WO 03/ 077687 PCTI CA0O3/ 00353 LOW SI DESTREAM SMOKE Cl GARETTE W TH

"COVBUSTI BLE PAPER HAVI NG A MODI FI ED ASH CHARACTERI STICS 5 FIELD OF THE

| NVENTI ON The invention relates to sidestream snoke reducti.on in burning

.Ci gar ewossEG8 ot her snoking products. Mre parti clBRAfFAPOBFe | nvention

rellates to cigarette paper, cigarette wapper, or a wapper for a cigar or

.other Iike - tobacco produ A | e sidestream snoke while

provi ding a 10 nodifi ed agﬁaﬁMW@w | NVENTI ON Various attenpts

have been nade to reQUGARETTE WITHCOMBUSHBIEPAPERDKe emanating from a

_ burning ci garette. The applicant devel oped various 15 approaches to
cigarette sidestream smokeHAMNGHA géﬁralﬁp &SHescribed in its Canadian
patents 2,054,735 and 2, 057, 96EHARAGTERISTAE®nt s 5, 462, 073 and 5, 709, 228 and

publ i shed PCT applications WO 96/ 22031; WD 98/ 16125 and WO 99/ 53778. O her

si dest seapIEIPKOFIUE INWENTEONNS have been devel oped \/\hi ch use 20 filter

material or adsorptive material_ jn the taobac fi.l or paper w apper.

Exanpl es of t hdde imyeatiemxs] 3&?%06@&?%8“?1?‘?‘88‘5’“0?5&? Rring 755 207,

gnéo\?\ol%'ﬁ‘%?g%e% 3%8‘5&%%’?’ E%I gp&%’g@%?ﬁfﬁ’?%g%ﬁ%scn gszgllzg\d;v;

si dest I eany cigipdtiz phpgaclghﬂeﬁe pafpper, ofhmpmrfmtaegmpenthemmﬂcbur ning yields a
. snoke 25 subst ant free of Il OUS Cco on ts. The cigarette paper
is cellul dgb%ccom@e pr reduging, yisl "0?‘ StpRIm SO ﬁﬁé’f% 8&soci at ed

t her e Ot h fo éllﬁg& divided mneral type sili ceous catal yst material. The
~ cigarette paper I'ch is essentially non-conbustible and refractory
-remains. subst antially unchanged during conmbustion of the cigar ette paper

0o funet s ) 6 Aot oo

Various attempts have been made to reduce or eliininate sidestream

smoke emanating from a burning cigarette. The app]icant developed various
15 . approaches to éigarette sidestream smoke control systems as described in its
Canadian patents 2,054,735 and 2,057,962; U.S. patents 5,462,073 a_nd
5,709,228 and published PCT applications WO 96/22031; WO 98/16125 and
WO 99/53778. |
Other sidestream smoke control systems have been developed which use
20 filter material or adsorptive material in the tobacco, filter or paper wrapper.
Examples of these systems are described in U.S. Patents 2,755,207, 4,108, 151
and 4,225,636; EP patent applications 0 740 907-and 0 251 254; andWO
97/27831 and WO 99/53778. U.S. Patent 2,755,207 descnbes a low s1desl:ream
_ smoke cigarette paper. The cigarette paper on burning ywl_ds asmoke
25 substantially free of obnoxious components. The cigarette paper is cellulosic
material in fibre form. It has inﬁmately associated therewith a finely divided
mineral type siliceous catalyst material. The ciga_.:etfe paper which is '
essentially non-combustible and refractory rema:ins,sﬁbstanﬁa]ly unchanged -
during combustion of the cigarette paper and functions like a catalyst in
30 modifying the combustion of the paper. Suitable siliceous catalysts include
acid-treated clays, heat-treated montmorillonite and natural and synthetlc
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30 nodi fying the conbustion of the paper. Suitable siliceous catalysts

I nclude acid-treated clays, heat-treated nontnorillonite and natural and
synthetic ~ WD 03/ 077687 PCT/ CA0O3/ 00353 silicates containing sone hydrogen
at ons whwol3emes7rel ati vely nobile. Suitable m xed sPET/€ac@isdes i ncl ude
silica oxides with alumna, zirconia, titania, chrom um oxide and

magnesi um oxi de. Other, silicas_include the oxides. of s".hi con and al um num
in a wei ght siligatepoosaining sgipe &y frogep 4tams Whighpre r atiyely mphiGnt 4,108, 151
descri bes tgﬁit%ﬁgm‘?{edasilgﬁmegmmda%ilfch|o!vd%fesWﬂhahﬁhﬁﬁ,rﬁltcbﬁi_apaper whi ch

sel ectively reduces the organic vapor phase constituents in tobacco snoke.
There is at titanis thibfamhpxideiagt maghesalmoikide. Othdrsilicaninchele the gedest t e paper

for reducing_the organi c. vapor phase constityents, i.n _a tobacco snoke. As
a result théf@lf’%“%{‘%raé‘ﬂﬁ‘é‘%‘f“dﬁai mglﬁéaf\'ﬁ %‘i’s%:lggglﬁa%tﬁ?hé %smoke 10 eninating
from a byrning cijgapekhes, 1086 19REmea e8RS b Failfi alGaifadlley forknown as
activated alumna which i's finely pul verized to pass through a 300- mesh

screen. U. ScigRette papet wideh $B6tively cedusessthe Reganicevappr phaspepnsiitpentie ci garette

paper to reduce organi cvapour ,ph rticul ate

mat t er founH‘toﬁﬁcoisﬁogf'dﬁ?lgésaﬁl aﬁgi(gA’ %?nlweg@g%?%lﬁﬂg% Egéﬁgrt egn results in a
substanti al cfoafkietpapst forrelicndine csgaisiapenphaevamnstiondntsinagobacomn a bur ni ng
cigarette. Activated carbon i1s preferred as.the carbon source. The use of
the acti vat enokarAsarrepdtiiteds a refugtian indhe Vﬁﬁ%‘b“g?ﬁt‘@?@isﬂ} si dest r eam snoke.

Up to 50% of the. ci . JTE, [ e TV . The

car bon- coat 5ﬁllrbaglﬂgkflg’%{n’§§/&r§g%3°2§{§e%é te%%lj' 5{12{]%%1}1@ V\l/? ggg 19 %@?E@Qt obacco rod
i n conbi nat kpewiké fctaed aluatdha ohidh ic higely putverizedorpapetmoyghtac}d0- appl i cat i on
0 740 907 publjshed Novenber 6, 1996 describes the usé of zeolites in the
t obacco of MfELEFEEkette to alter the characteristics of the mainstream
smoke and in parﬁ!s‘?%@ﬁtz{,ﬁﬁwfﬁ JALiI She SRHTRRBBH $n fHeWRArdtR pApLNSt r eam
snmoke such as sone of the tars. The zeolite 25 as provided i n the tobacco,
al so appar ens teduchaggec vamouc hbasscomppranteandgptal particulate matter found

15 in sidestream smoke. In addition, the carbon results in a substantial reduction

_ in visible sidestream smoke emitting from a burning cigarette. Activated
carbon is preferred as the carbon source. The use of the activated carbon results
in a slight drop in visible sidestream smoke. Up to 50% of the cigarette paper
may be finely divided carbon. The carbon-coated papers may }_ae used as the

20  inner wrap for the tobacco rod in cdmbination with a conventional cigarette.
European patent application 0 740 907 published November 6, 1996
describes the use of zeolites in the tobacco of the cigarette to alter the
characteristics of the mainstream smoke and in particular remove various
coraponents from the mainstream smoke such as some of the tars. The zeolite
25  as provided in the tobacco, also apparently change the characteristics of the
sidestream smoke.. The zeolites used were of a particle size between 0.5 mm to
12 mm. |
European application 0 2’5i 254 describes the use of a high superficial
surface area filler in cigarette paper. The fillers are generally crystals and
30 solids having surface aréas of at least 20 m?/g. The fillers are preferably,

peroxides, carbonates, phosphates, sulphates, aluminates and silicates. Itis
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si destream snoke. The zeolites used were of a particle size between 0.5 mm
to 1.2 mm European application 0 251 254 describes the. use of a high
superficjal ace area filler in cigarette paper. fillers are

gener all§/‘%c0r3é‘/)z#g7lfs and 30 solids having surface ar eas';g(:)IL Aé’l%"%’sg‘ast 20 nR/g.
The fillers are preferably, peroxides, carbonates, phosphates, sulphates,
al uni nat es gadneihhi SRbESHllek sch as zolies\R: Q&&Zﬁﬁ%&ifﬁgé@t‘t@ﬁé&%% t aught
that porous frllers such as zeolites are not preferred in cigarette paper
and are taughd argdaughtas fupeliomingsimiledy toconyentignabehallonal chal k. Publ i shed
PCT patent appligatipn 27831 bh?ﬁ - um nat ed
zeolite for absof lﬁgedn%zﬁf)gg{gfn %ﬁ’ﬁ@%&ﬁg polza’}régﬁo#g%}h%ég@fuggﬁfé 5 pol ar
liquid or gasalummidatsd devhtedo4bsbebiny ndnpelap opveeskly gelat tvlaeales forieol i te nay be
i ncorporated in_cigarette paper to reduyce the%arébﬁlg,rmn(gxi e in

si dest r eAm palek Equittos gas diftestive amewnts Abthe mgwaredAeabimunatedrsalite r enders the
zeolite hydrg | : f | Vfle ;9f the nonpol ar
and V\/eaklynlp)aglt%ﬁh‘?%ﬁée%%?é%& Ie&tﬁﬁﬁ&eggé gg%%ﬁgc?{%g?ﬁgaﬂgresent of water. 10
Publ i shed Pglegttdagndmekep The atepaf déhnaiiabig dRinteeusrdchbe rendecsthe conbust i bl e
sheet of treatnent material for _reducin sidcﬁ%treainéﬂoke m ssions. The
sheet is usé@_PM%h&df\ﬂPlé&b‘%?RﬁsitQaggﬁlai EIPRORANGITRPY AL PISAGROMROIT APLt t € paper
of a conventj I AL Blids SvhidEve A diRSn theRbsenPbORaBOr osity to al l ow

t he ci garet E’Jecg!agpgbar&nngc? or ?Th(;se- teo c nventiggl ?r ee-%urn rates while at
15 the game ti mePuldi3hedP@T patehtapplidamnr WenINHIKE desérheisemon- The non-

conbusti bl e wrap jncl.udes. non-conbustiple ceram. | bres, . non-conbusti bl e
activated c&f ths%wgt @&%ﬁ?ﬁﬂ?&?yﬁa’]g‘?f%‘f‘%?ﬁ@ﬂ‘i‘”ﬁﬁ?‘&ﬂ“&#% used in naking
the wrap. Iﬁﬁ“ssmapmé Sieet 3 Glse RS #RQ) dnbl @S aptlic@loRer coniveatiarkl sor ptive
material s an an oxygen donor/oxygen storage netal oxide oxidation

cat al yst. Thigaretie papercistsanydntionalgigagetisr Rhiechesp &ips avewhighpaosibyr ee of
sidestrearn Sﬁgci(v? g;%oc?%%%{d to brllugn &0 rcloséj %oecgn%eﬁ@o%apﬁgé—ﬁﬁmg& Wit shat ure of

the wap, af® _
15 the same time reduce visible sidestream smoke emissions. The non-

combustible wrap includes non-combustible ceramic fibres, non-combustible
activated carbon fibres as well as other standard materials used in making the
wrap. The wrap also includes zeolites or other similar sorptive materials and
an oxygen donor/oxygen storage metal oxide oxidation catalyst. The non-

20 combustible wrap provides an acceptable degree of sidestream smoke control,
however, due to the non-combustible nature of the wrap, a charred tube
remains.

U.S. Patents 4,433,697 and 4,915,117 describe the incorporation of
ceramic fibres in a cigarette paper manufacture. U.S. Pateht 4,433,697

25  describes at least 1% by weight of ¢ertain ceramic fibres in the paper furnish in
combination with magnesium oxide and/or magnesium hydroxide fillers to
reduce visible sidestream smoke emanating from the burning cigarette. The
furnish of fibre pulp, ceramic fibres and fillers are used to make a paper sheet
on convéntional paper making machines. The ceramic fibres may be selected

30 from the group of polycryétalline alumina, aluminum-silicate and amorphous



remains. U S. Patents 4,433,697 and 4,915, 117 descri be the incorporation of
ceramc fibres in a cigarette paper manufacture. U. S. Patent 4,433,697 25
describes at least 1 % by weight of certain ceramic fibres in the paper

f urni sh WA MRB6Ei nati on wi th magnesi um oxi de and/ or REHGasIWBA3hydr oxi de
fillers to reduce visible sidestream snoke emanating fromthe. bum ng

cigarette. fibre ceram c fibres and ers are used
Lo ke o pBEIR HAURF 8l megissiuf DS SRR B ad e cor an ¢

fibres may bLpi&ebest £1i8@td the fbtdIdf tedmpetof pol ycrystalline al umina,

al um numsilicate and anorphous -3 WO 03/077687 PCT/ CA0O3/00353 al umi na. A

filler of 'magnesIlTQJrH ﬂylfﬁ{@)ti4c§€5dr17ﬁlﬁgﬁi@§$ anvwreeustible sheet fanbolding coat ed on
or applied 15.117 descri bes

a non- conbu g?%ﬁ leetl%&ﬁl %%mt %acgg]%tefhalf‘?hmﬂ g%gymﬁ%gfor nmed f om

ceram ¢ jratgiodats mh;mdkeup\aacaumﬁu Shget doniPride e RBVeIDorSivakgovehne cerami ¢
sheet conprises a woven_or non-woven fabric of ceramc fibre or a mxture

of paper ani@bteafsragiq ke orp Fyixtugeelnpesed srmiryheredper ature. The
ceramc fibga, Qﬁat%?éﬁat%nﬁgrapf gmfhé 0959 ¥itkre B*a?rb%%eﬁ:l?t%ﬁ g, Silica fibre,

silica-al um na zirconia bre, or um no
borosi | i catmoagadxogﬁlasssﬁchlas eilicd ﬁbregmﬂxamhumjmﬁbrc; dufrmraﬁdemirci)ﬁlabi ndi ng

these materjals by inorgani.c binders . S|I|ca m na gel .
The fibres é‘? %\“ ‘Sfosih%e 21’%1 glpss t escqu“&SQ P‘EIEYI shed PCT
pat ent ﬂ?p'Bxﬁ&ﬁ@%'es\é%é?éﬁa‘ile&ogg%ﬁfc%H@és bR a¥SficR el cﬁ'%ﬁﬁ‘mnﬁ ]ggﬁt erials in

cigarette wappers to reduc€ sidestream snoke. The ceramc filler which is
i ncor por at €bhe fibteheregirgrablyt & tort Gmpe@pmetsiaig dianiterder has 15 particle size

[0, a00e o 250 6 I CSLRH ool g By BEIA BERgshERe (o o1 S
anot her i r r @guhRmseANs ilnEipieté Wadppes th hefuet adesmenmﬁa@ Thei | | er may be
alumina, silica, an alum no-silicate, silicon carbide, stabilised or
un- st abi | i s@(gamlc filler which is incorporated in the cigarette wrapper using a binder has
15  particle size in range of 2-90 pm. The ceramic filler is of a predefined shape
which is spherical or substantially spherical, oval or substantially oval or
another irregular shape approximating thereto, The ceramic filler may be
alumina, silica, an alumino-silicate, silicon carbide, stabilised or un-stabilised
zirconium oxide, zircon, garnet, feldspar and the like. The ceramic filler is
20 provided in the cigarette wrapper at greater than 40% by weight of the dry
materials in the slurry that is used to produce the wrapper. The binder rﬁay be
an alginate, a gum, cellulose, pectin, starch or Group I or II metal salts of these
binders. The resultant wrapper bas a porosity usually less than 200 Coresta
Units and is preferably in the range of 2-100 Coresta Units. The wrapper has a
25 | density of 0.5-3.0 g/cm®. The wrapper is preferably used as an overwrap for a
porous non-smokeable plugwrap tobacco rod having potdsities of about 12,000
Coresta Units. |
Sol gels ﬁave been applied to conventional cigarette paper in order to
reduce sidestream smoke, particularly sol gels made from a magnesium
30 aluminate, calcium aluminate, titania, zirconia and aluminum oxide, as

described in Canadian Patent 1',180,968 and Canadian Patent application
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zirconi um oxi de, zircon, garnet, feldspar and the like. The ceramc filler
Is 20 provided in the cigarette wapper at greater than 40% by wei ght of
the dry materials in the slurry that is used to produce the wapper. The
bi nder ¥ '%¥87768n 3| gi nate, a gum cellul ose, pectinPCICAP¥M3IB Goup | or
H netal salts of these binders. The resultant wapper has a porosity

