WD 03/ 059096 PCT/ US03/ 00654 Cl GARETTE FI LTER W TH BEADED CARBON
Cross-Reference To Rel ated Applications [0001] This application clains the
benefit oNOW3Bs90%r ovi si onal Application 60/347,558 fil edpedamses/go6Sy 2002,
and U.S. Provisional Application 60/403,490 filed August 14, 2002, which
are hereby incorporated herein in their entirety by reference. Field of the
I nvention [0002] The present invention relates to filter-tipped snoki ng
articles such as filtered cigarettes, and in particular, to cigarette
filters containing a carbon material. Background of the Invention [0003]
Filter-tipped snoking articles, particularly cigarettes, generally conprise
a tobacco rod, a filter and a band of tipping paper attaching the filter
to tobacco rod. The g gmégﬂ ﬁﬂ%ﬁﬂlh%ﬁb‘éﬂﬁ@ﬁm um of shredded

t obacco (e.g., in fo thin a cigarette
paper or wapper. Typically, the filter includes a plug of fibrous
material (a "filter plug”), preferably made of a cellul ose acetate tow
Ventilation of mainstream snoke is achl eved by provi si on of a row or rows
of perforations throudbrasseReferepced o RelatediApplicationson al ong the filter
plug. Ventilation provides dilution of dr awn i nstream snmoke with anbi ent
ai r t qooetiuceThizseamigichtien yldimgehe dfenteéit opBlS.pRrfovisidnANAIBiIca6RD86/347,558

PCT/ US03/ 00654 [0004] During snoking, a snoker draws mai nstream snoke from

the capdq Qémﬁé}? d, bbognshd Of S IPRvEidR Ab ﬁcatUhEB(ﬂﬂGW%'fg@d AugastsTloeobi r st
enters the u reamfilter portlon of t filter andthen passes t hr ough

the doWsh 258 Ry hampRiagTRreld ttﬁ&rBHﬁr%ﬂgﬁaﬁ% cigarette filter.

[0005] rtarn are ave A= (LS ncorporate materi al s
such as

Field of the Invention

[0002] The present invention relates to filter-tipped smoking articles such as filtered
cigarettes, and in particular, to cigarette filters containing a carbon material.

Background of the Invention

[0003] Filter-tipped smoking articles, particularly cigarettes, generally comprise a
tobacco rod, a filter and a band of tipping paper attaching the filter to tobacco rod. The
tobacco rod generally comprises a column of shredded tobacco (e.g., in form of cut filler)
that is wrapped within a cigarette paper or wrapper. Typically, the filter includes a plug of
fibrous material (a “filter plug”), preferably made of a cellulose acetate tow. Ventilation of
mainstream smoke is achieved by provision of a row or rows of perforations through the
tipping paper at a location along the filter plug. Ventilation provides dilution of drawn

mainstream smoke with ambient air to reduce the delivery level of tar per puff.



granul es of carbon, silica gel, zeolite and the |like. Exenplary cigarettes
and filters are described in U S. Pat. Nos. 2,881,770 to Tovey,; 3,353, 543
to Sproulwoesn®oss 3, 101, 723 to Seligman et al.; and 4, 48CTABR/M065Rani er
et at. and European Patent Application Nos. 532,329 and 608,047. Certain
commercially available filters have particles or granules of carbon (e.g.,
an actlPQ@4led Paripesmaking aamokarstiaws mainsirearnsmatie friem the ceal atitbe it enskt at e
tow, other comrercially available filters have carbon threads di spersed

t her eiafithevcigaeette.i The doawe cigaoetie soiokkl firsterdetsaihleaidsticaear Sltérapartion-of #id ed
Ccavity filterOor QOriple filterO designs. Exenplary, comrercially

avai | gitee ahtllthéh pabsss tHisudithd dowhstresal pdﬂti&héﬂ[l@:@éht fo theesuc@BPend of ee
Solid Charcoal Filter fromFiltrona International, Ltd.; Triple Cavity
Filterg 5,.@E‘é figgpngartner; and ACT fromFiltrona International, Ltd. See

al so, arke et al., Wrld Tobacco, p.55 (Novenber 1992). Detail ed

di scusgj of ~the. pr i es._an ition. of .cigareites.and filters is
found 9008) & CRlfairPKBBRSsRa R85 FBaTRIy Wafth,incb BRASY ERaedils'L6hF e 1y
et al., the disclosures of which are hereby incorporated by reference.

[ 0006192 eRPIE Lo HICEHSli gepliteand eyt sEI‘%P&%@IQﬁﬂ%ﬂ%? andifitersaron
are disclosed in European Patent Application No. 579,410 and U S. Pat. No.
3, 894 desEribed @ UIS.i l?ateﬁloal 2,88[10007p ypB13§3s p43 o ppraplirisl .y, t0p72Ata v
conprises a pair of spaced-apart filter plugs and a bed of granul at ed,

acti v8aignaar bbal.j and He4&8H958 o Rarspraetal. lapdebeatopean. Patent WgiplictioNONos.
03/ 059096 PCT/ US03/ 00654 nmanufacture, a procession of spaced-apart filter

pl ugs 532 T2 ahH 6BB A 72 CeRGrPcsARdrEiafy availdbhd AferdfhaveYshriEias or Ghghudbsier W ap
is then partially folded about a portion of the plug precession and

o anul abedh £2R0OR B BHd PlarbSnRAMERS) o BPERDSR A AARUPESI Lot fite
i feh g PR 3

spaces bet ween e partially’‘enwappe ter plugs. ug wap
resul t uous is th c in

wel | - G0nPothE" pofilierdindy BVaste sl R (iBPh LePGs SR eFerclherdint WRER &Ml or m

of rrlJlottrin!‘E»)rl ggmgeréigl?y fa\i/ellilta?)qe ﬁllteergehrgveascot-ggﬂeloy l]clétviitly ifilztgr(h grn[ltriple filterl designs.
Exemplary, commercially available filters include SCS IV Dual Solid Charcoal Filter and
Triple Solid Charcoal Filter from Filtrona International, Ltd.; Triple Cavity Filter from
Baumgartner; and ACT from Filtrona International, Ltd. See also, Clarke et al., World
Tobacco, p.55 (November 1992). Detailed discussion of the properties and composition of
cigarettes and filters is found in U.S. Pat. Nos. 5,404,890 to Gentry et al. and 5,568,819 to
Gentry et al., the disclosures of which are hereby incorporated by reference.
[0006] Examples of concentric filter layouts that include granular carbon are disclosed in
European Patent Application No. 579,410 and U.S. Pat. No. 3,894,545 to Crellin et al.
[0007]  The plug-space-plug design typically comprises a pair of spaced-apart filter plugs

and a bed of granulated, activated carbon in the cavity or space therebetween. In their



the filter-tipped cigarette itself. [0008] Cavity filling apparatus known
in the art may be utilized in the manufacture of filter conponents such as
shown i n Wogan®s9el and 2. U.S. Pat. Nos. 4,214,508, 5, 221p241S03/@6302, 459,
5,542,901 and 5,875,824 illustrate and describe such cavity filling
apparatus and these disclosures are |ncorporated herein by reference.

[ 0009]Mawyfaciued REacess@ncfspasedapart filles phigs isestrblishedalonga geatRURUML 1 Ol
usually suffered at high machi ne speeds frominconsi stent netering,

scat t eibbog afrplupwraer i Tle iptuy wrap ishihegr zartibby folded mbalut aQuoriors oé tlog plugpbngst
filter rods would suffer, and some cavities would be less filled than
otherg re&é&wrplanﬁcgraﬁmm Qarlihy tnattéridlis @our@@@rmﬁémug@rrﬂmm@e@qm&ﬂ%
contain a supply o granul ar carbon in a hopper and allowed the rimof a

rotati ngﬁ?ﬁh&gb n tth% ré\éﬁecr}]vprlépﬁléatﬁltépﬁ §| %b\ﬁuq W?déﬁkltﬂﬁﬁgy %1 ng

col l ectron of granular car arrange crea a pulv

machi HE03Rss: SpdBR st rgnﬁccgﬁ@rrgﬁ%%ﬁﬁ%ﬁ%ﬁ 1 BEE e G BRg Beeorthd
R SO R D e R e
i nconplete fillings) and precipitat e undesirable 3 WO 03/059096

PCT/ Ushafidestppeceighreite itsidan-ti nes” to effect clean-up of the machi ne and
t he surrounding work environnment. [00011] G anul ated carbon, being a

col | e00@8] of Cavityefilihgrdppasdtap &downdn the acusby bei atdidedpathe mlartifadtaresf t o
pack into a given volune of space inconsistently fromone filling

oper atfilt@ﬂcérﬁpbh@nt@@&bh aé%@%'rﬁ@r@brﬁma‘ﬁﬁq Q) . PAENG, @?145‘5@8 iggpngust ent
filling of cavities would plague automated filter rod nmaki'ng. The
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t hat Oow passage of su portrons

and these disclosures are incorporated herein by reference.

[0009] With machines and carbon materials of the prior art, process control usually
suffered at high machine speeds from inconsistent metering, scattering and pulverization of
the granular material. Consistency amongst filter rods would suffer, and some cavities
would be less filled than others.

[00010]) For example, certain prior “charcoal” metering devices contain a supply of
granular carbon in a hopper and allowed the rim of a rotating metering wheel to rotate
through the relatively stationary collection of granular carbon. Such an arrangement
created a pulverizing action upon the granular carbon, which action generally increased
with machine speed. Ricochet and escape of particulate matter during manufacturing
operations with prior machines and materials often created unacceptable deficiencies in

the final product (such as smears or incomplete fillings) and precipitate undesirable



mai nstream snoke through or around the bed such that interaction between
the nmainstream snoke and the granul ar carbon woul d be | essened. [00012] It
has been woews®wos i ncl ude granul at ed, activated carbon naPeTiUabB006H
cigarette filters to pronote renoval of constituents from mai nstream
smoke. As used heretofore in cigarette filters, these granular forns of
car bomaghire bdewnelimes i tefigch gleam-vp Mf ihegmaching gadi thensuepuadinguwarkas

nut shells or a wood material, and "activating" the carbonized nmaterial by
subj e@nvirgnmient.o a heat treatnment at approximately 800 to 1000 degrees

Cel sius wth steam or carbon di oxide. The activation treatnent of the

mat er i[@ho 1 {S UGkSnuISted RRbON Sheifid 8 ONEEIT o ikehulafl ShBpEd ShHueHBUSy IR
very large ‘'specific surface area, typically in the range of 300 to 2500

squar S r 8 (IF=1s T ;
(TR CieEs, € BEbE TnBER U YU E T PR Eloon SR fom Bhe lling
activated carb mat erj al s .have sutface rou ess ,.and sha which .are
71 e aparatitiic e BReF Adefa Bl n g e RREnEE RIS A e LR AR PUOY PRV o
and inconsi stencies of granulated carbon_materials create problens in the
comeMQud Rlagkr @utomatad Biehil malingg tigdredular parking weod alsg create
cigarettes. For exanple, 4 WO 03/059096 PCT/US03/00654 the irregular
shapesingesitableathannitsdbrmstghdhe bied that wouldedlowspassage of substantialpartions of t er
rod nmaking machi nes, which event dirties the product with errant carbon
parti ¢h&instrains sfhoke throught dre aveurd dhei bhednstith drat interattion cbeteednf tire a
shut-down to clean the rod nmaking nachine and | eads to inconsistent and

| ess GRARLBESM! drhbkd8ndtthéd pﬁarﬁﬁé’rjédrsén Would'Be Méds@nedpace-plug filter rods.
[ 00014] Granul ated, activated carbon naterials also are known to have a
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br oad pore size Istribution re not only ¢gas phase
conmponents of a i nstream t obacco , .
P r?l(?ters to promor{zaEl rermoval of consttiénts from mainstream smoke. As used heretofore in

cigarette filters, these granular forms of carbon have been constructed by carbonizing an
organic material such as nut shells or a wood material, and “activating” the carbonized
material by subjecting it to a heat treatment at approximately 800 to 1000 degrees Celsius
with steam or carbon dioxide. The activation treatment of the material results in a porous
(honeycomb-like) internal structure and a very large specific surface area, typically in the
range of 300 to 2500 square meters per gram as measured by the Brunauer, Emmett &
Teller (“BET”) method for activated carbon.

