo}{t tn{oln%g&de and/or total
|

Zirconium "nioblium cerium ha?nlun1and m xt ures
parthenbofe @atiedysis that nsonpricse oxioke- fppor eégarette during
Sma% | ver and/or silver oxide particles preferably
con frise, by weight, fromabout 1 to 70% nore
prémer@buyeterﬁQﬂxnﬂtaQY§b 2o%pEidey @arangler of| gekver and/or

d
811%?”\/%}1(%)0(' %a(ii,l Qget%ﬁfbx‘%‘é’ac’% BN /ort BE Shpy&t dRILOE1es of an

e particles have an average particle size
oxigf péss §WchmyallooPnﬁeml§ the particles of silver and/or

silver oxide are nanoscale particles. For example, in a preferred
embodiment, nanoscale particles of silver are supported on an
exposed surface of particles of an oxide of a second metal. The
support particles can comprise nanoscale and/or micron-sized
particles. Preferably, the oxide of the second metal is a non-
stoichiometric oxide. Exemplary second metals include magnesium,
aluminum, silicon, titanium, vanadium, chromium, manganese, iron,
yttrium, zirconium, niobium, cerium, hafnium and mixtures thereof.
Catalysts that comprise oxide-supported silver and/or silver oxide
particles preferably comprise, by weight, from about 1 to 70%, more
preferably from about 5 to 20% silver and/or silver oxide.
According to an embodiment, the silver and/or silver oxide particles
have an average particle size of less than about 100 nm, more

preferably less than about 50 nm. The catalyst can‘“ comprise
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preferably less than about 50 nm The catalyst can’
conpri seaggl omer at es of nanoscal e silver and/or silver
woziode22883 ti cl es, wherein the aggl onerates havRCHIB2005/002473

average size of fromabout 1 to 50 mcrons. A nethod

of making a cigarette conprisinrg a silver-based

catal yst conprises the steps of (i) incorporating the
aggl%}ngyg'feéoaggd GMoak¥st 191186 %&ﬁi/o@n&sﬂfvetrObﬁﬁmb Cptartlcles,

%arette paper and Ci %arette fi Ifte%r
wher@pn) tb?oaw Hgrehes t BbE S GUETRPTI ¥ £fa &Oﬁa?‘ Bite ' o 50
mlcx{gﬁgl ng rrac{nt ne to forma gobacco colum; (iii) placing
e cigarette paper around, the obacco col.urm’ t
a Z%oﬁ‘ﬁg]e%dr&f g‘i“glé”tq g&r e?’t%ar‘%% iRt iah 8na??sg%g}_based

cata@?zh&CBbﬂﬁJ{*ﬂsé‘é lgﬁ{e‘E‘tsttﬁp%I IoEer(laoﬁ'pcosp@ugattlh@ dlhgarse,ﬂtfer—based

er material to t acco rod_usin

catadysEr I TR &R YOF 8§n accr?cc?ﬁ%ora 6 J'gl an. %}%%Qte paper and

CJ.gaff‘éﬂ:EeCﬁﬂZplﬁmemtaS:e@ﬁaﬂ.he(I‘:L)g&;f.teivb-dlbg slpr aydbagcodgsti fgller to
or i nmer sSi Acc r.di n e

a Clcg&rfltﬁgt mégh%? 19 %’glnéasgs%é)n I% g&éﬁ%pgﬁl‘%% a?tl 1] Rtacing

the afigairkves ;m;zﬁrorarsuhdeth@mqi@ch cAtWrp o at g™ [yt 6°Pﬁ%‘3° rod

of ﬁerﬁgggg‘%ﬁéf c é:l QﬁF)et 1&%9_9. d'a@@at:ﬁlﬁgf qr Ui%érette filter

atal yst' t I'sS 1 hcorporated into'the
compodppopenheobigare g eflléie@orlnﬂtr%éé piPt tBPe&OBRCER | FRf using

tlp;%aﬁn%w.é;/ g)rapg!rl Ve&‘hg)“cgﬁaﬁ_i}@g e ]@Qrﬂﬁ%p%ﬁhe@aﬁ_ﬁt@ &e Ofr more

e support. Supported silver particles, and/or
comgparenite| ef WoMWiosFAGES i MW ePTeEiRg, WgtFEE ki TBICTSAAT

beAg@cQﬁ W@ ttge ar eﬁﬁ:@féﬁécpn rR-hbhgr nal Q@@@IWSl tdo&ﬁlstlng
a si r salt such as sil ver ni trate. cordi.n
essentfiglilepf neepRay.teth@agEL ¢k s &d LVsE af‘?‘%‘fc

J.ncJ% JrBd Y imk¥i Rfed &RpdhbAR ofF & Sd:icjéﬁ:fet$:a|t V\Actd’brailng to a
| oi dal suspension of an oxide of a

furthaen MeERe gt EafPAYET e déc 6%%%033(3%5%5 Ve rte}’sealctomponent
of O Jighmepad t behssi s Spa{r\ta_rclaﬁd/oﬂir sillveer aaxdi/de shaver oxide
are incorporated in and orr?%tn he oxi de of &Iﬁe second

thafgrg adRiped e e§2EELOMFP & LT iU ich can
fog ﬂ%}fte‘éi @1&%@@&&&1}9@ Ch&lcS/@mp@xab:tpa1¢$ ct@mrising silver

A di h
£SO 3] LR TELO0 1 Lier D855 LAY BLS cherma

ecSPKiERSahi 60 Hfsiaviear gelt rratcer laal suhver rdteeher ol exprding to
a i i
a fth:{rlr?eSlp r}neert:%que{k% ns{lureert—%ggeeé é@éae.lys@ can be formed by mixing

a solution of a silver salt with a colloidal suspension of an oxide

r ox1de is

of a second metal and then heating the mixture to decompose the
silver salt to form particles of silver and/or silver oxide that are
incorporated in and/or on the oxide of the second metal. A
preferred second metal is cerium, which can form non-stoichiometric
oxide support particles.

According to a further method, silver-based catalysts can be
formed by laser vaporization and controlled condensation of a target
material under a controlled atmosphere wherein the target material
comprises silver and a second metal other than silver. By ablating
a suitable target with energy from a laser, nanoscale particles of

silver and/or silver oxide and particles of an oxide of a second
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conprises silver and a second netal other than silver
By ablating a suitable target with energy froma
wo awen228manoscal e particles of silver and/ or sPCTEB2005/002473
oxi de and particles of an oxide of a secondnetal can
form and condense in the gas phase to forma
silver-based catalyst . In a preferred enbodi ment,
metP 1 Qh R riNSRE PYraldnie thetrsd | ¥y hased eat abysta idlilver-based
and/ or on the at |east one of tobacco cut filler,
catzi¥firette paper and cigarette filter material, the
catal ¥sprésedieat edbatiifedtemariatrune dhcatpdeasing?@HE silver-

i n an at nosphere onprls ng an en- cont |n|n
based, %g:atlé’sBxfﬂl az%d 1¥e & Itbgra’fo ao%/ oFesP g? Bas g:usc filler,
cig&edttdey Shaganshadi ng gassenti aillyenf msitderenlpxitde catalyst is
;ggported in and/or on the oxide of the second neta
hea St var - bagsratarsl yet @in drestne?¥Ed tB r%ﬂuéﬁmwSphere
comp P iGRNGBNLEILE Rt GaK AgNgADNOX | d& féo@%fﬁﬂﬂﬂﬂt®b881lver to
exhaust em ssion, a _gas used,in a |aser as used
form amlv&a-baaﬁﬂ/%tw| eﬁ?na%%tmﬁjﬁgspﬁ@a of ‘silvel oxide
supﬁéﬁﬂéoatl?oa??ﬂﬁl Bn DE&C&:FBE Q¥ @EemEcdalaAweNa FI GURES
ure illustrates a schematic ap fo
ghgyﬁFﬂgngb%ﬁ@%lF@E?l%%%eaa%at Sﬁsﬂ% B aser Peduce  the
con¥épafdtiahi 6R/ eardrolncedxtoadensatd OrehlcEengBal?sfsl'Bn\ASSion, a
as matic, of a quartz fl oqw.tube reacto re 3
gassﬂ%ﬁg the? c%ﬁv%?5|oﬁa&fu65g &7 cee TFot Ce%%lv%évjr Shpient air
undé€ddaingstieofprirstignsi | ver particles . Figure 4 shows
the conversion of COto CO2 for a silver-based
catal yst conprising as-precipitated silver oxide
BRIpnrmEiadREQTIGNgm @HE DHRBHWENG FE.GEBABer si on of COto CO2
F gufc'el l \ierlﬁq;s%‘%a%égal%sgcﬁgggocrfc:s' QE I@th@t Ql;dor the
\Y; oxide particles b shows the c nver si on
SynbmeijS to Cﬁﬁffor zﬁLiWGVEba@ﬁéed cataltaiststeonpri §ilag a laser
vapg}f%#gf%nQEoﬁfiaﬁﬁédp@Bkhgﬁégifﬂ%d aspreC|p|tated silver

OXI artic ure 7 shows the conversion of CO
to F@q)zref Gt soyp| %@cftﬁa@écé%af at yBRrEENHEPS | P EPPERYT -
ox%‘@&u?éjp@oéﬁcﬁg Sdﬂev%ngékgfozp%ﬁ i) 8% ookl g4F €3 8silver-based

shows the conversion of COto CO2 for a silver-based
catalyst comprising silver particles.

Figure 4 shows the conversion of CO to CO; for a silver-based
catalyst comprising as-precipitated silver oxide particles.

Figure 5 shows the conversion of CO to CO; for a silver-based
catalyst comprising as-precipitated silver oxide particles.

Figure 6 shows the conversion of CO to CO, for a silver-based
catalyst comprising a mixture of silver particles and as-
precipitated silver oxide particles.

Figure 7 shows the conversion of CO to CO; for a silver-based
catalyst comprising cerium oxide-supported silver oxide particles.

Figure 8 shows the conversion of CO to CO; for a silver-based
catalyst comprising cerium oxide-supported silver particles prepared
by LVCC.

Figure 9 shows the conversion of CO to CO, for a silver-based
catalyst comprising cerium oxide-supported silver particles prepared

by LVCC.
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catal yst conprising cerium oxide-supported silver

particles prepared by LVCC. Figure 9 shows the
weowsaespdn of COto CO2 for a silver-based capel/yBD05/002473

conpri sing cerium oxi de-supported silver particles

prepared by LVCC. DETAI LED DESCRI PTI ON OF PREFERRED

EMBODI MENTS Si | ver - based catal ysts can be incorporated

}n}r a conmponent of a cigarette such as tobacco cut

iller arette paper and/or_c te filter

DETAﬁﬁE@r@QQCR-%Hé0§|@%é¥£E§§BEDc%H%ﬂR;%?§% an catal yze
anfi1Qeroxh s Q:attlagygeﬁvedxslm mafcoepbbamedmnm»i dectmponent of

carbon dioxide. In articul e silver-b d
a cggcﬁuaq:t;}:ﬁ SSUhe BSef TP3FEP 1S JFf]plreH‘r eL ur arddEs paper and/or
cigaR@dteanhi @it exiedaklon TﬁeCﬁmh@ﬁ‘baﬂedlcﬁtaﬂﬂﬁts can catalyze
I ncor por at the silver-based cat 0
a0/ SRARES o GRYRFEL .04 RETRARUAT OT Ky o i bon diowide.
In @SBB@Xd;ﬂﬁﬂ N pRé nstinean-savked mﬁabestsedwed uﬁ@l for low-

| ver - based_catal ysts,co articl
temp&ﬁé‘FBFesﬂR/eP %:E(Iadl}é) seﬂlﬁpog%){&cﬁscgﬁasuégor%%é)g%t %&Aﬁe{)g{lgfe By
incoapomit they oftha seidomd-hesed , celielgseondniet & Beppgpent of a

clgag:: Ft%g;e ; th %I Lyer, rl@&:‘fqgﬂ&%g.dgolﬁnﬁ%ﬁwa%@ﬁmke can be

4360 catal’ysts can repar ed
redqm963|plmhﬁ|sm}varhbeﬁeénG?Eﬁlxﬁqﬂuﬁomﬁ%ﬂéé pRohi@les of silver

and/ao g?ﬂ%ef'(% deo%u%oﬁtéélélr?rs@ogct EQﬁtﬁl%(‘s' Rift ahedxide of a
rroduct may be conbi ned wt support such as
SeCC{I’&* tethes Wfe arcord deetoil &egégoﬁf aré SJ_lvgr

: nc?éd,%t sher dhapnsi le%ﬁhlm@@”péﬁix‘/e@-)ﬁa@édsLtth@ICLlySts can be

ri um oxi de, titani um oxi de and/ o

prematiede by Thee Grddiasipat BH o 40! °F a%“ﬁ’@raaﬁ%%dywnt [o aqueous

soL StURROLE Rariiwdesatie. f ofne @;r%bhp@ta*&asgﬁoaatalxy@t be combined
conprising particles of silver ?nd/or si | ver_. oxi de

w:Lt}Squ@lup@gr%nspﬁ}é §ap[§3€1rftlﬁjél??| Rf e ﬁé%éifedl ng second metal
(i.&urthegr erbodi seids gHERoOrtiedes) L ver Eb@sﬁﬂﬁz@& abyscﬂ@ supports

can be prepared by mixing a solutlo Si |
lnc%%#%]%F?ﬂﬁﬂ(ﬂ%ﬁﬂe'sﬁ§ﬁgﬁéﬁﬂ °§t9%n28 (d% o%w% é%%o do. e

predBiidlatandptbencd Rannpé| a(dxﬂhemlrmd)shn:g«lpplwtspbv’e:pcm tto form a
Sll%%lg %%;gficg:g%ﬂ/%ﬁe gcgc?régnrﬁ.ség.hegﬁa%g%cger%n V%r S%Jl).( ?4%:; Pﬁﬁx%ﬁg;r silver
oxiddGAlpREatedon nthandhppoon dareipaesi cles of the oxide

OfAE:cr:]gr :Lcond rret a%urther embodiment, supported silver based-
catalysts can be prepared by mixing a solution of a silver salt with
a colloidal suspension of an oxide of a second metal and then
thermally decomposing the silver salt under a controlled atmosphere
to form a silver-based catalyst comprising silver and/or silver
oxide that is incorporated in and/or on the particles of the oxide
of the second metal.

According to a further embodiment, nanoscale particles
comprising silver (e.g., silver or silver oxide) can be prepared by
laser vaporization/controlled condensation from a target comprising
silver. With laser vaporization/controlled condensation, a starting
material (e.g., target) is exposed to laser energy so as to form a

vapor and subsequently condensed to form the silver-based catalyst.