[y | 2 | 4 o . f
5100 Cor ecp Q07 < Copidiische 118D 86 QeSS MESHENARLY of kiR O
wrapper i s Rydbridabl thedseslofen anorphieusigens 4 cigamtte pagepdilenon- smokeabl e

pl ugw ap tobacco rod having porosities of about 12 000, Coresta Units. Sol
gel s have be®npeispt lodmpreye GWY%ﬁ%P“Q:ﬁlﬁ%ﬁt‘@%‘Pémﬁgﬁé?d“FW%r to reduce

si destream l%gjgig{sieunqgi(,@éo%@éﬂ ¥ c58kd 8RbSapPiee «f e RtRed BraRCaHedAB0 al umi nate,

cal ci um al um ani a, zirconia and al um num oxi de, as described in
Canadi ans Patheriigateticfapers SCanadiaCpatadi applibation,0 H}i5i deacrites the use\wD 03/ 077687

PCT/ CA03/ 00353 010, 575.. Canadi an Patent 1, 180, 968 descrjbes the

appl i cati on8&f Pﬁé@ﬁg&mﬂ?"lﬁw‘&fiﬁt{?@ qrﬁo]?g'eg PFOSERS c%ﬁ’fmjﬁ’iﬁ%'ﬁous gel as a

[ tt 4 ; ' d sidest
cigarette p@&ﬁﬁugh_brhg?%ﬁaggﬁﬁ%f_ 'ﬁﬂ&kx%@aiﬂéfé@@!ﬁe%él@n@ﬂﬁaagﬁﬁ&ﬁa@” Si destream

snoke reductli on. nesi um hydroxi de gel 'is coated on or applied to
the fibres cdatingetospapet fibdes beforecthe papar és foompd e wrapmpersdiThe pat ent

application 2,010,575 scrihes the.use . of el s, proaduced, by.,a sol ution
gel ation or VEHPCHA™ P ’émﬁﬂ?m%gﬁﬂlf%f‘fi?%a’gﬁ o@p‘%Wﬁab?%g?s wr apper s f or
snoki nguﬂ”f&'tﬁééqﬂgéﬁ 98] e dXBdes g aRpRhaf kiRfiunt 0REdR@S, sodivmper fibres

before the paper i's forrmed into wappers. The wappers are useful for
reduci ng vi potesstursiogealeivaam snoke. The netal oxides 10 for the sol gels may

publ | shod Cor mart b i SRR i G ERRLLRE 3308 1 ke PRLASRO Y D20 ) 0T
cigarette V@?}_@'&ié&i‘%&@lﬂ&h prodhicusrr shotvespbuplitks wien seiokeddThisd s is achi eved
a

by incorporating a granular msch netal in the formof, ceriumferrite
Y P achievged bygmcorporating a granular misch metalr}n the Eorm of certum Li’c:rrlte

15 or silico-cerium in the cigarette paper. When the cigarette is smoked
particularl}; in dark spaces the burning cigarette gives off sparks along with a
bright light effect. The cerium ferrite particles incorporated in the cigarette
paper usually have a particle size of about 20 pum.

Catalysts have also been directly applied to cigarette paper, such as

20  described in Canadian Patent 604,895 and U.S. Patent 5,386,838. Canadian
Patent 604,895 describes the use of platinum, osmium, iridium, palladﬁum,
rhodium and rhuthenium in the cigarette paper. These metals function as
oxidation catalysts to treat vapours arising from _combustiqn of the paper
wrapper. Optimum catalytic effect has been pfovided by the ﬁnetal_ palladium,

25 The metal particles in a suitable medium are dispersed onto the face of a paper
wrapper before it is applied to the cigarette.

U.S. Patent 5,386,838 describes the use of a sol solution comprising a
mixture of iron and magnesiﬁm asa smoke sui)pressive composition. The
smoke suppressive composition is made by co-precipitating iron _and.

30 magnesium from an aquéou‘s solution in the presence of a base. The iron

magnesium composition demonstrates high surface area of approximately 100
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15 or silico-ceriumin the cigarette paper. \Wen the cigarette i s snoked
particularly in dark spaces the burning cigarette gives off sparks al ong
with a bright light effect. The ceriumferrite particles incorporated in

t he ci gavewi/@rsspaper usual ly have a particle size of pabrouéznd®sm Catal ysts
have al so been directly applied to cigarette paper, such as 20 described

I n Canadi an Patent-604,895 and_U.S. Patent 5, 386, 838. Canadi an Patent

604, 895 desof/g besprrenimatsly 335 i /arihenbeated i atpmperateresivesall0 - um  r hodi um
and rhutheniumin_ th i gas et . ' oxi dati on
catal ysts fﬁHFP8§?”9§S@&%§‘gr?g?ﬁ§P§?%W%§§ﬁ§ﬂ§§§gﬁﬁéﬁM?E%5%3%@? Wr apper .
Opt i mum catghyt ulp St ubtdso bede spioky bwigdessive clparatetmaber. (elisi um 25 The
nmetal particles in a suitable nmediumare di spersed ontq t he .face of a paper
wr apper befroagnepiun eompgsition dppayeRthelupptipns s @B oxidation gatglystand 386 g3g
describ ? tRgudls %eocir%cﬁm? of srﬁcﬂle"sﬁrb&lfbeg Egmd @irﬁﬁg%iﬁ?%tf&t. 41§ cRfalysf ON and
magnesi Um as .a. snoke suppressive conposition. e snoke suUppressive
conposi t i ommaysals@beaplied vo thredobgeis,dbi argniplgns desgriBed ireldivePatent f r om an
aqueous solution in the presence of .a _base. The,iron, nmagnesi ym conposition
deronst r at &s24-gH> %ﬁﬁdé eiheningretallis fer Ridsd Sl BigY be gp%%?}g;ﬁgﬁ 7087

PCT/ CA03/ Oqg:ﬁé)tc 21fle bRs&RBP S hIRE R Yn RBBcdFEEaudel &l Joldyelc ironatit enper at ur e
bet ween 100 and approxi mately 500C. The iron magnesi um conposition maybe
added to papescapheng inmtie crainssreametnoke. Ralladivmisesed i pprabispijen withar et t e

paper. The iron nmagnesi um co Sitl f. L0.0ns as an oxi dation
cat al yst? arfl 18%8@8’6%@ ot ngca?fg'ﬁﬁ?usoq‘&ds? %@C@%ﬁﬁ%ggu%g@ldg;&lﬁ@’ bur ni ng
cigarette. SHARmEotls¥iah, nibidiudl s&ile, rdmlksiah, tdciubg stroftaes,0, for exanpl e,

as described in U S. Patent 4,248,251, palladium_ either in nmetallic form
or as a sallenthamym reriumpneasymivm; SEnarigh SUOPUIT:E3 dpRUEn g, pa) | adi um i n

t obacco reduces 1he cyglhe A leSe. itMOFRGRIP AR adifmt i nstream
snoke. Pall %&PW&% egoglé%’ %%Jl%lg%lflﬁggﬁgne’\}\ﬁﬁh 10 an’%ign?)r gah%ﬁsggl t or nitric
or nitrous Afd,dlunBuch, gdllima;] s, bisnelthdeydritestherepf and mixtures thereof.
15  Catalysts have also been used in tubes to reduce sidestream smoke such as
described in published PCT application WO 98/16125.

U.S. patent 6 228 799 describes a composition comprising cerium oxide

and zirconium oxide in particulate form and having a high surface area usually
in excess of 35 m2/g. The composition is made by co—precipitating cerium and
20  zirconium species from a solution at an elevated temperature, which is then

separated and dried at temperatures between 80-300° C and then calcined at
temperatures between 200 and 1,200° C.

Catalytic materials have been used in aerosol types of cigarettes which
do not produce sidestream or mainstreamsmoke per se, but instead a flavoured
25  aerosol. Examples of these aerosol cigarettes include those described in U.S.
patents 5,040,551, 5,137,054 and 5,944,025, which use catalysts to provide the
necessary heat generation to develop the aerosol. Such catalyst systems
include oxides of ceriuni, palladium or platinum. |
A variety of sidestream smoke control systems have been confemplated

30  in the prior art but none of them contemplate a combustible cigarette paper



- sodium potassium rubidium cesium magnesium calcium strontium

1 ant hanum cerium neodym um samarium europi um gadolinium terbium
dysprosium erbium scandi um nmanganese, iron, rhodium palladium copper,
zinc, ammismamg?gal lium tin, bisnuth, hydrates ther®I¥CHHEP3H xt ur es
thereof. 15 Catal ysts have al so been used in tubes to reduce sidestream

snoke such as escrt.j bed in,published PCI a | | 5. U S
patent 6 22&“‘3{98“@%2‘%‘? f gagnal CWSW&OS%@ 5%%@ ?ﬁ%@é%ﬁ?@{&]&g %% and

zi rconi um g?aggs hfaeptablewkiat € formand having a high surface area usually
I n excess O 5 n2/g. The conposition is nmade by co-precipitating cerium

and 20 zirconium species froma solution at an el evated tenperature, which
is then separaled.and drd ad alriggreratures between 80-300 C and then
calcined a fperat ure 200 and 1,200 C. Catalytic materials have
been used i n aerpg@ordavpewithivafibiaispictast thisiavention cigireterymgace si destream
or mai nstream snoke per se, but instead_ a flavoured 5 aerosol. Exanpl es
of these aeigmeiic wragnelePraRper for pqaar onether lfedobaqse grodyclsis. patent s

5, 040, 551, 5, 137,034 . : | i de the
necessary rPég‘flaa%goé F %‘ﬁagﬁs‘{%ﬂ% 5 %F‘%ﬁ?\ﬂ? lg&%téé?g% g?ﬁ%ﬁiié%garg %(P'{;lgetf syst ens

i ncl ude oxigdgs of cerium palladiumor platinum A variety of sidestream
snmoke control systens have_ been cont lated 30 'in t.he prior art but none

of them cont enpilBaeorlass il P BFRECEPIFAF LVERU, o f lO%5S 77687

PCT/ CAQg/ 0Q ' ' FoIRES Esindistibe Heattitit Ci bl y
af fecting csggog(re & g&%algﬁa&%aér?gbﬁng ngﬁbg%'ggpt abl e ash. SSUM\/ARY OF THE

| NVENTI ON Spaper, asid tredimmmé paper having & sidssteeaprounakedfeatrént compesiion, cigarette
paper, cigaretie wapper, wappet . for a, cigar Qr,oth | ke it obacco
product s i SCOMFEEH ’8’8?’1 ?tg{?ﬁg%d‘\)ﬂ% Plﬁmg ng%eoﬁqagg%%étﬁbﬁtea%v% an

i mproved or  mdiafil §6n-c8BBustible finely divided particulate adjunct for said catalyst,

the improvement comprising the use of a solid solution of particulate mixed

15 metal oxides as said catalyst and said adjunct.

The oxygen storage and donor metal oxide oxidation catalyst as part of
the solid solution is preferably selected from the group consisting of lanthinum
oxide, cerium oxide, praseodymium oxide, neodymium oxide and mixtures
thereof. The adjunct which is also part of the solid solution is preferably

20 selected from the group of metal oxides consisting of zirconium oxide,
‘ aluminum oxide, magnesium oxide, titanium oxide and mixtures theregf. _

The solid solution of mixed metal oxides may further include in the
solid solution metal catalyst selected from the group 6onsi$ﬁng of palladium,
platinum, rhodium, tin oxide, copper oxide, iron oxide, manganese oxide and .

25  mixtures thereof. Preferred mixed oxides of the solid solution are
cerjum/lanthinum mixed oxide, cerium/zirconium mixed oxide, cerium/
zirconium/lanthinum mixed oxide, cérium/zirconium/ praseodynium mixed
oxide, c¢rium/zirconiﬁm/ lanthinum/praseodynium mixed oxide,
cerium/zirconium/neodymium mixed oxide and mixtures thereof.

30 In accordance with another asi)ect of the invention, a low s_idestrcam

smoke cigarette comprises a conventional tébacco rod and a combustible

-



I n accordance with an aspect of the invention, in a |ow sidestream 10 snoke
cigarette having a conventional tobacco rod and a conbusti bl e treatnent
paper, said treatnment paper having a sidestream snoke treatnment conposition
conpri siwg oam7eéiygen storage and donor netal oxide oxCuendpmigat al yst and .
an essentially non-conbustible finely divided particul ate adjunct for said
catalyst, the inproVe nt canpri si ng ge]% use f)f a solid. solution of

parti cul at eTFRIRER" BARCHEVA}E HR a STOkE freatment GRRPOSIHPNSIE adj unct. The
oxygen stor &gﬁnﬁﬂpcdﬁﬂi&ftioﬂ%b%br@é@ﬁ%x@?érﬂﬁbﬂaﬁ@aﬂ@&cﬁi&ﬁetﬁﬁxﬂért of the
solid solution is preferably Sel ected fromthe group consisting of

| ant hi num oxidatign et ysirancssaddiallp nes-comhwitivhn asiingtfor seid dgiaiyshamski de and

m xtures .thereof.. The adj.unct ihch is.also part of the solid solution is
preferably %Blefagf’é@tezgf?‘?%%{‘{‘%ss Crhgﬁaﬁ%eﬁg?ﬁet al oxi des consisting of

zi rconi ugn oxi de, n agbdtahdbe Wihdrdeher BR@OESH tHenxntita, theladpmictimppxi de and

m xtures thereof. The solid solution of m xed netal oxides may further

i ncl ude in ¢orepriss|d wixse matal epidear garhopaty fijler used ineqrggnotios withve group

consi sting of ,pall adi . t] I id 0 g L i oxide, iron
oxi de, nang%\erloélgegbaés%?ﬂlé%g%%%%%{gx}faﬁ?(ggl 1&1’33&1’9@3]&3 %Fgg%grﬁﬁthed oxi des of
the solid sgingingdromabout®li% kd B $htblyi waightraf Xeckotak dgjeyeightrafding zi r coni um m xed

oxi de, cerium zirconjiunglanthi num i xed.qxide, cerium_zirconiuni

pr aseodyni ufRTRPGSEEPD, alkhoyg! ﬂ?e*?‘ﬂ?ﬂﬂ@f’ﬁééﬁ%ﬂﬁ%ﬁ-l ﬁ%%ﬁﬂﬁfr&?@odyni um ni xed

oxi de, 16T bRALZnEE BRIMEIARRHNBLMRCBhN AL, 67 AR, Maxfulif S8ad her eof . 30 In

~accordance w th another aspect of the invention, a |ow sidestream snoke
ci garette comapndsass ozideoaivieinaj carim bxifetiv oxidediremekide, coamgerstse bl e -7 WO

03/ 077687 PCT/ .CA03/ 0035 t.reat ment er, having.a si estreacg1 snoke

treatment cORPBSRIFHRL2 ﬂ‘éate’tzr‘ré;ﬁfl%h{)ar B SIRER B2 HBPTEE &GN oxygen

storage and,gGapRs tEeécH TRYintkeal dRided dlay®e oFFhAbYSUrfad are&RAmhatt |y
non- combusti bl e adjunct for said catalyst and a _metal ,oxide for nodifying
ash char act prefesgbly gither low surface area in the Tange of about 5 to 15 m™/g and high

o

15 surface area of over 20 m*/g. A cerium oxide hydrate sol may be applied to the
adjunct, for example, the metal oxides to provide increase catalytic activity.

In accordance with another aspect of the invention, the oxygen storage
and donor metal oxide oxidation catalyst material preferably include lanthinum
oxide, cerium oxide, praseodymium oxide, neodymium oxide and mixtures

20 thereof. Oxidation catalyst of the precious metal and transition metal typé may
also be included such a palladium, .platinum, rhodium, tin oxide, copper oxide,
iron oxide, manganese oxide and mixtures thereof. These catalyst may also be

~ fixed on the adjunct or the ash modification material or as part of the solid
solution of the mixed oxides. - |

25 The sidestrea.m smoke treatment composition may be incorporafed in the
combustible treatment paper, coated on the combustible treatment paper,
impregnated into {reatment paper or a comb’matibn of the above steps. The
treatment paper may be double wrapped and be of the same or different
compositions. One of the double wraps may be conventional paper. .