[00013] However, such granulated, activated carbon materials have surface roughness
and shapes which are irregular and inconsistent from granule to granule. These
irregularities and inconsistencies of granulated carbon materials create problems in the

commercial production of carbon-bearing cigarette filter rods and cigarettes. For example,



snoke, but al so portions of the particul ate phase, i.e., sone or a great
nunber of tar constituents that contribute taste and flavor to the

ci garett evonBh®09¢G anul ar activated carbons that are consCrwsvE@es4 om nut
shells or wood are al so known to include inpurities, which are believed to
be anot her possible cause of off-tastes attributed to the use

gr anulthe dreguansianes exagarkate sisocheiqf1hg patticles ag HI?Yu’ﬂééeG ttfaf@elgh fier fask
process of activating granular carbon tends to weaken the granul e body,
such trhakingtmachiness svhichesentadidiesdhe produat with émrant carbpn panlicles,i puds dost and
dusting when fed through netering devices of filter rod making machines.

It is isfoStheunsRrerivirediniemitandn@eatds & abedfoit & ShuMEBvnaddsies® e kel king
manuf acture of granulated material. Summary of the Invention [00016]

Accor ghadhide o 18LS F6 n?éorfs*‘s%lﬁ’tr §%¢ Uss éB’rﬁﬁlb'té"ﬂlhhg dfoher it tﬁb?ﬂ&l te

having a cigarette filter incorporating a formof carbon capable

effici f tively adsorbing 5 WD 03/059096 PCT/ US03/ 00654 gas
phase Sg’%%%@rlu@ﬂ%& rflpggent i n mai nstream cigarette tobacco snoke with a

| esser act, on the p ce| ved taste of th ci garette n snoke 00017]
nccor DT rtieiedo BebiRtedcarhd’ sreStals Fnd ot v o By Gus garigant
cigarette having a cigarette filter incorporating a formof carbon and/or
ot her imRest oAl tectaséd|® dicigaretecin tatythgirdrandaselyi reeg tenger of REreyaZephase
conponent s of nainstream snoke, yet is physically robust to wthstand
aut onatigtdbéfion eendsod c&ﬂmmnotpemlytgasrush@edcaﬂnpenems ofeaymaiestream dskacao
activation treatnent and associ ated costs thereof. [00018] Yet another
obj ectsndkd, st @ﬁﬁ?ﬁﬂldnﬁvﬁﬂmbo;ﬁbm@ulbté bRASE®Viee. A8bAIEBOLE gpéaﬂhgm@ﬁ obftar
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carbon-bearing fil rods. [00019] Yet anot her obj ect t he present

| nventdspatifueniLthat @BREBUTe TNt raMRIVeT %o 8l cigarette smoke. Granular activated
carbons that are constructed from nut shells or wood are also known to include impurities,
which are believed to be another possible cause of off-tastes attributed to the use of
granulated carbon in cigarettes.
[00015] It is also understood that the process of activating granular carbon tends to
weaken the granule body, such that it is less robust and more prone to fracture,
pulverization and dusting when fed through metering devices of filter rod making machines.
It is also understood that the activation treatment adds cost to the manufacture of

granulated material.

Summary of the Invention

[00016] Accordingly, an object of the present invention is to provide a cigarette having a

cigarette filter incorporating a form of carbon capable of efficiently and effectively adsorbing



consistent filling of cavities in plug-space-plug filter manufacturing.

[ 00020] Still another object of the present invention is to obviate

(1 essen) wateniwmbe scatter and ricochet in the nmanufact ur ecofusbi/boser pl ugs
so as to |l essen the occurrence of snmeared product or dusting and the need
to clean filter rod maki ng machi nery. [00021] These and ot her objects are
achi e\@8§ RATe EPAPPRERISNRIESRTE M MaiNstieaimicigaratte itpbagco smokeswiffkianlgsaet i cl e
is constructed of activated carbon beads of consistent spherical form and
pr ef eimpbyt of the perceiveddastedofthemigarette winegesrobkeubr e si ze di stri bution and
activity level. Wth the present invention, there is achieved a

car borfo®@Er)i NAcEarmighy, tendtheért ebjethaf thef prisent iviehdbis Yo Provid@ducigarette
formation, uniformty of product perfornmance, ease of achieving uniformty

for b%@gﬁfean% Ste Fch ihg@gﬁi\‘fﬁmgﬁgﬂggb?cé’ﬂoh%ﬁﬂ?%SthefrM%ﬁ%lts'd%p%ble of

preferre Iment, t d a plug-space-plug er ‘whose
cavi ty i ] a | jcal d
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preferably |n the range of 0.2 to Q.7 mllinmeter in dianeter, nore
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di anmeter. At such sizes, sufficient and effective gas phase renoval is
achi ewxgessiveragiivaiios treatment and@ssoeiatashcogtedrgreof.whi ch preferably are in
the range of 1600 square nmeters per gramor less (as neasured by the

Br una(ie0018nmeéet artbtiet disect of BieTPresartinvehtionis todmpirogg gutotiated plodsictiesef or
har dness of the carbon beads is preserved so as to enhance their resistance

to fragthbrepearsy fiksrragson of undesirabl e dust during autonmated manufacture
of filter rods. 100023] Maintaining bead size at or about a presel ected

TSI e P e S rORLEC A B pEIROk ARFBalolbesds
P AR 00 e TL BRI o By PRy 5/ 2, Lot vt or
[00020] Still another object of the present invention is to obviate (lessen) material scatter
and ricochet in the manufacture of filter plugs so as to lessen the occurrence of smeared
product or dusting and the need to clean filter rod making machinery.
[00021] These and other objects are achieved with the present invention in which a filter
of a smoking article is constructed of activated carbon beads of consistent spherical form
and preferably of a pre-selected diameter, range of pore size distribution and activity level.
With the present invention, there is achieved a carbon-bearing cigarette filter that offers
uniformity of product formation, uniformity of product performance, ease of achieving
uniformity for both of these, and improved absolute performance.
[00022] In a preferred embodiment, there is provided a plug-space-plug filter whose

cavity is filled with beaded carbon of a consistent spherical shape and preferably of about



to be optimal for the renobval of gas phase constituents. It has al so been
found that activated beaded carbon (particularly pitch-based beaded
carbon) hme ozosowd | er popul ati on of macropores (greater PORMUSEDDG6S4
angstrons) conpared to wood or coconut based (granular) activated carbons.
[ 00025] Preferably, the beaded car Pgn I s, manufactured to have a pare size
di st r itReEABYE Sizg. dHeferaRlnin Yeirange o P Ligd- omilimeterypdiametersmare Prate@Mbr es
(50 angstromdi aneter or less), with nuch fewer of the pores in the range
of madn dperresge 30®.2Artgsd.4omilliroetegs edtarrghout\@.Bh mie diagnetenddkt such kizepor es
lying wthin the range defined therebetween. [00026] Beaded carbon may al so
be adapffsertaaraheffgctileaysy phase iremavakisrachiowsthat htderatecty lawer raetieaticabl e
to mai nstream snoke. 7 WD 03/ 059096 PCT/ US03/ 00654 Brief Description of

the Dnévéw,g@hicﬂ%%?dramg;ﬁe_ iﬁetﬁbWaﬂ@eaéM(lﬁ?b’éahé’&e&e@érstﬁ@r GRS %rrltneéw@é;; i on

In addition to those nti oned above w beconme apparent "to persons

gr di nap Yagiltbl by'the Bnﬁ\a[‘"i‘fe?, é%ﬂ{@%@% rafg (rc"@ETgfmétHGdf. %&c%\%iﬂ@lyaﬁg%ﬂ)&&ness
escription’irn’cohjunctron w he acconpanyi ng dr aw ngs erern simlar
referenced, characters refer to simlar, parts and in which:. [00028] Fiqure 1
o o Of Berufessid fhstarobh bepgh RStetpaRa s DeorR e finieRts Rot i o
mul ti-conponent filter, according to the present invention, with portions

t her e@mdgjzmaahon ghepdesirable dyst-uring autemaied manwfacturg oblitesrofsgure 2 is a
side el evational viewsimlar to Figure 1, but showing a cavity filled

wi t h §pBE23]caMabdaitét) headsine af ot alboutisf freselectesi diamet¢QrodtiteFagmaotBer s a
cross sectional view of a single spherical bead optionally conprising a

o 1 A N S onenn pckbgldane Soats okl i haung rpcoseaen! g

[00024] Activated beaded carbon is found to have a preponderance (greatest portion) of
its pore size distribution in the micropore range (less than 20 angstroms), which is believed
to be optimal for the removal of gas phase constituents. It has also been found that
activated beaded carbon (particularly pitch-based beaded carbon) has a smaller population
of macropores (greater than 500 angstroms) compared to wood or coconut based
(granular) activated carbons.
[00025] Preferably, the beaded carbon is manufactured to have a pore size distribution
predominantly in the range of micropores or small mesopores (50 angstrom diameter or
less), with much fewer of the pores in the range of macropores (500 angstroms or greater),
with the remainder of the pores lying within the range defined therebetween.