Furthermore, using laser vaporization/controlled condensation it is
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According to a further enbodi nent, nanoscale particles

conprising silver (e.g., silver or silver oxide) can
wheoopnzgses ed by | aser vaporization/ control | ed PCT/IB2005/002473

condensation froma target conprising silver. Wth

| aser vaporization/ controlled Tondensation, a

starting material (e.g., target) is exposed to | aser

posSIEIOY oS 8oBs 4 %1fl%mﬁaé/§pratam9lsSU@5ﬁmt&§}t Fyom a target that
condensed to formthe silver-b

S
compirteFermsr OG5 NP T asEroafdr i ?3‘?‘ %ﬁfc&%{li?’%]fl Rafed particles
and Cemwlensatel @0ppbri Sgﬁ)s()ﬁﬁ.lcbbe t oaf Qime&—sblals‘éér cb’@&ﬁdst comprises

catalyst_directly f et at .co rlses
par Poﬂsel‘s%/t‘ifenflja‘fedfrrs Eotsr?gt sleL &r-based par ncoffgorated in
and 26l drh@aexielbess wipant opidd istppsrt A si | ver - based

catal yst conpr,i ses. artlcl f. silw nd/ il

oxPﬁeXPﬁ%fp%i3§?dn€5?pora e %1ﬁj§%ﬁ/%£i o% %§%'|% §§§5?r oxide
com@ri sl e suppdr phaBy thaor pori eehd fpd omEdst dide matrix of

silver and/or, silver_oxi o Ll ges S _
thet ha%ldlrs P % a%h orseé:ﬁn helg%xaﬁde matéri xaaof %t%&ggom de nen
hom¢ drnesecondmpestidie)(-i . Eor exdmpisgehbousilorer and/or Sllver oxide

cannggy lg%k%%usch%%gg8§u{ e'%he drlmz rlgixwliﬁqe tdaﬁdé' Io\ferthe second

iTver oxi can I spersed throughout the
metwhtand(oarf d@h}eem@ddénoﬁnt@@@@éloﬁérﬁ%@%tlo%ﬁ £opxide.

di n gx f Q €, 0
SCACELRS D 0 SRISRE;FUS AR DD, Dftdiojcree comprising

silverpridi Rgrisidhesr COMPrpELRy cRBs CEdHPr PEI Agcarfe6RPdemgfal are

Forhd® %.ecﬁgﬂgar[f@ﬂél Iyar§ncf OEHE§e;§dsmt|eHan&QU$bymart@1e Sllver -based
co- deposited ormthe silver-based cat al

catglysfer - ﬁé@e@légtﬁﬁﬂg&%edc&ﬁtaéya‘ém £ d&PPEg’Eﬁ/ ‘Hﬁe&tly on a

comSOnRANeRE Qf aighAANRLt 8r PI molBr rRyRirabab] v, thTehE‘s:leer—based
sil ver-based catal yst can be forned, coll

e and
cataliftleqiidhtIsy fPﬁ{?‘B?po‘F%]tleet‘ftFH a2 BYnpatRSRIS &?5% incorporated in
a cszh Bt e f. aﬁcﬁaa:fettrcéed met hod of forning supported

ver - based, cat s |.aser

vaBoPFSaT TR i P dk%%%a‘@nggf’?%tﬁ\fc}&)"er"iﬁ/&? j@ralysts
is aasabl fhbyei prueeysohhadl sk scamensat o e (Letget s Lm is an
ave materi al to belncorporatedlnthe I
abliﬁl‘éeolpéioc\?éspF%% H8S5, PR T oG tRET & gg}a% %é{é? blllapcerlal ko
be uncoﬁ@wﬁat@derl@y theonmatéakysner gin {ea gblakaserpremascea region

The Lhcl Lg conpL a oul sed
of gseraregh a B }_/%%%Iré nt gﬁ %?&e%%o%yt%ngﬂéggjgeg%.e%t, laser)
souheat i ﬂ@eoﬁntheemiareg@trgyagsrescmMusa; gBer rexeepilal pwlsed laser

ené%ck;)}l/.atefh%o@ﬁJ%%p%HBRa%% %fne'ira§ and subsequent heating of the

target causes the target material to ablate from the surface of the
target into a plume of atomic and ionic species (i.e., vapor). The
atomic and ionic species can condense into particles by vapor phase
collisions with each other and with an inert or reactive gas. The
particles that form can comprise nanoscale particles.

The amount of energy required will vary depending on process
variables such as the temperature of the starting material, the
pressure of the atmosphere surrounding the starting material, and
material properties such as the thermal and optical properties of
the starting material. With laser ablation, the starting material

is progressively removed from the target by physical erosion. The
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target into a plune of atom c and ionic species (i.e.,
vapor). The atomic and ionic species can condense into

weansiizises by vapor phase collisions wth eachP@I/m2005/002473
and with an inert or reactive gas. The particles that
form can conprise nanoscal e pardicles. The anmount of
energy required wll vary dependi ng on process

targb®l '1§b|f%%méac Brasotrheochespeatty eaokohbanstayr tiaitgerial to be
material, the pressure Qf the atnosphere surroundi ng
reﬂ@ﬁﬁérs%a?tn|ﬁ§rﬁﬁFeW?Eﬁrl%ind mat eri al properties such as

t hghd herdreli ngndaepti£nl npy oper snesseitadle stractiragr material

material. Wth | aser. abl at t he s artin r
Vit S HGEEEER Y BRUTRCT I Phe Tt Ly DRyS Egfposed of
pureerﬁ&té}ﬁ.al-ghe&ﬁr getmissufrer ned métémalca)at edught hya@rlals are

consunabl e terial to
preferably oSO lFRa &taﬁ?% E,Hrfl ure arbe/ogn;r?cé:gle%u%cfeéatlble to

chemmbagu&ﬁgﬁaﬂatewmabumhthsacpmemELDEdlﬁOEnmbeln@rgﬁﬁﬁﬁﬁly, the

powder terials co ls or a

stanfipg PRt gt SFPafseslggﬁ%%gsg%ég §ng%25%€eferably
sc&ma51a&efoeneigynmaeﬂana@landﬁmprmé@ss@@@eﬁﬁPEFénﬁomaterlal

dlr%:rhc mé(r:gl gi% ﬁ\gﬁ% Itrgg‘%érl‘i%li %d%}gg%dj Oglérﬁ.f_q'cant liquid phase

Ing materi nprises a pressed
qnﬂmdeatiamgetThqhbyp%§e¢feh%ﬁﬁv ﬁ@@ﬁeﬂ&ﬁl?evﬁﬁéﬁlf@sgenerate

the ti[] &es.rt Bg Lef_ﬁé‘iu&g rieGt hse¥h! het et bandtBtigieal, Nd-vaG
0|ng ignificant |iquid phase transformation,

and W%Nteypesem | e slasieat Pealn B (RSe b CRANGRMRTERT (e Surface

of *%I?esq{ar%'%@rﬁé{t&ﬁhl NGl Ue8ek0hy | BfSIce WMee¥Ri MBAMity of target
asers -Ne |l asers. The | aser beam can
ablattiameddate oygnoNe ED?f%Rf@g@Flef‘-ﬁE Parger 3EeLri |r’r?n°meter‘

ScaggQgitgglégprove the uniformty of target ablation and
I nprove the honpgeneity of the atom c an

naﬁbﬂetéﬁ§58@e FaFPiEPes. thRe mMTTBWEEHbI ds tRalsed  laser
vap SOVaRt age sy ofh p@bﬁ@ﬂoimﬁr c&ﬂ@@is’.aﬂ:aiolnonlw teh dlfquJ_on cloud

controlled condensation in_. dlffu?lon cl oud npgg
ehlperature.

champpieranes e ABH RThdF1T0<CBF B e?gﬁ?ﬁﬁgﬁufn
Typi&Des, at whe. E%amsailylndjuﬂeshamber hnelgoesalt wanetal plates
corb S B B SRR Y BRI | o purces
las¥Apebpsaiidicf af Iaeasle:mte bae geargﬂtomtselaectseblected gas
mlxglﬁnge ang%éf W tHaIPLb Chalfp ‘talggttﬂgg%tlabédpl ﬂc%%é Nthamber,
e.g., on the lower plate, and the chamber is filled with a gas such
as an inert gas or a mixture of an inert gas and a reactive gas.
For example, the inert gas can comprise helium, argon or mixtures
thereof, and the reactive gas can comprise oxygen. Preferably a
temperature gradient 1is maintained between the top and bottom
plates, which can create a steady convection current that can be
enhanced by using a heavy gas such as argon and/or by using above
atmospheric pressure conditions in the chamber. Details of suitable
chambers can be found in The Journal of Chemical Physics, Vol. 52,
No. 9, May 1, 1970, pp. 4733-4748, the disclosure of which is hereby
incorporated by reference.

A schematic illustration of an LVCC chamber 2 suitable for

production of silver-based catalysts is shown in Figure 1. Two
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e.g., on the lower plate, and the chanber is filled
with a gas such as an inert gas or a mxture of an

Wo p@sti223863 and a reactive gas. For exanple, theCT/IR2005/002473
gas can conprise helium argon or m xtures thereof,
and the reactive gas can conprise oxygen. Preferably a
tenperature gradient is maintained between the top and

circRfid ol%ﬁz%tn%él whichicah staat eo:ﬁ §1@@dmnccp1\a¢ets| denoted as

current that can be enhanced b eavy lé%g
the hepareoh RmdEor Bi?du@ﬁgb%‘btd% Egﬁ%rl c pr €5 uré—’1 by 2

g1as§00£id}ANS gl Ritheashankere. :LDehablh‘Self)fdlsametabl. e A bulk target
chanbers can be found in g’he Jour nal Cl{_]e

10 1ph§gpcgn L5 bcngomNQla*ge mayléa.?o E’Jﬁ@ 47a4 holder.

The %Q§c@lﬁplcﬁﬁﬂ5@rg§ Jl@hldbhnlaStétErt@byd gasomgm]agt aa byrough a gas
ef erence schematic jillustratio an

inlep dgileadile FIHIFFEARR i IF of Y nloé\esed %%{%I %E?gﬁ?gly is

1sol§?@éi\11fi:c5m Fhlilgélrcﬁlalxb.erT\WCIar whawhovakmth@ st Bien| prgssure in
steel or a tes denot

the 4C%%Petrhealb ttwd'ﬁg]ﬁgt Fﬂ At ga% l%_%egs Jt.QemEBEtchédj Eh@@)ﬁgh an

are separ at ed g ass
optlahdgv\aéfocaem;tﬂesahoat san$ey reoid owasioudi afet @ 1clA BEF keoupled

1ntoCBH?ag%§.J]nﬁ 0? dcer : ?Eoéhé’“&&! L8 i ne ah TRY ebBcuated to

e reaction chanber 21is
a wswnegietstoea Q&S wppbylmazceﬂm oddh’ a TRIE i nl etPHoiy  each

14 sij ted o h I
eXper%‘F%%%@ P Q]il% Sh%%néo Eiflceodnth‘%)t?a\slzﬁgmlséa I}'Si'lgh puriey
(e.dor, esasuae%) ncaﬂmec;h@ﬁbersualndaw i oF thle Yas IT5REE TS “mixture,

noni t gl 91 thr B
h MIARabnBaFOCe! rpEesSIY egEengerg., O
whickh rea oﬁt 8]%%‘\}1 are coupl ed i'nto the gasgl $ g-r o)
entrBieedhaiibein amdiatrﬁéegaga% & G F ABEPLT actRR cRPAT 4S miatures

usecpe}\’?a ccﬁgf nOfi rapRN Q¥ BLel ¥xFfed TQr &rgdiur | ngrjs@chto each
exp rl men

run the chamber | ed |thec{
depdmiGhOpUITEY. (B9, SBBe00GS  HFEEFTBLL Aidneds T opvacuRted
sevd¥a 10k i fef GAOMH “ReNbXEH & g\é{@ eb @ﬁmt:ﬁa mremavihowh any residual
~conposition of a reactlve n‘%)ee]% entr %| ned & d
impugiitthien £rewr her chAEOSTFor i 3{he FSSce oe positione
exté?ﬁ&tluﬁ:@sth@eéildﬁ%)érbgu@%ytgﬁft rthehehéim bepmogygers ithe chamber
thrcmq?nr Prior Lo ea%p?&% EOSI %I on ru SHQnPr%{erl Tt w1th the

é*rét’ﬁHr PFI TR &vacu eedejsevera Pimes Wth t
gas clamﬁlﬁre gas the ensimer s enmmai cufffaayonesmumnvectlon can aid

inmpurities fromthe_cha e S c
in GBUTLL1 €8 oM LasCIATRRT, Thg, E°ERnSOHEC 8 £aBaPEon zone
(on&deEshoheanm entepbs tthe shpabephase) before they can grow into
larger particles.

The vapor can be created in the chamber by focusing onto the
target the output of a laser such as the second harmonic of a Q-
switched Nd-YAG laser (wavelength 532 nm; 10 ns pulse duration).
Typically the laser is run at 30 Hz and delivers a power of 15-100
mJ/pulse onto the target.

Laser vaporization produces a high-density vapor within a very
short time, typically 10® sec, in a directional jet that allows
directed deposition. The collisions between the particles ejected
from the target undergo Brownian motion during the gas-to-particle

conversion and result in the formation of particles of the target

material. Laser vaporization is possible from several different
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through a wall of the chanber. The ejected atons
interact wwth the gas mxture in the chanber. Both
walpdosaziseh and convection can aid in renoval OPCT/IB2005/002473
smal | particles away fromthe nucl eati on zone (once
condensed out of the vapor phasg) before they can grow
into larger particles. The vapor can be created in the
%@'bgim@ﬂtaf&%u%ﬂ_f}g antg theghar &Qimﬁokh@dOUttam@feth Wielding a
aser such as _the second harnonic of.
silfgrPASSHasE 2l Nab e PSR PRZBED ﬁﬁi“Pﬁbsﬂég pﬁf\{\ﬂs e“ﬂu?ﬁ?/ Un) sitver
oxide TypPh&aldoyatbe | aser phsticmesat B36.44; anthndebbver soa larger
power of 15-100 mlégul se onto t tar get

Part sl 2 8F i I BroGulls S Hi Yt H‘?Eg}

of ’tz’l&éysilﬂ:ld df Nihe tagpiomdl myptad0d Baseecanlmv@racber exatrrtmnaé size of
et tha directed deposi.ti o col |
Tes et(%é’e PHg gﬁgt?n&’l EETE] gg?gdr?bl mql it %?Iée?g%lndgr%g 1 most

preﬁémwameﬁ@ttm @dboingl @ hen gas to-particle conversion

ang res eforrratl | e e rLge

e arlf‘%rl%lﬂ_éege? Vapori zz}t Cogé%éﬂsl%b %u? %%Hs%%grb% breated
witldirf figreentaabget s S‘hﬁubtaaréousiryfe@rtlan sfwegtentc oo lped achieved
in tv%gﬂ ylez“?{kg N9 3 %é# §fatbﬁas4€(1s(:@£§ é’étsﬁqeggr@ylcylrculatlng

npri SI ng SI ver an ver oOxlide I ncorpor ated in
llqtpa:t tnlctlrege(lewg:hlmahesphﬂi@e @nd| shgepotgmmt PERES) 6 ofs digpt at a

hlglg%flf ?%rgt &£ O(I'bd JTEt J@l)om R&ﬁrtp%ﬁ:@@hye t(ﬂ:e i@l Ebgi:% ]_Cﬁafte 6 is

t he 'SeCond netal have an average particle
heasqectesxu:fh lass St ivamcabatinb (B IndlelpretidrigbIipe #dgte or by

an t&%t@@c@éﬂ. 2akan, WSt eft%bagi]yaﬂees§ tiRankghoubtllh  1lower
A s nentioned above a stea convection current
temparaiize cieadt edZAPRhEATPSER Cirgtber Forhe*fpafy the top plate

canCROVESSIRN UNkeBt t6an Ps@ acky ecyﬁﬂzdlﬁtﬁh\@ y\@q&d nitrogen in
either the top ﬁgl ate 4 is cool ed such as

flupd iR sRgesg TP §OF dEPR tP ST withiSt tPRE 5?%1?@ ey fope pLate is

kepPOLEOR p&ef?{tp%rﬁtttﬁe k@Q@rﬁﬂlbc%nmllgh&bwbenﬁ&éat the (kmtgom plate,
roomtenperature) or .the bott IS heated,s

whiglh Bekesr ElfatioRy M4 ng'S | ﬁ?rga%ﬁaﬁﬁlﬁnt K& piate lf)crlo% plate.