30 Altematively, one of the double wraps may have a composition directed



5 In accordance with another aspect of the invention, the adjunct nmay
conprise a m xed netal oxide or carbonate filler used in conjunction with a
zeolite based material. The zeolite based material is preferably in an
amunt  wanghfgsf rom about 0.1% to 35% by wei ght of tpﬁ.,# 5 dbsadry wei ght of
the conposition, although the anbunt coul d be higher. e mxture of netal
10 oxides may include m xtures of zirconi-umoxide, tin oxide, titanium

oxi de, magpeEwiatly ©edstrean smokeredeaionand e atkertdonblewdp paparon oxi de,

manganese Oxilgd%{%(ch%rbp&igl Tﬂ@?f@%ﬁ%ﬁﬁé&ﬁ%{lﬁo@ m.car bonat e, magnesi um

carbonate alftf WAL nay be of various surface

areas and nost  prRteidaileywis iditer hsprctolthdiQe@a I6W kidestraanpe of about 5
to 15 n2/g and high 15 surface area of over 20 nﬂig. A cerium oxi de hydrate

sol may be sippkg eigarctie comprisedjaraayentipag! tebagemiod and Beombustiblexi des to

provi de gnc | % Lyvity. | rdance with ot her aspect of
the i nventi %ﬁ%ﬁ}%ﬁgﬁ(?%/é%‘lﬁﬁ%?gl?igsérée%%asﬁﬂd) ﬂa%ﬁ%&eﬁ&ogpogﬁ% | dation catal yst
material prabanrat yoﬂépstssitwﬁecoh@mséﬁ gékdtohage BRT dotbr edtl@xider aseodym um

e

oxi de, neodymni um oxi and m xtures 20 theregf. Oxidation catalyst of the
preci ous nepdatigncatilysiand ppasseptially noprrembughble high suefacerrtaided such a

pal | adi um ' . ' | | . ' | ron, oxide,
manganese o%!llsgiééd;%gh Jrh{ngfﬁ)lrrg{sp cta%g% é%%ﬁaégdéﬁc%g datfgégﬁgnr%ﬁ’ﬁb{{r S0 be fixed on
t he adj unct ceuting o€ calsiumeatbdnatesis ippovidedt @y dansdxterior adrfgmerdf taf trédt@esol i d

solution of the m xgﬂ,ﬂo i&es. 25 .The sidestream snoke treatment conposition
may be A®coPRSF IR WQdily asheharactimistiet i bl e treat ment paper, coated on the

combust i bl € [ ekdiele AUREriptioh WHERVE e el cBeatdidl UEBRL shaper or a
e above stéps.” The

conbi nati on of t treat ment” paper nmay be doubl e wr apped
and be of timsdessiowd tornadiiohlyanende smokmplesiigarettes butsewell anhformtaafbl e wr aps may

e R 2Ryl VSl Ghy o A oL e o ey have e

si destream ggRkRatrRéh phbéEs @ed, ft MurRERRIIYO MRl otpAE AR RRREDle .

15 wrappers and the like which may be used on cigarettes, cigars, and the like.
The wrapper may be used as a single layer of cigarette paper or multiple layer
of cigarette paper. The wrapper may be applied as the sole layer of cigarétte
paper orasa wrap over conventional cigarette paper of a cigarette. The
treatment paper may include as its substrate conventional cigarette paper or

20 similar combustible product with a wide range of porosities. The conventional
tobacco rod encompasses tobacco compositions normally used in smokable
cigarettes. These rods are to be distinguished from tobacco components used
in aerosol cigarette. |
BRIEF DESCRIPTION OF THE DRAWINGS

25 Preferred embodiments of the invenf_ion are shown in the drawings
wherein: |

Figure 1 is a schematic view 6f a spray technique for applying the
treatment compdsition to a cigarette paper;
Figure 2 is a schematic view of éxtruding_a film of the treatment

30 composition onto the cigarette paper;



i ncl ude a conposition directed towards ash nodification. In accordance with
anot her aspect of the invention, a | ow sidestream snobke cigarette
conprises a conventional tobacco rod and a conbustible 5 treatnent paper
havi ng awsind@stseam snoke treatment conposition. The pdi@atBef conposition .
conprises an oxygen storage and donor netal oxide oxidation catalyst and
an essentially non-conbustible high surface area adsorptive adjunct for
the catal yst i ncligpisriaisadchemaiisiview pbralhesating Higdreatment gomponigoof cal ci um
carbonate is Q{g%iﬁgﬁjg ?r“ an exterior surface of the treatnent 10 paper to
nodi fy ash REBACL 6™ 8 cs. For ease of descri ption, whenever the term
cigarette is usefguletd isS schiiaiRicsti@nds the inpteghilion ofcdodtdrg snkabl e
cigarettes but as well any formof wapped snokabl e tobacco product, such
as cigars, BPatEget GQUIROSIARARIe\Fas cigastte PEoR t r eat ment. paper is used, it is
understopd to eng S GO : +ROR i ch may be
used on %i gar et'[%l , ?islgggss, angﬁiﬁoﬁﬁ%ﬁg%ﬁ%ﬁw apﬁé’?‘s?r%{;&gg“ﬂsed as a

si ngl e | ayetheqiaper gdp 8t the npapfactuos ofeipareiid pagegyer of cigarette paper. The

wr apper may be lied as the sole |ayer of cigarette paper or as a wap
over conventiongﬁg‘érietfgfétpf’?pﬁﬁﬁér‘“wOéaﬁqbﬁ‘é“r"erpg avipg dhe treatmeidng  paper may
i ncl ude as {jép%rgpﬁgih@&ﬁidﬁ%}jﬁéuﬂh%; cigarette paper or. 20 simlar
conmbusti bl e product with a w de range of porosities. The conventi onal

t obacco fod encdfigarsSeshows laneclemaivvepeshadimant afdiigrat by used in snokabl e
cigarettges. The rods. are to be distlnguished. framtobacco conponents used
in aeroi@l ci ga?@g‘fré%sléﬁlpﬁﬁpﬁg&ﬁf%f’ g%éccﬂ—liﬁd VWh&éTef%“ﬁtgferrgd

enbodi ment scéthpdsittor saM@Richedbéiveers MAyErd of bipaftita phpd s apflesdab e Figure 1
is a schematic view of a spray technique for applying the treatnent

conposi t i ontabaceg efligndet t e paper, Figure 2 is a schematic view of

S);';);lrjdi ng. a fil e 9ti9§ p'éfssgcttﬁg Wew §Pa 8&@9%4{4 i%ptl"L%r}BQacEg'?ocfi garette
’ where treatment paper is applied over conventional cigarette paper.

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In accordance with an aspect of this invention, the sidestream smoke

treatment composition provides the desired degree of visible sidestream smoke
control while at the same time providing a suitable ash of desired
characteristics. The sidestream smoke treatment composition of this invention
20 comprises, an oxygen storage and donor metal oxide oxidation catalyst used in
combination with a non-combustible finely divided porous particulate adjunct
for the catalyst. As taught in applicant's co-pending U.S. patent application
serial number 09/954,432 filed September 18, 2001, it was unexpectanily found
that when these two components are used in combination either alone or with
25  other constituents, a very surprising degree of visible sidestream smoke control
s proﬂridcd. It has been found that with certain types of catalytic material
and/or adjuncts, ash characteristics, such as, appearance can sometimes be less
than acceptable due to, for example, discolouration, delamination and
defoliation. In accordance with this invéntion, enhancements have been made
30 tothe éomposition and in particular to the catalyst and/or adjunct to modify ash

characteristics to provide for example an acceptable appearance, acceptable

-10-



-9 WD 03/077687 PCT/ CA03/00353 Figure 3 is a schematic view of roll coating
the treatnent conposition on cigarette paper; Figure 4°is a schematic view
of the inpregnation of a coating of the treatnment conposition into the
.cigarettwopspatgr . 5 Figure 5 is a schematic view of pgricabihosfie treat ment
conposition with the paper pulp in the manufacture of cigarette paper;
Figure 6 is a perspective view of a tobacco rod having the treatnent paper
of this i nvirengthn calopt,iiriggrity end restuctionerredinunationof asthdefoligiamat i ve enbodi nent
of Figure 6;,10.Fi.qure g a perspective view of a tobacco rod having the
t reat ment %%?FBH?#‘ ?S’ﬁdglgr% % ched between two | ayers of cigarette paper as

applied to the ThHhapartmagbe angsiitabléressedtiblly AorPesb@tibley finsliyew of a doubl e
wrap for the tobacco rod where, treatnent fpaper is applied qver

convent i onadivideg pretcuiatpmaterial whichdqesnotaffest dreflavpnrpndiasteigf tisREFERRED
EVBODI I\/Ig\ll M . WSe -1 9N, the sidestream
snoke t rei?%@ﬁ?g%gr%r%ggig |%&gpgpﬁg€§ﬁ%h%9%%ég?ﬁigbg(\élgfrgté%&gf vi sible

si dest r eam sdaetieamoapbue] Thipirtcelatetinderia hepltysivellpstabledit thg elevatedt abl e ash
of desired characterjstics. The si des&rfgm noke treat m?nt .conmposi tion of
this i nventieapeIaiurgs phie SEgUng¢eyRe el ?%‘S@%H@YMBP PSS K| de

oxi dation ¢ | ' ' ' onﬁ‘m'@ bl e finely
di vi ded por%&%h%%}lﬁgﬁﬁ%dtngoa@?gﬁg?%ﬁgﬁm klltelﬁp(/:% a yst@%ﬁdasﬁght in
appl i cant ' sprefergdydimiig th K mpgt &nis unggpstoadifor dre lowewuifate meaber 09/ 954, 432

filed Septenber. 18 2001, it nexpectantly faqund, that when these two
conponeltt s %P@nﬁééhe P?‘fgﬁ‘é}ﬁt.ﬁ‘? ffgﬁ'{? @Fﬁ@%’%ﬁ@aﬁkfﬁ%?‘ﬂ‘% ot her

consti t uent §ouaveteas/ihs Widbide akdadnEteakes fovikds/205mbYk & i§ ud@&biosd Mabtierke contr ol
Is provided. It has been found that with certain tépes of catalytic

materi al  apaitides ady bepomus.aSanvirsalntheadiuct mey alsashveshighspdageance c an
somet i mes be?rezli Sssusally greater than 20 m?/g and at this level of .surface area usually the
particulate material is porous. The porous adjunct may have pores with an

15 average diameter of less than 100 nm (1000A). More preferably, the pores
have an average diameter of less than 20 nm (200 A)- and even more preferred
are pores with an average diameter of 0.5 to 10nm (5-100 A). With zeolite
based materials, the pores have an average diameter in the range of about 0.5‘ to
1.3 nm (5-13 A).

20 -The particulate adjunct may have an average particle size of less than
about 30pm, more preferﬁbly less than about 20pum and most preferably
ranging from about 1um up to about 10pm. Non-combustible materials may be
porous clays of various categories commonly used in cigarette paper
manufacture, such as the bentonite clays or treated clays having high surface

25  areas. Non-combustible carbon materials may also be used including milled
porous carbon fibres and particulates. Various metal oxides and/or carbonates
may be used such as porous monolitiiic mineral based materials such as
zirconium oxide, titanium oxides, magnesium oxide, aluminum oxide, cerium’
oxide, tin 'oxi'd.e, iron oxide, manganese oxide, calcium ca:bonate? zirconium

30 carbonate, magnesium carbonate and mixtures thereof, metal oxide fibres sﬁch

as zirconium fibres and other ceramics such as milled porous ceramic fibres

-11-



t han acceptabl e due to, for exanple, discolouration; delamnation and _
defoliation. In accordance with this invention, enhancenents have been nade
30 to the conposition and in particular to the catalyst and/or adjunct to
modi fy asboyeheracteristics to provide for exanpl e arcecssptabl e
appearance, acceptable -10 WO 03/077687 PCT/ CA03/00353 strength, colour,
integrity and reduction or_.elimnatiqn of _ash defol i at |d|ot£]1 del am nati on

and the |i kand mix&irggibereef. Ir?efﬁsﬂﬁét %fr??“%‘ﬂloﬁ%f]ﬁb]é hasbeendrud Yatdbls- conbusti bl e,
finely div gglge%??&ﬂcﬁ%xﬁ gs e an ddéé‘mdi&hcg&ﬁfas%t Fér‘?ﬁ&ra b&gnd | avour and

taste of thé mai nstrea Ive of T any undesirable
odours in tdwmoskcehash bﬁﬂmomlpnm eatal'y’helemrtadjuubmlaends awiwle high physi cal |y

stable at the_el evated ratures .of ,.the burning cigarette coal. The
adj unct nmySuRE %argap&;\;r@ﬁ;r Fugh as activaled Garhar pyd 7eleS han 20 ne/g and

pref er ahy é ]il- nQ{”l%xetag uhet ?ﬂs@@&nﬁ@s%tmg}pﬁﬁfa@é ﬁ‘ll%hyu V&ptide0 10 n2/g. It is
or

under st 00 l'ow surface area materials the partl cul ates are
finely grounstesnld vérieh ars mah{cgmbuattibi invuganic ﬁt@ﬁl}édé’ﬂdﬁda@mmbﬂ%@ucﬁace area

i ncreases towards 20.n2/ nde t 00 tha partic be

por ous. @ﬁ@%@?@a&%%veﬁg’maﬁé?mg 5 aﬁg{}}g}’g ??gg?ho%lsr ea usual ly
greater thaf,iBalsRhéh ANdicafalihing, 2iR6LIunDdxise) szra@ﬁumrlﬁfdrdxmtainﬂyhd he
particulate material is porous. The porous adjunct rmay have pores with an

15 aver age lificarfeolites stch assslicalitazoobiss. fawagies Ksandl\IbF%o ePdtably, the
por €s ng eﬁ%gte&o o?cg%n? h(%;%sed’nd%S\JI %%ﬁﬂéshﬂg agcg}){agﬂ:s g@n and even nore

preferr verage aneter m (5-100 A).

Wth zeol i tgolikesetudetydidpbbic Z:bittepardaailbig\hydsophabie lza@ﬂesdwhmht er in the
range of about particul ate %rgé.unct may have
b

an aver age Wﬁtaf@gg’t éf Eédrgf’}?qrgé‘ggl-dtllgg‘ﬁ) Mﬁ&gﬁ%@ RTE2RST O ly less than
oot 20y TRl L. T et 101
comonl y usgdvida adiigldy ebtoas papmure which selectively absorbs and adsorbs
15 components of sidestream smoke. The highly porous structure generally
comprise macropores amongst the particles and micropores within the particles
which branch off of the macropores. It is believed that the captured
components in the macropores and micropores in presence of the cerium oxide
or other suitable oxidation catalysts at the high temperature of the burning
20 cigarette, converts such captured components into oxidized compounds which
continue to be trapped in the adsorbent material or are released as invisible
gases which have sufficiently low tar and nicotine levels so that the sidestream
is invisible or at a low desiréd level.
The zeolite materials may be characterized by the following formula:Mm
25 M’uM“p'[a.A102 » b Si0; » cTO,]
wherein
M is a monovalent cation,
M’ is a divalent cation,
M?’ is a trivalent cation, _
30 a, b, ¢, n, m, and p are numbers which reflect the stoichiometric proportions,

¢, m, . or p can also be zero,
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manuf acture, such as the bentonite clays or treated clays having high
surface 25 areas. Non-conbustible carbon materials may al so be used

i ncl udi n%@n | | e6g porous carbon fibres and particulates.. Various netal

oxi des a {784 bonates nay be used such as porous ROHARLRSE nineral
based materials such as zirconium oxide, titani um oxides, magnesi um oxi de,
al um num oxi deyy f@rd; YUre te@atedfallyicoBrdetéieA] 4rd] a®thdl@nd MANganese oxi de,

cal ci um carbonate, zirconium 30 carbonate, nmagnesi um carbonate and m xtures
t her eof , met alT Bxi teizalfediallycosulitatedapetal atomrbieing dblbiogeplasrdAbeth®i; cer anmi cs

such as mlled rous,ceramgc fipres --11 03/,07.7687, PCT/.CAO3/ 00353 and
m xtures ther eog’?'elieﬂl_ W@é%@c‘ffcbé o}gtép Fiﬁﬂhf%%t 8,2?‘?%%11;% "l?éeéﬁ[fh&ﬁ fd that it is
capabl e of funcydignéfboass b F00AUhéinidrairie sidi Weithia fisk ARgHHf sbeypen st or age
and donor cerium oxi de oxidation catalyst. Oher adjunct materials include

high subface a9-840 hdtnam (Btosi3dich as activated carbon and zeolites. 5 The

adj unct may al s 0 | sg, hi sur e ar L.gh rftive terials
whi ch are non-cgﬁ%ffér%;zﬁf)ﬁfes Pﬁ@ﬁgag%‘ltegt%fmﬁi&e@a iﬂ\%%% k?%ar'f“l"‘\gﬁsl% e, such as
nol ecul ar - sigRySstey((iNaL Ca) BMDLPARS:I0463 - 240 HIBY cublic Op-2edlités se anor phous

materials such as sillica/alumna, zirconium oxide, zirconium hydroxide and

the |ike. DNalASE.sdodl Withns7; ictragpnad), Mosdenitegzeokites (Mas[ AlgSisoQocly and L

zeolites, b ' %@mg i 1 &es and_ ' are

accept abl e. gé’%bgr(’lrztg ﬂjélgg itTes ngﬁgﬁggg‘%lﬁl %hcﬁ%f?c4§l\e% i tedéhg?l%r mldly
hydr-ophabi ¢ ozkedhotrbic)ydridahixtiresherbf.i ni ty for hydrophobic and nmildly

hydr ophobi ¢ orgapi.c COWO%&F&% of ., suc siP st ream snoke. wher eby wat er
vapour is avoi delfis anpEeciad EVaTOUS BTages 0 FS%PHECH'aFﬁ”QhWYESrous structure

uhi ch sl echie® ! phighsarRaIAR InRARRI %dﬁgg%mnemicﬁfcm@amﬁam snoke.