[00026] Beaded carbon may also be adapted to carry flavorants in a manner such that

they are releasable to mainstream smoke.



spherical beaded carbon, show ng point-to-point contact between the beads;
[00032] Figure 5 is a side elevational view of another enbodi nent of the
present waowani%on conprising a tobacco rod and a mnul ti - ceapmseiitoesd |t er

with portions broken away to illustrate internal details; [00033] Figure 6
is a side elevational view of still another enbodi nent of the present
i nvention conprising a td3HetBessription of theiDrawingsonent filter with
portions thereof broken away to illustrate interior details; [00034]

Fi gur 600023 aNgwvelpfeatirepdifd agvantbgepef then presdntevention ih, 8dditibrado ¢mese or
several different size beaded carbons; 8 WO 03/059096 PCT/ US03/ 00654

[ 0003FhemtidHédeatovewiRbBEGRE appabtitito bﬁrs@mfsfofdﬁimé(@rs)kllﬂﬁ tHe art robrPdlicithg@s a
function of different PICA and beaded carbons, as well as delivery of

1,3-b 1 d

i our & SRe ol THbAREH R otioR, '] ‘é@%@’é‘f ], gﬁ%ﬁéﬁ‘ﬁaﬂﬁﬂ SN

di | t t t ,del t di t f
the I HURHEIGS] ab%%%%%sfiec%@'f% B Rter g SR A G PRl ot rrent of +he
pr esent |nvent| on Erow des a cigarette 10 conprising a tobacco rod 12 and

a mul P02 ohienre 1 iis @éfdelﬁie‘éﬁttoé@'\é'&“t‘lf q%areltts&qmml@g pRPRAFCRIpERANES  The

filter 14 is in the formof a plug-space-plug design with spaced apart
cel | ulnglé-campenant filtaysaceerding tartte presanttigpvertiony avibbportioan therdofdrokkam a
beaded carbon 24 of a spherical form Oher filter configurations that
i ncl udavay toalistsaté intearhl detdils; spheri cal beaded adsorbent material are al so
within the scope of the present invention. [00038] The spherical beaded
car bononed® | Rigurst2 6PERIdeSaIBvAtISHAI VRMASintIeRESFIBURS ¢! Ul showing a cavity filled
with spherical beaded carbon of two different sizes;
[00030] Figure 3 is a cross sectional view of a single spherical bead optionally comprising
a core and a surface coating of flavorant;
[00031] Figure 4 is an enlarged partial cross sectional view of a filter cavity filled with
spherical beaded carbon, showing point-to-point contact between the beads;
[00032] Figure 5 is a side elevational view of another embodiment of the present
invention comprising a tobacco rod and a multi-component filter with portions broken away
to illustrate internal details;
[00033] Figure 6 is a side elevational view of still another embodiment of the present
invention comprising a tobacco rod and a multi-component filter with portions thereof
broken away to illustrate interior details;

[00034] Figure 7 is a graph of puff-by-puff percent delivery of 1,3-butadiene for several

different size beaded carbons;



of a pre-selected uniformdianmeter that have the advantageous tendency to
contact each other at single points of contact when established as a bed
wi thin a wawshpoad a plug-space- plug cigarette filter. Sech/usbiglest poi nt
contact produces a bed of the carbon material with m ninal channel ing or
short-circuiting of tobacco snoke drawn through the cavity

Accor (00Q5], hgkrendniscd grarh of pulidiy-RufE delivernyeini 3?@1%@!@“9@5@5@ fgnctigneof
cigarette snoke and the carbon surface of the beads for extrenely

ef fi cidiffeareatiRiGAandibeatied bartionsgas well gaselipéryod 1(Hbptademesron thac@ a0 096
PCT/ US03/ 00654 [00039] The filter cavity 22 is preferably filled with

spher irelF srahbard Sigafttedtanhe same size or in the alternative, conprise
beads having two di fferent sizes, one | arger than the other. Smaller size

beads 1{%]%': EBFéTbYs %gg h'gﬁb@f?ﬁg PRadect ?Fc%@%n’dﬁo‘ﬁ'@d@cﬁbgnt diluents

Speci i gure 5| de el'evational viewsimlar to Figure 1 with
filter Vlt il led t i nation of |arge beads 26 and snall er
beadsof %%Pzttﬁﬁ"?'ﬂyn? %e@’xﬁ%éﬂgﬁ | arger beads. The two sizes of beads
may be sel ected rratherratlcall to e filing of the cavity 22 and
thereby nininmize bypass &£ asehiption aRthe INVenligibs of the cavity. In

sel ecting the maxi num bead di arreter to be used the di anmeter of the

cyl i ne0@H] fRefesring takiguge 222 p@fera&@amhmunebtrmﬁtﬂepme@hlra/ﬁdtlorpprcwmies
performance is achieved by utilizing beads having dianeters in the range

of 1/ bQ:i?'&eitéqQ) ddmaprisihg bhebacoi rby 1@ antked atulti-domponent filler 14kmdseddo thee
al so included in conbination with the |arger beads 26, the snaller beads
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preferre relationship is a ratio of or the“radius of
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with spherical beaded adsorbent material are also within the scope of the present
invention.

[00038] The spherical beaded carbon material 24 comprises individual beads preferably
of a pre-selected uniform diameter that have the advantageous tendency to contact each
other at single points of contact when established as a bed within a cavity of a plug-space-
plug cigarette filter. Such single-point contact produces a bed of the carbon material with
minimal channeling or short-circuiting of tobacco smoke drawn through the cavity 22.
Accordingly, maximum contact is achieved between the gas phase of the cigarette smoke
and the carbon surface of the beads for extremely efficient adsorption of the targeted gas

phase components.



gas phase conponents targeted for renoval. In one particul ar enbodi nent,
the filter conponent may be simlar to the one shown in Figure 1 with an
addi t i onavodemsmwba eam cavity filled with flavored beadedpomtusni/a@les4 [ 00041]
The tendency for single point contact between the spheri cal beaded carbon
24 mnimzes friction between the beads and allows themto flow rapidly
duri ng0@0E] 18he\iitesrasyRisprefansbly/fiigdvith mﬂ;rcab@aﬂopﬁgbqﬁd@dgsﬁbeﬁﬁm
manner simlar to liquids so as to self-assenble into a cl ose packed array
wi t hi side ot ierthealtieryatR2, cGonphisé heads|havily twa giffererii| sizes, amedacged tiedrd the ent
filling of cavity 22 with little or alnost no wasted scatter of the carbon

beads .oth&l008malldhsize R FEtkaunifdrmiyTBetvarerf REgaH WsR1$, aBtshowermeFigure 2.

configurations by techniques known in the art. Mor eover, when acti vat ed

3?;??535%"&%'"%(3@59@ S SIRREI el v BREH o BBt h'f@‘% co6 2 fiRanS
i sol S0t £8oMPianBd ST IAlEE neBES 28 %ﬁ%‘ﬁ%’&%ﬁs?@Pg&h‘eﬁy‘"?§f@§/@ﬁéﬁggw§ded
Ko oniergse Reads. Thals sizes ohbeads BBy op seibsie B TRbR el B6 Marizeiong o)

Park, Guilford GJU3 2AF, United Kingdom [00043] As noted above, spherical
beadedh@aawwzran@fthembzmmlmmebupésss}/cmmngraﬁtmaouter eégem&uk@ccadrtyaw wi th
m nimal formation of channels which m ght otherw se reduce the efficiency
of t haeladtingrthbadaximiur roeadeditindter tocbgiused? the Granseties oft thle rcylindricas dilter of
the point-to- point contact between the snooth surfaced beads of material.

Such ld:lawt@!zmsp@%h itgto c@h@.aeﬁa%nlmptmal peHeMAMCd .b@cmek/ée b§ uBliAGYE880RS

well as less variation in their overall performance. Unlikée granul ar bed
Ki I
pecl REPNUERALEER RS bS(IERY DYOMS!Itnb SLUR) bl VRSFSHERRT <

W N SRR Sfhre SRERCEAEI M BRI AtEn With RS 1dr58- BBAKY %t te DfaREPEESSs W th

generally have a diameter of about 22% that of the larger beads. A preferred mathematical
relationship is a ratio of (%) —1 for the radius of the smaller beads 28 relative to the

radius of the larger beads 26.

[00040] As a further alternative, beaded material may also be selected to provide
flavorants to the smoke stream after other filter components have removed much of the
gas phase components targeted for removal. In one particular embodiment, the filter
component may be similar to the one shown in Figure 1 with an additional downstream
cavity filled with flavored beaded material.

[00041] The tendency for single point contact between the spherical beaded carbon 24

minimizes friction between the beads and allows them to flow rapidly during the
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appreci abl e settling thereafter. [00044] Referring to Figure 5, another
preferred enbodi nent of the present invention provides a cigarette 10A
conpri si ngoasmsdsof snokable material 12 such as shreddedpcCraisex@osand a
mul ti-conmponent filter 14 attached to the rod 12 with a tipping paper 16.
11 WO 03/059096 PCT/ US03/ 00654 Upon Iighti ng of the cigarette 10A,

mai nstrHaRWACIWHRG NrecesmieraManney SHARrde daHidsrsnas ke self-gssemble iptp azlesed

through the filter 14. [00045] Herein, the "upstreani and "downstreant
r el at ipaekpoarray eithirbfitermanity 22t Such fregfiomabiliynenatileerapicand effisieat filling of
described in relation to the direction of nainstream snpke as it is drawn

f rom tdagity eRavgoIitlle dr Hinasihd Wastedsdalter ofitHd carboReeks. filter 14.  [00046]
Preferably, the filter 14 conprises a first, upstream carbon-bearing

S€g ”Egér)%gib_] affe acdBBh N nfiehid g‘)@rg%bécﬁ}mﬁﬁfg@ R b'%%rde:d” cbﬁf@% rgp@r%“ gEnt.,

|
the c n-‘bearirng segnment 5 rises a plug-space-plug fi

iS%?ﬁéﬁe”ﬁ' ge% ﬁﬁ%@@@hg%ﬁér@o?p&@ ?%wfni%‘tfﬁgdﬁcgaﬁﬁﬁﬁf”%%'?é%? %slifﬁ%i%%ﬁeiﬁﬁf‘&
: . 53 : : :

car boleaHRaEAIEN MR AHS £aris dsh PP e Mot S B0 B4sbRtnd
conponent 56 is located adjacent to the tobacco rod 12 and preferably,
conpr i6@33,20p Iy bk widized asswel @st ether cathost formglatioasi knoavic s the antavihe
("RTD"). [00047] As discussed above, the spherical beaded carbon materi al

24 cordisdlemses iofi thesedpate nteadsintboratedthereindacrefetdnee. eBeadatgtarbpnioites.
Such singl e-point contact produces a bed of the carbon material with

M ni MedongReH &ldPu® 5pRBAEAI T6irh Gy b8 Bbedined ot afe RURKR Chamlicdl hhausRy t he
cavity 58. Accordingly, maxi mumcontact is achieved between the gas phase

o Dt B TR R o B BN E Byl 9788 e ko
[00043] As noted above, spherical beaded carbon material 24 immediately packs into a
close-packed array with minimal formation of channels which might otherwise reduce the
efficiency of the filter bed within the filter cavity 22. This is a direct result of the point-to-
point contact between the smooth surfaced beads of material. Such uniform packing
promotes less variation in the filters produced as well as less variation in their overall
performance. Unlike granular bed packings which often settle thereby producing formation
of bypass channels or other void spaces, filter cavity 22 is substantially completely filled
with spherical beaded carbon material during the manufacturing process with no
appreciable settling thereafter.