Pre¥e@dbl8! efHd itadpehaates gradidig teqrwekat ehd |t9pk@|matat and the
a | ower tenperature (e.g., rqomtenperatur

potammptate tife atopepFat 80dn 46 c’B%%oP’f%fqr%%yt AGnlaay; 50°C-

NicKrde ChdHuldt iGeki GubdpBit A8 | thd Iguaisaoaaslm@aill Ban heat

the top plate. In either case, the top plate is
the glass sidewall to reduce deposition on the sidewall and promote

! eﬁ:a%f%/m the particles

a uniform temperature gradient between the two plates. The
temperatures of the plates are monitored wusing thermocouples
attached to each plate and connected in parallel to a temperature
readout.

The temperature of the chamber atmosphere decreases as the top
plate is approached resulting in maximum super-saturation developing
in the upper half of the chamber. The higher the super-saturation,
the smaller will be the size of the nucleus required foxr
condensation. Changing the temperature gradient may enhance the
super-saturation in the chamber. Convection plays a role in
diffusion of the particles out of the nucleation zone before they
grow larger in size. Convection within the chamber may be enhanced

by increasing the temperature gradient or by using a heavier carrier
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kept at a tenperature significantly |lower than the
bott om pl ate, which nmakes the top plate the
w@oeovdareses i on or deposition plate. Preferably p¢BIB2005/002473
tenperature gradi ent between the top plate and the
bottom plate is at |east about 20C, nore preferably at
| east 500C . Nichrone heating wires wapped around the
gas glags ,Siatewal kscamrmbeatdt he gleaSﬁn)si deunal [orbaucfﬂdgu(m silver-

eposi on, t he_si dewal | te a
oasefE R eat b Sriarane? ETveai BT prénts
subjteellrpegaitmﬂ espot phesqltat @slaiselqsrmmt@heelnusmm gas, reactive

C a ed to each plate and connected in
gas %QQ/F? l?rl[épo%sldt%#‘r%ggr]ature readout . The tenperature of
tlﬁlmmgnﬁesenatamwhene dectleagtensdsyt hE tlop gillattedi particles
s BRPEOACHRY Tesyl Ui 0G| RATRXT MUTLEUDET <34, n
l? evfé ogePlng in <#Le %pperh@Ff of “t Ee cﬁ%ﬁbg?&% sufficiently
highhi ghetiches s(per-s@tomari 6Avsteies sand | drangied| pereickes) from
the %béseefmat{e%l@m%systfa%w ERfLQ 1GRNEeDSaki ON. ‘they impact the
Changi ng the tenperature gradient nay enhance t
surfagge©fs dther «t916n H%@tﬁhércr%n%@ﬁpor@@ﬁvé’étl%ncmaaﬁﬁélt& that is

posift@bBed Nodli fHdiHioan ?iai$“%ﬂ8¥g'ﬂEE?SCQNtcéglééQ% On the other
nucl eati on zone before the row | arger in size.

handogdy &Rei GRDGENi AF tHe efl Rayticieerifarcddipigntly high,

and Itﬁéﬂﬁaﬁéﬂsg:ltvﬁevé%@ﬁtrﬁetsu%afgiéﬂ;@rﬁﬂty @haby, UG cAes from the
heavi er carriergas argon as conpare to heli

um
target| fap FEIRGS l%l?%ﬁ&és@aa%%'t NS SBhe *%r%ﬁo&rﬁpos:Lt on the
coldprpﬂaneeedo@amé;%sﬁaol@d er comslanard by subpegiidtrd hehat is
or phas%[e igl%i sions with an inert gas, reactive
pOSl§é nA DI ehEC Fate. During laser ablation, if
t el tdensi vysioindg e &blBBENdpﬁgtﬂhﬁoey,iStsaﬁféhﬂaﬁmbhypressure
Io andthel -5 atlv Ve|OCI |essff|ce
loweﬁar el %%o te 1{;0 , e{é\ orrs Gster§%antf Llc}harfge ¥eQ gpéues is
suffpaientcles)ohg orhthe abaaged satei¢sal acaivd r aVeIthbhrchglh plate
w1thop% gr%?e t:l_lnlg ﬁ% qa@%%gsghgo Jl%% OfT}:tl se acc0|lg>wer r actor
a Ci gare hat " i's positi
preS@nrehe @bl@ltepi anetesiede qahne;ﬂ@@@ﬁltoahesacesur(mceh@f the cold
pli.at%t I}?ﬂd I@.l}g‘.tugg taﬁﬁ Q:%Qgég% O&l%kbeegg% a&@ﬁ?ﬂaa&g' fgﬁﬁ‘ i:grtlcles
Iciently hig eir relativ citie
aftesufamlghémquosmhe cgédtpéa’@% frém hheh@argmszﬁms, such as
pres@gggsgag&fél Tddie 93S BRase. WD Cby £aN hNed gaRas) tiPMne gas

cold ate or deposit on a conponent of
phas§|g§rép%Q¢qq“ﬂpches is significantly higher and nucleation and

o%hcondensed by

growth of the ablated species to form particles can occur in the gas
phase before alighting on the surface of the cold plate. Thus at
higher pressures ablated material can form a silvexr-based catalyst
in the gas phase, which can deposit as discrete particles.

After a typical run the chamber is brought to room temperature
and the sample is collected and stored under atmospheric conditions.
By controlling the temperature gradient, the chamber pressure and
the laser power, which can be used to determine the number density
of the atoms released in the wvapor phase, {(e.g., on the order of
10 atoms per pulse), the process of condensation and consequently
the size and composition of the silver-based catalyst can be

controlled.
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positioned on the cold plate. Wthout wi shing to be

bound by theory, at an abl ation pressure | ower than
W@bwat1228@&T3 Torr the nean free path of abl at edPGPER0E#002473

is sufficiently long that abl ated species arrive at

the cold plate w thout undergoil®g many gas phase

collisions. Thus at |ower reactor pressures, ablated

MBTRE | 8be £ L POSdds 108 & rSWHACEhDibelhe copskflrabey greater
and di ffuse, and coal esce with e

ch other to faqr
thaaPPPRT ed Oat Il | BT 1 MG Bn FERLSEGT L pPATS: APUNTgREr  The
tempde8SEe§radlait aanpbessdy e cadbbyeanbotiingl @hd Tangeratures of
the col lision frequency i he gas, phase, of ,abl at ed
the SRR P0E/PE RY YT %ggg?%/yojﬂitg el g%%g%ucl%élaet Fohe %%a(}ure of the
upp&lF oWt Bref ihepabtated yspesiesnt Oabautn pasbic! asd cancc. The
occur in the gas phase before alighting on the surface
tempgratvaec ofd the at ewer THideatishpghberaitles Hetusenbplwd 20°C and
terjal _ca rma silver-based c I it
150J|o$asei,t Wi %@%gbne depos agggd?lg%tr e ieab%l?hl ciﬁ]éas%{&%? Zarp paratus
desaripgpl adbveunas he tdamietel shitr alghtodledr gehative to a bottom

tenperature and the_s le . ] I l,ect ed r
plaﬁen’de%laﬁ n%esop egcrr' c C@Sngﬁrg?irfﬁ}s?%fsg%y (%é%t'ro ﬁq?nggé)hggate can be
heateimerlatuve g ddicebbttoheolattanber pressure and the

I a , j c b {,Q, d ] t u r.

GohSh, POURE, pUIUED, <90 PE-USELiLS, DELLEOLRR IAMITAST iner:
envigomnentonofhehetdar @ndY0r4 areems Fdr pUeseyres hdrigher than
enPLAEAESS O-cGONASNSAT LOD AlihifANSSAEN! LYabbes Sine dibininit
e rrp(;e% t%gr? o? the silver-based catal yst 1éar] be PR
of cgmerpheetl: Thenbperdting hudsdr he sYrbhardnber figwever, as

ind PESIRT alYeOr ek eLedb@n A 21953 pLObhrr Al S &t pressures
preferably about 760 Torr. The tenperature gradient

lowenithise agjrospkerisy PAPEEETHy the tenperatures of the
t opnangdd e beld-antphat ess ofcnkhenshiadiberis Thee capability of
tenperature of the upper plate is referabl_z bet ween i
Prepdptit - ISl et anteBocand Tﬁ‘@tfﬂenﬁég%unp@r&fl the PYwdrrecisely
intPbAl@ oS kpbRh eklantRat Wee abeutre2E0Grand.15006xididing) gas

shoul d be appreciated that_al though the L appar at us,
Sucﬁegéri%ﬁ@egbov’g%agh% Fsﬁcﬁod‘t ecl?%tgcteri.s ngged_%l%ro uction of

reat®l & ige@ebointHaiHeo hplat e, duting geendigositdnnbprocess allows
b EYE SR preph P RLRLE S0 Bl S fel Ay Ssuses co
obtpbt f oxd maridscanei perticles. Thus, in reactive ablation the
chamber includes a small proportion of a reactive gas, such as air,
oxygen, water vapor, etc., which reacts with the atoms of the target
material to form particles comprising a metal oxide. The target can
consist essentially of silver or silver oxide, whereby particles of
silver or silver oxide can be produced, or the target can comprise
silver (e.g., silver and/or silver oxide) and a second metal. By
providing a target comprising silver and a second metal, a supported
silver-based catalyst can be formed directly. The second metal can
be a metal or a metal oxide of one or more metals selected from the
group consisting of Mg, Al, S8i, Ti, Vv, Cr, Mn, Fe, Y, Zr, Nb, Ce and
HE. A target comprising a second metal preferably comprises a
second metal in the form of a metal oxide. For example, a silver-

cerium oxide catalyst may be formed by reactively ablating a silver-
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envi ronnent of helium and/or argon at pressures higher
t han at nospheric pressure in the chanber, which
WO e@aaz2803 he possibility of atnospheric cont anPCEIBE2005/002473
during the synthesis. However, as indicated above, the
reaction may also be carried odat at pressures |ower
than atnmospheric pressure. An added advantage of the
cerﬂﬂ%zggg?éﬁ thes canalcll t¥mefi PrRPakgby skl estefbnret @referably
and nefal oxide particles by reqiselx i nt raduci ng.
the |GgWiR TCEREEHT raatidonSAbRIR T edCESFeNgRos 'edipﬁrﬁéfles that
comé%%?esgﬁhvé§ @%%genAbntAgdluhdveachggn chanbere iM@rporated in
i ntroduction of reactive gases into the ch r .during
nanqs@lgeBdst 1567 [S’EEOE]%%so’%fﬂ%ong Rt et a(|e-gbr:§% rom
thﬁntam$ﬁﬁidﬂ3ﬂﬁﬂﬂﬁaﬁtﬂmbthb&atho@ass&ﬂﬂarﬂM@Baﬁncakhﬂgsts can
nanoscal e particles._Thus, jin reactive.ablati e
be Eﬁﬂﬁﬁ%rv%?méﬁ&ﬁ§3QR §ﬁﬁ?ﬁébr%ﬁﬁ%%% on 6f TaTr ag?ggépgggﬁal and
ceriStichosASieai I ,Foax yg@mpleat er syaper-cesticm, oxiidehcrbatyst may be
Wi the _atons of the_target erial to forts
for’?%’f ?ﬁl%l 8??%‘6%1%% 8i K& S5 SRet °W§§‘% dét.ag‘%ﬁfé & g%ll‘?:earn metal and
cerionsixstie ess entdhalbyr oforgidivéngorrgdtver oxi de, whereby
pa&%%0|§§%f§;t§hg¥3£eOro§|léﬂﬁﬁ %ﬁﬂ@ rgﬁgEéH? QE&QH?@Q’ can be
or e target can conprise silver (e.g., silver and/or
contsidMerd oxime)atdrdianseckrit ivdeafensit pr Gipgenglatribution and
¢ " ]
the [ &L HGL o281 8Ly VEF 1319868N4vEBL & | afbrph h
hesub%%}tgﬁgglq%gr-%d%%d_cata st can gg forwéé rphous) phases
can dicrectdnroThed sdvoner gl cla¥ bexadisal tor grfapare. laser
enelg%}ndgnci).f t&%fg@l%&%fn?@ Scsil e6tad froihé heo@p&sirion of a

. sisting o , s, Ti, V, G, M, Fe, Y,k Zr,
Sllvwx_ha§eéndaﬁﬁiyﬁFtaﬂ@@ﬂu@bﬁirF§?n§a§l§eéﬁ%dt%%téFlver and/oxr
sil&gfﬁéyfﬂg!¥oceﬂgré§$ﬂ% arsSeeende fetidindtrit heah oben @ntdkolled by

nmet al oxi de. For exanp a silvercerium oxide

, xanpl e

COH%ER¥%¥@§tthﬁyC?ﬂ?qﬂéFﬁéﬂ %§1¥§h§FF9%Yy abl ating a

Si hMessE! éﬂ@bﬂ?%?ebbﬁatﬂpfhaﬁ@&bw@Dﬂﬁkaingaargaﬂxandm—free,
~oxygen. Preferably the silver:cerium.oxide catalyst

simglypiesas Feiiraare P { CEPOSLTHER ConpiToGioProsy catalysts
undd €. GreriA®, AYianchoOdr AgZdrdinbatoarne enbodjesrat,edhien silver-
nanoscal_e particl es of thg ogide of ceriu

ac

bas R CE AR LIRS it | G 1 & FRact Pye AT Aron st/ o) osidize  the

conSét3eir s eshreahalnesba icantbe chosoe ddikzacabl iat i Wre foagmstream

a target .conprising silver netal and cerium oxide. For
Smo%?dﬁ%%bFlgagng%T-ceriun1oxide catal yst may be forned

by aabl @idcrgmanpr essledegovder at anggtodf ofi Imaringet al cigarette
comgggging the steps of (i) incorporating a silver-based catalyst in
at least one of tobacco cut filler, cigarette paper and cigarette
filter material; (ii) providing the tobacco cut filler to a

cigarette making machine to form a tobacco column; (iii) placing the

" cigarette paper around the tobacco column to form a tobacco rod of a

cigarette; and (iv) optionally attaching a cigarette filter
comprising the cigarette filter material to the tobacco rod using
tipping paper.