The highly porous st ture-genera rise macropores anongst the
particl es adesigneartopeleetively adsbrb, fdrexmaple] high doilitgi pointimaderifs, miil of t he

macropores. It.is believed.that the.captured .go nents iLn {he macropores
“and mcr opoP@émngE’rté‘lag?Wis @mpwé)o?lg}gi ﬁﬂ#&%ﬁ‘éﬁs'o 81"%?“@ i {“Xﬁ’ise oxi dat i on
catal yst§ abeiHiGebligkohBBREERWHER tRE cérfifn BXIHE of Bther suitable catalyst :
contemplated by this invention is preferably dispersed throughout these layers.

The layers may then be bound on cigarette paper for the tobacco rod by gsing a
binder or an édhesive which may be, for example, polyvinylacetate, polyvinyl
alcohol, carboxy methyl cellulose (CMC), starches and casein or soya prdtcins, :
20 and mixtures thereof
The oxygen donor and oxygen storage metal oxide oxidation catalyst -
may be selected from the transition metal oxides, rare earth metal oxides, (Such
as scandium, ytirium, and lanthanide metal series, i.e. lanthanum) and mixtures
thereof. It is appreciated that the catalyst may be in its metal OJddc form or a |
25 ' precursdr of the metal oxide which, at the temperéture of the buming cigarette,
is-converted to a metal oxide to perform its catalytic activities. The transition
metal oxides may be selected from oxides of the group of metals from the
Periodic Table conéisﬁng of groups IVB, VB, VIB, VIIB, VIII and IB metals .
and mixtures fhereof. Preferred metals from the transition metal group are
30 oxides of iron, coppér, silver, manganese, titanium, zirconium, vanadium and

tungsten and from the rare earth group are oxides of lanthanide metals such as

-13-



20 cigarette, converts such captured conponents into oxidized conpounds
which continue to be trapped in the adsorbent material or are released as
i nvisible gases which have sufficiently Iow tar and nicotine |evels so

t hat t hewsirglestdream is invisible or at a | ow desiredcrexanosthe zeolite
materials may be characterized by the follow ng fornula: Mn 25 M, M p[aAl 02
b Si02 cTQ2] wherein Mis, a nonoval ent catd' on, M. is a djvalent cation,
M is a tri<Hfesal lpafhingm, cespyiny praseodgniup, ngadyaRm nd FEx st ?rgot?mi ch
reflect th t Ql.chi ' f i : - : be zero, -12
W0 031 07763 SR Ek0 T DRALET RIS B il ol Ol I FORABINA Nated A and
Si atons, amedtals sushas Cetr alirdy adidey It copdiecmteaicthatetldr ragtdmxbds ng able to
repl ace Al or. erein the rat of b/a g{)f t he zeolitgqor t he

Si, N
zeolite-li k@lﬁﬁ%qa\é@stmgy eu§;3|vag10tgp OXVRSTHSI% 28OS YEFHIOE i cr opor e
size is M thi00FBRaL@NGRcIPbthBPRAE] caalPst® incRidé pRecidls RetdlS afd Metalr ef erred

zeolites of "the above formula, have the specific fornulas of faujasites
((Na2, Ca, fpn29pwisSBsiIVaviasBaxturesithetspd Exappley includg palladies,

(Na"[ Al nSi 64 nO128 y’th .N<7; tetr%gon I b I\/bﬁ\(#eni te zeol l.tes

( Na8[ Al SSi . IBERHET Thodiym,. 5ey0xide: GRBPHAH eci- 0 9810, RBTFPEE PHESTR nsi 96- n0192]
- 16 H20 Wi tBtired thereo¥0 ort hor honbic), and m xtures thereof. It is
appreci ated that various grades of the sorptive material may be wused. This
i s particul arly Thessrivmicataishpticerrser BeY bed the Symgfi agerivmsaliduelyst om

Sestoncf | Sy LR e FUPRE B LR PG BB, T 12l
to |ayers 1madd up bfa eeiint bedehydraidriaoit indies efirbdtocsra agniunxi de or ot her
suitable Calg)%lrg)%he which is applied in solution or sol to the sorptive material or to a
paper as a coating and which is converted to cerium oxide at the high
fempcrature of the burning cigarette to then function as a catalyst. It is
15 understood that the sol may be a low nitrate cerium oxide hydrate sol. For
purposes of describing the invention, the term catalyst is intended to include
any catalyst precursor.
The catalyst such as, cerium oxide, is used in combinati;)n with the
adjunct material. It has been found that when the two are used separate from
20  one another or in spaced apart, non- adjacent layers, the ability to control
sidestream smoke is greatly reduced. Although in certaih arrangements, some
sidestream smoke control can be achieved. Preferably the catalyst i's.
substantially adjacent the adjunct material. This can be achieved by co-
mingling the particulate catalyst, in admixture with the adjunct, contacting a
25 layer of the édjunct with a catalyst layer, coating the catalyst on the adjﬁﬁct or -
 impregnating the catalyst within or on the porous surfaces of the adjunct, to
bring about the desired surprising s_idestreaiﬂ smoke control properties. It '
should be appreciated that many other constituents may be used in addition to
- the combination of the oxygen storage and oxygen donor metal oxide oxidation

30 catalyst and the adjunct. Additional additives may be used to further enhance

the treatment of the sidestream smoke or alter other characteristics of the
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contenplated by this invention is preferably dispersed throughout these

| ayers. The layers may then be bound on cigarette paper for the tobacco
rod by using a binder or an adhesive which may be, for exanple,

pol yvi nywaeseaésd, pol yvinyl ~al cohol, carboxy nethyl PE®CAw0asse ( CVO) ,
starches and casein or soya proteins, 20 and m xtures thereof The oxygen
donor and oxygen storage, .nmet al, oxi de ogi datian ¢ tﬁll ﬁ‘St may be sel ected
fromthe treigatette-orichagditiopaljagduives may beapxed ipspith the bpafment s ch  as
scandium yttri QAHr [ i um and.

m xtures t ogr“é%éiaoﬁa(%}qllsé@éa%prec?gltﬂggkt%hxgﬁtcg?vggﬂt%?%%ﬁang%agq inits netal
oxi de for m asurse tA5t suck additives dof nat hppeeinblly impactacgdtively, onghe ebilityt enper at ur e

of the burni cigarette, is convertedtg a netal oxide to performits
catal ytic a‘é{]‘iﬂﬁt‘te Tt GRMAPQSHHARIO ire %‘Lef‘}gfgqeaglxﬁnb‘gg' may be selected from
oxi des of the greopipodRionnfayBedBhinigted Riea vatktg o @hyewhiohaélgeverg of groups
NB, VB, VIB, VIIB, ViI'"and IB netals. and m xtures thereof. Preferred

netal s fronvd-henglingmdithe camiumewith thy adsprpiive neterigl Frs sxampler 8, copper,

silver, manganese, titanium, zir CoRi \: B n and fromthe
rare earth BH%Vﬁfﬁat%qmbeSpfagﬁ{l‘Wiﬁ]ioééﬁéggﬁs SUC s.%altsm - %@l \' VO
03/ 077687 PGEHGARSHRA 3Kt ¥ SeRmPbxilenydraisol todmbiegiute ieasnefacy of um
neodym um and m xtures thereof. For exanple, ceriumnmay be used in

admi xt ur e wihetadserptivhmatstiak wigh criing mateial. Gemem exidg amayds reeparsd ni xed oxi de.
1 0L P S0 ot LSS B hRr Bt Yot > oy be used

with th oxygen donor f catalyst. Such other

met al cat al ygosptiveGhatetéal pitds partisularly pteferantthaetha batalystryomdgrsdaps |11 A, | VA
and ‘m xtures thereof. Exanples include gal | adi um gﬁgl.%ti num _rhodium tin
oxi de, coppau acsuageeparticlosizeof less than Abpnt dQumaed pecfershly lass,than 2 ner eof . The

cori um it r HEmgR et 8 1 Dubipe bR R GRAR SORT 1 TS @
made up of gnswfd intifatnikend Ml Gl-Binglingof khie thateddlso refired to as a cerium
15. As a general guide to selecting catalyst particle size and surface area, it '
is appreciated by one skilled in the art that the selected catalyst has a surface
area which is such to ensure that the catalyst active sites are available to the
migrating sidestream smoke components. This may result in catalyst particle
. size being greater than 30pum in certain embodiments, if the catalyst particles
20 are pr.operly distributed to achieve the necessary degree of sidestream smoke
component oxidation.
It has been surprisingly found that the cerium oxide, partiéularly high
surface area cerium oxide, is one of the few metal oxides which can perform
~ both functions of the invention, ﬁamely as the oxygen storage and oxygen .
25 donor catalyst and as well as the adjunct. The porous cerium oxide particles
can be made with the high surface areas and an ,ﬁverage particle size required |
for the adjunct. The cerium oxide is used with the cfgarette paper in a first
amount as the catalyst and a second amount as the adjunct in the treatment
co'rhposition. Such amounts of the cerium oxide correspond generally with the
30 amounts used for the cafalyst'and adjunct in accordance with o_thér-aspects of

the invention to make up the total loading. Alternatively the high surface area
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hydr oxi de which is applied in solution or sol to the sorptive material or ,
to a paper as a coating and which is converted to ceriumoxide at the high
tenperature of the burning cigarette to then function as a catalyst. It is
15 undemss @adzdshat the sol may be a |l ow nitrate cerirmwoaosdsshydrate sol .

For purposes of describing the invention, the termcatalyst is intended to

include any catalyst precursor. The catal yst such &’z .cgri oxide, is
used in cosbiiwaxites Gt pe uied Wigdmets svah &y 7eglites of ok highSHIRG NG t hat when

the two are uses i?ﬁﬁgﬁ‘%‘ﬁ%ﬁi{‘:@ﬁ% LR RBRL Ry dPSxidd) Spaced apart, non-

adj acent | ayers, to control sidestreamsnoke is greatly
reduced. Al thouQhe cériwae ntagibe famndatedaentdytiaatisperson) esth asareriwmke cont r ol
can be achieved. Preferably

the catalyst.is . substantiall. dj acent the
adj unct nmweEdesrl, or Fhesm??a?ﬁ‘d%&éeélﬁPé‘?Fe%”%Veé‘b@te et Ef‘fgzef’h%{‘ E%\'Jisti cul ate
catal yst, ﬁbna&féd Wredtd fotiBe casliny B&ide ﬁ&lﬁ@k@ﬁkEcﬂ‘Gn thedartadoteyf of the

adj unct "wi a catalyst layer, coating the catalyst on the adjunct or
i npregnat i tige 4dserptive ahaperial Wi theorerivm axide potidesars dxedéeadipictt he adj unct,

to bring about the desired surprisjng sidestream snpk ont,rol properti es.
It shoul dSB’iafa%FﬁﬁP&b?sastu ??Sﬁz?e‘ﬁ’ﬁﬁih%g‘ﬁé%egg%fﬁ YHEnt %gfﬁgefs Tused in

addi tion t gy iheyGamiBaIkRR MouhRreiiaRbxik Fed € 8RGO gey donor net al
oxi de oxidatron 30 catal yst and the adjunct. Additional additives may be

used to furidperfrenkbod % tiE% beaterghtbasefl on iee totad eguivedamhospiie or al ter

ot her characteristics of the. -14 W).03/077687 PCT 0353, cjgarette.
Such adfit ioiﬂgﬁlana&a?lﬂtle\98’%teﬂ'a§h%8reﬁqr§?gdéﬁﬁvwr?%u%t%%{Ct%gg{or%%% §x%dorrposi tion
or used el $gWhelBlilemiyiangs Samebbe: 190 BST0% G iviightpased ol thg taill  cour se that

such additives do not "appreciably inpact negatively on the ability of the
treat ment ecgniyelsnt ¢esium oxide aud zoolite conieakt r eam snoke. 5 The conposition may

w th the adsor prrgelRiEenfis PENICHE ML ARAEIR prbRiolb b orial may be
sprayed wi tofiderfixdidppate suifaecef theipedditd is dealribtd ompublished a co-pending
15  application Serial No. 60/318,878, entitled A Process For Making Metal Oxide-
Coated Microporous Materials, filed in the U.S. Patent Office on September
14, 2001, the subject matter of which is incorporated herein by reference.
The method generally involves making a catalytic cerium oxide-coated
zeolite particulate material having at leést 1% by weight of cerium oxide coated
20 on outer surfaces of the zeolite particulate material, based on the total
equivalent cerium oxide and zeolite content. In one aspect, the method
generally comprises the steps of:
1) combining an amount of a colloidal dispersion of cerium
oxide hydrate (cerium hydroxide) with a compatible zeolite particulate material
25 ° to form a slurry, the amount of the colloidal dispersion being sufficient to
provide, when heat treated as per step (ii), greater than 20% by weight of the
cerium oxide, the zeolite particulate material having an average pore size of
less than 20A and the colloidal dispersion having an average particle size of at
least 20A, to position thereby, the colloidal dispersion on the outer surfaces of
30 the zeolite; .and - _
ii)  heat treating the slurry firstly, at temperatufes below about
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.such as ceriumnitrate or cerium oxide hydrate sol to inpregnate the
surface of the adsorptive material with cerium material. Cerium oxide nmay
be prepared 10 as a separate fine powder which is mxed with the fine
-powder OWOWBRI768dsor ptive material. It is particul ar PGT/EAH8IBed t hat the
catal yst powders have an average particle size of |ess than about 30m and

preferably Ss, than 2 nd st psefer ) : m and nore
preferably %Oeq § af‘gsﬁ??‘%@’ é‘ﬁ%‘{?raggﬁﬁ“prgt% ﬁ%%‘?l%eg‘g‘gr‘#&%%“%mg’gig F’lgﬁg of the
materials. §5oufts sAfARESE Bl z88litd partioulaRl Rt doGadvilly a frepAbwind € si ze and
surface area, it is appreciated by one skilled in the art that the

sel ect ed cabulkpettichlate.a surface area which is such to ensure that the

catal yst active gite -aj k ahl LG entd 1338 sl ceam snoke

conponents. Thi sssor?%cygt;tgég rﬁ%ﬁlﬁ%\é%gta %F paf?ﬁgé)ﬁ{éﬂ)gisﬂlage g‘%ﬁféhgr eater than

30min certwha couliish doasideed iaf uhdveeptaiila hshstppparamdec [(Emc2dptableashr oper | y

distributed to achi eve the necessary degree of .si.destjeam sgg&fe conponent
e

oxi dat i on. 3Rpep@BCHEBRRHISHES Brluge 9‘_311‘ Hon, gfoliafian,ash sHpaty

parti cul arl o b @hce S {oi6ie IPWEALGELH: WR QIS asll BoBIRrOLouldE it al

oxi des whi cft*Can pertorm bot lons of the iInvention, nanely as the
oxygen st or @ghe pagkr o itgEroveashcipperrancat Shiglsashamatlifiers wedlideanetehe adj unct .. The
porous cerium_.oxide particles _can, be nmade with .the high surface areas and

an aver age PEfes T SAThONAETTHCh Y ZirpQiiurp QEIds Atanipm oXpiE, MARRSITXi de i s
used wijh t!;sgdg'a iR b0 Rd Béritih ofidk) ﬁé&xidé;lmﬁ%d&,sniaﬂga_zﬁ@é &igst and a
second anmpunt ds the adjunct in the treatnent conposition. Such anpbunts of
the cerium cal¢idm cadranetepzinebngem earhbnape, maghesitm cabonats and mixtyeed f.or t he
catal yst ané;inFad' unct in accordance with other aspects of the invention to
make up the™®P&l | oading. Alternatively the hi gh surface area -15 WO

03/ 077687 PCT/ CAPR/HRa FundPhdt Wi @eatelan comPodiBoniaay revuide adj uncts such as
zeolites or other high surface netal_ oxides such_ as zirconium oxide or

zi r coni um hgdidicatdens tolimprove ashehemetasistieso Sugh smasifications migy indlugde di sper si on,

such aslgerl

selettion of a particular chemical or physical type of oxygen donor/oxygen
storage catalyst and/or of the type of adjunct. In part:icular to enhance the color
of the ash so that it is more a white or gray rather than a dark coal color, it has
been found that reduced amouats of zeolite base material for the adjunct is
appropriate. The reduce amount of zeolite material based on the dry weight of

20 the paper is preferably less than 35% by weight and more preferably less than -
25% By. weight and most preferably less than 15% by weight. It is appreciated
that other types of fillers have to be added to compensafe for the reduced
amount of zeolite based adjunct. Suitable substitute metal oxides and/or
carbonates include zirconium oxide, titanium oxides, magﬁésiilm oxide,

25 aluminum oxide, cerium oxide, tin oxide, iron oxide, manganese oxide,
calcium carbonate, zirconium carbonate, rhagnesium carbonate and mixtures
thereof. Low or high surface area ceﬁum/zirconit_im mixed oxides as a solid
solution are preferred. Such adjuncts may be made for example by co-.