[00044] Referring to Figure 5, another preferred embodiment of the present invention

provides a cigarette 10A comprising a rod of smokable material 12 such as shredded

tobacco and a multi-component filter 14 attached to the rod 12 with a tipping paper 16.

11



[ 00048] Moreover, as noted above, the carbon materials nmay be formul ated

I nto beaded configurations by techniques known in the art. Wen activated
carbon i sweebeswed as the spherical beaded carbon nateri &CT/ush&oosas bons
disclosed in U.S. Pat. Nos. 4,917,835, 12 WD 03/059096 PCT/ US03/ 00654

5, 456, 868 and 6,033,506 may be utilized as well as other carbon

f or mulldpandighting Ohthe cigaredte WA, maiRstreqs smkeris geoerated by apddsaws fronethe

i ncorporated herein by reference in their entirety for all useful

pur posetsaccod0d4d afdhéhrough thefidenBBuccal ) conponent 52 is preferably in the
formof a cellulose acetate plug or other suitable fibrous or webbed

mat er i[@ho4%] "HERIRL thd OupSredaT tEngut ddvehstieRY pdlafid ipdisRiads. b&tnwaierr aley .
the particul ate renoval efficiency is low, with the denier and grand total

deni er, | e i ' : A g ;

mal 1 Seoh 3B 2ethlbs 37 dRRGOFIn Biiplal %107 AiREIONE mansiream,

I f not_all of.the carbon be 4 is flayor-beari or t I se, L.pr egnat ed
it SaKe B 1t 15 Bt 88 B topasdriad, 2 8o AR Ya8 i aTadEht TRt B4
conponent 54 of the multi-conponent filter 14 preferably conprises | ug
60 of [§04#4&JusPraferably. e Hiteral4 copRiiteSB fifst Lnstigass earbep %ﬁr@gﬁﬁﬂ"%?”@ao
noderate to | ow particul ate efficiency and RTD, together with one or nore

f | avorandemmaugh gadr(sn@ghpiase heomponesird 2. oiaihim embordiment, Hexgarbon-earing he
central filter conponent 54 and al ong the yarn 62, flavoring is rel eased

i nt o tsegnint 68rvonfprisEisies plugespacepikg filtét subsassemblgdhaeiacliudgs i dantral filtergs
may be obtained fromthe American Filtrona Conpany, 8410 Jefferson Davis

H ghwaymddnehiBada tobadioérd esmpdnditids ANshatetiuddabldatiGiofstheldrivan fifter t he
central filter conponent 54 is described in U S Patent No. 4,281,671,

tsef uicotiRRbl & SEEG abNARARRLRL BF it ob R ReriEdl i cohelbal kRl

per f Orn?attle(r)lgls24ﬁ,déu%{1easfa%cti(/naatded beaded carbon. The tobacco end component 56 is located

adjacent to the tobacco rod 12 and preferably, comprises a plug of cellulose acetate tow of
low resistance to draw (“RTD”).

[00047] As discussed above, the spherical beaded carbon material 24 comprises
individual beads that contact each other at single points. Such single-point contact
produces a bed of the carbon material with minimal channeling or short-circuiting of
tobacco smoke drawn through the cavity 68. Accordingly, maximum contact is achieved
between the gas phase of the cigarette smoke and the carbon surface of the beads for
extremely efficient adsorption of the targeted gas phase components.

[00048] Moreover, as noted above, the carbon materials may be formulated into beaded
configurations by techniques known in the art. When activated carbon is selected as the

spherical beaded carbon material, the carbons disclosed in U.S. Pat. Nos. 4,917,835,

12



t hrough the tipping paper 16 at a |ocation along the central conponent 54
and downstream of the bed of flavored beaded carbon 20, preferably at the
upst reamwod3psosd on of the 13 WO 03/059096 PCT/ US03/ 006B¢T/Usa3ito654
conponent 54 adjacent to the bed 24. The preferred placenent maxi m zes

di stance between the buccal end 66 of the cigarette and the perforations
64, Wi 456,66P ane G:B13,506 may haized 2seltas otherearees jorsulaHine kaewniaines
snoker's lips do not occlude the perforations 64. Preferably, the | evel of
vent i laat. i Thre disclosutesef thesgepatentstare in@oporated herein bp refeeeruds! in theipentiretyat el y
45 to 55 %in a 6 ng FTC tar delivery cigarette. [00053] The beaded carbon

bed mayr sipuBsfubBuposesast 70 to 120 ng (mlligranms) or greater of carbon
ina fully filled condition or 160 to 180 ng or greater of beaded carbon in

R T e e T T

exanpl I ength of tobacco’ro erab

o oGS EPBRER s blSHgtla o ! Aty PP, B8 B

conponent 56 is prefergbly 6 mm the |ength of the beaded carbon bed 24 is
e oraBloy aheih e, PPty B GUGHe RpPvakariceney Rl it AN, | s
preferably 8 nm and nouth end conPonent 52 is preferably 8 nm [00055]
Tobac @sandtptabdenigr bringssglgsien suemthat fimdesitadototal RTQ &f the muli-appeonent
banded paper may be used for this purpose. Banded cigarette paper has
spaceditepadtis achicegd.at ed cel | ul ose bands 68 that encircle the finished
tobacco rod of cigarette 10 to nodify the mass burn rate of the cigarette

so as [beos@duPrfetbly af Idfisohi) ifnstBR of A€ cafbd8ed 240 A Rhl&-Hdifingsor ef t
snol dering ‘thereon. 'U. S. Patent Nos. 5,263,999 and 5,997,691 describe

gﬁ?;JIséﬁt@é%g@ﬁe@ﬂggdmﬁﬁhﬁggggtsfant S are incorporated herein in their
[00051] Still referring to Figure 5, the central filter component 54 of the multi-component
filter 14 preferably comprises a plug 60 of fibrous filter material, preferably cellulose
acetate tow of a moderate to low particulate efficiency and RTD, together with one or more
flavor-bearing yarns 62. As mainstream tobacco smoke is drawn through the central filter
component 54 and along the yarn 62, flavoring is released into the stream of mainstream
smoke. Flavor-thread bearing filter plugs may be obtained from the American Filtrona
Company, 8410 Jefferson Davis Highway, Richmond, Virginia 23237-1341 and a suitable
construction for the central filter component 54 is described in U.S. Patent No. 4,281,671,
which patent is hereby incorporated by reference in its entirety for all useful purposes.
[00052] Preferably one or more circumferential rows of perforations 64 are formed

through the tipping paper 16 at a location along the central component 54 and downstream

of the bed of flavored beaded carbon 20, preferably at the upstream end portion of the

13



14 WO 03/ 059096 PCT/ US03/00654 [00056] Referring now to Figure 6 another
preferred enbodi nent provides a nodified cigarette 10B with the sane
filter seyoend®oms cigarette 10A of Figure 6, but with a BCraisvid/goess

di fferent nutual arrangenent of the segnents, and simlar reference
characters are used to identify simlar parts. In cigarette 10B the

f 1 avorcenéeb gempgneat S4cpdiaeant o the bedcdd o dThe prefesragoplacement oAy BIess 52
at the buccal (rmouth) end of the cigarette 10B, downstream fromthe

f | avordistabeadetween be hmtabéndngb opdbe cigarettef armdnthey peforations 64, adigionent
54. In this enbodiment, a plasticizer such as triacetin maybe applied to

the flpuRraMfisatidastti2 el @EilliretErs) ar more b6 efat\ srivkerddite @aaitt obclud@ the
prevent the yarn from being draw out of the filter during snoking.

Al ter gﬁérfo\‘ﬁt'idhs émePF%ggaégi%lcf)@? %e\%fog\?é’n@giow il tHRIdIA0 tbcso%%*ﬁ'g%sreggg

sanme result. As int Figure 5, ventilation 64 is provi
at a | I : T A j nt to but
dovvnstprrg%ﬁ%%?répﬁléowg%fég%ggg%éh aﬁﬁ%ﬁ@ﬁ@%ﬁ"%&@ﬁﬁ \cti vat ed beaded
car bo rigl for use ip the above described cigaret filters be
ranut 4000585 Bhe bdedRAtRon Bad AN, sy DS g 556 T Oy 204madEalBReY o s
patents 3,909, 449 and 4, 045, 368, and GB patent 1,383,085, for exanple, all
of whigreater ef carheninafultydiledaanditionor180dp d80ang or gegateieldieadegingsber | n
many instances the starting materials conprise pitch from petrol eum and

coal m 85%diledgonBitiotheorebettdrliy theacgvityrid.t abl e car bon- beari ng subst ance (or
carbon precursor) is sufficient if it can be suspended in a fluid so as to

est ablipsle4 SBYWayCsH exendse, ﬁiédeﬁ?ﬂhi&itbb@éb@rw_ 10y mrefdrably 4R rheNardetheand

activated. [00058] There are great advantages in nmachine operation with

Do P RrBLR LS 9 RREb 44 T RRGRGFEREp o =t

components of cigarette 10A is as follows: the tobacco end component 56 is preferably 6
mm,; the length of the beaded carbon bed 24 is preferably 12 mm for carbon loading of 180
mg; the central component 54 is preferably 8 mm; and mouth end component 52 is
preferably 8 mm.