By incorporating a silver-based catalyst into the tobacco cut
filler, cigarette paper and/or cigarette filter material of a
cigarette, the silver-based catalyst can reduce the amount of carbon

monoxide in mainstream smoke during smoking via catalysis and/or
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ceriumoxide in a chanber conprising argon. The
m crostructure of the silver-based catal yst can be
w@oovsnedshed using ablation. Particle density, POEBER005/002473
di stribution and the extent and norphol ogy of
crystalline (versus anorphous)lphases can be
controll ed by varying, for exanple, the pressure,
oxidhasen eflergybandndrerfiekatusr esabonheicaide pl atree EheVer—based
05|t|o of a | v based .cat al yst ncl udi n
Catagg? thé& si vdzlrC eaﬁcﬁe O?tgtl lve'—?moolyxnlscde oP ?ﬁg o‘% §° matter
(e.gof taue) skeendtheteh acangbeetiontduelihgdstyykicant rol | | ng
tl}’?re(.\fggglgfl ti %HeOfs:Lt g% tggg <§ cAggfgé’@sgeggg Yincor orated in
ablation all ows fo ven - e, simultaneo
tobatge neut ol lded, demﬁsqetht@np@pmaar\pb/rorbasedr@latealfyéttsr material
in d1d8uRt CEEEEEANII L] R ACGoRAIag1 b0, AN JIRNt
o Elt%he solu ver gscé ystsu can%bergséza %g Iélg?g?pll smoke of
Carbaﬁdm@WOX%GQMtPeC?hbo@cﬂﬂﬂﬁﬂﬁﬁthoﬁtC%@%ﬁﬁ15&Dd@xgde pyp at least
153, Ca0RON 64 OXigle id8alhaopmbaskEeAm somke.0b 9, CLAAr Ml A yst s
enbodi nent relates to a nethod of g
preséfl*@a%%tatré Fowpli STRYCHE SreFenBPrtigt |3{?@§Fp Baff ngha carbon
mono%:{.ll{i%( &s %%%gncéi&yéé a{tn a%e#nﬁé’axsétu%%e ?f ﬂ&gpaﬁ'&% %BEP’C 210°C
[ clgarette paper an garette t mat er |
or l(eisis)trmm\aﬂodunglmdf?e tobacco cut filler to a cigarette
e to.forma tobacco _colum;, (iili | aci n
e R e oL B SR E P PR | SRRCHREdCut ¢ P RgRLon of

the acighsote rod doform cszgakee,t t @hiand ddwv) beptdonal | yhrough the

. at% Chl a ci.garett ri si.ng .t he arette
ciafhH G nieBrRalPt e s TRe SRy g R aneing one

end pra@ertheBycmgm:@rtper andig whsld v@heb&s@@c«;at a¢cwsliaunatlo therein
undegépgeéo %C?r%u%*ﬂort Jlea%rtn.oﬁl gﬁaqltn% RARSL: t%e smoke through

are ter rmateria a cl'garette;
the stbwlererbhwdthatgiqps:tet(tan rmce-glahretaﬁnm adisochﬁbmpked by

othegoglg hge i QOPHEQE%E atl s K{ig@%ét@& ﬁ@kﬁggsﬁ{&é‘ed byb heating

catal ysis and/oro carbon nohoxi de to car
the d¢m@n§>§teT@cb/|qr\/eheaﬁzﬂsr@d eatng y§ﬂe@bmlcaﬁlsoh?@'€ﬁ}%emﬁh@s: as

descgrg?i)@ch arfﬁuntco%oﬁﬂ§lé§éig%te9 ey ter (Eea&nft t%)s dragvno53 176;
t hrough a ci garette dur i HZSSnDkI ng. Preferably, t he'

5, 93§r?$/%'r “haddd>eat @ yst362aP &> i ncorporated in tobacco cut
fidpleerseral OBM-BhkerbaRer sROK O £LMAr 6t @nEi i@k ure of gases

passrlrgge&lnavlrll the tobacco rod and issulng through the filter end,
i.e., the amount of smoke issuing or drawn from the mouth end of a
clgarette during smoking of the cigarette.

In addition to the constituents in the tobacco, the
temperature and the oxygen concentration can affect 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
{(about 30%), combustion (about 36%) and reduction of carbon dioxide

with carbonized tobacco (at least 23%). Formation of carbon

monoxide from thermal decomposition, which is largely controlled by
chemical kinetics, starts at a temperature of about 180°C and

finishes at about 1050°C. Formation of carbon monoxide and carbon

dioxide during combustion is controlled largely by the diffusion of
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in an anount effective to reduce the ratio in
mai nstream snoke of carbon nonoxi de to carbon di oxide
whyooati2dsenst 5% {e.g., by at |east 15% 20% 2BO§/1E00§002473
35% 40% or 45% . Preferably, the catalyst is present
in an anount effective to convert at |east 5% of the
carbon nonoxi de to carbon dioxide at a tenperature of
oxy(ge%st& h@Hea%gmsa@éOQf; Or A £S14 han s@@@a&e 10QCction (k). At
Snoki ng" of a ci garette nmeans the heating or
250%ontsustridorks of atch@boiungaree t wanep f Atmi8htke thehiescttiam becomes
dlfmSl%na%n£P£M tlﬂ‘%n?ig}ﬂr ecthteeregﬁ{:]@{cﬂl lc% CQHB& ncglog(flde with
garette 1 nvol ves one end of the cigarett
carl@cﬂd:,ze\dﬂlﬂo@at:he bobahanccm)lntca:mnd; taiter‘mrpeua’dleregge@:cmnd 390°C
and nbusti on reaction, drawing the cigarette snoke
t?] oﬁgh t he nouth end of the cigarette. The cigarette
yuaimm bendnmiged tbyzret here netimsee Fodisniaapl erephens in a
rette Ye b d heati
c1gar or he%%:r{relang rﬁb&?s% gll e?::%ﬁre %lth gaa}&oﬁy(ré‘regﬁcg gtle.‘Llat:Lon zone,
andd@m:rqobeldnmtmr‘tf@mt ababwi gved - U. Bhi Ratrert szlalng to be bound
1 3 t
oy hTdt feant Snoke Tel %?tigéhoe A N
the pazgiings dowratiensobdedo peduandn sgbfFherarr o@gﬂl@lh% of the
cigdtdiit® d@REnglsfokinkhe amount of snoke issuing or drawn
fromthe mouth end of a cigarette during snoking of
t hEiEsyar dhee. cPRORdION oﬁoflg the dditst PLEBHRES i4Pcheof the

cigi%‘:?)roﬁh@e&e@@ﬁirﬁj W kaRg bREtAXYdeHafONEENtBLIOP at the
can affect the formati on an reaction of carbon

lighfstbxerfe ahdtear 6EFP%RGE - de. TiThet et taRBuAR Jihe combustion
zon&a{::l%? m da%ofu(%r %@ @u{‘:ébngbélﬁ[ipkbg](%cco%% ftﬁ'f%mh%atlng rate

nati on of three mal n sources
candmoarm(milghl am {Eouse3irg., ®Gerbusti @rydembast b868§ @mtbumed in
reduct di oxi de Wi tg car boni zed tobac

the on% % o) Cfar Og to rodu c e} e, carbon
(acf Sast Ii30/3 PEPRETI of of FCSFbon FOroxi dB°FTS
dioxiver,mal welE@on'p@apbron anghi char®odsar gekyarciont r obinpolurizds,  the

et | st.art.s. At f .abaut
conﬁ%be%agﬁanf |O%| shed At tl%bollftwafdgo }Egpgwdgtt%logln o?l B The low
oxygen bomcephoxi dmsacdupdedoritdi dhedeidguriangpecerbustiamds to the
redlﬁcc'tjfc‘o%ntcfigl cI: Jnar&%xﬁ.dgy ttoh eca@bofnustdo%%xpi_%g %93 N0 5%3%%onlzed

ace (ka) and via a surface reaction
tobacda andnkihiar ecgbout the §ah@erﬁaw@00@talwhés can convert

carkgc?r@%d.rf?)@{iggcggeéarbon dioxide wvia an oxidation mechanism. The
combustion zone 1s highly exothermic and the heat generated is
carried to the pyrolysis/distillation zone.

The pyrolysis zone is the region behind the combustion zone,
where the temperatures range from about 200°C to about 600°C. The
pyrolysis zone is where most of the carbon monoxide is produced.
The major reaction 1s the pyrolysis (i.e., the thermal degradation)
of the tobacco that produces carbon monoxide, carbon dioxide, smoke
components and charcoal using the heat generated in the combustion
zone. There is some oxygen present in this region, and thus the
silver-based catalysts may catalyze the oxidation of carbon monoxide
to carbon dioxide. In the pyrolysis zone the silver-based catalysts

can also directly oxidize the conversion of CO to CO;.
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di ffusion controlled. Finally, the reduction of carbon
di oxi de with carboni zed tobacco or charcoal occurs at

wa eqopeeadiur es around 3900C and above. During sP@RiIB2g05/002473
there are three distinct regions in a cigarette: the
conbustion zone, the pyrolysistdistillation zone, and
the condensation/filtration zone. Wiile not wishing to
belbodhe byortdeeseyiontfilsrhelipevembriehathd heemperature ranges

si | yer-pased catalysts c target the various. . .
ron A e e A e dip e AT SPORE PRGras F WHg zome is the
conddn@atebh &f tirdatdosnelei Nthe Hricdde, ddce@nbESt | WomEON@ount of

i s the burning, zone of .the, ci rette produced dur.in
ek MPRGRBIC N cdBet eeomil, SFUse RO, Srhetdigngette ana
someOfothyencidjdifesee. idhe tlenpelgdinateei.n (ke gembtsli phessure of

zone.ranges from about 7qp to. about 950QC and t he
Oxyqﬁgat%ﬁg ?% e(%ﬁﬁk %aEEP [ d&géégﬁﬁﬁxy%ﬁaﬁon oS BedKlise ISnerally
recaypeyger |thedaeatmpspbasioedevel £ he Ioorbasicdoodenfatighadddtration

zoneto ﬁ{eOdg%f\\I/eCLa—rbg%@dw%Q%é;ngt% !ax?o agg?iiedean gero idize the

ca
\/apqr an ari ous organ conmpoun S', e concentratl on
convsirsgrypgeh ¢ardopwnppoxive donbasivémwrdizeide. The | ow

OXY & LORCENt f atd oaascaqgggl ed agﬁémghsfhgg%enctdilngxitgg rate of

tenperature |eads to thé reduction of car
a chent@boreadHot -des ) it he caFbbrtizedarobaceease nthhj gate of

oxid=29bANe £ t 8813 WBhoRASEd L @taewﬁt&i&agaec QIVESE L GALRIR i pating

nmonoxi de to carbon dioxide via an oxidation nmechani sm
as arfeactAblseT I AE PE R hrSAEiorher AP cOBFRthd Shegpable of

oxidi@nahahefbd st 4al I bed. | Byt RBnAY IRy Vsl &l 8b1 LhdticRRtant, such
zone. The pyrolysis . zone is the region, behind the
thate fh5uSEL M Z orfe S Ithef eTe M e ér AEAResNT AffEt f§nrapable of

redudhiegt a2QQRGthatpbeuy. S00PCrecdiRa iRy IXyyehS r2eMethe reactant,
where nost of the carbon nongxide is prqoduced. The

s‘“*hﬁjle“@it FRATSWTIPY RFRDYESRYS| &5 [92 31z he t her mal
deggadatingn toofa t heetahaec anddmad, predu CﬁSL\ﬁa&Pngﬁed catalysts
nmonoxi de, .carbon di oxi de, spoke conponents an

are (BB e n ol hGOREAES yoRr sdd o | st stiagsT  and/or

cigazenes THeteri sasenmloxygen {r eseni & Nciyasettegi onThangdilver-

masd 5505, NELBRSY SRIELIR IS At D e chan
aboyuky A0Dysms aferthiy sidaserthbasaldowatil yst smore preferably less
than about 10 nm.

Cerium oxide (Ce0,) (x>0) 1is a preferred support in the
silver~-based catalyst because cerium oxide can act both as a support
in synergy with the silver and/or silver oxide and an active metal
oxide oxidation catalyst. An equilibrium between Ce® and Ce? can
result in an exceptionally high oxygen storage and release capacity
that enables catalytic combustion of CO by providing oxygen directly
to catalytically active sites. BAlso, CeO;x is less susceptible to
deactivation from water vapor and more resistant to sintering than
other oxides such as Al,0;.

The silver-based catalysts as described above may be provided
continuously along the length of a tobacco rod or at discrete

locations along the 1length of a tobacco rod. Furthermore, the

silver-based catalysts may be homogeneously or non-homogeneously
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can also directly oxidize the conversion of COto
CQ2.In the condensation/ filtration zone the

W eqopaediur e ranges from anbi ent to about 1500BCT/IBR0@S/002473
maj or process in this zone is the
condensation/filtration of the i$noke conponents . Sone
anount of carbon nonoxi de and carbon di oxi de diffuse

disPHpfed rb@o%'gg%rh%t tiendhd SeMR Wodlﬂoﬁusesl‘ﬂ&t&ﬁxﬂﬁ based
cigarette. q’i)artl al” pressure of oxygen in

catSUEngI G 1144t or Fonet ode HOELaenaraPky Supplied to 2

cighROONLMakdnd hﬁa@kﬁiﬁlﬁnﬂerlr{bo&@}éﬁéted ndiﬂ’t&:tly 1n a tobacco rod
condensation/filtration zone, the silver-b

prignt 5Py ¥FIPRY c%%%%ﬁféeaﬁ’&PSF E%PBP‘ZetPﬁeC&Sﬁ’@%F%? ofd-  The
sil1eér-gaidean rRRaxi/ses t omgar bva dd@[chsdﬁ:edAS djs:eekthlgr ebn, and/or

a catalyst is. ca e of af t|n
InCRIRGRAEEH FEaEW%JE&bCee §3Pey %3%%3%/ %ﬁc e|rngr easegafnnette baper
is ixactce:p@;fra@xddﬁ:ttcom aefigaasbion nonoxi de to carbon di oxi de

art|C| pating as a reactant or uct of
re%&? OXI % gY LePL d%lig E)e cslsq:rlbuted

i°s Scapible of “oX
thrm@tmmtthee t@bacby docmat crgpmptyrgeditoet hmat@mlarﬂnd/ or along
suchht [ elf is Lg A regducing. i
croSiShpbiele BEGPE IOLATELE 12 BRI A BIUG Bicing e
silvelc-éaaﬂenlg QEXWEWHST ohhrhwhowgct ame , oFuchorhatcompenents of  a

01g£1_e é NG, a:ggn%o%éﬁﬁhe EQS Pé%hfgeze&e nql.l N tQ@on monoxide

erred net si |l ver-based catal ysts are
drawnc@rmgat the i gigagisaEeo cut filler, cigarette paper

an@'ﬁgraﬁb% eéf eckfé lsth_rve%%écﬁlcé{%QQSEQ I:Qﬁ M& selected such
cigarette. The silverbased catal ysts preferably have

thatinthy erEgentart | €20 AeNogidet hRnMABBYErSAID FHAke is reduced

durPﬁ(?f emBRiNg | €S 4 hangaboute 50 NideraRES] ) efteléat&mbulnessof the
t han about™ 10 nm Cerium oxide (Ce2-X) (x>0) is

silpeetRasedd GhFdostsi mithe RS | %eFaEﬁ%%‘al‘iaJtlm )f%?fen?&&é(ﬁsé‘mount
e. chraMné:@@ﬂraﬁ KFFi3CEnDOLdH @scA ySePRaHY ok noﬁi/c[h_ﬁﬁ'eg)éthlTeﬁst 10%
e silver and/or silver oxide and_an active et
o bt ATBPURPT SR IR JOLns M aPO KB I T S RAE T Cs AT east
25g9and Ce4+ can result in an exceptlonally hi gh oxygen
storage and. rel ease c aC|t t.ha es .cat tic
coﬁBEsFi‘%‘h‘Q rt‘fo%?"b ?u a. kb%égfg OFE%PPy%tL% silver-based
catﬁﬁyﬁﬂytarﬁﬂlﬂnenaccielp\belﬁim@stheAl &0, ve@eBBsed Schiesly/sts on and/or
susce t| bI to deactivation froll\ﬂ{ater vapor .and nore

AnCP IR AR &egﬁ irer TR SRars St Hert 6% dds =idR1gs & cioarette.