. precipitating zirconium and cerium species, drying the precipitate and then_
30 firing to form a crystﬁlline solid solution product of high ‘surface area cerfum

oxide and zirconium oxide. The ratio of cerium oxide to zirconium oxide in -
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oxide sol, or the like and applied to the sorptive material such as
zeolite. It is 5 then dried and fired to provide ceriumoxide particles
fixed on the surfaces of the adsorptive material. \Wen the cerium oxide
particl esveap@rfesxed t o adj unct surfaces such as surfragofiesgeol ite, the
average particle size may be less than about 1.0m The rel ati ve anounts of
ceriumoxide fixed to the zeolite may range from about 1% to 75% by wei ght
based on t héhig éb’éﬁallé%?lfW‘aquéen@aY:@ﬂE%ﬁPT@békﬁ LS Hweughe® 9%t content. The

preferred rgsbl}"égﬁ Al (:Tg‘xlé%t?o 191%¥?aglg 0360 680‘?0%0 Eé’aﬁ&ﬁo eolite may range

f rom about on t equl va ent cerium oxi de
and zeol i tepeﬁmmltang@gérqmslmmﬁ@sm $(p200.f Bhis mresktering it hiehighstufaet i on product

of cerium oxide fi on the surfaces of the zeoljte is described in
publ i shed a2g a%ﬂaﬁﬁgms qaalyicpropefipafdsalsp BfoVigss fJ D PEYBSNSHAE Nt i t] ed A

Process kor , %’&pl i d}@e@ﬁes%ee'@m%&&&fiu&ﬂoam@aﬁms %(?Hﬁreﬂdﬁjn%t fofr'tﬂ ed in the

U. S. Patent Sept enber , the subject natter which is
i ncor por at edetenexnieby ref erence. The net hod generally invol ves maki ng a

catal ytic cerium oxide-c ellte rt culat ial having at |east
1% by wei ght ofrqé’e‘ie %ﬁ?ﬁl&a y 588‘3“02’(’)&5 RFALFO @H’H&Qﬁ’és of the zeolite
parti cul at e .gRbRhtiShs wilRSQHn? Bxilb orltbitk t@ﬂﬂéﬁeﬁt'aﬁﬂhﬁm‘e@fahbﬁn Pori de and
zeolite content. In one aspect, the nethod generally conprises the steps

of . i) conblemmlgle&nnm'rde nody b deppsitsid@alhigh syface pres cotiumexidem  oxi de

hydrate . (cerium h a I |cuI te mat eri al
25 to féém 5° %‘frﬂlp)f(if{ %P'Hréf%%un%do?lc}?%e coaI% eé%?hg’ilngzﬂ)%?rsulhon
sufficient tenyhoxiddtydmiedepdsiaind drizdtodch ﬁgh pefacztaeg c(elnlu)u.oxjdieeat er t han 20%

by wei ght of the cerl um oxi de,. the zeol] 1‘gartlcul ate material having an
average por 8adiclre Tywrtheraare, gridgtion gatalysiofithealommentigard Brecious Beh having an

SYer a0, DA b el iy hesstoatf WAt saAg 1 o0 102
the slurry tudhsaslpalladitmt plapewras thodismbeh owidapoopper extide, iron oxide,
15 manganese oxide, and mixtures thereof.

Solid solutions of mixed metal oxides are particularly preferred as the
oxygen donor catalyst because of an improved lighter colour ash. The solid
solution of the mixed metal oxides includes the oxygen donor oxygen storage
oxidation catalyst and the adjunct. Preferred metal oxides in a solid solution as

20 the oxygen donor oxygen storage material include lanthinum oxide, cerium
. oxide, praseodymium oxide, neodymium oxide and mixtures thereof. The
 preferred metal oxides as adjuncts include zirconium oxide, aluminum oxide,
magnesium oxide, titanium oxide and mixtures thereof. Examples of these
solid solutions include cerium/lanthinum mixed oxide, cerium/zirconium mixed
25  oxide, cerium/zirconium/lanthinum mixed oxide, cerium/zirconium/
praseodynium mixed oxide, ceriuny/zirconiunmy/lanthinum/praseodynium mixed
oxidé, cerium/zirconium/neodymium mixed oxide. These solid solutions of
mixed oxides and other mixed oxides are readily available as commercial grade
-catalyst and are available from any of a number of catalyst suppliers. Other
30 alternatives to the solid solutions include physical mixtures of _zircbnium oxide,

aluminum oxide, magnesium oxide, titanium oxide with a solid solution for
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WO 03/ 077687 PCT/ CA0O3/ 00353 200C and secondly, above about 400C, to fix
the resultant ceriumoxide on the outer surfaces of the zeolite
particulate material, to provide a free flowing bulk particulate. Sone of
the combVAANEHY for the treatnent conposition can r@gﬂFt“”{oﬂm‘S what coul d
be considered as unacceptabl e ash appearance. Unacceptabl e ash appearance
char act ef | shlafiibld (Ml igir | Ailde A63bBbA COthoR SliEHRMons 01 | Y
appearance and color. It was thought that various ash nodifiers could be
added to tdud mixedoxides cogicmopleted by tip pevantorciaclude cérius/blumoirhi er s i ncl ude

metal oxides gnd[por carbonates such .as.zirconi oxi de, fitanium oxides,
nmagnesi um 1‘6{"8% e, &ﬂm’%@ﬁ%}zﬁ%@%“fﬁﬁ}}aﬂe{ﬁ&ﬂ%md%%?dé"é‘,‘g‘?-r on oxi de,
manganese oxi de,The(Riduitish 5y Mt Gh mATHeGREIEN if WdWlidlsBlutidROARS I UM
carbonate and m xtures theréof. It is been found that the treatnent

conposi t3 oruswally pregentie trageoamduintsa tSugh satelyst inplnde/ palladims Pdat@er i sti cs. Such
nodi fications, may . include 15 selection,of a part] L .cal or

physi cal tf%@d%‘fl}:éwaé‘#’ SRSt ?Hgﬁ;dré’ﬁ og‘f%el’ g’&%ga?l§§%+)§§‘lﬁ ggln@ or egf the type of
adj unct . | nppR6E Theyedre USuallR iR dtil theGolia olufibnstd teveBllessehdrhE¥% it is nore
a white or gray rather than a dark coal color, it has bheen found that

reduced andunwsight ofztbetetelesokid selutien. ob ipzfemest camplinatinn anddn resped Bhr opr i at e.
The reduce %Png&g%?@aﬁigne&h%%gce ’%ﬂfmﬁ’gi‘féﬁﬁﬁ_ﬁ%" LigWei ght of 20 the

paper is pr ess n o by WwWel g r plref erably | ess than
25% by ygi okmisnst omsttheileive cadlyyt witls 8 solidaolitiol df\ceri@nfiviconitin | s
appreciated that other types of fillers have to be added to conpensate for
t he reduceomixedwaife. dt is peefprrechthattbe abows; axifation QpfplySHFIHICE st i t ut e net al

oxi des and/ Qr. . : | ' ¥ R ‘hh 2R i des, =
magnesi um o%l%&ﬁyg%g?tggnéﬁéﬁ ?nﬁég%g?ﬁcggﬁadynq%ﬁ& g,%ltuihgﬁ'og?tggﬂ,l@?r on oxi de,
manganese oxtetieativelyat s unders@ol dhua the, aboive caaliystror crixtnossdtheeofmgytesi um

carbonate and_m_ xtuyres . thereof. .Low.or .high. syrface eg ceriuni zirconi um
m xed oxi de@P§§d§’§’SISP’éfa°e§8f§{ei°8ﬂ“ c 8?’8‘??‘539’“@858‘?@6‘?%%% may be made
for exafg)l epat?ﬁc@e material.

Multiple purpose solid solution of mixed oxides include ceria/

zirconia/magnesia/titania/ where ceria makes up about 5% to about 75% of the
solid solution. _
It has also been found that a coating on the meﬁer of particulate
20 calcium carbonate is useful in improving ash characteristics. As previously
described the treatment composition maybe incorporated or coated on a
wrapper which is the sole wrapper for the tobacco rod. As noted above, one .
approach to improving ash is to reduce the amount of the absorptive adjunct
. such a zeolites and substitute therefor a selected metal oxide. Alternatively it
25 has been found that particularly with single wrappers having incorporation of
the treatment composition, a coating of calcium carbonate on the exterior of the
wrapper greatly improves the ash particularly from the stand point of
" appearance.. It is quite surprising that a coaﬁng of particulate calcium -
carbonate could have this effect on improving t1_1e ash characteristics. Perhaps
30 the calcium carbonate chemically or phyﬁCaﬂy binds .constituents i.n_the
wrapper to produce a more uniform light to gray coloured ash. The particulate
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precipitating zirconiumand cerium species, drying the precipitate and
then. 30 firing to forma crystalline solid solution product of high
surface area cerium oxide and zirconium oxide. The ratio of cerium oxide
to zircowpusmosdide in -17 WO 03/ 077687 PCT/ CAC3/ 003%8T1ichnsogssyst al | 1 ne
structure may range from about 5:95 through to 95:5. Alternatively, the

rati o may range fraqm about 20: 80 o, 80:20 d st referred ranging from
about 50: 5@#%“@(?@15’.““?@@’1’%{”@??‘;‘1"”“ ﬁs‘i“f@?ennt?l@georsfﬁrr ?nggg onfhes form al so has

catal ytic %ﬁé&i taﬁﬂ%i@d%ﬁn@lﬁ@é’gﬁg@?cén%hpl‘EI’f)ﬁQ&f‘m%QﬁﬁQ@aléuﬁ”d donor

properties e the zirconi um oxi unctions as the adjunct for the
ceri um oxi dewrbdmite espeppehatehials sathad yayvislylaathobnstaiches, EMGs al so f ound

t hat conbinations wi.th ce ium(gxt'hde corgtri gu%e to Eﬁbei&er ash appear ance.
For exanpl ®5¢8r U DHIRE Ay 2pEe 8fpa_&§?%bd° HEAPPhESHTPf at% area cerium
oxi de, 1) coIiidM@xhRRMYAbaEe BRRAR RN oNthehorkbllpaRosbRa _
ceriuni zirconi um oxi des, cerium oxide hydrate d%gm t and dried on a high

surface ar ewitle & bsmasoxdiler in prnufagiuge offuigareita papee The padisld sige isat al yst of the
af orenment i oped .preci ou t or transifion tal t.ypes may be conbi ned
M th the. caPPSARb IS et [e et e gt G AUREER R *r hodt um ¢ i n
oxi de, COpp?rEde%}cjdrﬁ eRbondtéiRss than ﬁ%ﬂﬁ?%%o%'ug@ful.and m xtures thereof.
Solid solutfons of mxed netal oxides are particularly preferred as the

oxygen donor catTdeystprismgasteitydf tha sidagireemenndkiegieaenent obropesitash. The sol i d

luti f the m xed. net al i des includes th d t
oxi dat | h CRAEN SF Uil RERCUSRAIESY BB A BEF peh ol RIToOetiel AR sl id

sol ution asyRf iR AXMEE BorfPRRMionI0sI 86 1l kAL udEa R bigalette Paparde | ant hi num
oxi de, cerium oxide, @Br aseodym um oxi de, neodym um oxi de_and m xtures

t her eof . Thtbat jpstefese high pesasiicsoXng @satmenhelmpnstton; werks equally wellinum oxi de,
o U DU 06 PRSI R PSR P SRR TS 20 e
ceriunt zi r cautIND00 Ketbsta units. Preferred porosities are usually less than 200
15 Coresta units and most preferred porosities are usually in the range of about 15
to 60 Coresta units. Itis ai)preciated that the paper may be used as a double or
mulu'ple' wrap. The paper may be applied as an outer Wwrap over a cigarette
having conventional cigarette paper. It is appreciated that depending upon the
porosity, certain combinations of the catalyst and adjunct may work better than
20  others.
The composition may be simply sprayed onto either side or both sides of
the cigarette paper and absorbed into the paper. As shown in Figure 1, the
paper 10 is conveyed in the direction of arrow 12. The treatment composition
14 as a slurry is sprayed by spray nozzle 16 onto the paper 10 to provide a
25 coating 18 which is dried on the paper. Alternatively, the composition rhay be
extruded as a film to the surface of the paper and may be used as a single or
multiple wrap. As shown in Figure 2, a film coating device 20 contains the
slurried treatment compbsitibn 14. The film coater 20 lays a thin film 22 on the
paper 10 which is conveyed in the direction of arrow 12. The film is dried to
30  provide a coating 24 on the paper 10. With these arrangements, it is quite

surprising that the visual sidestream smoke from a bumning cigarette virtually
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25 oxide, cerium zirconiunilanthi numm xed oxi de, ceriunizirconium
praseodym um m xed oxi de, ceriunizirconium | anthi nunf praseodyni um m xed
oxi de, ceriunizirconium neodym um nm xed oxi de. These solid sol utions of
‘m xed oxMEBNIWA” ot her ni xed oxi des are readily avai |RIY@0%80380nmmer ci al
grade catalyst and are available fromany of a nunber of catalyst

i : h 30 4l ' . Mo RT ' I d hysi cal
i xur o5 of Snpisale JAeCRREt EapdsRich e e e ROLB EBRRRLORL TS, P O

oxi de with gjgafdtiebnine entérivt of the cigat&teapen/ 077687 PCT/ CA03100353 exanpl e
ceriun zirconium_m Xxed oxi de :soliglsoltg!io . Cltigr solid.sglutions and
m xed oxi des contedpIzaabaAFhieNedby ATAIT BBRIGRIE 20’ LEVAIRI Y RPnum i xed

oxi de, ceri gaGs HSH, ' | . by Wt ¢ | ' xi de. The
oxi dati on cg?éélrﬁ?sts k |C¢?Sﬁn§)§b§>ﬁ|§ ﬁ@llgﬁ%ﬁh?ﬁ%%ﬁ%@ﬁéﬁgﬂgﬁéﬁtgons are 5
usual |y pr edector knife 32 datermimas i thickBessiofedaysr 34 twhichcis dliba 1gid| dnéeli um

| ati num rhodiu tin, oxi de, capper,.oxi.de, .i ron,oxjde. nmanganese oxi de
gnd mi xt ur edhe Raﬁégt%w&c#ﬁ%?“ﬁ?@%l@&ﬂq{?cb%%%ﬂ” ilg' #HEI‘E’BT ﬁsgﬁ%"ol utions at
| evel s | essdh-g@{b A% a%aﬂ@%‘&n&%gﬁﬁ& 1ootal solid solution. A preferred
t

conbi nati'on and I n respect” o solid solution with trace amounts of
ot her oxi dat.i on buogragnesipn issachieved bynding thei coating rollee24bbFigurcat aid/yst with a

solid solution of ceriu i r.coni um . m xed .oxide. |t i reterred that the
above oxi _dafh"orﬁs‘%}?f‘g %r{gf’é‘?"f}hf%?per mﬁimfiﬁgﬁﬁf ‘ﬁf‘c.chfﬁ‘ Qfﬁt%évgtlgher eof be

i ncl udeqgi N giBEs1SHrebire@libtsi38Rind AD W HHbrcethe RiyBRAGS thleMallihtd the Under st ood
that the above catal yst or m xtures thereof naybe applied to the surfaces

of the ceri papezilfdo Hiegshyriinpregnairicdestitusnisoidhe reatavntimpesitionintet e materi al .
Mul tiple purpose solid solution of m xed oxides include cerial
zi r.coni a/ ma§ifd@grt i t ani a/ where ceria makes up about 5% to about 75% of

the solid sol utjt@alsd tndetfocd KoneeARkilldt Mk drhiat varitudbthie codlighe wr apper
of particulate 20 calciumcarbonate is useful jn inproving ash

char act er i sprasessepinchiding teansfey coating processes, may be used for making the
15 treatment paper of the invention. In the transfer coating process, MylarTM sheet
or other suitable continuous sheet may be used to transfer a coating '
composition from the Mylar™ sheet to the surface of the cigarette paper. This
type of transfer coating is useful when the substrate sheet may not readily
accept the roll coating of a composition due to physical strength characteristics
20 of the paper or the like.

A further alternative is to incorporate the treatment composition into the
manufacture of paper. The composition may be introducéd to the paper furnish
as a slurry. With reference to Figure 5, the treatment composition in the
furnish 42 is stirred by stirrer 44 to form a shurry in the tank 46. The shurry is

25 transferred in the conventional paper making manner and is laid as a layer 48
on a moving conveyor 50 to form the resultant cigarette paper 52. Asa result
the treatment composition is incorporated in the final paper product.