[00055] Tobacco rod 12 may be wrapped with a conventional cigarette wrapper or
banded paper may be used for this purpose. Banded cigarette paper has spaced-apart
integrated cellulose bands 68 that encircle the finished tobacco rod of cigarette 10 to
modify the mass burn rate of the cigarette so as to reduce risk of igniting a substrate if the
cigarette 10A is left smoldering thereon. U.S. Patent Nos. 5,263,999 and 5,997,691

describe banded cigarette paper, which patents are incorporated herein in their entirety for

all useful purposes.
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WD 03/ 059096 PCT/ US03/ 00654 sold by PI CA USA Inc, 432 MCormi ck Boul evard,
Col unbus, OChio 43213-1585). It has been discovered that, with a filter rod
maki ng naxoioseswst to provide a | oading of 180 ng of grarafraisozewbon in a
12 mmcavity of a cigarette filter at an average 86%fill level, the rod
maki ng machine w thout adjustment of machine settings and at the same
amoun{0@A56] ar Beferriaginonnte Riguke 6 angtherquefared embadimentriyemMides aamnadifips

achi eved an approximtely 91 %fill by volunme at satisfactory factory

machi riyasekedoB Wit thexsame fiterségmentg as pigaretie 94 of Figure Bebutowith aistighthys
di scovered that operation of the beaded machi ne with beaded carbon

pr odugifFfbre ANHLERA ablayigbRent Bfhe stitfhdrta! andsinfikst FefBRMER srrirbetersald @gdded by
t he machine was reusable and not fractured as is often the case with

gr anul A bBhPO Rk gggg.gg\réggg%ﬂsw (R REaVB rLiBESIAG GaRTEIENMIR B i Todated

| mprove that 1 ncludes be carbon in the ter

i d of I b | ai fully . bel.own~ni

f ound i tof1 88 <BneEedthe pf et Bilica) BRGuER eBe o e sipdftiive, HolBuesht, ..
a preference level of a control cigarette with no carbon at  a hi ghest |evel
( consiftone e flayared brarded gaoarkact Apdl seare tarpery M&?‘@rcsnt@heo peneahe

smokers rendered a preference level for a granular carbon cigarette at a
| owner Sdevethis botbodireant, hglasticides sucih as dianetinangube appliedttheflavar yaradd
carbon, their preference level rose to a level internediate to the other

two 1 ab hBRisthe Saehin slacé withievdaheporeerd 521 g rievant theryaemfronebging draveut oki ng
score wth beaded carbon over the granul ar carbon nodel. [00060] Activated

beadegh & tifig fsPABKing.0 thely, 3Rk ffiakBPyaRP BRI Aly Yo bidRPISyethéet
di str?%%?'?tgﬁeiuﬁﬁ?he m?:ér oﬂmol%g%nc?wr’resopore Trygnge (1 e%s etlt)1an 50 %gngstr(g)rrs)

10 bbb AR oSiThie SHbofiil o S, ORINGABAR Sogliiie |

‘Ié"'C'EI_/hU e tlggaéclar% thceocl:{g]rgtra(?ffiItcrergEl gornqggrr\gr?t’sf aegﬁgggntctgrb%?%ow%\gtr\é\la)moo tﬂg%%%gred
beaded carbon bed 24.
[00057] Activated beaded carbon material for use in the above described cigarette filters
may be manufactured by many known bead making procedures such as described in US
patents 3,909,449 and 4,045,368, and GB patent 1,383,085, for example, all of which are
incorporated herein by reference for all useful purposes. In many instances the starting
materials comprise pitch from petroleum and coal processing. Fundamentally, any
meltable carbon-bearing substance (or carbon precursor) is sufficient if it can be
suspended in a fluid so as to establish a spherical shape and solidified and thereafter
carbonized and activated.

[00058] There are great advantages in machine operation with beaded carbon over more

traditional particulate or granulated carbon (such granulated carbon as manufactured and
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has | ess tendency to capture elenents of tar from mai nstream snoke and
instead lets flavor conponents of the snoke pass through the bed of carbon
beads. | nwoosbsast, granular (PlICA) carbon has a | arge pecriusm/@cs4por e
size distribution in the nmacropore size range (a size range at or greater
t han 500 ang)stroms , Which tends to capture |arger articles conprising

tar as@ld PabPHeA YD dma 4 32Mrerunisk  BoulgyarduCatunaus &2hip 432d3s15820t ddhas om

organic materials such as coconut shells, nut shells or wood, and its
nat ur deeardigtovered thalt, witted filter owhimaking reachiharset to plovideas boadinmof $8@mg
presence of various netals and other materials and inpurities, which are

not f QfRehrutaRESS intat 2 fiin cabitpoPs BigateticsilRl 8Pah alveR\GRBE % fifl Rsvel, ithelFg] t 0
beaded “carbon having a favorabl e subjective inpact over granul ar carbon.

0006 : ki ' i~y d
the s 2ong achife WA ERIEE SNAGIAS clihos BT B AR Bl calioh B
dur e e anede Ry (e oSt B e AR e R bRl S i ="
problemin the handling of the products. Anather copncerpn is the cost of
executoynpleme Hetistackelyfartory 55).3 ¢ SRePRy fenpremplerhal rpi%ﬁsePert MW n

off, the greater the weight of starting material that is wasted.
Addi t iFemtleryoretit wagytiscovared thatyopesationsof the bgaded maching withdeadedearbassi ng
mass and density, the carbon becones nore friable. Furthernore, there are

li m t grodunsedocorsiverablgidssodustantl thatthe eetraseaus ¢arbed cahectedblyelle ntachine
pl ug-space-plug filter rod nmaking operations. Presently, with filter rod

meki NQyJeElisABR: arfd nbIERSAturedPis ROt BleVcabel Wit graRuar sebbhy | ength is
preferred. Cavities of lengths I ess than 4 mm Create manufacturing

1184080 SO A P A PR Bnge 0o

Gas phase Tenov ency ze and

gieﬁrenre tér?crl%qqt nggﬁlggfpbpgggﬂg fiﬂgli' #\%tetarbeo{rgl)rré%u afrfciaFtiwoeant As%@%.ﬁé[iri\é)é] amlolrg ’fulﬁ/s a
below, it has been found that based on 1 to 7 point preference scale, American smokers
rated a preference level of a control cigarette with no carbon at a highest level (consistent
with their preference for carbon-free filters) and the same smokers rendered a preference
level for a granular carbon cigarette at a lower level, but when they smoked the same
cigarette model with beaded carbon, their preference level rose to a level intermediate to
the other two ratings. Such results evidence a significant enhancement in the liking score
with beaded carbon over the granular carbon model.
[00060] Activated beaded carbon is found to have a significant portion of its pore size
distribution in the micropore and mesopore range (less than 50 angstroms) with a relatively

small distribution in the macropore range of greater than 500 angstroms. Not wishing to be

bound by theory, it is believed that with the smaller count of macropores, beaded carbon
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given carbon is activated, the nore efficient it is at gas phase renoval,
however, machinability (dusting factor) and cost of the activation

t r eat mrentwangosoemt ervai l i ng consi derations as to how nuedTasvi/aasd on i s
desirable. Balance is struck by reducing bead dianeter to a preferred
range of bead dianmeter of approximately 0.2 nmto 0.7 nore preferably
0.2 t dag.lassrtgndencyrio Leptwratelements,ef taédmmam@lﬁstre@masg&%iamdngt@laﬂd@t@ area
in the range of 1000 to 1600 square neters per gram BET (as neasured by

t he Bflanarueompohentt oféthEesineke metssdiroughr tienbéd eof carBoy BBETS) , Innoordrast,
preferably in the range of 1100 to 1300 n2/g BET. However, extrenely snall
beads grgifat @ICAS kaRsorth@S gllargebortidri bf forecsixe digtridutiah if fRY matRsite dizeext r a
anount” of pressure drop across the cavity to an extent which nay not be
desir j [ t r e i ive
pr essﬁgnegéd?ac%&:ggrp ef éﬁgtpﬁgﬁ e agg?dd(;@.sggﬁisg’r%%& {ﬁh%tghtgeég rgregiéggéfr ed
spherical , beaded size IS roximately 0.35 mmin dianeter. The preferred
range agfclesq Q%mBFE'BthBr 3%ﬁge%rroper and cl ean operation of the filter rod
maki ng_pachi ne. [00064] The smaller the carbon bead, the nore, closely
packegDQ%HWBA@WLOB@B/@IQFaM?EI’a’a”&"e!ﬁaP%@StBFg%‘%Jmd?feBU'CA(B@Eﬁrlﬁ?%éPW dShe
tendency toward an ever snall bead dianeter to capture gas phase renoval
ef f i ciconayuti shellsunutskellshgr weodnaed itsonattieal axigimisbelirvedptoeentebutena dar
boundaries on pressure drop across the filter so as to say within

expecthighepashebustakepresentd of esimestmetals asd sthen aeatedald aad irapliijes) pith
snoking a cigarette. 18 WO 03/059096 PCT/ US03/ 00654 [00065] Figure 7 is a

gr aphigedinot ERimE N bahded cafbdi!f Thityadpdct iglaldoveenevell tb corb@gi ttseadeddom
the nouth end of a cigarette for different carbon bead-size dianeters. The

0 v SRS 0B R PPy Bl e o el et

mm di ?6%695] a'ﬂtxér\éaatrgth%%ac:de%?ral concerns with respect to machinability and the selection
of a carbon material for cigarette filter applications. One concern is the tendency of the rod
making machine itself to produce dust during cigarette manufacturing operations. Dust can
continue to be a problem in the handling of the products. Another concern is the cost of
executing the heat treatment for activating carbon. The greater the burn off, the greater the
weight of starting material that is wasted. Additionally, at higher activity levels, as a result
of the carbon losing mass and density, the carbon becomes more friable. Furthermore,
there are limitations on how short a cavity can be established and filled in plug-space-plug
fiter rod making operations. Presently, with filter rod making machines, at least
approximately 4 to 6 mm of cavity length is preferred. Cavities of lengths less than 4 mm

create manufacturing difficulties and are not preferred.
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carbon in a 2.6 mmbed length (curve 102), and 75 ng of 0.35 nm di aneter
activated beaded carbon in a 2.5 mmbed length (curve 104). Each cavity
was in awomnpb®sd y-filled condition. [00066] Still refepcrTrngod/aes gure 7,
it has been found that smaller bead dianeter increases performance in the
renoval of 1,3-butadine, and is fully effective throughout all puffs. In
parti d00QR3] | Gasahasedantayahefficieacy 15impReed byastida sie and peadkiamaiasha
Chem cal Industry Co., Ltd. of Japan at 0.35 mmdianeter with a fully

fill edh@ shatler beads peingrthe movel éfficiapt. uhdditiesalbniasa ggnexbl mattet,Hbe more a
1, 3-but adi ene of the cigarette throughout all eight of its puffs, even at

rel at ighedry chfywrp i fatifatRideahé omars effidéntes. isl 8090¢] pHdwe sombear kdweever,
activity level of the beaded material in Figure 7 is in the range of 1000

to 1600, (A ;r(du%'iiﬁé%@wryagé%rt]teﬁl 09 tdnBlrdatrhédntSBH toubie i

that the resu represent ed 4 1's an al nost conpl ete renoval™ of

1,3 butadiene. and that |line 102 p J apsiani f.i n 09
reductPOROEREIETS TP HivLmLeh bR B3 G ae” patet e S bY Flyctitthond  on
of puff-by-puff delivery fromthe pputh epd of a cjgarett f