AnyAlsd8able 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.
In cigarette manufacture, the tobacco is normally employed in
the form of cut filler, i.e., in the form of shreds or strands cut
into widths ranging from about 1/10 inch to about 1/20 inch or even
1/40 inch. The lengths of the strands range from between about 0.25

inches to about 3.0 inches. The cigarettes may further comprise one
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The sil ver-based catal ysts as descri bed above may be
provi ded continuously along the length of a tobacco
w0 os022883 di screte | ocations al ong the | engt hp@f/1B2005/002473
tobacco rod. Furthernore, the silver-based catal ysts
may be honogeneously or non-hod®wgeneousl ydi stri but ed
along the length of a tobacco rod. The silver-based
or Gr&ir%: yﬂdﬁvcﬂﬁmt@e agddesltier cubdfitives t@bhaceo shack additives,
su iled to_a cigarette-nmaki ng machi ne or_.ncorporate
contiARAED JOPRE B o R o OgPFEPY | 8% Gl PG et gar SEFe) knoun
in f{oapertaround the cigarette rod. The silver-based
catal ysts may be depasited directly on and/ar . .
PEh i Bl Te Aok e, e s bl A AR oin e Tidter
elendrgared te pageretite,i nder poirldeed rant dea i ganet felter, a dual
.ol ver-b d t.al yst il . pref ly_b ' | bput
fll%ﬁ%ﬁofbﬂgﬁi)ehgagggééc% ﬁ%&%tgiggié%?é ?i??géégéﬁe$#%a roor @
frearfdoer fAllopy- t h&hei galeerebpsgybrcaorltvisbrs ceh dpe incorporated
int$!HRf g%t ﬁor@yfie.[t%¥:1§épgs tg%%.e%ﬁ:iaaeff(%ﬁsc%% gﬂ)@% yéc;rl%is_ting of:
t hroughout one or re conponents of a cigarette It is
shagsss pebke iwsqridueerlng @rswpaceobetegdbrlvofoxtoEnptagnfilter
papddlf OFQQ%t Ko, 985 etd8 1 uThee anuL@f dNe3J, ! VEr -RAasedopyiene
catalysis can be sel ected such that the anount of
sleggrbendndnbsaadd lPH FB$$&tr eam snoke is reduced during
SMRKERG IS anigahneht epr &y eday ablyetrdde AU ngf at RE€garette
silver-based catal ysts wll be a catalytically .
compififsd@g Vdeanbiiiter8aged gatamptint- suffEicBpénges ofor cigarette
mam@hyze 28d/19lwaxiidi Zendt ateast A% InveRei6/008r modified
. nonoxi de .i.n mai nstream snoke, nore preferably at | east
cigansfhteqid kg odiSTBRE TpF offded®a 1EthoP fb?ccf%%ﬁaﬁﬁ tREalysts.
The Si ty@r-liaged caghabysds adkh t hen depasati-0gediheto any  known
ilyver-based catalys%s gn nd/ or incorgoratin themin
2per & Aiyer

seqiteaEaotat PPFIS P ng°R cBaRELt <£te ! "making
tectatiidu@bl antl obacipmetitxt urke nayt beilised doppothei@utis optionally
confU s BECTRLER: O o SHLARLE LIER. Bl S0 prpyicea o
cigd¥dtertabkimbaccdsnet he pasduay sspebaabt ycébbaccodichnds then
oS {toen Topatotmeeaometarlal ol ppYidet.

nmatigardtSesuciryasramiauntrex panded 6P puf fed tbbaccd20 mm in
len&hqceagﬁgriﬂ%cgorégﬁﬁr Séf_%l?:lr@%te is about 70 mm long, a "King
Size" is about 85 mm long, a "Super King Size" is about 100 mm long,
and a "Long" is usually about 120 mm in length. The circumference
is from about 15 mm to about 30 mm in circumference, and preferably
around 25 mm. The tobacco packing density is typically between the
range of about 100 mg/cm® to about 300 mg/cm®, and preferably 150
mg/cm® to about 275 mg/cm’.

Silver-based catalysts were analyzed using x-ray diffraction
and scanning electron microscopy (SEM). X~Ray diffraction (XRD)
patterns were obtained using a Philips X'Pert Materials Research
Diffractometer that uses Cu Ky radiation. The size and shape of

agglomerates and individual particles were investigated using a JEOL

Model 35-C scanning electron microscope.
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cut-rolled or cut-puffed stens, reconstituted tobacco
materials, or blends thereof. The tobacco can al so

WO pbaek80i obacco substitutes. I n cigarette mnedEHDB2005002473
the tobacco is normally enployed in the formof cut
filler, i.e., in the formof sBfeds or strands cut
into widths ranging fromabout 1/10 inch to about 1/20
i NCémnorrcgaehy 1/ A0t e Tlaél*ireemgtmsvd@frst heesd r gndsured from

Arggna_}Ln e Cfor$ﬁr§1,e3t_<¥\rlleeg%at%%% 5 %%g?eion%r]?egcge%gfﬁéb?tﬁ%r gowders

weref I aar@rwant syor SBM heancadd?iRD ve§1=5> (ecgpriper nt@ddi t miespn sized

agglg%qggje{%&g ey rﬁgqliofsggmg ra&eaw]lgb gﬂ%;[ ;29 %@gg gf{gd%némdual

nown I n the art e si ased c
partgicdel gtat ethd mprhexindtedy dPénemt of a cigarette, the

; ' fﬂ@r M‘ﬁ%y H?notfl.él t ngmé%rcqléﬁg f i Iia{rgf_lakﬁet r isﬂll%er—based

| ter, a cavi ty [ter a recesse ter or a
catFlysé- MReweraltared Trdng] Iav@ronﬁas@@ufeaﬂawét@k@dnbbé reactor.

An h@ﬁ@é@&[ﬁ%ﬁd dNtQ QReres MREE fdddek PR {SosAliRELRd vithin a
fromthe group consisting of: shaped paper insert, a

ProgagalAe stk THERAER 0D iFyShOET gt dTHIBIR| Rt erThRpocouples 64

and P8 Meaised G | MbRSEACELAL @chbEEYEIrs? HO ¥REORKNSBE-based
sl eeve, and a free-fl ow sl eeve. A further enbodi nent

Catad‘ryﬁl gee &b ?TE?‘H%’@CSf SAakF FIPSCEVGAV et t E° cB¥Uatienghenability

of id VEnvbaspaseat adostst E@c&auqa@Stﬁ@rc@ﬂcgaaft@bttgon of carbon
manuf ac re known in the art conventi onal

e or
mon allefl & OEFgg? e{”?eoﬁaﬁpﬁgSﬁé?f%"kﬁﬁ?drrﬁtﬁéyﬁ’%eastGHSted onto
quanmcmopmr abeanat plysds in Thes rzﬁﬁddltelf RGE G:Ih@aﬁ:@h&ﬁ@r cana filter

b manuf act ur e to an cific |on I N
pad B R S ol Pedne Aot eERRha A PBenni HBL Saigring the
gas egpdlpyrent 70Thehduh fkl leratedpsasi &i dﬁwnSt:&fiﬂm odialel Y65 of the

rrblne W, ther i arette additiv .and. prov,i de
rea(iCC% a mg%lr é%{gug ng I(Fgrtacﬁl he tlogpr odgge 38 tor%rOducecclj at an

upstgelammidehe Tl $rﬁheﬁam%wdi iirs plagaeét deepaper sidndr-based
th gar r e
cata?'&g %J(’)ut t&EBﬁﬁrgt \(I)%haebo%%ggig%'sm%g ngl ?hlé)t%f] p%ne?oaqﬁgl ghout 1
litex/mégul ar Aditgar extttmiingngbout st@anm | orge afleW N LS| ge% the
temﬁe%a@gf’é't o§ qunftﬁqﬁ’ceal SEH&% %geQ:g a% Ze hzéé:\%ﬁ_ﬁgoygté‘ogf about

nm | ong "Long" 1s usua about
15°Q/engt handrH‘élec R e ukhay meﬁsoff% itebsdi ve5-prrAado cabalyst and

emer%@sm}qr'oﬂ Qhécﬁ%ﬁg% 9:[1% ptgi?f@iéabfé/actor is analyzed by a
NLT2000 multi-gas analy'zer 70, which measures the concentration of
CO, CO, and O, in the gas.

Multiple test runs were conducted on a given test sample. To
conduct more than a single test runs, a sample is placed in the
reactor as described above and the concentration of CO, CO, and O,
is measured as a function of reactor temperature until a maximum
conversion of CO to CO, is observed. The sample is then cooled to
room temperature and the measurement is repeated in a subsequent
heating cycle. A first heating cycle is referred to as Run A, and
second and third heating cycles are referred to as Run B, Run C,
etc. The runs were repeated until two consecutive runs showed
similar light-off temperatures (temperature at which 5% of the CO is

converted to CO,).
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around 25 mm The tobacco packing density is typically

bet ween the range of about 100 ng/cm 3 to about 300
worguostie2895 and preferably 150 ng/cm 3 to about PTBIBROI09R473

3. Silver-based catal ysts were anal yzed using x-ray

diffraction and scanning el ectni8n m croscopy (SEM

X-Ray diffraction (XRD) patterns were obtained using a

Phi:d s YonBRE lie MidBsdrali snResear £dr Birfel taghor®iar it hatilable
uses Cu KO1 radiation. The sjze ang shape

silugyyl BREFHIES ahd PRATDI ddal FpEFS cPes
compriv@sll gatedcuskng a1dEQL NM&inc%aegSﬁannwgueé@.ctrme data

rricrosco e.Commercially av ble silv powders were
g G o0t 1 SPGB Cor BEA-At 1 5h L SapPB 8o Bror gy eide is
converAdl @ceickedont Bﬁom@e(ﬁ)mﬁéeaﬁﬁﬁwlrﬁéte@wmﬂd KR each of
to conprise 10-40 m cron sized aggl onerates

the myifessalge netad 1A°C si Mper tﬁra?ﬂaa%@ a"Fh@th%Rﬁ ffalthe carbon

mondd@ldel §LEcShv¥E- 1S t8PREAXdrITRtiekYdd O0s nasterthe estdyithy light-
of the commercially available silver-based catal yst

off \EEWPEFaFEated using a continuous flow packed bed

I eAEE BFLtyA oF | fl!uélSEBI&ﬁéJthatJﬁya Padkedlbedireact pErﬁﬂcles was

05|t|oned 'thl.na r anma etub furnace6 .
18P BURLEAH ghive DS RReTh b Erss LI Bt cotkayst inte
handmarmmcmjaxteheetsermﬁltatwma oint hersi | arerkebdaseding a standard

cat al yst .and t e furnace 62 res ect.i vel va
Smo}ﬂ?eg hf’y of ?Iﬂoe sngl \%er R C%[:iat 51%%&% 1%5’1 ucceS)%?GE fned no
s1lm+<baeédatatml3m‘t cazhbonnnmmmmzﬁeiltabouof 266mmy @nfd #Aé mg of

SI| er-based c i.s dust to ar, ol 68
the pleace% A édl%leof sct chgac&u fkﬁgg\?t eorf'6 ge test
cigzﬁge’ut@ﬁ besuliset] Jtnoapr3é)€seandpéﬁ%|@Qﬂma@enare$n>%¢tifweém in the

{ t Nl a0 Brised agphed byl
con‘%é}’t%%tt?ggmggl ggf'%%lﬂarb 'gohé-L realgt \g{%&ﬁAtn I nput ]{éeact ant thzough
the gastmcsiparetdd: i s i ntroduced at an upstream side 63 of

thgii@ép—tb% Qndca{t%1§§§§edca{%vef>et h& ePlalrkgr -ha Fgec1p1tatlng a
cat al yst andthrou the reactor at a flowra
silehousalit | iteerfatim, paszfitlé-‘rleét TG 1A stedTFT st at EOF | GEmRLe

par’@lfclgz%s’of he;ieopenat sk eyatet Becburaacsyi saddaﬁge%se@l Bt Normal
heating rate of about 15C/ mn. and t gas that

SOl‘bta‘ﬁ’esoﬁveSrOdtlH@ dtydreriggs dep cﬁflalaﬁ’teoél‘ﬁd %??‘é‘rt@% f¢fompilver

nitidie dowaskr eampsedep ofatdte pESGIA ¥8s anabNe@dwhtY @istilled
NLT2000 mul ti -gas anal yzer 70, which neasures the
watepncdnitadatadtorp0SE in a vacuum oven and tested in the flow tube

0,
input gas mixture
Pe P

reactor described above.

Initially, the as-precipitated silver oxide particles were
tested at ambient temperature (e.g., without external heating by the
furnace). Referring to Figure 4, using a gas input mixture of 3%
CO~-21% O, (balance argon), 120 mg of the silver oxide particles
achieved a maximum of 33% CO conversion at room temperature. By
supplying external heat, the catalytic activity increased and
achieved 100% CO conversion at a catalyst temperature of about
290°C.