Another alternative is to sandwich the teatm_eht composition between .
paper layers to form a double cigarette paper wrap on tobacco rods. For

30 example, the compositio'n' may be applied such as by ﬂle spraying techﬂ@e of

Figure 1 on the interior of the outer paper and/or the exterior of the inner paper.
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described the treatnent conposition nmaybe incorporated or coated on a
wrapper which is the sole wapper for the tobacco rod. As noted above, one
approach to inproving ash is to reduce the anmount of the absorptive adjunct
such a z@’&‘iyf’g"gmand substitute therefor a sel ected neCAICAIXHES.
Alternatively it 25 has been found that particularly with single wappers

havi ng_ i ncOtfal 1 QR hers WGl ERIT IR Lot 0IRAT ild Qfhpcis8AL L0 cal i um

carbonate on the ext or wWrapper greatly 1 nproves e ash
parti cul ar | yarddwachetdhetvadeanick tvai pripent Eaab peger agde.of hhlfiofthgui t e surpri si ng
that a coati nqgg particul ate_cal cium carbopate cioul d have thjs effect on
i nprovi ng t Huckases efpapyaitiopsligaette ppehsg,dape depble AFan davs 28t Htthat e

chem cally [ j i i : 0 produce a
rore uni f or ATPahe (g by lliRu RGeS b Bkl B KTEIVIRERRU RO\ B 03l 077687

PCT/ CA03$ 008ig3rettainaking machivesat e maybe slurried with a suitable binder for
coating on the -apper. Suitable hinders in e those c nly used in
coating cal ci um %@Fg@ﬁ&?@ OO]%ngﬁea%_%éertoﬁﬁctcgf?‘ﬁ%zgg?at% eéarBB#%;{;lgnl yl al cohol s,
starches, CMgarett6dasirn0 wiayged thérdsiolfd GhdiEe &atingl Peh tacarAlAPF € bi nders or
glues. The S5 particul ate cal cium carbonate has a particle size of that

nor nal |y as#eqiapeled-onkrisplyi asshgwa indiigure V) the eigristianapardOcandeof cigarette
paper. The Ag?ar%ilﬁlciﬁﬁl the £8atlnp 1 t&e&lgfhg{c &%&é@'&%ﬁ%&%}gdﬂ&eﬁ?@gd preferably

above 3m gh“sonme  grades oOr cal cium ca ess an 1 gm may
al so bejgsefdbhccoliag sgur prising activity of the sidestream snoke Treat nent
conposition 10 permts its use jn ci_qggirette,papers,havi ng a W de range of

porosities. It HaBOtBETaCrsEER ap Showm { lgu’fefﬁels_ct@ﬁﬁwlf’]ilg}f‘i?éw Kot have to
be used in Béaéﬁxgaggr&ggpﬁ% 5§ Bt 53.Uho B S8 43 SROUAPHLT ©s. The treat ment

conposi tion wor In papers wth very low porosities of about
0. 5 t hr oughidte@mediaje duatihg p® nmayitei foamaf as adingle cipafto wCappes tWucdhnst s.

ool err ed bergeit 52 AL st Vo ke LA 200, 10, Cone g ML and et
units. h§ i 8300086 bl s thadred ABMRARGNTAY PeardtRSfhpaScR Jestthe or
conventional paper 60 is the cigarette paper 52 of Figure- 5 with the treatment
composition incorporated therein. It is also apprecia'ted that paper 52 with the
treatment composition incorporated therein may be applied directly to the
tobacco rod 54. _

20 In yet another alternative embodiment of the invention, various
combinations for the sidestream smoke treatment paper may be provided in a
double wrap configuration for example, a coated paper of Figure 7 could be
used as the inner layer of paper and a different paper could be used as the outer
layer of the double wrap which could be conventional paper. The inner layer

25  paper could also be a paper having the treatment composition incorporated
therein such as that of Figure 9. The inner layer paper could be designed to
provide for sidestream smoke reduction by inéluding all the necessary
components of the composition such an oxygen storage and donor metal oxide

- oxidation catalyst and the non-combustible adjunct for the catalyst; Preferred
| 30 examples of this type of composition includes a high surface area,

cerium/zirconium mixed oxide with zeolite and optionally enhanced with an
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multiple wap. The paper may be applied as an outer wap over a cigarette
havi ng conventional cigarette paper. It is appreciated that dependi ng upon

the por gertain conbinations of the catalyst and,adihncs may work
-better tﬁ?ﬂ‘ﬁ)ﬁ% ot hers. The conposition nmay be sinply sﬁ?ﬂ%’g‘gaz{)nto ei t her

side or both sides of the cigarette paper and absorbed into the paper. As
shown in Fi guidatidn cithlgst spetpes plifimirs ocpalladined lora ddubledwrapcystem, the arrow 12.

The treatnment conposition 14 a slurry i s sprayed. by spray.nozzle 16
onto the pap@pu&bofizsolpﬁeé%yc%caei@%/eaﬁm bg & i e&gré@p@)&e t he paper.
Al ternati velsie, d&,Hpe gg’gg jhtion may be extruded as a filmto the surface of
t he paper _a%gﬁn%y t{'g sed as a single or nultiple wap. As shown in Figure

2, a film coati nGhaestecley@®ftondanblsswiapenayhaye aidsferenteccompesitiosonposi t i on
14. The film¢pater 2Q |ays. hin fil. 2 on the er. 10 which is
conveyedJi naniEeﬂ?st‘ itBH}/QYf@"‘_aé’FB%T%‘.h‘%}f%@“m?ﬁtﬂ?eé'cgﬁgléﬁf to 30 provide a
coating 24 Qﬁ%rth&ﬁﬂ'&%?i?ml&anﬂé, Bhd &ﬁ&%aﬁ&{( ﬁQ}?EéT@éﬁg%gd té entan6dhdte

surprising t e visual sidestream'sioke Trom a burning cigarette
virtual ly ofly asDappsapaice ut BOT¢IDN0IY d83®mitataplibe cigaretioand alsat ment

conposi tion nay .be. appli.ed to convent i,onal | gar et on 1 exterior of
the cigaret W‘%ﬁﬁﬂ&"@tﬁ‘?ﬂ@te&em 05@}553?)_3%%@%’_%}1§|0?2}§° aﬁ?%ﬁator 26, as
shown in Fi gpe@uids laytPal iRALdEE fir ek DRPIRSinklaDékidek suh apPiw fifsae a | ayer 28
on the roller 30. A5 doctor knife 32 determ nes the thickness of a |ayer

34 whi cf0i s atdaenerine axidss selid solwtiqrgfeerium oxidelgircpaiuaiprids; almipat he direction
of arrow 12..The |ayer I. en. .. dried.to A C ' on the paper 10.
| mpregnat i Y - (A TR eh&Bi/m%g’.“ﬁlg’ ‘!‘h@“@%ﬁdﬁ%@‘% ]?l:"{rddgt%bno o gure 4 and

the resul t apkidediy@fatSmapot Bostedei thitGnéts] idesinsterials ofitheciterdayepto of arrow 12
10 through pressure rollers 38 and 40 which force t?gllm{er of terial
into the pa&psie SCEDE FFOIZERS PrAgTIbIRHPROT 6oraPYstgR Af teputariayet PEat nent

conpos Ition ﬂix@ct,igareftg CTRERG layers when combined as a double wrap provide

15 effective control of visible sidestream smoke. The adjacent papers burn evenly

to produce desired ash and the outer paper may function to minimize or
eliminate the highly active oxygen donor material from causing flare ups.
The double wrap feature of the invention provides significant flexibility
in the design of a low sidestream smoke cigarette. The individual sheets of the
20 double wrap design has the selected treatment 'composition impregnated, coated
or iﬁco_rporated in the'respective sheet. ‘Alternatively shééts that have a
treatment composition incorporated therein may also be coated Wlth the same
or different treatment composition to further enhance the sidestream smoke
control and/or ash modification. To demonstrate such flexibility in the design
25 of the low sidestrcain smoke cigarette, exemplary treatment composition for
the inner and outer papers are as follows:- .
Outer paper _
i) High surface area of cerium/zirconium mixed oxide
(75:25) + low surface area zirconium oxide;
30 - ii) High surface area alumina coated with cerium hydrate;

iii) Low surface area cerium oxide coated with cerium hydrate;
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It is also understood by one of skill in the art that various other coating .
processes including transfer coating processes, may be used for naking the
15 treatnment paper of the invention. In the transfer coating process, Ml ar
sheet owo@¥MEe87sui t abl e conti nuous sheet may be used@Ct/0Aeyoa¥ssfer a.
coating conposition fromthe Mylar sheet to the surface of the cigarette

paper. This type of .ansfer coating.is useful en the substrate sheet
may not readily acb‘@ﬁlg? ﬁ‘é&?‘&afea@g& WG o5t 6508%%6@% ‘ieFBﬂlsngbfjiatf’b physi cal

strength characteristizges 20 of the paper or the |like. A further
alternative is to incorporate the treatnent conposition into the

manuf act ure of paper) Hifleswiepesiaceaymizirgoriemimgxedaxide %65k he paper
furnish as a slurry. Wth reference to Figure 5, the treatnent conposition
in the furnish 42 is stirred by stirrer 44-to forma slurry in the tank 46.
The slurgy is Jbnérpaped erred in the conventional paper meking nanner and
is laid as a layer 48 _on a noving conveyor 50 to formthe resultant
cigarette paper 52.1)aHigh sugfaeg area pheeripmédtcepivm BstRdsadds on i s i ncor por at ed

in the final paper pr %ﬁg&ﬁﬂﬁw%@%ﬁ i%t05%®8{§zgait§andw ch the

treatment conposition pap ayers to forma double cigarette
paper wap on tobaccoernltase withpaB&lienaatlyst; t he conposition may be applied
such as by the sprayiégg1 t echni igure.l on the .interior of the outer

ue of .F
paper and/or the extibdghsyface éeaioi%ﬁ%‘?mﬂéﬁ‘é‘r‘n.mm-n?‘fc %/ 077687

PCT/ CAOgj 00353 Once t heshwp. DANRE Sniah&d@Rith hAkdhen;t he tobacco rod the
conposition as a |layer 1s ” sandw ched between the two papers. Each paper

may be of half of th Highswoifavesseasf ceumiirtonwalmigedexidet e paper so that

t he doubl e wap does ~ad reciably to,the gverall, dianeter of the
cigarette as is readi R?g'ﬁg)ngF%%R%Vggegﬁﬁgﬁr@?yﬁmﬁé%rﬂmchi nes. Wth
reference to Figure 6,oxidegs bpacedwit®galbininsatalydf; ofxanpl e, the cigarette
paper 10 w apped therearound with the coating 18 on the outside of the

paper. Conversely, - &3 Higloswifaca amegf cerivm/zirppniwp geiked e6dpi%?5)10 can be
1S5 + zeolite where the cerium/zirconium mixed oxide is enhanced
with platinum and tin catalyst.

These various compositions for the inner and outer papers may be
combined in various combinations to provide for sidestream smoke control and
ash improvement.

20 The preferred combination is a solid solution of hi gh surface area
cerium/iirconium mixed oxide (75:25) and zirconium oxide for the outer paper.

. For the inner paper the preferred treatrnenf composition is a solid solution of

‘high surféce area cerium/zirconium mixed oxide (75:25) enhanced with
pa-Iladium catalyst plus zeolite enhanced with palladium catalyst. On a dry

25 weight basis in the outer paper boating formulation has 25% of high surface
area cerium/zircom’ﬁm mixed oxide and 75% of low surface area zirconium
oxide. The inner péper on a dry weight basis has about 44% of high surface
area cerium/zirconiurh mixed oxide and 56% of zeolite both enhanced with
palladium.

30 As is appreciated by one of skill in the art, the aforementioned

“procedures for providing the sidestream smoke treatment composition within or
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applied wth the coating 18 on the inner surface of the paper adjacent the
10 tobacco rod 54. Another alternative, as shown in Figure 8, is to

sandwi ch the coating 18 between cigarette papers 56 and 58. The papers 56
and 58 WOR3HE7 i nternedi ate coating 18 nmay be for nBET/&40340B ngl e
cigarette wapper which is applied to the tobacco rod 54. A further

| t t 4 d
i Lh converRitaadiorparr e BE ety b BT R R 2pc 60 T s

the cigar et @ vRAGRd §e fimbel 8N Fapb uvéd dh 4 tobaddoaad. rrmtexamptapom bt on
I ncorporated therein. It is also appreciated that paper 52 th the

t r eat nent cmnmmwrsowﬂmm&aém#% W%‘E?n:tf@%}bﬁlﬂéﬂo fectly to the
t ob d_54. I t
var ous | QoRTITaFlRyfR ] oft 2kt e BRIk RAGAEAATRAREEE Hardle e DVEG ' "

provi deds i hc@mg@plbﬁ@umamsronf iguration for exanple, a coated paper of
Figure 7 could

used as the i.nner er, of paper a | fferent paper
coul d be used asWithany of these ‘P%‘?@?at@lﬂs’tlh%a BF‘EPW‘HEIY\%%?@g%uI d be
convention et gﬁgmg 87 AG |l a paper having
the treatne ’Fi%gﬁ%%séﬁ %ﬁgh{a?%sorpo@t Etﬁeré n s%mﬁ as that of Figure 9.
The i nner Iagenettapqmr demohsirabes cdaeintional ashing gharectemsticor Itss destrearn snoke

reduction by incluyding.all the necessar CO nents af. the corrp05| tion
such an oxy@%ﬁc‘ﬁlﬁ’&‘ é‘b‘?nélﬁﬂt%ﬁ’&s“f@?’ﬁp%%%w&? qaPe 0% WEyst and the
non- compyst Ll oAt \Ghed A pief ofiPiliitbls olBh aliReck afdiGuidbiaepbies of this
type of conposition in ude a high surface area, ceriumzirconium m xed
oxi de with wvisible sléesamtn(sptokanal | y enhanced with an -22 V\D 03/ 077687

PCT/ CA03/ 00353 01Xl dation %ﬁh%ﬁ/st uch as I at i numgﬁ }g |ladium In a

doubl e wrap systibifaPpFgat g Bpqn & W%&Be % and may be in the

range for eWSﬁl&JIS uw/ﬂnﬁcﬁpﬁﬁg@tb)é M@drgﬂfé varib® proéRsing aideand@f the double
wr ap may have ‘a different conpositio
mixtures thereof may be required to faclhtate the particular application of the

15 treatment compos1t10n Such processing aids include laminating materials such
as polyvmylalcohol starches, CMC, casein, soya and other types of acccptable
glues, various types of binding clays, inert fillers, whiteners, viscosity modying
agents, inert fibrous material such as zirconium fibres and zirconium/cerium
fibres, such as described in U.S. application Serial No. 60/318,614 entitled

20 Zirconium/Metal Oxide FiBres filed September 13, 2001, the subject.matter of
which is incorporated hereby by reference.

Penetrating agents may also be employed to carry the composition into
the paper. Suitable diluents such as water are also used to dilute the
composition so that it may be spray coated, curtain 6oated, air knife coated, rod

25 coated, blade coated, print coated, size press coated, roller coated, slot die

| coated, technique of transfer coating and the like onto a conventional cigarette -
paper. ' '

Desirable loadings 6f the treatment composition onto or into the
cigarette paper, wrapper or the like is preferably in the range of from about 2.5

30 gm’to about 125 g/m®. Most preferably the load'ing..is in the range of about
2.5g/m’ to about 100 g/m®. Expressed as a percent by weight, the paper may
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5 and be designed to provide for ash nodifications to achieve desired
characteristics. For exanple, the outer paper nay be designed to enhance
not only ash appearance but as well nodify the bumrate of the cigarette
and al soVOBRT®Pzed if not elimnate flare ups on |i gMTHiARY%8#d puffing of
the cigarette. The outer layer nmay include, for exanple, netal oxides such
as | ow surf ace. 40, Aneh: SRRSO Sreififbhd ROl LM OIugERONT
oxi de/ zi rconi um oxi de, al'um na, i rconi umoxi‘de, titani um oxide, tin oxide

and the |ikapodabypadight ofthe etatttient eonpieitiopd Wik theye lbadisgsaired on the netal
oxide materials of the outer layer.to_ ensure suffjcient oxygen is present
to support GRRTBYREIAtYR Tof STREARPRRFCdY IS |uagerstogd bYPH‘éSl‘é‘n@fgWet eattpbe two | ayers
when combi n QURLEmYY BOLRN RN IR Bl SG0\R nfRE bhrs Of Vi sibl e
si destream g%ﬁ'gzc.)tgi'llﬁe aﬂsje‘g%\%ntplgygpe?s %ur% evenly to p?olﬁgtﬁsce desired ash
and the outer papbe sidestrchorsmdkenedustion pompestianris usdd mirmatlgas he hi ghly

active oxygen donor erial fromgcausing flare ups. The doubl.e wap
feature of Wrisﬁ{f@h@%ﬁ_"?)‘?@?ﬁ‘%‘s egrﬂ?l?e’l _ a‘?ft%r“iI & GOBIROFIIgR WK he' Gesi gn of
a low si destc%x?ﬁ@h?ﬁ'ﬁ@lfxﬁoC&'s?xgié/ﬂﬁa?-va@lfetpbl(‘i:tghg/bl‘ijH@hseszﬁ_eaeﬁa‘i)epéoaﬁﬁ% 20 doubl e

wr ap design has the selec t r éat rren osition inpregnated, coated or

i ncor por at edndomparhéon piipeeamatien. sherexamplerths mapippEtipndpaeilatiiaey have a
treat ment Conﬁ)tg}sngté'{ \S{g@pﬁ'gr ) 5191': 1?)“3/#0{?5‘%5?% E%x?’un‘gh%s%d%taf)ﬁ?tzﬁ% i th the same

cor differeff Si o Tur ance é “si destr eam snoke

cont rol 1gndise%, &&dn dapetict hie10% R0 73% danBssmbaifier.Saabthet shembitivety in the
design 25 of the | ow sidestream snoke gi garette, exenplary treatment
conposi t i onutayrconiaip by wietaht abut d0Yedp 25 %pehacerinm based atelysis40°@de er paper i)

H gh surfacgsgr @@angﬁdjxﬁggg @ 't§ ﬁé‘%‘b’i“ e WAAHAS otHef atThe é*ddﬁx%‘.’ surface
area zirconi um oxi ae; 11 H gh surface area alum na coate Wth cerium
hydrate; iii) LoThsslufrgaeaydiedacaporatedintiedfarnishadiete payien ircihe ipaparhydr at e;
-23 WO 03/077687 PCP/ CAQ3/ 003d53 . .
making process, or 1s coated onto the paper by various coating processes or
15 impregnated into the paper by various impregnating methods. The preferred
average particle size of the catalyst and adjunct for the shurry is in the range of
about 1um to about 30 um and most preferably about 1um to about 10pm.
The preferred relative amounts of catalyst fixed to the adjunct may range from
about 1% to 75% for cerium, more preferably from about 10% to 70%, and
_20 even more preferably from about 20% to 70% by weight based on the total
equivalent catalyst and adjunct content. Less than 1% of other catalyst such as
precious metal catalyst may be fixed to the adjunct.
Although préferrcd embodiments of the invention have been described
"herein in detail, it will be understood by those skilled in the art that variations
25 may be made thereto without departing from the spirit of the invention or the

scope of the appended claims.
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iv) H gh surface area zirconium oxi de coated with cerium hydrate; or v)
H gh surface area cerium zirconiumm xed oxide (25:75). 5 Tinmer paper i)
Hi gh surface area of ceriunfzirconiumm xed oxide (75:25) enhanced with

pal I adi um catal yst + zeolite enhance with palladiumcatalyst; ii) High
surface area of ceriunfzirconiummxed oxide 1.0 (75:25) + zeolite
enhanced with palladium iii) H gh surface area of ceriunizirconium m xed

oxide (75:25) + zeolite where the ceriunfzirconiumm xed oxide is
enhanced with palladium catal yst; AaLAMISH gh surface area of

ceriunif zirconium m xed oxide (75:25) 15 + zeolite where the

ceriuni zirconium m xed oxide is enhanced _wth platinumand tin catalyst.