1, 3 bUAEFiEnd0 PreteriadsAage Of eRs dETRetsr ShaRriBamatplhe M 1. Bmre, 8ram

di aneter carbon beads in a 2.5 nmlength cavity (curve 108 in Figure 8), 48
ng of paefexatdp 0.2vtsB.4gnam @t an actvation ledelrsvivaient to ssspaeificsuyiacecarerty thecur ve
110), 46 ng of 20 x 50 nesh granular (PICA) carbon in a 2.5 mmlength

cavi t yafge!iof € 00020, 1660 sugard nilers pér grin \BE D340 5AESErEA THYUBRS Bobtiser, mesh
granular (PICA) carbon in a 12 mmlength cavity (curve 114), and a 1R4F

ci gar erhfet 3L PEIRMRethBB ! RéreirdHer VR4 18R T")[ M@Q_ﬁ?iﬁ}efg@%ﬁ the rih@e 6£$100 and 8

one finds that 40 x 60 mesh granul ar carbon wi _ ng loading in a 2.5

S e R R R e AL [
that they impose an extra amount of pressure drop across the cavity to an extent which
may not be desired. In some applications such as the preferred embodiments, excessive
pressure drop is preferably to be avoided. Accordingly, the more preferred spherical
beaded size is approximately 0.35 mm in diameter. The preferred ranges of size also
promote proper and clean operation of the filter rod making machine.
[00064] The smaller the carbon bead, the more closely packed become the beads, which
elevates pressure drop. Accordingly, the tendency toward an ever small bead diameter to
capture gas phase removal efficiency is countered by the need to stay within the
predetermined boundaries on pressure drop across the filter so as to say within

expectations of smokers with respect to resistance to draw (RTD) upon smoking a

cigarette.
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40 x 60 nesh PICA carbon is known to be extrenely difficult to handle in
filter rod nmaking machi ne operations (significant and confoundi ng

dusti ng) .woélosweswess 0. 35 mm di aneter beaded carbon, at a P6Tmgod/@ash ng i s
readi |y handl ed wi thout significant dusting in machine operations both
because of the favorable general flow characteristics of beaded carbon and
its grle@R&h] dEigsre y iaadraahigabrepreseniation at puffbywrufl delivesyef tEbylagdianeos
activation). Accordingly, the beaded carbon achi eves the sane perfornance
as supem ftheenauthrendoof a CiRjabaite ¢ar different earkxan headsize diadidtgrshanbié giveany
cigarette manufacturing nmachinery. Such is a significant advantage.

[ 0007 YHeadeteafbdrymatdrals 86hprsd 7oy 6f &7 desdEamatsh Anivarsd eded crbdman
PICA particulate carbon. Accordingly, there is |ess dusting in

manuf é.‘?%u{?ﬁoéﬁ”‘l@n?f}g@bw% & in ﬂpgg f); t7§ gﬁ%bf‘ G.fs%?gi &iBni%?é‘rdé‘éiivﬁﬁéf qud it

tends to fi cavl In nore o shion an nore conpletely than
granul ar, carbo Qes. 7 { 5 i e (0] 75
ny Ioaﬁ?irt?ﬁp l’h@%-g&@mab‘%‘%?‘gﬁ é%?ggﬁo?’[gingJﬁa%iﬁt:ﬁﬁ@ﬂt&%@%{%h%éggpe val
efficiency is achjieved, such as that re sented b line 104 in Figure 7.
Fowey &eaded GRTGa BEvS.o5am bep Enelhy Curve L4 Bashieavitswgsdnaicopnigtely-fled
standard cigarette circunference (24 mllineter), which cavity length is

di ffi c@ehditiop. nmanufacture. Accordingly, it may be preferred to include with
t he activated beaded carbon 20 WO 03/059096 PCT/US03/ 00654 other beads of

si mi | §00066]pr Sfilkbrefdiringttd Fiuae? , Rihas beknfound thak stbller mraddiametsrindrgases save
costs and to enhance machinability. Experinents conbining 75 ng of beaded

car bogaéﬁofrrhhaaté‘%theb%@@vaﬂlbfq ABlitddRid, iaﬁdﬁ@hhl}[y éffective therghducar pofis apd 2/ 3

beaded gl ass showed essentially the sane performance in gas phase renoval

2 ot o ER AR e by AL
gfjglrr;[slt(g{] allotpbgfa E\Spagfat lér?an'n\{ tlaerﬁet%"?"(/vt‘i)t(l?mnr:i fd?l&‘?ih%& %bé hm fca%')? Iesnag'fﬁewﬁli czaeptbrne
essentially all of the 1,3-butadiene of the cigarette throughout all eight of its puffs, even at
relatively low surface area-to-mass values.
[00067] The surface area activity level of the beaded material in Figure 7 is in the range
of 1000 to 1600 m?/g BET, preferably, 1100 to 1300 m?/g BET. It should be noted that the
result represented by line 104 is an almost complete removal of 1,3 butadiene and that line
102 represents a significant (near 90%) reduction in 1,3 butadiene.
[00068] Figure 8 is a graphical representation of puff-by-puff delivery from the mouth end
of a cigarette of 1,3-butadiene for different diameters of beaded carbon: 75 mg of 0.35 mm
diameter carbon beads in a 2.5 mm length cavity (curve 108 in Figure 8), 48 mg of 40 x 60

mesh granular (PICA) carbon in a 2.5 mm length cavity (curve 110), 46 mg of 20 x 50

mesh granular (PICA) carbon in a 2.5 mm length cavity (curve 112), 180 mg of 20 x 50
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sufficient mass to fill a 6 mmlong cavity or such additional anount that
may be required to fill the cavity traditionally enployed by the cigarette
manuf act wwen3/®aeh conbi nation of activated and non-acti varadoze@ecbon beads
produces the same results at a | esser cost since it is not necessary to

entirely fill the cavit er15|ve actjvated c n beads. A
furthé‘f‘eﬁhgr@rﬁ‘yh?ljép@Ai r@"ﬂl'%@&&é’ﬂ?‘ e§'9ﬁ'h viy SP@’&rEH earhiﬁﬁ%ﬁf@e@fe%n
preselect a cavity size for his spectrumof cigarette brands and have a

f r eedstandard ebotrol @iurved ot anounts of carbon for different bands or

packings and fill any remainder of space in the preselected cavity with

i nact i[ge06a] (Conmpsingdiginest7eald doaddihdsahatr 4Gk S0mestedramatarrdanbon witheor
carriers, or other suitable filler material. As snoker preferences change

or inggr r%@ﬂ@é‘élﬁgtlﬁ Y @%n?bé\ﬂty%h@'écﬁm irf PRYURS 8P BFddePits @§s&ﬂbllx%@§ahﬁaded
carbon in“the filter may be changed w thout conplications such as haV| ng

to chaggsy 8D 3 1 Side P Beadl dRA M CLAX 18 B Figler £ 10N Can’? Al age

ilter and Cl garette on nachi ner uch

|n CI 0 Q0072] Figure 9 ar. .chart th strates
ol at HDUF0 8 £ RS B b 8@5!%5@%@@’ Ui 8P ne et rog Bl e
for filters with beaded carbon al one and beaded carbon dis er sed . with a
non- adRagiiee oparatigast(siosificanpand gopfayndingdystingg, However, Q-Bédﬂ@t@'@”sqtﬁrndar d
control 21 WD 03/059096 PCT/ US03/ 00654 and shows about 86% delivery of

1, 3- bieadedcarbforpat 67 myloadirgid readityimndlerhwithow sighifiaant disting ieimgohinsuf f s
during the snoking process. Bar 122 and 124 represent a cigarette

const rdg@?athdemleauge fof ghes €avorathletgenietdl floay thidasteraties af beaded oarkuar bon
(bar 2) and 380 ng of glass beads and no carbon (bar 124). After about

ei ght aﬁ‘dflfss Fé&%ﬁ@é@lg%&ﬁé‘l‘dne%'('b\é 3’3105 i&w@rt‘é%é@b?dl@ | Ve OF algvary)h end

of each ci g rette Is apprOX| mat % for bar 122 and 82% for bar
T L L e S
difter SP(EA) carbon, yet at a size readily handled by cigarette manufacturing machinery. Suchis
a significant advantage.
[00070] Generally, the carbon beads are denser and harder material than PICA
particulate carbon. Accordingly, there is less dusting in manufacturing and handling of
cigarette filters with beaded carbon and it tends to fill cavities in more orderly fashion and
more completely than granular carbon does.
[00071] With 0.35 mm diameter beaded carbon at a 75 mg loading level at a filled cavity
condition, excellent gas phase removal efficiency is achieved, such as that represented by
line 104 in Figure 7. However, such carbon loading fully fills a 2.5 mm long cavity at a
standard cigarette circumference (24 millimeter), which cavity length is difficult to

manufacture. Accordingly, it may be preferred to include with the activated beaded carbon
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materials. The cigarette represented by bar 126 includes a cavity filled
with 75 ng of 0.35 mmdianeter activated carbon beads. Approxinmately only
1 % of devoesoespowf 1, 3-butadi ene passes through the nouthCEndosafocishe
cigarette of bar 122 after eight puffs, and simlar results are achieved
with the cigarettes represented by bars 128 and 130 where the filter

cavi t iotgerheadsi df|sirilatiar praferakly tie $ampe size, Bubwith bitleas noativiy togayercastsads,
but in conbination with non-adsorbent diluents. The cigarette of bar 128
i ncl uderl tdEMham ce aohiresslitp.eBrperitneptsrcoatbining!Y 5 g of behded badds vethdglasse
cigarette of bar 130 includes 380 ng of glass beads dispersed with the

car bomeRRRdE a VOIUrRaeiR shisdfang Bebdd tatbah RS T8 Beadda lglasershowedlestebtibidi ene

fromthe nmouth end of the cigarette after eight puffs is about 2% In

non. adts 8ol Befpmidioe LS a ool RS M EALE 19 P RANIG AGAObE T

wth a gui val gnt lght of _actjyvated rban_heads i ndi |l uted f
L0007 el bRl nimelibedrereial i S mBarER antlvaltinedkes cotldl,
car bons includin Pl CA carbon 20 x 50 nesh per inch and 40 x 60 nesh Per
i nch a@th/\éﬁﬂ't'aﬁa%é%m@@fclm%w@te%ﬁ%ﬁbﬁg: prefpeoby of e samemize i diamgtana’ 0. 35
mmfromtwo different batches. 22 WO 03/059096 PCT/ US03/ 00654 TABLE 1 *
DFT Paufficientumass toFill &6 Mo langeavity tosach gdditiongamoentdbatinay begeqsiFad © A
n2/ cnB/ cnB/ PICA 20 x 50 nesh 0.37 1587 0.5459 0.5983 PICA 40 x 60 nesh
0. 39 ¥HaRe&avhp traditfally eBaiciedBay the diglratfe manRafddturet.4 SUcAEMBIntiomof

di anet er

activated and non-activated carbon beads produces the same results at a lesser cost since
it is not necessary to entirely fill the cavity with the more expensive activated carbon beads.
A further advantage of this discovery is that a cigarette manufacturer can preselect a
cavity size for his spectrum of cigarette brands and have a freedom to select different
amounts of carbon for different bands or packings and fill any remainder of space in the
preselected cavity with inactivated (or less activated) beaded material, beaded material
flavor carriers, or other suitable filler material. As smoker preferences change or in
response to other circumstances, the proportion of activated beaded carbon in the filter
may be changed without complications such as having to change the cavity size in the
cigarette layout or size changing the filter and cigarette production machinery. Such is a
significant advantage in cigarette operations