X-ray diffraction of the as-precipitated silver oxide
particles showed reflections consistent with nanoscale particles of
silver oxide (Ag,0). After heating the particles while flowing the

C0/0,/Ar gas mixture over the particles, the x~ray diffraction peaks
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CO CO2 and 2 in the gas. Multiple test runs were
conducted on a given test sanple . To conduct nore

W b@s/12e883 ngl e test runs, a sanple is placed iPCT/IB2005/002473
react or as descri bed above and the concentration of
CO CO2 and 2 is neasured as adfunction of reactor
tenperature until a maxi mum conversion of COto CQ2 is

cor@gRhedio Thetsampt e digvkhem£noledaho 4RA8ge particle size
tenperature and the neasurenent, i;S repeated in a,
greatiisetfiht theat ifRg cY e2SPFITEITRERY | (7g1EGEI @Fige-  Thus,
durief lemeedc@ OtafstRUﬂhé\ sinhelr segome andrehiced heatgng gives up
C es.are erred to.as Run. B, Ryn C, etc. The |,
oxyqaltls P PEHRE dheu T oF wor Kon8c LPEEL P SHowgdoant for
the Stdfivle@kibh ght -qaf foot eoper at ures (tenperature at which
5%.0f the CO.is, conyerted to ) . Carbon nonoxi de
o AT G PR Tl oA e aPPS CLo A apito ggs carbon
mongarde tloesairboshdivide Finguihe 3bseArei opudn gasterinelluseurce of
conprising.3. 5% and 21% ( ance argon). .
OXY{eed.cthée dat 8"s oW?rhacfept{ ﬁ%?er%%léef a(fiﬁrae aoqg\f\lﬁl:giﬁ'lg%me' As
showf irheFigaideod , mihexedeprtscigorresetiedilver apbicte diagtiigées were
T.5) . i Q@Er ' 80C. f ac f [
teséeudnsgk-séc. ee%%g eaféé%é ar ce)]%aﬁn%rv\p?ch&f&) g%@?hé%‘ég%?%%#@ 6% <0
(balmyrexi a@egdrs) .conver sabto carpoisididox?2de g raf efFhed pegticles

achiaesvédqea! ing%?_{m EF”%%%atdér ecorl%%trjs\i:bfly OfTﬁehesilver oxide can

comrerci all'y available silver particles was also
prowds (mtEHsE iafcorperat fay ERe sdsTelerebdsddoparal ¥t to COz.

Becduled HaNdrOBES: Lijas £t LesvihabYRE € thon fdiN13A0k8d ver is an
usi ng a standard snoki ng nachi ne. Conpared

g to a
SXOERATHG kSRR ICNr e Efat SEBM Qi FEBPREA SIS efubiRdthe CO test

incflsy §hild hendiiifiQem ettid 1:@NKef nd GebiMimand (408, NMtedficed to
the silver particles to the tobacco cut filler of the

Sil‘fee%tme:??_éér ettes resulted in a 30% and 44% decr ease,
r espectintgle¥isei Nid he.agangent rirpeRadhreardFontABN et pitated
i n mai nstream,snoke drawn throu t he tesi;D ciu%arettte.. L
Cﬁ?e e ed to initiate

silgy \Rr-A5a 8d e LT ySrE e are By
catdlyadicpiakat irhgy coSidtrerr sakhlyocd,orgamactietes those that have
GOl ri%e{gtsi I ver., For %x%nﬁl & al%\arti cl ﬁ% ofesi I ver
8%Pde e CPPRPAEE S0y G TRy B 15 N8 maf R U Sn of C2FPO"
monagitieueby ddaxa dort @ paraigieous xsokelt camprifsisgl ¥etprecipitated
silver oxide particles and commercially available silver particles
is shown in Figure 6. The sample, which comprised 80 mg of Ag;0 and
40 mg of the commercially available silver, was tested at ambient
temperature using an input gas flow of 3% CO and 21% 0O, (balance
argon). The admixed particles achieved 100% CO conversion without
external heating and remained active for a period of more than 5
hours.

A catalyst support can be used to stabilize activity of the
catalyst and disperse the active species. Supported silver-based
catalysts can be prepared by mixing the as—-precipitated silver oxide
particles with particles of an oxide of a second metal. The silver-
based catalysts preferably comprises from about 1 to 70% by weight
silver and/or silver oxide particles supported on nanoscale or

micron-sized particles of the oxide support particles. Carbon
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nitrate. The as-precipitated product was washed wth
distilled water, dried at 90C in a vacuum oven and
wao e®baeksdh the fl ow tube reactor descri bed aborR€T/1B2005/002473
Initially, the as-precipitated silver oxide particles
were tested at anbient tenperaglre (e.g., w thout
external heating by the furnace) . Referring to Figure
monakideuseny @a’gﬁsﬁdrﬂﬁutélormxt%JrﬁbferS%zﬂﬂ)EZ&%‘& (badeatior oxide
s:leeJ:g-% ;ed cg 1%3}01‘ tshl'?ovic’r{ ll\rﬁetl‘:" OXI de7 pa I Cl es aChI el\é%dof the
maxi mm o b conversi on°a roon1 enpera
cernsmpmgadeg extierglals heat abthie ¢atmaloroin acUswngyan :anut gas
reased ved
R e 2R BE EARh  A0R rB0- Bhesay a0 mo ot
the gfamphe ashprec pi makoursidiy &0%oxpdee i @Ee@Osh@WEu without
exte!r%lf lle%dr%% Cq{ésétﬁh?m V\?ﬂtlblé]aEHéC%]Oe rEbd 88 QérSJ.on rate
ver oxide (Ag20 After heating the partlc
decngigised f PR ngifse EDEIPWY Aexgasnad xtheedipgerof hé:he catalyst
matdidh tlI Ci)?spréxﬂ%l)ﬁ%r Q}Ytgfrfarlr @%E{:% p(ﬁ?lﬁﬁ(éo EE@&PW n{:aG&erlal the
metall1C silver having an average particle size
Cat%$y§éFera@?ﬁﬂ%ﬁ&haFeFEﬁn%I1e a¥bpPectis t #EERL8| | Yperature  was
:anx%)é' %usext%irnaﬁg ﬁ&%l&@ t&Stap che §i+%er acli.%r S%han 90%
uce g., gives up oxygen) I ch al I'éws’ t he
con@ﬂsven oki @@ t® Funwes omcfa@w oxITdanthLﬁmvetdweactiVity of the
mix G ELHORA (0 (000 e g isel Bibaled ShlVele aue to
oxi de particles can convert c on nD xide to car
dispgirekPdect rtheh@cihby¥envrediesancest er&idrve%umetftﬁ mlxture

oxé(&%}_‘rlﬁ gto "I%b@@ GXY Qe QI?al?illﬁEﬁd c%ﬁ@@r@:tor@ éfmgbngchleved
m xt ure. gs shown in Figure 5, the as-precipitated

withguty Bpabimdletharfirepes ?\Metfteesstaé‘é’lat teRRH A tege At Wpech 90%

con#&'s@gnawgﬁsaéﬂl@ﬁegoﬁpr EabNY &% CQribal 8Rce as‘fli,iff:@>)r1:edASJ.lver—
npl e_ conprising 200 ng of the particles achiéved

basqﬂa%?ﬁﬁﬁ¥%$3é@@?ﬁﬂ)%6%%@F§¢oﬁ°mﬂ?ﬁ9ﬁﬁqn§er oxi de can
provi de a source of oxygen for the direct oxidation of
COto . Because the reductiaon of silver oxide to

met al T3-St v el 5 20 Cox GPREFHA IO 858t TonPathd oLafprorted
tenperature during theiCetesdisddcaeasgstwhile the

-SH-ver—exi-de—-s—bej-ng—consured-{i—e——reducedto
silver nmetal) . The increase in catalyst tenperature
of the precipitated Maximum CO
Furnace temperature
Composition (wt.% conversion (%)
for 90% CO
Ag.0) balance CeO, without furnace
conversion (°C)
heating
10 27 390
20 38 160
30 50 110
40 90 110

Activity of the cerium oxide supported silver-based catalysts
was also evaluated by incorporating the catalysts into hand-made
cigarettes. Compared to a control cigarette that contained no
silver-based catalyst, the addition of 400 mg samples comprising 20
and 40 wt.% of the as-precipitated silver oxide supported on cerium

oxide resulted in about a 42% and a 45% decrease, respectively, in
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silver oxide particles during the CO test can be used
to initiate catalytic activity of other catalysts,
w@aoosiizaghar |y those that have a |ight off tenpRCHIB2ES/002473
greater than room tenperature. Carbon nonoxi de test
data for a particle m xture co@prising as-precipitated
silver oxide particles and comercially available
the Sidof@enpasti®l e S 3BV imord:guee Brawdhetisamghe, the test

. which conprise 0 20 and 40 of _the
CAGEGEr oi A YRV PADFS EPPYSTPS S (SULERCAL oI Bhy SO When
testiier ahUkRpesimgntan idipateyas, fﬂr@vvsdﬂvaﬂfommd:az;k%yst also

anc d
red‘i‘??(?o/c)bt%@ 88{39%5%0@&0% f’%ouf’ ex;( SHACY %Lea i @g%deaé%qm through

the I ed@itnedigetdtie f by aaipari od56f avr e:drdgames heitls a Acontrol
cat | yst support can be used to stabilize activity of
ci9345d %&a’lt al yst and di sperse the active speci es.

Supiper  ieldresi-bused besed ysatabyst epCiamaéyprepririe lppe or more
. gtheas [eCi itat r | parti ' -
dJLf%‘l’ar el exsldoef 2 p@)% %e of EQ gl%\éﬁd o(r?rfxetg%lgj%{] 6ﬁoeé AL oxice
suprsiitty erbasetpcidal yirs ep;raeﬁber abiitaedupr psede { r dmWSomw sample

com]g;rlsq_ngo% by el ghtyal | el r@@%_@{at%dl \L8F vOXi 8€ide supported on

| es supported on n noscal e or n1cron si zed
tltapalmm @lx@geolrestqiée@lxp.gea}g@fjb@r t42§a@kgq:3gﬁa§§ in the concentration

of é@fﬂ%%nﬁgﬂ%i&iee &x%% datauditts 240 W : gfa%e%rtbver oxi de/ 60
a

. % ceriumoxide silver-based catalyst is shown in
FI Bur digcusspe apAdcageidveE SEPRME CerPumMhaldex1de supports

can PR thLdL By f@?ﬂiatlldﬂ ‘Ei%%gsﬂs!@drﬂg am i=aNpYbrgdted embodiment,
m xture o % CO and 21% (bal ance ar

on
e TS € OF 200 C0 a0 200 2 (Dol B0ce ot O et fe-Bazec
catzQIysQ:O.s%Lﬁ‘iﬂéfeﬁ]?é@.{éd)fpoﬁ@et:oté:@ewthmﬁrgexk E‘d&dsr&ﬁrlslng 5 or 10
ur nace heatin | e the conversion r
wt. pﬂe%lrléfﬁeélno‘&%]fqﬂ %l\%ﬁtﬂ%{ﬁ ue%?tder nr'aﬁg © HEAECRG ToP ™ t e % silver-
basfﬁtcﬁﬂét&gzlsﬂaﬁgfixfﬁd vy IJE@.VIJ(B rigfexéerinateimeati hige ofomposition
e catalyst materi e catalytic activi r rns
of W%ntinffée%aqm“ew & efL t Of e° aslyq aer e%ed&’&%ég ‘%( gy eLives-

basbeatd g yis@saboupr 1k0GG Lvegr eatifosr thidve@0Uxidavensimpprated in
f COto COR s achi ved The.i.nproved activity of
and?‘?fé H %Fﬁ?@c%%%?grr% 55t e A2 lBrrﬂeé}?p% at ed product

rmyhbe daealyo-idi spa@tsvmhy ofof hetlzct iWMEGPerived (esilver-based

ca’t:‘ﬁ%};< er)wa{sn teg%eg' ly).g.!ﬂ%§ ﬁlfeve rtn%cgagkﬁﬁ{'atug I'H:escrlbed in

m convérsion 0O w t hou eating the
Fighoe nace an@st I99-8amkpbe f@'ﬁ;ﬁéﬂ@t @rgont %ﬁclﬁlgﬁ%ﬂ’as used. As

shown in Figure 8 for a 25 mg sample of a silver-based catalyst

comprising 10 wt.%$ silver/90 wt.% cerium oxide, the 1light off
temperature decreases from about 195°C to about 80°C with successive

runs (A-D) and nearly 100% CO conversion is achieved at about 100°C
in the fourth run. A 20 mg sample of a silver-based catalyst
comprising 5 wt.% silver/ 95 wt.% cerium oxide silver-based catalyst
achieved similar results, as shown in Figure 9.

The catalyst can be heat treated to vary the properties of the
catalyst. For example, heating (i.e., calcining) of the silver-
pased catalyst prior to incorporating the silver-based catalyst in
and/or on the at least one of tobacco cut filler, cigarette paper

and cigarette filter material can be used to enhance the catalytic
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conversion was achieved is shown for cerium oxide
supported silverbased catal ysts having different
W@ vposisti ons . Table | . Maxi mum CO Conver si OPCHIBROTAD2473

Data for Supported Silver-Based Catal yst Activity of

the cerium oxi de supported sil 2&r-based catal ysts was

al so evaluated by incorporating the catalysts into
act:h;a_r&g} rexdecige gah etéeSascConpa=agstto a Bﬁéfélﬂibl@i,g&IﬁEt t&lcined

hat cant ai ned no SI|V€T-Q% sed cat al %he addltl%t h

P“"dﬁ‘ 490 "RFCEBAPT e TorPr? sithy 26 HRIAG WRE ofof CtHRFSTEe,  the
31lVET—bESédpld&ﬁa&@ssslV&Me(ﬁﬂ@é@esuppmrtaad oﬁldsxingn @xidephere,
alt ro%SH| t?d Ln J_abOUt ; 4J2_% nd,a 45% %ggrce:a Clnl in reducin
BeE9Retti V21§59 RORE ROACERIETIGH 6T noxi de g
andﬁmmamnerhranmysphheetest cigarette. In addltlon to

r eguci f ed. | : -

expen%ie%ﬁfzalOEQharett%’talt{%%IégwC%eslr--base%f téh%ﬁéf%gﬁs%llver
base@eda¢eay$heImnhcanﬁrawtsnlefsuwm%ﬂlq@@rnmcabaﬁe Pt t efhe data
shov}jriﬁlfg1 %%E&:ngﬁirtl hfl fg%Eﬁ bpl% %%0 d%e dfirst run

conpared wth a co tro ci gar tte he sil ver-base
tempegeabyst Sox 3P 00 oraveystonpilisge foe semphp? gore—heat-treated
in ad 2f0f%eben6baq)élng@ §P§’cﬂ9r tg%s fnﬂx%a_aé:e Qfarﬁgﬁ' H&%o@e conversion

he oxi d upport can conprise, for exanple, titanium

dataomf@é Ahﬁooshﬁv%faﬂ?ﬁﬁédcoﬁ@?qlsﬂﬁ%f@ 4GeqESYp of itfhipet  initially

cald@SRpeCin t ahath &l | VEr MUMe SHPPeLEBErOfbd.i L ANIHEN 1ight-off
oxidé resulted in about a 42% decrease in the

tempesatERtr fM%Nn%0t G bEANHVRUHIN e tEFRRR T PougPC eSSt during

subsdo@idhet t®ns. AS ﬁcbz_scé:%&ﬁgﬁlea;boi/& tﬁé' ¥8lLrSHPRARt BGeOM ight off
net al oxi de supports can be by vapori zation

temppphErei 8h. PR 3 prlefferdéd fé}?oo]aq MEnt® AHELOvCERIYSF that

recéﬁ%db%oufﬁg &Qa@fr%‘?[éh% %@QQOEEQQtI%AtV%{a§3@%%@ced to 90°C and
catal ysts using pressed powder targets. Targets