These vari ous AdSWpidestrsagnameks cigareits Gomprising @ conyantiopal ehasconed apda conbi ned
invario Hp = M aTels | de: i g&[}g rol, and ash

i npr overrgﬁltnsﬁgzﬁgl The pr eP %‘%rr g%\ﬁié%g |d%§{e?%lnsgr?js% g%%elﬁ S ogﬁii%ghsgb hi gh

surf ace &estmentemnesition comprising an cce@en xtiockge @uddaoy nmtal oxideoaidatioa oxi de f or

t he outer er. For.the inner paper.t .eferred treatment conposition
s a sol CHAUSY & pseiigly “ﬂ‘i"@ﬁm@bﬁﬂg &é“éﬁ“gaze alipnct e S0 ARV 3B8Rbx | de
(75:25) eniaamedwﬂatérforﬂ@uifﬁﬂgugﬁaﬁ}a%te\ﬁﬁcspl us zeolite enhanced with

pal | adium catalyst. On a dry 25 weight basis in the outer paper coating
formul ati on has 25% of high surface area ceriunifzirconiumm xed oxide and

75% of | ow surface area zirconium oxide. The inner paper on a dry. weight
basi s has about 44% of high surface area cerium zirconium m xed oxi de and

. : , . . ;
56% of Z§P| it lggvﬁs?deg%%n%% v(\:,i.t h?t}egﬂléb%%ll?%eég Sélsd e{djsun%Pgraelﬁéhat ed by one

of skill “in the a *&
surface area particulate.
3. A low sidestream smoke cigarette of claim 2, wherein said particulate adjunct is a

zeolite based material ranging from about 0. 1% by weight of total dry weight
composition to about 60% by weight of total dry weight composition and preferably less
than 25% by weight and most preferably less than 15% by weight.

4. A low sidestream smoke cigarette of claim 2, wherein said ash modifying metal
oxide or carbonate is selected from the group consisting of zirconium oxide, titanium
oxide, magnesium oxide, aluminum oxide, cerium oxide, tin oxide, iron oxide,
manganese oxide, calcium carbonate, zirconium carbonate, magnesium carbonate and

mixtures thereof,

5. A low sidestream smoke cigarette of claim 1, wherein said adjunct is a support for

a ceria sol to be applied thereto and dried.
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procedures for providing the sidestream snoke treatnent conposition within
or -24 WO 03/077687 PCT/ CA03100353 onto a desired cigarette paper may be
varied with respect to the | oadings provided and the nunber of waps used
on a tobacco rod. For exanple, two or nore papers with various | oadi ngs of
t he conposition, on both sides of the papers, may be used such that the

| oading to one side is reduced, nmaking the 5 coating application easier.
Wth any of these conbinations, it has been surprisingly found that

vi si bl e 6i desrleansidesmidatn srSokei digaietid of cBlim bl Bt saf adjiRt &3 durfie t he
cigarette Fa er denonstrates conventional ashing characteristics. It is
parti cul &Py 1% ng that the sinple application of the conposition to
the 10 exterior of the cigarette paper can mnimze to an al nost
undetectabl e level, visible sidestreamsnoke. It is appreciated that
dependi ng upon the manner in which the conposition is used and applied to
a cigarette, various processing aids and mxtures thereof nmay be required
to facil7tat eAtlbw splstréaoisdnaokeappiriteaifichiim df whbeinldid ¢6@tiabtage @R OSi ti on.
Such progessin ai i ncl.ude | am.na ig% materi al s such as pol yvinyl

al cohol , @Fﬁpgﬁﬂgfl fhEQggvﬂyﬂé%vix TR A &FoUPFRBUStHIS of draBgitiah| e gl ues,
vari ous n¢Resxidés, bir @ArfiimetaPY Sdes MB Mixfubds!tRrdof. Whi teners, viscosity nodying
agents, inert fibrous material such as zirconiumfibres and
zirconiumcerium fibres, such as described in U S. application Serial No.
60/ 318, 614 entitled 20 Zirconium Metal Oxide Fibres, filed Septenber 13,
2001, the subject matter of which is incorporated hereby by reference.

Penetrat jng agent s. al so,be.e oyed.tq carry the conposition into the
paper . S%‘i t ab‘ggmﬁﬂdé%ﬁetag] TR © %t(éfgéfp 3 KF?SX‘LF?@&" AnSgP Ml oxlgs

conposi t ireRelscted Rdin thé griay cHRISNERY 0£idad ShroHIMEBIVE, 0@, €418, A(BKR f e
coated, rod_ 25 coated, blade coated, print coated, size press coated,

rol | er costabspndgpigturesitheredoat ed, techni que of transfer coating and the Iike
onto a conventional cigarette

9. A low sidestream smoke cigarette of claim 8, wherein said rare earth metal oxide
1s selected from the group consisting of oxides consisting of scandium, yttrium and

lanthanide metals and mixtures thereof.

10. A low sidestream smoke cigarette of claim 1 wherein said lanthanide metals oxide
are selected from the group consisting of lanthinum oxide, cerium oxide, praseodymium

oxide, neodymium oxide and mixtures thereof.

1. A low sidestream smoke cigarette of claim 10, wherein said oxygen storage and
donor metal oxide oxidation catalyst and adjunct therefor is a solid solution of mixed
metal oxides where the adjuncts are selected from the group consisting of zirconium

oxide, aluminium oxide, magnesium oxide, titanium oxide and mixtures thereof.
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paper. Desirable | oadings of the treatnent conposition onto or into the
cigarette paper, wapper or the like is preferably in the range of from
about 2.5 30 g/n2 to about 125 g/ n2. Most preferably the loading is in the
Tange of about 2.5g/nR2 to about 100 g/ nR. Expressed as a percent by weight,
the paper may -25 WD 03/077687 PCT/ CA0O3/ 00353 have from about 10%to 500%
by wei ght and nost preferably about 10%to 400% by wei ght of the treatnent
conposition. While these | oadings are representative for single paper, it
|s_under 90000 ADlowoiestbirh bbkd Agkbite Gtthe blodbaind ARRF1LE Yileid GATLARE ™Y be
provided with the use of two or nore papers. The si'destream snoke

reduct i ofolEemesmixed mata) oyidss coraprings p gatalystzeleoted fomstha groppebndisting of

conposi ti . t.he si.ti.on which can be.pade into a
slurry, r?g'gad\lll;ﬁ?&l epeﬁgll‘?on(g&%’né}f ?’gﬁ%ge&aégggd%éfooé’roxégaﬂaﬂﬁnchW ft por ati on or
i npregnation. For exanple the incorporation formulation may contain by

wei ght from about 10%to 33% of a cerium based catal yst, 20%to 10 62% of
an adjunct and 10%to 75% of an ash nodifier. Another alternative nay
contain by weight about 10%to 25% of a cerium based catal yst, 40%to 55%
of an adjlénct Ag]ﬁ&’ spdpsiream spokaigactiecaficiaim hmwhetein saidsotidsolutien of tnixeddj unct .
The sl ur LyediBYidREin k tnd sh_of fhe paper. in the paper
maki ng p%ecessl,da%rdcﬁ@%coaugrgﬁgtmd&n{ﬁje;‘egé)ﬁ@?s’ﬁfp rzerﬂgu'ﬁdlgf‘?‘ﬂ@x’B?socesses or
15 i npr egeraim@lumitwn miredayidss, yyiuvtdinggresiuinaixed dRides) Gefi@h/Meesum The

preferred .average particle size of the cafalyst and adjunct for the slurry
isin thg’lﬁfﬁ‘gageéf&“aﬂ%awwmn%mewl% %ﬁ‘i’(‘i“ﬂé@‘!ﬂmblﬂbﬂﬂ&eébl y about 1
gm t o abeouide R Mum/ziReniRhEhied 8gide Uefin/SrcMBMALRhRLmGRIxRY Xﬁ{d?,f ixed to the

adj unct may range from about 1%to 75%for cerium nore prererably from
about 10%FHWL/Zigogniypraseodypam mived opidsf earay/zirdonium/labthirtun?0% t o 70% by

wei ght basgthORtlfil'Blde SAYAIBHmIALANAL, Aitaqdiqinct content, Less

than 1% er catalyst 5suc preciou yst may be fixed to
t he adj unct.

14. A low sidestream smoke cigarette of claim 1, wherein said adjunct is selected
from the group consisting of clays essentially non-combustible mill fibers, monolithe

mineral base materials, essentially non-combustible carbon, zeolytes and mixtures
thereof.

15. A low sidestream smoke cigarette of claim 14, wherein said adjuncts are selected
from the group consisting of zirconium oxide, titanium oxide, magnesium oxide,
aluminum oxide, cerium oxide, tin oxide, iron oxide, manganese oxide, calcium
carbonate, zirconium carbonate, magnesium carbonate and mixtures thereof, metal oxide

fibers and milled porous ceramic fibers and mixtures thereof.

16. In a low sidestream smoke cigarette of claim 10, 11, 12 or 13, said solid solution

being a high surface area porous particulate.
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Al t hough preferred enbodi ments of the invention have been described herein .
in detail, it will be understood by those skilled in the art that
variations 25 may be made thereto without departing fromthe spirit of the
invention or the scope of the appended clainms. -26 CLAIMS 1. A |low

si destream snoke cigarette conprising a conventional tobacco rod and a
conbusti bl e treat nent paper having a sidestream snoke treat nent

conposition, said treatnent composition conprising an oxygen storage and
donor metial oxj AR wRhdathRRmokatidhtal of ARnEEEANt 1AL 15, BA8 GRS D! ©
particul ate adjunct for said catal yst and a netal oxide or carbonate for
modi f yi n§eag s lew andaceardagqeartionlate . A | ow si dest ream snmoke cigarette of claim
1, wherein said adjunct is a high surface area particulate. 3. A low

si destream snoke cigarette of claim2, wherein said particulate adjunct is
a zeolite based material ranging fromabout 0. 1% by weight of total dry
wei ght conposition to about 60% by wei ght of total dry weight conposition
and pref ggabl % lbesidestrfa o1 )i gair@ltf chind A10strel! Rleisablodifyiss than 15%
by weight. 4. A low sidestream snoke cigarette of claim2, wherein said ash
nodi f yi ngamiselate is grgopamy pxidar bonate i s sel ected fromthe group consisting
of zirconium oxide, titanium oxide, magnesi um oxide, al um num oxi de,
ceriumoxide, tin oxide, iron oxide, nanganese oxide, calcium carbonate,

zi rconi um car bonate, nmagnesi um carbonate and m xtures thereof. 5. A low

si destream snoke cigarette of claim1l, wherein said adjunct is a support

for a cepia adbwisidebecaapghbiectifdietead@lama odivhedin #h/oxBdatidn lc@alysi dest r eam
snoke cigarette of claim5, wherein said adjunct is high surface area

cer i um oXFYeVitysalgoryERn Siormes epd deras mkd oxidgaidation ttalyflasad exidgiier ei n sai d
oxygen stoLageeHdelcdRl qlronmte%&ou%oﬂﬁstﬂfg ShlIRuRABAiNR, hédigh gt ed from a
group consisting of transitio

oxide, copper oxide, iron oxide, manganese oxide, and mixtures thereof.

20. A low sidestream smoke cigarette of claim 3, wherein said zeolite is a Y-type

zeolite, ZSM-5 type zeolite or Beta type zeolite.

21. A low sidestream smoke cigarette of claim 10, wherein said oxygen storage and
donor metal oxide oxidation catalyst is a porous particulate solid solution of

certum/zirconium which is preferably a mixed oxide high surface area material.

22.  Alow sidestream smoke cigarette of claim 21, wherein zirconium oxide and/or a

zeolite are used in combination with said cerium/zirconium mixed oxide.

23. A low sidestream smoke cigarette of claim 22, wherein an oxidation catalyst is

used with said cerium/zirconium metal oxide, zirconium oxide and/or zeolite.
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metal oxides, rare earth netal oxides and m xtures thereof. 8 A |low

si destream snoke cigarette of claim7, wherein said transition netal oxides
are selected fromthe group consisting of oxides of group |IVB, VB, VIB,
VIIB, VIIIB, IB netals and m xtures thereof. 9. A | ow sidestream snoke
cigarette of claim8, wherein said rare earth netal oxide is selected from
the group consisting of oxides consisting of scandium yttrium and

| ant hani de nmetal s and m xtures thereof. 10. A | ow sidestream snoke

ci garetteqof aliglNdestyddsl ShdkeTfiaretledTtRAN DY SWRSRER s8I O%iddBon adtflystes ect ed
fromt he roup consisting of |anthinum oxi de, cerium oxide, praseodym um
oxi de, fiom dhe greupensiviing o radladinmy plgtinum, rhodiumetin skidesopeam sioke

ci gar ett I oxi de
ot dat 1 o8 aSyziie, an Aot B i eCthebE SRR o0 SR %\ TP
oxi des wb€ing eiﬂiiB?, irtdfporatédsinaaid sohd eclich ffariwinlrrcgriompnixed exide ong of

zi rconium oxide, alum nium oxide, neS| um Qxi titaniu xi de and

m xt ur es 3RRieA de purfases ?a“ﬁniafﬁ/\?egflﬂ’é@f BYH BHS QX%FQZA’P“B{“PB‘ ‘B‘Fn&et‘ﬁ@?oﬁr ecedi ng
claim1l,4pperein said solid solution of mxed netal oxides conprises a
catal yst selected fromthe group consisting of palladium platinum
rhodium tin oxide, copper oxide, iron oxide, nmanganese oxide. 13. A low

si destream snoke cigarette of claiml, wherein said solid solution of m xed
metal oxides includes ceri unt | ant hi num m xed oxi des, ceri unt zi rconi um mi xed

oxi des, eri al um ed. oxi de I oxi des,
ceri unt t #P-ani GrPWi aHB(? cigastie LP%!CI Péo‘%“ﬁﬁ‘g Hﬁf‘ﬁ anf)g&e oxi des,
ceriun | ggdifpd num mi xed oxide, cerium zirconium m xed oxi de,

cerium zirconium | ant hi num m xed oxide, ceriunizirconiunm praseodyni um
m xed oxi de, cerium zirconiun|anthinum praseodyni um m xed oxi de,
ceriuni zi rconi um neodym um m xed oxide. 14. A | ow sidestream snoke
cigarette of claim1l, wherei n sai d adjunct is sel ect ed fromthe group
consi sting of clays essentl non mll fibers, nonolithe
rnoral Base Adoasdesesensadkncleriy QORI dnbHeEngrY T Beh BN s and

M xt ur esjs dppREER a coating to cigarette paper, said coating composition including a metal

oxide or carbonate selected from the group consisting of zirconium oxide, titanium oxide,
magnesium oxide, aluminum oxide, cerium oxide, tin oxide, iron oxide, manganese
oxide, calcium carbonate, zirconium carbonate, magnesium carbonate and mixtures

thereof.