[00072] Figure 9is a bar chart that illustrates relatively similar resuits on the total percent

delivery of 1,3-butadine for filters with beaded carbon alone and beaded carbon dispersed

with a non-adsorbent diluent. Bar 120 in Figure 9 is for a 1R4F cigarette standard control
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Beads Batch 1 0.58 1247 0.4791 0.4906 0.5 nm di aneter Beads Batch 1 0.59
1289 0.4821 0.5154 0.35 mmdi aneter Beads Batch 2 0.58 1150 0. 4562 0. 4618
0.5 mm divaees/essoseads Batch 2 0.58 1244 0.4750 0.5030 0. B6T/wsSvdioaset er

[ 00074] * DFT: as cal culated by Density Functional Theory which is a

mol ecul ar - based statistical thernodynamic theory that allows relating the

adsor mrdoshawsoabreirtiB6% delieery @f dibbuagianedfropdhe inasutbiend e thg siganette after
(Reference: P.A. Webb and C. Or, Analytical Methods in Fine Particle

TeCthdtmw,eithC;Jmme(ﬂmﬁingstﬁmsmbkimgnpro(‘bss)m&ari1(22 ahbri@doepreseht a digarettepage
81.) [00075] PICA carbon has a bulk density of approximtely 0.37 grans per

cubi ¢ cop@ftutitH Shiflarherigare 5 WBUt WithediDiead edetAé BAB nefcattith @@em Y 380 bon
has a bulk density greater than 0.5, nore preferably in the range of 0.55

to O. / b @ﬂféﬂ |
car boﬁg&é)ﬁ’&f%ss[ ngisg]rapé d gﬁﬁt)b(?))g @earq%'?ra%})é@réox&égﬁg e %ﬁél qﬁ&rw se
cooper sor ant s h as ecul ar. si
conpoddaiuegot i)evtaaf e o ogﬁaﬁﬁﬁ@ar%tf%igm”%mm@%@béi“é)
PCT/ US03/ 00654 net aIo oxi des silicate r s, and netal phosphates,
si | i cdoydps 122nanend®’% ifed b@fl1l2éa @@F%QSSG% apd §39n¢@féfbf?ﬁf9§§”tl 9'93(93‘&5)
silica gel beads. [00077] The follow ng Table 2 shows the percent total
del i vazopstrfictidns simdactu Rigutes, pHés eactt mstancerthe filter sargtyds fibed wish different
standard cigarette for cigarette filter constructions
materials. The cigarette represented by bar 126 includes a cavity filled with 75 mg of 0.35
mm diameter activated carbon beads. Approximately only 1% of delivery of 1,3-butadiene
passes through the mouth end of the cigarette of bar 122 after eight puffs, and similar
results are achieved with the cigarettes represented by bars 128 and 130 where the filter
cavities are filled with 75 mg of 0.35 mm diameter activated carbon beads, but in
combination with non-adsorbent diluents. The cigarette of bar 128 includes 190 mg of
glass beads dispersed with the carbon beads and the cigarette of bar 130 includes 380 mg
of glass beads dispersed with the carbon beads. In each instance the total percent
delivery of 1,3-butadiene from the mouth end of the cigarette after eight puffs is about 2%.
In summary, filters that include activated carbon beads in combination with non-adsorbent
diluents produce approximately the same results as filters with an equivalent weight of
activated carbon beads in undiluted form.
[00073] The following Table 1 shows pore size distribution of activated carbons including

PICA carbon 20 x 50 mesh per inch and 40 x 60 mesh per inch as well as beaded carbons

having diameters of 0.7 mm, 0.5 mm and 0.35 mm from two different batches.
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where a filter cavity such as shown in Figure 5 is filled wth the
i ndi cated materials. 24 WO 03/ 059096 PCT/ US03/00654 w CD 0-0 E 0) (D LO
r N E Ewa@odhdhdd EA~ w''a NI dc mMWMMMN r RCNUSONOSE E E
d UMin CY) to-qin O0OL ONNONLONNONTYIKr E"Jua wNaOOOO
OOOOMOOO Ninxr CLOconOO-4wWwWNNC Mrrr ul NN EO
TABLE 1
* DFT Pore Volumes
Bulk Micro Vol. Total Vol.

Sample Density (g/cc) | BET S.A. (m?/g) (cm’/g) (cm®lg)

PICA 20 x 50 mesh | 0.37 1587 0.5459 0.5983

PICA 40 x 60 mesh | 0.39 1468 0.5566 0.5967

Beads Batch 1 0.57 1129 0.4614 0.4849

0.7 mm diameter

Beads Batch 1 0.58 1247 0.4791 0.4906

0.5 mm diameter

Beads Batch 1 0.59 1289 0.4821 0.5154

0.35 mm diameter

Beads Batch 2 0.58 1150 0.4562 0.4618

0.5 mm diameter

Beads Batch 2 0.58 . 1244 0.4750 0.5030

0.35 mm diameter '

[00074] * DFT: as calculated by Density Functional Theory which is a molecular-based
statistical thermodynamic theory that allows relating the adsorption isotherm to the
microscopic properties of the system. (Reference: P.A. Webb and C. Orr, Analytical
Methods in Fine Particle Technology, Micrometrics Instrument Corporation, Norcross, GA,
1977, page 81.)

[00075] PICA carbon has a bulk density of approximately 0.37 grams per cubic
centimeters whereas activated beaded carbon of the preferred carbon has a bulk density
greater than 0.5, more preferably in the range of 0.55 to 0.6 g/cm?.

[00076] It is to be realized that the beaded , activated carbons of the preferred
embodiments may be mixed, combined or otherwise cooperating with other adsorbants

such as zeolites, molecular sieves, composite or layered materials, clays, alumina, other
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metal oxides, metal silicates, and metal phosphates, silica gels, and modified silica gels,

)
such as 3-aminopropylsilyl (APS) silica gel beads.
[00077] The following Table 2 shows the percent total delivery of the indicated gas phase

components versus a control 1R4F standard cigarette for cigarette filter constructions

where a filter cavity such as shown in Figure 5 is filled with the indicated materials.
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WO 03/ 05900 63/pX8096US03/ 00654 [00078] Preferably, flavor iBCcaadedoss t he
carbon beads by spraying flavorant upon a batch of activated carbon in a
m xi ng étunbl i negt) drumor alternatively in a fluidized bed with nitrogen
as t hé0®078]di Pretgrable ftavonisepdded {9 famEamonikgads: by sprmyirgflay@a@nbHpente
carbon in the bed. Also, it is within contenplation of the present

i nventbiatech t of | activated | Garboanirs an noikingr (furhblng) c dnproneort salternativelyoed &
carbon beads, standing alone, or any of the above with addition of

fl avofRidifedebBl OfitH | ﬂﬂr?efnngasmm@r fluidieg Plagentr apseraitl/ flavéraat t iny ng
paper. [00079] One skilled in the art will appreciate the present invention

can bey, B%tg:p%obé(nto%é‘?érbtorﬁa}ﬂ thé'BedCRISH! i?%iﬁﬂﬁ%@hf@r?nﬁ BitioM/oF Hf_é YeSent

presented Tt rposes of illustration and not of tation. For exanple,
mmae dotetion todRalF /bty HERR FCtonBafRish i %, Hed Btharfor pe8bas
my standing alone, or any of the above with addition of flavorants being carried along one or
more plug wraps and/or the tipping paper.

[00079] One skilled in the art will appreciate the present invention can be practiced by
other than the described embodiments, which are presented for purposes of illustration and
not of limitation. For example, cigarette filters may include beaded carbon entrained within
a fibrous mass such as cellulose acetate tow. Also, optionally the spherical beads may

each comprise a core and a surface coating of flavorant. The present invention is limited

only by the claims that follow.
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each conprise a core and a surface coating of flavorant. The present
invention is |imted only by the clains that follow 27 WO 03/ 059096

PCT/ USO3/WO0®54590%& claim 1. A cigarette filter includi ngraThsesieds4
activated carbon of a spherical formand of a pre-selected dianeter. 2.
The cigarette filter as in claim1, wherein the beaded carbon of spherical
form has a di anWeelalm:hin the range of approximately 0.20 nmillinmeter to
0.70 mllimeter. 3. The cigarette filter as in claim2, wherein the beaded
carbon of gpher Aaxigarettefiftehiasluding sbeaded,iactivatedrcangen ofa Sprdical fotrnraeider t o
0.40 mllinmeter. 4. The cigarette filter as in claim3, wherein the beaded
carbon of spher peglpreiseidbtéddiamateamet er of approximately 0.35 mllineter.
5. The cigarette filter as in claim2, wherein at |least a portion of the

beaded b ] i £ : 600
moters  Sqfarod THECifetdiiteR SPRTIANE 1S UHERAR (b iR ddRy GArBBh B chRgRed
wherein at | eas

a portion of the headed carbon materi h a, spegi-ti c

surface area i n}qrﬁ%ﬁ?%ﬁ&@%?teiwgg'mqﬁei%'ﬂﬂfOn%qu%'"mﬁléﬁozép @@ﬁma}%ﬁ? @EEP 7.
The cigarette filter as in claim?2, wherein the activated beaded carbon has
a density greafilimateh 0.5 g/cnB. 8. The cigarette filter as in claim 2,
including a cavity, and wherein the beaded carbon substantially conpletely
fills the 8avit FThexigatettediligarast ineclaim 2ewheseinthe |beades, carben wdispyercal
cavity, and wherein the spherical

form has a diameter in the range of 0.20 millimeter to 0.40 millimeter.

4. The cigarette filter as in claim 3, wherein the beaded carbon of spherical
form has a diameter of approximately 0.35 millimeter.

5. The cigarette filter as in claim 2, wherein at least a portion of the beaded
carbon material has a specific surface area not greater than 1600 meters
squared per gram BET.

6. The cigarette filter as in claim 5, wherein at least a portion of the beaded
carbon material has a specific surface area in the range of 1100 to 1300
meters squared per gram BET.

7. The cigarette filter as in claim 2, wherein the activated beaded carbon has a
density greater than 0.5 g/cm?.

8. The cigarette filter as in claim 2, including a cavity, and wherein the beaded
carbon substantially completely fills the cavity.

9. The cigarette filter as in claim 2, including a cavity, and wherein the spherical

beaded carbon fills approximately 80 to 95 percent of the cavity.