80°Ccompspenﬂmyd3yor IBewfolsth [wer 95% cervensbxi dempergtures for
The conposi ti f _a, sj gerbased ata S
%p03|t|on

se on o
thesioprpRicy s geenF o F AR HAET o
of the target fromwhich it is obtalned The

LR del) VS0, ShLIgEOael sty COIELES L RLecviey o

nanoscal e particle&l&%reba$eﬂnamtad§st§he catal ytic
activity of the LVCC derlved sil ver-based catal ysts

was—tested—using Lnﬁ’éuuc furrace—apparatus—described
'n Sample measurement Ts (°C) Tos (°C)
heat treatment

5% Ag—-CeO0, None 210 250
10% Ag-CeO, None 170 195
5% Ag—-CeO, 300°C, 45 min. 90 160
5% Ag-CeO, 300°C,120 min. 80 100
10% Ag-CeO; 300°C,120 min. 75 110
5% Ag-CeO, 400°C,120 min. 100 145

As shown in Table II, pre-heat-treatment of the LVCC silver-

based catalysts significantly reduces the light-off temperatures,

e.g., the light-off temperatures can be reduced by at least 50°C,
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Figure 2 . A 3% CO 21% 2 (bal ance argon) gas fl ow was
used. As shown in Figure 8 for a 25 ng sanple of a
wardogaeashmsed catal yst conprising 10 wt. % si | vBCT/B82005/002473
wt. % cerium oxide, the light off tenperature decreases
from about 195C to about 800C w3 h successive runs
(A-D) and nearly 100% CO conversion is achi eved at
100‘%b0&g &%}.QQC ' @héh@eéou&ﬂ Jrity A 130 M0 ! &a0f1 Bt promotes
silver-based catal yst conprising 5 w.%silver/ 95
oxigat Yercefi U akidevaitkdetesedusasal yst achi eved
Sl Eﬂ)tgr sl I:ag\‘tal%/ﬁ;l%hoé{\ﬂzlxﬂt gxk'ése %easIP@dC%ts@Llny;Stan Lvcc-
can heat treated to vary properties of the
der@mchlvé{verﬁbas@(a?ﬁﬂaéysﬁeapmﬁ@lﬂnge5 wakcEAlHgy-@frium oxide

dqustde Sidyefhasedyest a&ﬁ{étpcﬂglt‘:ﬂbn%@ HAC@RROLaL &Y tde described
silver-based catal yst in and/or on the at |east one of

abovi)ba@ééoefu?omarcamen& gardts SUpAREr Rl Pafete® calcined at
300‘fd l Eﬁytzﬂﬁt 66| al b : he%ggll‘l)t 0 f%Qhaﬂf(ﬁ htﬂﬁutes During the

cata icacti vi ty ver - based cat al yst.
exp&raiatagblthe ifuraakei wed nauntairmed rmtor@otamn@m’uuneo of 125°C.

the co onent f a _cigar si.| ver,
Forc &t a‘? Epar s eﬁe&}og ZC:? oxitRG étfr%lga Ié?% a conversion

effjad:iehmg,gbﬂ gre:steai $bapo8st bl e to performt he cal ci ni ng
redujfl n gggcéorcat mE/EtQt %’zgph%re usj'.r c? %fnfe t 9%‘:1ety of

hea Stres on ceriunT oxi de orte si I'ver base
apptitat iegiss nﬁde vxandMCCths sahmabrstze@m keTabterpdratfide into a

hyd:gg%ﬂqiotﬁov%grkz%rfsﬂgﬁt rgggtéf gtﬂ) %@% aetflfre%tg.ge 5):0 _Igonvert

rst run tenpérature conver3| on
hydeécgrifoms - sanfhes Cmt@lhé’at ntan/ed@eedlhﬂmep%%@z R415E) aﬁcé’ehlcle

exhGE 0N m liII'ths C@Bbgﬂ %Re%td@ffé’éwﬁes'@ cgatc@.ze carbon
or t silver- ase catal ysts tested w thout

monpxide aF‘Py@aIL”]@@Im Agoxhie sanpihes gadadietin eyr also be used for

emi SR 1300t THE 14 e bhat §€9§Eﬁ{ re ahd aﬂ%cfﬁl&gle engine in
conver si on ten‘per ature decreased uri ng su Sequent

an FHASIE FBELSREET do (97 IHEST GaFbRn  URPEHEN | ght Cofton dioxide.

In L€SRRIALBEEdOhedte t@e%aﬁ/aﬁﬂadz the 30 WeieAF=€60 &nto a laser
catal ysts that received, no pre-neasurenent heat

in 2R BNt SRASCTHEHUdEd OF LI HTD CHRGRSRREZ L Fee e ERTRAN fLoxide.

In gﬁ&ﬁ&ﬂr&ﬁoﬂﬂﬂe%%w\lﬁﬂ:atLQQtt&f’p&fe&ltilﬂcaﬁpéﬁitéd?&&ﬁo a fuel
| es was about 16OOC and 1000C , respectivel

e aphe oM SROBPF oEETBFC X o1 hi M5 OIFS HE G aIY¥E e to carbon
dioACdé Vi tih GletShhyefebaseddCatat ysStise .catalyst can be used in an

air filter for the conversion of carbon monoxide and/or indoor
volatile organic compounds.

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.

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

be incorporated herein by reference in its entirety.
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As shown in Table Il, pre-heat-treatnent of the LVCC
silverbased catalysts significantly reduces the
wo p@bt22305 tenperatures, e.g., the light-off PCT/IB2005/002473
tenperatures can be reduced by at |east 500C , 1000C or
more. The CeQ2 supported silvef4based catal yst
pronotes oxidation of CO at el evated tenperatures.
CLAIMSnAg termcatal ytic activity was nmeasured using an
LVCCderi ved silver-based catal yst conprising 5 wt.%
silver-cerium oxi de dusted onto quartz wool and
1. positimrednin ofhe rdgetrettascduscrdingd aalmprdicRipbe tatalyst
c [0t C : c i-ned :
i e R S R i T
catatllyetexpupihesr ,padid oflgp ngewrwesingi sitlaeregupponted in and/or
on stuggg]ﬂ a%é(ﬁ:rﬁcq%slgégn RAs @ 4rhoWed®st mRehi OGhd Becond metal
- catalyst maintained a conversion efficiency of greater
beinghgddf98gsntTHda%) [sidvepaserpidfaltyst oM PE dsedelpcked from
the V¥t YeOhs ARNGCald ORShadedl &X@NPi fred hec LRS!l JB¥r and
~ be incorporated’into a hydrocarbon conversion reactor
cigarRthA ﬁhﬁiﬁﬁ mgfpettve to convert hydrocarbons . The
catal yst may be incorporated into a vehicle exhaust
em ssions systemin an anount effective to oxidize ,
2. carbon CRBABRS e ©6 catddh diroxiBereitrhéheat Gy Sy consists
esscMt3Q1De ssed Fehr aRtgsSE oSl weeduat HONahd tHe BAldd of a second
starting of an autonobile engine in an anount
‘fective to oxidize carbon nonoxide to carbon
di oxi de. I n another enbodi nent, the catal yst may be
incorporated into_a laser in an amount_effeciive . to .
3 o Cklﬁ z EOTBYBTH b ox‘%ldaemi oitar“gl(?ﬁeapoxtikbee. cf‘%ajasﬁsott h&PTPELSES
nancawrhodi penticlihe ofas blwst addrobesiheor paideeghd rthe axide of a
Secof léelmegeil in an anount effective to oxidize carbon
MonOXrde to carbon dioxide. In yet anot her enbodi nent,
the catalyst can be used in an air filter for the
capver sj of .carbo oxid Lor .i.nd il -
R e
silwdes deivbednwavhraed eparicielieo speef ofr ddsenbbah nepewt G0 nm or
lesd sthgg be ndgr shood that variations and nodifications
may be resorted to as will be apparent to those
skilled in the art. Such variations and nodifications
5. arfhd OchR Gl dgF edid hin the UL Virew 328+36908 @bmprising
the 1 nvention as defined i X
silver comprise agglomerates of nanoscale particles, wherein the

met

agglomerates have an average size of from about 1 to 50 microns.

6. The component of Claim 5, wherein the agglomerates consist

essentially of silver and/or silver oxide.

7. The component of Claim 1, wherein the catalyst comprises
particles of silver and/or silver oxide supported in and/or on the

support particles.

8. The component of Claim 7, wherein the particles of silver

and/or silver oxide are nanoscale particles.
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by the clains appended hereto . Al of the
above-nenti oned references are herein incorporated by
WO edosnzase® in their entirety to the same ext eneCEHEB2065/002473

each individual reference was specifically and
individually indicated to be im®orporated herein by
reference inits entirety.CLAIMS : 1 . A conponent of

9. @ PhHaAIBhbENEANPHESIdIGIA RHI ticstAtre ﬂ@éabaﬁtléms the silver
conversi on of carbon nonoxi de to carbon di oxi de,

and{e it ne*5i¢ APYPy 8P RETIESs 88T hartS 'Es esn%?%i%n about

100 Stk 621 18HPpEdreGvontand/ . on support particles of an
oxi de of a second netal, the second netal being
different than silver, wherein the conponent is

10. SETEétedmﬁdﬂHﬂﬂlhE griedp aonsinstreny ohet shaood: quirticles have

arette paper and Lgarette [ter material.

an %W%fageTﬁgrgﬁﬁﬁ%ﬁ@ﬁg 8? E% A g%eréﬁw the catal yst
consi sts essentlally of S|Iver and/or silver oxide and
th‘%hOXIodmepomce 3 C? dimn talwhe ej?’n th$%e%%%oﬂggé qs selected
“d arm TP Werern cat'al'y nprises nanoscé%

frorpalﬂue cxjmmfcosshs"elngamﬂ Mg,steﬁlodee Bndct/héioxifge Y, Zr,
wb, Qe @ CGANG B Als dherdlie. component of Caim 1 ,

erein the particles conprising O silver have an

average particle size of |ess than about 100 nm or

12. le%ﬁet IE@ ﬁé’mk?@r% 59 %%115[ 1, T%&%qﬁonﬁﬁt &tlog aé)fn il.he second

wherein t articles conpr|S|ng silver conprise
me tayy gl o T &tsé%t afartdaedEat expastre FesonsiHece P ithe 5
aggl oner ates have an average size of fromabout 1 to
50 microns. 6 . The conponent of Caim5 , wherein the
13. agéb@nﬁ?@ﬂ%ﬁ?qﬁoﬁ§l§@aé§séntW%ﬁq%}”0Fh§lF@@Flﬁﬁﬁl%ﬁmprlses from

abodt | Yeto 0%bgeny Oudightl Ner COMPONSIYutOfs GAiZ0el by WhaI@iN silver
the catal yst conprises particles of silver and/or
and&e¥ \Adrl VEX| 881 mported in and/or on the support
particles . 8 . The conponent of Claim7 , wherein the
particles of silver 5 and/o silver ,oxi

naﬁB%ca?%“pﬁgref‘Fcl%% &t all’f‘he cotpShEnt %160 tfaﬁiaéySt consists

esséﬂﬂﬂt&l’ﬂl@r tdre patddalies wifrticlyer of silver and/or silver oxide

supported in and/or on cerium oxide.

15. The component of Claim 1, wherein the catalyst is capable of
acting as both an oxidant for the conversion of carbon monoxide to
carbon dioxide and as a catalyst for the conversion of carbon

monoxide to carbon dioxide.

16. A cigarette comprising a tobacco rod, cigarette paper and an
optional filter, wherein at least one of the tobacco rod, cigarette
paper and optional filter comprise a particulate catalyst for the
conversion of carbon monoxide to carbon dioxide, wherein the
catalyst comprises particles comprising silver supported in and/or
on support particles of an oxide of a second metal, the second metal

being different than silver.
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and/ or silver oxide have an average particle size of
| ess than about 100 ran or |ess than about 50 run. 10.
wab@sazasponent of Claim 1l , wherein the supporPCT/IB2005/002473
particles have an average particle size of less than
about 5 00 nm 11. The conponed6t of Claim1l1l , wherein
the second netal is selected fromthe group consisting
17. of TN, cAbarSite Tor iaied , 18, WiereYn, the Matalest Heonsists
and m xtures, thereof. 12. The conponen o}f1
esseiftdrdtH Phes Bitle 5% OF hal Stord et 317 §
metgpartially a non-stoichionmetric oxide. 13. The
component of Claim1 , wherein the catal yst conprises
fromabout 1 to 70% b y weight or fromabout 5 to 20%
18. b ynawicdbbrsttevepfami/adm sid,vevhexeide. thd, cilyelyst comprises
conmponent of. Cl ai.m 1 rei t al.yst [ StS -
nanoesscrsggﬁt PaFF{Si5T $4ndsts ’)E/emaglé‘? g ch%ggvo Oglﬁée?§§@%r0§{lde of 2
secaid wetadxi de supported in and/or on cerium oxide. 15.
The conponent of Claim1l , wherein the catalyst is
capabl e of acting as both an oxidant for the o
19. cofiver sigzreiftec ardh oflansn oké deviersiar bde dPXiide e8nFoaPTrising
s11eL ARy Sh fayertaag copversl an Qf (gankaen mpRaAxhEsut 0100 nm or
carbon dioxide . 16. A cigarette conprising a tobacco
lesg gthancipgaretI® naper and an optional filter, wherein
at | east one of the tobacco rod, cigarette paper and
optional filter conprise a particulate catal yst for .
20. t hBheoAlerBt i oL catdbh honoWieferiy 't bior i It & omPrising
siivher ebfihe Ca Rl HRlra€e8PLirS afarRalchi 6l @2:r€08PEs S| RBerein the
silver supported in and/or on support particles of, an
g9 bIIEtEF BASRBN@VRERSTR, StA%e °§eég§‘a Frst 1b‘é?n§° microns.
different than silver.17. The cigarette of Caim16,
wherein the catal yst_consjists essentially of. silver .
21 andPer Cé??%ﬁteox?%ec%ﬁjd“tk@’ 0¥ "Bt ng'l%e%%%]oon}%tagﬁs consist
essdSialhe eFgalBidre aolti/ 6k atinvka, owheeei n the catal yst
conpri ses nanoscal e particles of silver and/or silver
oxi de and the oxide of a second netal. 19. The
22.Ci gReetdiganbt €} aioth 16laivher & nwhheepar thel estalyst comprises

e %}Taild@ ]éf’ a second
at east

par‘g:ecq)ersl Solfn%ilver and/or silver oxide supported in and/or on the

support particles.

23. The cigarette of Claim 22, wherein the particles of silver

and/or silver oxide are nanoscale particles.

24. The cigarette of Claim 23, wherein the particles of silver
and/or silver oxide have an average particle size of less than about

100 nm or less than about 50 nm.

25. The cigarette of Claim 22, wherein the support particles have

an average particle size of less than about 500 nm.