27. A low sidestream smoke cigarette of claim 1, wherein said combustible treatment
paper comprises an inner sheet and an outer sheet, said inner sheet comprises said
treatment composition for reducing sidestream smoke, said outer layer comprising a

treatment composition for modifying ash characteristics.

28. A low sidestream smoke cigarette of claim 27, wherein said inner paper has

greater than 35% by weight of a zeolite material.
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15. A low sidestream snoke cigarette of claim 14, wherein said adjuncts are .
selected fromthe group consisting of zirconiumoxide, titanium oxide,
magnesi um oxi de, al um num oxi de, cerium oxide, tin oxide, iron oxide,
manganese oxi de, calcium carbonate, zirconium carbonate, nagnesium
carbonate and m xtures thereof, netal oxide fibers and mlled porous
ceramic fibers and m xtures thereof. 16. In a | ow sidestream snoke
cigarette of claim10, 11, 12 or 13, said solid solution being a high
surface @Pea popwusidepacan sublat @gard®: dftlaim 7awhereinsdattEinhérgapengloatesi garette
of claim10, .11, 12 or 13, said.solid splution being a |ow surface area
part i cul RFET h3¥ Sa}&izﬁr%?\%f‘%rf%&gg’f’f’%ﬂ?ﬂ Hratedniperperalis a imgregpated tierron or wher ei n

sai d ashtwepelhfying particulate is zirconiumoxide. 19. A |low sidestream
snoke cigarette of claim 10, wherein an oxidation catalyst is wused with
sai d oxygen storage and donor netal oxide oxidation catalyst, said

oxi dation catalyst being selected fromthe group consisting of palladium
pl ati num rhodium tin oxide, copper oxide, iron oxide, manganese oxi de,
and m xtyres thereof. 20. A |ow sidestreamsnpke cigarette of claim3,

wher ei n ggl d f‘g&”isf Stiref“hm}‘?lf%%”etgee%lciat"@?92%%‘%5%’6‘“’2%6’@??’@%Fal‘Bet a type
zeol i t e. siddstrefml sBuks kedREHSTEOMPBIRIR ilofRIAbd Beffin.Cl @i m 10, wherein said
oxygen storage and donor netal oxide oxidation catalyst is a porous
particulate solid solution of ceriumzirconiumwhich is preferably a m xed
oxi de high surface area material. 22. A |low sidestrearn snoke cigarette of
claim 21, wherein zirconiumoxide and/or a zeolite are used in conbination

with saidg,ceri i iLum m xed ige .2 | ow si destream snok

ci garett gl'of éﬂgﬁi%@ arern 1%%823%8‘%&53@%3, ‘?B?%‘I“f@‘[d ipRer pART Magsal, sai d
cer i uni zsidesorehmsmvke edductidrd@mpokitiof Bbated Bxtede. and/ or zeolite. 30 24. A low
si destream snoke cigarette of claim23, wherein said oxidation catalyst is
selected fromthe group consisting of palladium platinum rhodium tin

oxi de, copper oxide, iron oxide, nmanganese oxide, and m xtures thereof,
sai d sel ected oxidation catal yst

32. Alow sidestream smoke cigarette of claim 29, wherein said inner paper has said

sidestream smoke reduction composition incorporated and coated thereon.

33. A low sidestream smoke cigarette of claim 29, wherein said outer paper has said

sidestream smoke reduction composition incorporated thereon.

34. A low sidestream smoke cigarette of claim 29, wherein said outer paper has said

sidestream smoke reduction composition coated thereon.

35. A low sidestream smoke cigarette of claim 29, wherein said outer paper has said

sidestream smoke reduction composition incorporated and coated thereon.
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.being either incorporated in said solid solution of ceriunizirconium m xed
oxide or applied to surfaces of particulate ceriunizirconiumm xed oxi de,
zirconium oxi de and/or zeolite. 25. A |low sidestream snoke cigarette of
‘claim 23, wherein said zeolite is a Y-type zeolite. 26. A |low sidestream
snoke cigarette of claim1l, wherein said treatnent conposition is applied
as a coating to cigarette paper, said coating conposition including a netal
oxi de or carbonate selected fromthe group consisting of zirconium oxide,
titani umsgxi d%low@&@ﬁ%%%c@@are@%ﬂﬂ@?%ﬂﬁnaﬁﬁ%é isfiG anti N Oxide,
i ron oxide, manganese oxide, cal cium carbonate, zirconium carbonate,
magnesi ufk¥genistragecand saner metelraxide oxidation fcatalyst with hdjunct jadé 8 highasmrfscenk e

cigarett f i i Lad c sti bl e treatnment aper conprises
an i nner 9:8 eag%(lrgtl}ﬁ %ﬁe%teﬁelf%@ﬁggp 91- ? %H%&lnﬁr%ro XEBOSNOTEE AN, ‘E’B J @S‘iaﬁ

t r eat nenbxidewpiation catalfs withedjimcnapdahetalsixideafor fIoBiEng agH chafdetepistidsay er
conprising a treatnment conposition for nodifying ash characteristics. 28.
A | ow si destream snoke cigarette of claim 27, wherein said inner paper has
greater than 35% by wei ght of a zeolite material. 31 29. A | ow sidestream
snoke cigarette of claim 27, wherein said inner paper and outer paper have
said treaynen i1 . i .porat ed or inpregnated thereon or
t herei n. §g'0_ %@%@5%@?%@%%%3%&8 6(%%8%‘5&@ S %rchﬁa%agg?"%V\her ein said

i nner papempdésitionstai tkdusing sidestean sarokk and efidifrédtmBntcRIPOSItibh G5t | ncor por at ed
therein. 3 £ A Iag}\év si destream snoke ci qar ette of claim?29, wherein said

i nner paﬂlé)%h 1 apRiedcas A ceatines reipectvely fe snidinnes shss and wi Qusert ed

t hereon. gget. A | ow si destream snoke cigarette of claim 29, wherein said

i nner paper has said sidestream snoke reduction conposition incorporated
and coated thereon. 33. A |ow sidestream snoke cigarette of claim 29,
wherein said outer paper has said sidestream snoke reduction conposition
i ncor por at ed t hereon.

38. A low sidestream smoke cigarette of claim 37, wherein said oxygen storage and
donor metal oxide oxidation catalyst is a porous particulate high surface area solid

solution cerium/zirconium mixed oxide.

39.  Alow sidestream smoke cigarette of claim 38, wherein said cerium oxide and said

zirconium oxide in said solid solution are in a ratio of about 5: 95 to about 95: 5.

40. A low sidestream smoke cigarette of claim 39, wherein said coating is applied to

said inner and outer sheets on either or both sides of each of said sheets.

41. A low sidestream smoke cigarette comprising a conventional tobacco rod and a
combustible treatment paper having a sidestream smoke treatment composition, said
treatment composition comprising an oxygen storage and donor metal oxide oxidation

catalyst, an essentially non-combustible high surface area adjunct for said catalyst

33



34. A low sidestream snoke cigarette of claim?29, wherein said outer paper
has said sidestream snoke reduction conposition coated thereon. 35. A |low
si destream snoke cigarette of claim?29, wherein said outer paper has said
si dest ream snoke reducti on conposition incorporated and coated thereon. 32
36. A low sidestream snoke cigarette of claim 27 said inner paper
conprising an oxygen storage and donor netal oxide oxidation catalyst with
adj unct and a high surface area adsorptive material, the outer |ayer

conpri si : . OX| i.dat | alyst with
i anct B e PR ClarllE b Pholeifih b 985 85 R8L7)

si dest r eanmfaspoksid frepimenttpaperfto oicalifnasSiechamvtaristics. sai d treat nent  conposition
for reducing sidestream snoke and said treatnment conposition for nodifying
ash are applied as a coatings respectively to said inner sheet and said
outer sheet. 38. A low sidestream snoke cigarette of claim 37, wherein
sai d oxygen storage and donor netal oxide oxidation catalyst is a porous
particul g4 e hj i i i i i ] xed oxi de.
e A ot o1 ey S Ba R L o S L SR LMY O o de
and sai dzeohialeased mateorli de in said solid solution are in a ratio of about 5:
95 to about 95: 5. 40. A low sidestream snoke cigarette of claim 39,
wherein said coating is applied to said inner and outer sheets on either
or both sides of each of said sheets. 41. A |l ow sidestream snoke cigarette
conprising a conventional tobacco rod and a conbustible treatnment paper
havi ng assi degtisRamesrlksndkedl JiRite T QIRA I LR ein $BH S eolit %Qgeg%eria] ,
conposi tion conprising an oxygen storage and donor netal oxide oxidation
cat al yst Is 1aan anewHranging/rom abew b bkt hybveghii o toteludry swightcarapesitjamtot f or sai d
cat al yst } . i I g nt er .a cpati of, cal ci um
car bonat o0k FORH LA B8l dhplEiohl R op AR Bler Bl RsS R 03l y e

char act emosttprefsrablydessAhdnols%.i dest r eam snoke cigarette of claim41l, wherein
said adjunct includes a zeolite based material.

44. A low sidestream smoke cigarette of claim 41, wherein said oxygen storage and
donor metal oxide oxidation catalyst is selected from a group consisting of transition

metal oxides, rare earth metal oxides and mixtures thereof.

45. A low sidestream smoke cigarette of claim 42, wherein said transition metal
oxides are selected from the group consisting of oxides of group IVB, VB, VIB, VIIB,

VIIIB, IB metals and mixtures thereof.

46. A low sidestream smoke cigarette of claim 43, wherein said rare earth metal oxide
is selected from the group consisting of oxides consisting of scandium, yttrium,

lanthanide metals and mixtures thereof.



A3. A low sidestream snoke cigarette of claim42, wherein said zeolite
based material is in an anmount ranging fromabout 0. 1% by wei ght of total
dry weight conposition to about 60% by wei ght of total dry weight
‘conposition and preferably | ess than 25% and nost preferably | ess than
15% 44. A | ow sidestream snoke cigarette of claim4l, wherein said oxygen
storage and donor netal oxide oxidation catalyst is selected froma group
consisting of transition netal oxides, rare earth netal oxides and

m Xt ur es gt her igi@ggt{ e fhgdareiit . L 42, wherein
sai d traﬁZ'i tig‘ggﬁg@fﬁ%l ek?ca e s?g)?g%:t egﬁfwg%ﬁg?'ﬁg%dgl?%tg%m@oﬁgﬂti ng of

oxi des obxige tasslecteB fronBthe grd@p cohdiBing of lantiipumnBxide; cdrimmaexddeyi xt ur es t her eof .
46. A |l ow sidestream,smoke cigarette of.claim43,. wherein said rare earth
met al  oxPHECOdYIIM PXIdE, g0 W% “g?“cﬁB”‘g"Hﬁ%%EePﬁg of oxi des consisting of
scandium yttrium |anthanide nmetals and m xtures thereof. 34 47. A low
si destream snoke cigarette of claim4l, wherein said | anthani de netal

oxide is selected fromthe group consisting of |anthinum oxide, cerium

oxi de, praseodym um oxi de, neodym um oxi de and m xtures thereof. 48. A | ow
si dest r e48nr smBlewsidgsireatm smakie cigasdtierof ¢laimi@y wheremasiail axyyaestoragoampe and
donor netal oxide i dag j.on tal yst ..an djunct therefor is a solid

sol uti ond%Iforﬁ%t(ae8X%ﬁé’?5‘t&h8§<fa§§§§\%ﬁi?@“{’%é€ Oﬁﬁ@tsgngf ulon %@P’é‘ﬁ‘if romt he
group cofifeta bkidgs where tHeCadfind@aredseleded frdnt! e Hrokip Ekiding GFBARESLAM OXi de,
titani um oxi de and m xtures thereof. 49. A | ow sidestream snoke cigarette
of the pPE¥dedWRRRM RS MagRpsvEOXIdS titgniys) oxide and raiiuses therapk i ses a net al
catal yst selected fromthe group consisting of palladium platinum
rhodium tin oxide, copper oxide, iron oxide, nmanganese oxide and m xtures
thereof. 50. A | ow sidestream snoke cigarette of claim49, wherein said
solid solution of m xed netal oxides includes ceriunilanthi num m xed

oxi des, d®ri uAllawrsidestréam smhokedigatitieE the frecddiil AMimMsN WhtRIn sotiddes,
cerium maqnesi um nj xed oxjides, ceriupltitanium m xed oxides, ceriunl

zi r coni ufIRUGT SIS A Tstal Qg@lmgglected from the group consisting of palladium,

platinum, rhodium, tin oxide, copper oxide, iron oxide, manganese oxide and mixtures

thereof.

50. A low sidestream smoke cigarette of claim 49, wherein said solid solution of
mixed metal oxides includes cerium/lanthinum mixed oxides, cerium/zirconium mixed
oxides, cerium/aluminum mixed oxides, cerium/magnesium mixed oxides,
ceriunm/titanium mixed oxides, cerium/ zirconium/lanthinum mixed oxides,
cerium/lanthinum mixed oxide, cerium/zirconium mixed oxide,
cerium/zirconiumy/lanthinum mixed oxide, cerium/zirconium/praseodynium mixed oxide,

certum/zirconium/lanthinum/ praseodynium mixed oxide, cerium/zirconium/neodymium

mixed oxide.

51. In a low sidestream smoke cigarette of claim 47, 48, 49 or 50, said solid solution

being a high surface area porous particulate.
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cerium | ant hi num m xed oxi de, ceriun zirconium m xed oxi de, )

cerium zirconium | ant hi num m xed oxi de, cerium zirconi unf praseodyni um m xed

oxi de, cerium zirconiunilanthi num praseodyni um m xed oxi de,

ceriuni zirconi um neodym um m xed oxide. 51. In a | ow sidestream snoke

cigarette of claim47, 48, 49 or 50, said solid solution being a high

surface area porous particulate. 35 52. A low sidestream snoke cigarette of

claim47, wherein an oxidation cat al yst i s used with said oxygen storage

and donols,met al o @il rEath bl Aed i 4720 Ho@f! b AMon ERARLYS! DEI NG
sel ected fromthe group conmst%ng o diium platinum r g’ um tin

oxi des, ooppeith sad degen storgeard der nm%nbmldanoxdeaalyanﬁidm»dﬂmroas t her eof .

53. Alows strea ke arette C erein said zeolite is a
Y-type 53 I:yl e g [gf%m &ng{ﬁlﬁptcgn% Offia{in%‘ém’zf\gn ginyey rhedjumptin o,

si dest r earidesTRESpE bgﬂegﬁﬂoﬁ oRides; Infdig Brdse YKIBES hitl SidittreOYMARN St Or age and
donor netal oxide oxidation catalyst is a porous particul ate

ceriuni zirconium m xed oxide high surface area material. 55. A low
si destream snoke cigarette of claimb54, wherein an oxidation catalyst is
used with said cerium zirconium m xed oxide, zirconium oxide and/or

zeol [ 1. 596, A bRWRLAGH (AN SIPKR dilAghob! V%B&g@%g‘ s%epﬁta A P Bt

oxi dati on cat al yst F¥om e grou &PF adi um

pl at i numeediitg diSMRS typazeokicde Bemappeseolitexi de, iron oxi de, manganese oxi de,
and m xtures thereof, said selected oxidation catalyst being either
incorporated in said solid solution of cerium zirconium m xed oxi de or
applied to surfaces of particulate ceriunfzirconiumm xed oxide, zirconium
oxi de and/or zeolite. 57. A |low sidestream snoke ci gar ette of claimb56,

wher ei n id ik i - eql jte 58. Al ow5| estr eam snoke
cigarett égof %ﬁg‘km iﬂfgaﬁ%n:{%%eyn&%r%lénogglrah X, %glgl Salﬁi SFYRH" S48t e coat i ng
i s sel ectiethrimetahok hle oyidatipn canigitss 4 pgroad ppotulate oythahevbslium stirédc hes,

oxide high surface area material.

55. A low sidestream smoke cigarette of claim 54, wherein an oxidation catalyst is

used with said cerium/zirconium mixed oxide, zirconium oxide and/or zeolite.

56. A low sidestream smoke cigarette of claim 55, wherein said oxidation catalyst is
selected from the group consisting of palladium, platinum, rhodium, tin oxide, copper
oxide, iron oxide, manganese oxide, and mixtures thereof, said selected oxidation catalyst
being either incorporated in said solid solution of cerium/zirconium mixed oxide or
apphied to surfaces of particulate cerium/zirconium mixed oxide, zirconium oxide and/or

zeolite.

57. A low sidestream smoke cigarette of claim 56, wherein said zeolite is a Y-type

zeolite.
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.CMC, casein, soya, binding clays, inorganic binders and m xtures thereof.
37

58.  Alow sidestream smoke cigarette of claim 41, wherein a binder for said calcium
carbonate coating is selected from the group consisting of polyvinylalcohol, starches,

CMC, casein, soya, binding clays, tnorganic binders and mixtures thereof.
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