26. The cigarette of Claim 16, wherein the second metal is
selected from the group consisting of Mg, Al, Si, Ti, V, Cr, Mn, Fe,

Y, Zr, Nb, Ce, Hf and mixtures thereof.
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silver have an average particle size of |ess than

about 100 nmor less than about 50 nm 20. The
wer@anzsve of Claim 16, wherein the particles PCT/IB2005/002473

conprising silver conprise aggl onerates of nanoscale

particles, wherein the aggl oneates have an average

size of fromabout 1 to 50 mcrons. 21. The cigarette

27. Ofpd %iqa%%ttéh%rfeldlatlhle 1asgglmf&reahe&h@ortsuﬁte of the second
essenti a of si|ver and/or si

22
metad éér%?t%?%ﬁt BREF LY, awﬁ8Pe??P%%h;5@§F5ﬁ§S?X%g nprlses

particles of silver and/or silver oxide supported in

and/ or .on the suppart particles.. 2 The, ¢ et
28. PEimos3arRh o RS APt | CPECIS 1o VErean g ipretes £rom
abou lIvedo OMixdesyare iganosealfeoparbbaot e§. t8420Fhey weight silver
i g tte of. Claim23, wherein the particles of silver
and%%ﬁdfé V&Y 199F0xi de have an average particle size of
Iess than about 100 nmor |ess than about 50 nm 25.

? C nge%tigteOf og a(f @1%12 lyzme v&eg}egﬂe tchLéDpQgEal st consists

ave an average pafticle size of ['ess than
esseatmaﬂlﬁO@fnman.’;bscalrheperg-‘a@eeﬁ eobf stlwem asd/Qthepelypr oxide

the se al fromth
SuPPOfr%’@é Eﬁlngﬂcfggr nl ée]’_sﬁ!ur?%txgge’ r g;n Ye, ngrOUpNgonaSt IHPg

and m xtures thereof 27. The cigarette of C aim 16,

30. V\’hﬁgeel iﬁ%t@é' de efathe secprderpt @ﬁe'@a@lﬂs@aﬂs capable of

part a non-stoi chi onetric oxide, 28.
actmggafrsetbtoéhoﬁncpmﬁarm faphere r?oﬁlﬁérﬁla?%l%t a&%%?ﬁr fgggxide to

cart{) nonhf&% 1,48 4Q% Dy webot Okokr AlReAbodtiveérstion2096 carbon
y weight silver and/or silver oxide. 29. The

monqstigler &0t 82 BFor094PH9®; wherein the catal yst consists
essentially of nanoscale particles of silver and/or
silver oxide sug ported  in and/or on.ceri OXId
31. The BF e rfe™F RS & M ¥BrSHerErR At Eat s i&FPS P
capabl ej Réodfdraft@ngsSabst hvantexiedanttibystt hi;m at least one of
conver si gn. of car,bon nopnoxi de to carban %io§i9§ n% as,
t terial;

tobacqo ity £+ LE (H2EBhVRrEPSH R car B8 ronoxi
Cabbon ﬂtéﬁdd&hg 3k thomichodunf Aikengta e gdreteste making

machl rtloS Ifg e'l:o%[a %g gglumn,

C. placing the cigarette paper around the tobacco column to
form a tobacco rod of a clgarette; and

d. optionally attaching a cigarette filter comprising the

cigarette filter material to the tobacco rod using tipping paper.

32. The method of Claim 31, wherein the incorporating comprises

spraying, dusting or immersion.

33. The method of <claim 31, wherein the catalyst consists
essentially of particles of silver and/or silver oxide and an oxide

of a second metal.

34. The method of Claim 31, further comprising admixing particles
of silver and/or silver oxide with particles of an oxide of a second

metal to form the silver-based catalyst wherein the particles of
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a . incorporating a silver-based catalyst in at |east

one of tobacco cut filler, cigarette paper and
wer@anesoe filter material; b . providing the PODER20@S/002473

cut filler to a cigarette making machine to forma

tobacco colum; c . placing thescigarette paper around

the tobacco colum to forma tobacco rod of a

511%1:9 HRbe; salkd oxiGRt beBakiypMdaaChinngna/ & g1 et particles
Iter conprising the cigarette filter material to the

of ’%f%?oé’é‘éée s ﬁﬁCPP?SdP?F@lpaper 32. The nethod of
Claim 31, wherein the i ncor porating conprises

sprayi ngC dusting i mrersion. 33. The method, of

- cl AP ARh et ef a%‘ﬁélcatféﬂrfrg?r c%ﬂ@?rgféngsﬁgmm I§peofitlver=
basélﬁhiahﬁl@*&toﬁrisi kMer padel i a%ti b¥ e br 0 xhéem#ln Hetdvmpykileion of a

of a second netal. 34. The nethod of O aim 31, further
ll‘é%ﬁraﬁgl ng admi xi ng particles of silver and/or silver

OXI de with particles of an oxide of a second netal to

mth silver - cat st erein_ the rticle
of e s hgﬁid?)g }S)ajtnber " oXi dée/elanre supp%?ted Snﬁvgﬁd?l rate.
on the parti cI es of the oxide of the second metal. 35.

fvnEth d ;§L yg%?%m f%&eggﬂncgﬂgrg% %ﬁ%lé% Hg Eh%hermal

2rbaset Vi'd the preci ot th
cdmrrp@sntoi)rtl”@‘ salgerv%arltsa‘iOtcmSSSandrE’rr@L%phg’dlfolﬁes Of silver

d @im% elnthe salt is silver nitrate. 37. The
an frgethso& %ﬁlm% wherein the precipitation or

t her mal deconp03|t| on of the silver salt forns

38. nafﬂéc é% rtb%le%lgim5|£yer ﬁHngRE SEh¥erc£%éf¥%t 38onsists
he net Claim 35, wherein the catalyst consists

essm@dﬂwapfyp@lftzpﬁ{qs Ofesidvenianorandiver so¥iie 0w ge oxide
of AL RARqoxkde of a second netal. 39. The method of

Claim 35, wherein the catal yst conprises nanoscal e

particles o f silver and/or silver oxide and an oxi de

39. Of 7Re safMdaNELAl . cAlim The , Methegef @ndl Me30a1wWher &idhprises
the particles of silver and/;)r sil.ver ox|de have an
nan%]ﬁg@aﬁafﬂ%? iistdVer pRICR Kt VabotF 9D @RLRn oxide of a

second metal.

40. The method of Claim 39, wherein the particles of silver and/or
silver oxide have an average particle size of less than about 100 nm

or less than about 50 nm.

41. The method of Claim 35, further comprising;

a. combining the salt with a solvent to form a silver
précursor solution;

b. combining the silver precursor solution with a colloidal
solution of an oxide of a second metal to form a mixture, wherein
the second metal is different than silver;

c. heating the mixture to a temperature sufficient to
thermally decompose the silver salt to form nanoscale particles of
silver and/or silver oxide, wherein the nanoscale particles are
incorporated in and/or on the oxide of the second metal; and

d. drying the mixture to form the catalyst.
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or less than about 5 0 ran. 41. The nethod of Claim
35, further conprising; a . conbining the salt with a
waeeiogazas0i o form a silver precursor sol ution; BCT/IB2005/002473

conmbi ning the silver precursor solution with a

col l oi dal solution of an oxide26f a second netal to

forma mxture, wherein the second netal is different

a2. Uhole shdRig oF cikeat ung Lher&ixtthe ddrond aﬁmanahur @elected

sufficient to thermally decog]rjose t he, S|Iver S t %o

from gy ﬁéﬁBQcﬁP%sjp%ﬁ“ﬁgcloés gt &ft vetr ahiy o Sty

Nb, @d,der Mwherneidtrhe taawscml e particles are
i ncor porated in and/or on the oxide of the second
nmetal; and d . drying the mxture to formthe
43. caTlaé VisdtHbd. oEhelakehhod, ofhe@edinmthd, onbhés edfn tHee second metal
is EI\}b %%gtmt atlﬁliy\slgl rel%—es lC?lg]O}ngng% Olilig.d gnSICZtI EI? g;d
mxtures thereof 43. The net hod of CI ai m 41, wherein

‘ﬁh%;“o:jt OCI afrr?ngl \%ﬁ r sh al!h al&@g Ic%l‘n ¥J_§es from

i one rlc oxi dé. emeth
abouﬂhel eto T0fe loat ediwtt conpiiogesboubmdalioutz0 Wbi} silver

t om about 5 to 20% by wei ght silver and/or
and)l\erl \%grlv% £ C{QKS The met hod of O aim4l, wherein the

catal yst conprises nanoscal e particles of silver

g5, angior sidar gxi d@lﬁhppqlrlt edyh8r&ng/ UheoncRBLIJH eSomprises
of “ceri um oxi de. "The mét hod of Claim41, further

naneswstegiel shavek fd&si n@f t ﬁél&af alapey ort H1veRpetEds eSpPYELed in

and)$2%n 2000 4 r LeriReQipekating the catal yst in
and/ or “on the at | east one of tobacco cut filler,

cigarette paper and cigarette filter material . 47,

46. Thengethadief Gkai M4 Wher eicQrther Calorbyskihg heaitdtly the
in an atnosphere that oxidizes the silver to forma
catgbysl] yaft aomiesrRigressEntt al$3p o2 FyBFieKi fe incorporating

theSgQPé){%! ;ﬁa@ﬁ%&?r o8N thbe 10Xt des Of ohdes s et d®lRl. filler,
e net

od of Claim31, further conprising formng
cigatrtteapabystand £iasetts aporticralPERt e cont rol | ed
condensation of a

47. The method of Claim 46, wherein the catalyst is heated in an
atmosphere that oxidizes the silver to form a catalyst consisting
essentially of silver oxide supported in and/or on the oxide of the

second metal.

48. The method of Claim 31, further comprising forming the
catalyst wvia laser vaporization and controlled condensation of a

target material.

49. The method of Claim 48, wherein the target material comprises

silver and a second metal different than silver.

50. The method of Claim 48, wherein the second metal is selected
from the group consisting of Mg, Al, si, Ti, V, Cr, Mn, Fe, Y, Zr,

Nb, Ce, Hf and mixtures thereof.
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target material. 49. The nmethod of C aim 48, wherein

the target material conprises silver and a second
woredoal122803 f erent than silver. 50. The net hod OPCTHER06H/002473

48, wherein the second netal is selected fromthe

group consisting of Mg, A, Si30Ti, V, C, M, Fe, Y

, Zr, Nb, Ce, Hf and m xtures thereof.51. The nethod

51. Ofppel ak8h48, oWEr-ann slehewayi&en ofhd hxislecondthet adcarsl metal
at |least partially a non-stojchionetric oxide. 52. The

is afptertt eRrELathy 48 no\ﬂﬁéF%?ﬁh]t%?tféFa??Js? conprl ses
fromabout 1 to 70% by wei ght or from about to 20%

by wei ght sil ver and/or silver.ox 5
52. ofthe FhPag, Fhéi'eiR e CAFAPYRt t%%nsé sJessg&{\gg%es from
abou@f 1nakoyoal eypaktight esrofrenl wesuand/ be 80% viey oxi gt Sllver

pported |ndand/or on an oxide of a second netal, the
and/§§c i Het®& Bei ng different than silver. 54. The

met hod of Claimb53, wherein at | east sone of the

si l.ver | ncorporated onga s of .the Qxi-de.pef t
- tH seé“g °Fet % (g]'tf quFh28r‘r\9t ﬁ%%égﬁdgl m 48, wher ei ﬁonSls °
essehlnean‘:m ab!jsmaooapalesesaniami@@alfef pativey e%n%f%o%l $idgrer oxide

Lar. ox},dg,s t8d 4 ReRBAA Ok NARASEakend metal
Suppﬁg}d’ d es ocfoé:n)égx? 5593?&% %gé—ﬂong metal the second

belngedaff@eerrtg tiphf ekkrart han silver. 56. The net hod of
Cl ai m 55, wherein the nanoscal e particles of silver

and/ or silver oxide and the nanoscal e particles of an
54. oXJdeae methadsef dHerime Bl vortRiis &t nepAk FAX sHadést sllver is

J.nco %%’cé‘&? &AL als}ﬂ§fac§7of The sRINOA0fhel 36818 mataer ei n
e catal yst consists essentially of nanoscal e

partlcles of silver and/or silver oxide supported in

55, angor RRHPANOSEAlE Qi MiG} ONmisd ZAGh pahélcbéﬁalyét comprises
cerium oxi de. 58. The nethod gf d a| further

ancssRpei RAFLGEEE M t ALTES aPPef %t S& Fp&Pafr esuéquorted in
andﬁﬁﬁ&ﬁlZQQ@sbalénpaEﬂbﬁpﬁﬁr@Etﬁ@to@ﬂd@ldESathecsmdvmetal the

prior to incorporating the cat st in and/or on the
Sec%ﬁd me5et kb?félgoidlffg%’éec’%o ae f;iL?Yée/?, ci garette paper

and ci garette filter material.59. The cigarette of
56.Cj%%£néékho glglghe ggtak%ereln ngs?gkoggale particles of
silver and/or silver oxide and the nanoscale particles of an oxide

of a second metal condense in the gas phase to form the catalyst.

57. The method of Claim 48, wherein the catalyst consists
essentially of nanoscale particles of silver and/or silver oxide
supported in and/or on nanoscale or micron-sized particles of cerium

oxide.

58. The method of Claim 48, further comprising heating the
catalyst at a temperature of at least 200°C in an atmosphere that
oxidizes the silver prior to incorporating the catalyst in and/or on
the at least one of tobacco cut filler, cigarette paper and

cigarette filter material.
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an anount effective to convert at |east 5% of the

carbon nonoxi de in nmai nstream snoke drawn through the
wer@anegsde to carbon di oxide at a tenperature PET/IB2965/002473

t han about 2100C . 60. The cigarette of O aim 16,

wherein the catalyst is present3lin an anmount effective

to reduce the concentration of CO and/or reduce the

59. fg@ﬁ@n%iﬁﬁe%g%ft @l@iné ped t ivﬂiﬂr@E_ﬁ Hﬁét6 e t4lramn tiLsd pr]?sent in
roug e clgarette during_snoking. . A nethod of |, .
an Pz FhGeCa Bor onbRB%Fde 3o l@&FBo%%go‘?fo}Eh&eci‘Bkﬁ%‘i‘i“é"u“r? ide in
maifiieaet kAgGk@ StdwerchaseHd tiad adivsirefrdetbycd@ser dioxide at a
vapori zation and controlled condensation or
tempeyradiEei pf t HIoPRPt APy Ocont ai ni ng car bon
nonoxi de, the gas being selected fromthe group
consi sting of a vehicle exhaust em ssion, a gas .used

60. i nThe | ak&retiegad Gsatmihoa TifdSielPeafidtahbitents &rpsent in
an &S0 Qisrgcaive fid tHa@tic@Nthe concentration of CO and/or reduce

the concentration of total particulate matter drawn through the

cigarette during smoking.

61. A method of oxidizing carbon monoxide to carbon dioxide
comprising contacting a silver-based catalyst made by laser
vaporization and controlled condensation or co-precipitation with a
gas containing carbon monoxide, the gas being selected from the
group consisting of a vehicle exhaust emission, a gas used in a
laser, a gas used in a fuel cell and ambient air undergoing air

filtration.