28



beaded carbon fills approximately 80 to 95 percent of the cavity. 28 WO
03/ 059096 PCT/ US03/00654 10. The cigarette filter as in claiml, wherein

t he acti wsbedofeaded carbon is of a predeterm ned anount PeufUSIZOEM t O
reduce at | east one snoke constituent by a desired anount. 11. The
cigarette filter as in claim10, wherein the activated beaded carbon is of
a predet er f0ned Taewigaretiafittecasinclaig 1.avirreimthg astivalgiddieadey cappenisiatat el y
90% or nore. 12. The cigarette filter as in claim1l, wherein the

pr edet er m ned appeddternsined @mnavntsafficignt TOraduce &b lesst bnesmeke cbnstituentdtyed
beaded carbon. 13. The cigarette filter as in claim1, including a second
beaded mat eri al gtdesire@&iR6uUmr NO activati on when conpared to the activated
beaded carbon. 14. The cigarette filter as in claim 13, wherein the second

beaded mat gy al Th%%qzirbﬁégn 88 R85in% 16 WReRin Bldlriidatd Pdeddd GarbBA of
di aneter as the act

vate eaded carbon. 15. The cigarette filter as in
claim1l1, wherein the spheri .cafr Lise i of
“ndi vi dual beadd R hBFia pRRS o e R ucR el B e bu BB B o
i ndi vidual beads of substantially the same dianeter but smaller than the
di ameter of the99du85Mf€the first group. 16. The cigarette filter as in
claim 15, wherein the spherical beads of the second group have a radius
whi ch is apgr oxiTiet @ggretie-filler-as imglairof 11,hehergin the predetaemineddamesnt ise
first group. 29 WD 03/ 059096 PCT/ US03/ 00654

approximately 70 to 180 milligrams of activated beaded carbon.

13.  The cigarette filter as in claim 1, including a second beaded material of
lesser or no activation when compared to the activated beaded carbon.

14.  The cigarette filter as in claim 13, wherein the second beaded material
comprises a beaded carbon of substantially the same diameter as the
activated beaded carbon.

15.  The cigarette filter as in claim 1, wherein the spherical beaded carbon
comprises a first group of individual beads of substantially the same diameter
and a second group of individual beads of substantially the same diameter

but smaller than the diameter of the beads of the first group.

16.  The cigarette filter as in claim 15, wherein the spherical beads of the second
group have a radius which is approximately G) -1 that of the radius of

the beads of the first group.
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17. The cigarette filter as in claiml1, including a cylindrical cavity, and
wherein the spherical beaded carbon conprises beads with dianeters in the
range of wahi0s%w 1/ 40 of the dianeter of the cylindrical pcawist3/oeiB. The
cigarette filter as in claim1l1l, wherein at |east a portion of the spherical
beaded carbon is flavored. 19. The cigarette filter as in claim18,

i ncl udi ng df7.1 edde cgaretedilter @sdn claimy brincludingsa criindrisgheayity, gadivdeerein
downstream fromthe flavored spherical beaded carbon. 20. The cigarette
filter as in cl aherspRericahbeaded carboadwinirseslbealdawith diaineters irgthesange of
includes yarn with flavorant thereon. 21. The cigarette filter as in claim

1, including a fiayes 1/48) 6fapkMarae@renthe GiMasicaESaNityr om t he spheri cal
beaded carbon. 22. A cigarette filter as in claim1, wherein the spheri cal

form of theghbeager ﬂﬁgr;]ez@r\‘{l{?‘?%‘éliﬁ%ldciﬁo’m@ st @Qsﬁa@m&pbﬁth@é ical

precursor in a flui ereafter solidifying and oni zi ng 't he
precursor. 23. Acigarette filter as in claim?22, including a second beaded
mat eri al of Ies?@?dggrcaﬁ%orb@t%éﬁ jn when conpared to the activated beaded

carbon. 24. A cigarette filter as i,n claim23, wherein the cond beaded
material hdd s elgarefie fitaras @aﬂﬁ'”ﬁli@nﬁ‘iﬁ‘d'ﬁg aﬁﬂ%a%{cqqe\/ﬁa‘i'ﬁo%laﬁ%"d’“

carbon. 25. A cigarette conprising a tobacco rod and a cigarette filter
including a beaeleasingcrsgmenidocaied dawpstraagyinemitba flaveres spherieal beaded
pre-selected dianeter. 30 WD 03/059096 PCT/ US03/ 00654 26. The cigarette as
in claim25, wheaeben.t he beaded carbon of spherical form has a dianeter
within the range of approximately 0.20 mlIlimeter to 0.70

20. The cigarette filter as in claim 19, wherein the additional flavor-releasing
segment includes yarn with flavorant thereon.

21. The cigarette filter as in claim 1, including a flavor-releasing segment
downstream from the spherical beaded carbon.

22. A cigarette filter as in claim 1, wherein the spherical form of the beaded
carbon results from suspending a meltable carbon precursor in a fluid and
thereafter solidifying and carbonizing the precursor.

23.  Acigarette filter as in claim 22, including a second beaded material of lesser
or no activation when compared to the activated beaded carbon.

24. A cigarette filter as in claim 23, wherein the second beaded material has
substantially the same diameter as the activated beaded carbon.

25. A cigarette comprising a tobacco rod and a cigarette filter including a

beaded, activated carbon of a spherical form and of a pre-selected diameter.
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mllimeter. 27. The cigarette as in claim26, wherein the beaded carbon has
a dianeter of approximately 0.20 mllinmeters to 0.40 mllineters. 28. The
ci garett ewva®3/mmoed ai m 27, wherein the beaded carbon of spkreriused/otesr m has
a dianeter of approximately 0.35 mlIlinmeter. 29. The cigarette as in claim
25, wherein at |east a portion of the beaded carbon material has a

speci fi ¢ s@bf acdharaigarede as iaLlaim 2hawhewmsin thicbeaded gahasyof spherigabiormeT.
30. The cigarette as in claim?29, wherein at |east a portion of the beaded
carbon nat eri ahabas dansgteciwiihin she fange af eppiaximbtely & millineténta 6.70300
meters squared per gram BET. 31. The cigarette as in claim?25, wherein at
| east a portionpgfiimidier. beaded carbon as determ ned by DFT specific

m cropore volunme is at least 0.4 cnB/gmand the total pore volune is not

greater thah 0. Gheatieds | %ﬁ%@g&d@%ﬁ 2 Behdel?edrbéR hadhPgdhibtenss

filter includes a caén ty anJ carbon substantially conpletely
fills the cavity. 33. T i I b wherein the filler
i ncl udes a cavi %VPW?@)' B%ﬁﬁrbg}e?%é%ge@ r@glﬁpgéﬁerﬁ | 1's approxi nately 80

f . th ity. 1 :
Ci gar ot Lo 281 n TOPATGRIBH r QA PAOWAERT e PoRUER EaTtRaY Dorpricsical fogm
predeterm ned anount sufficient to reduce at |east one snoke constituent by
an desired anouthes a3dangier ef appreximately Q.35 milimates, wherein the activated

beaded carbon is of a predeterm ned anount sufficient to reduce.
-1, 3-but adi @9¢ byhemigarettemiséh glaim 25, wherein at least a portion of the beaded carbon

material has a specific surface area not greater than 1600 meters squared
per gram BET.

30. The cigarette as in claim 29, wherein at least a portion of the beaded carbon
material has a specific surface area in the range of 1100 to 1300 meters
squared per gram BET.

31. Thecigarette as in claim 25, wherein at least a portion of the beaded carbon
as determined by DFT specific micropore volume is at least 0.4 cm®/gm and
the total pore volume is not greater than 0.6 cm’/gm.

32. The cigarette as in claim 25, wherein the filter includes a cavity and the
beaded carbon substantially completely fills the cavity.

33. The cigarette as in claim 25, wherein the filler includes a cavity and the

spherical beaded carbon fills approximately 80 to 95 percent of the cavity.
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90% 36. The cigarette as in claim35, wherein the predeterm ned amount is
approximately 70 to 180 mlligrans of activated beaded carbon. 37. The

ci garett eva®3ospoed ai m 25, including a second beaded mat er pair/usb3/boesser or
no activation when conpared to the activated beaded carbon. 38. The
cigarette as in claim37, wherein the second beaded material has

subst anti al3dy t Hhescigeraticaasineelaiy dhmavhereintheaartvataskbeadadsarbosas of e
cigarette as in claim25, wherein the spherical beaded carbon conprises a
first group of ipnedetedninedernosntsiuffaidrtitaneduwdd at ledst onasmakieaonstiueahy a
second group of individual beads of substantially the sane dianmeter but
smal | er than thepnddedimicesmelint he beads of the first group. 40. The
cigarette as in claim39, wherein the spherical beads of the second group

h di . i { I srainl fRAL 5 G i Li
sg\r/\gr?c;? %Zd%o@%lhér?ﬁégmgg%ﬁg.MB%V%%}S%%S%%&%{%EC%%&S%% (a)féB;?&l@Zolf.a The

cigarette as in claim25 includi . i jcal Vi n J he
spheri cal beade@rg@gtﬁgﬁ@&'@pp@&ﬂ&%@ﬁ@%ﬁ r?ﬁ%?ir@éﬁ@ﬁagwq? @ﬁgpﬁg’%gﬁé%w
1/10 to 1/40 of the diameter of the cylindrical cavity. 42. The cigarette
as in claim25, rein the spherical beaded carbon is flavored. 43. The
cigarette as in claim42, including at _|east one additional _

fl avor - rel &8si nd hes sigaratie| agdnedladdwist mhareir dhe tpredeteinined Iypavnt il
beaded carbon. 44. The cigarette as in claim43, wherein the additional
f 1 avor - r el easi ngppegrinrately i70cb UdOsmilisgramas dfradtivatear reddedearbon.

37. The cigarette as in claim 25, including a second beaded material of lesser or
no activation when compared to the activated beaded carbon.

38. The cigarette as in claim 37, wherein the second beaded material has
substantially the same diameter as the activated beaded carbon.

39. The cigarette as in claim 25, wherein the spherical beaded carbon comprises
a first group of individual beads of substantially the same diameter and a
second group of individual beads of substantially the same diameter but
smaller than the diameter of the beads of the first group.

40. The cigarette as in claim 39, wherein the spherical beads of the second
group have a radius which is approximately (—3—) —1 that of the radius of the

spherical beads of the first group.
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45. The cigarette as in claim25, including a flavor-rel easi ng segnent
downstream fromthe spherical beaded carbon. 46. The cigarette as in claim
25, wher evo osh®ospherical form of the beaded carbon resuPCs/USIZNN6S4
suspendi ng a neltabl e carbon precursor in a fluid and thereafter
solidifying and _carboni zing the precursor., 47. A cigarette conprising a

t obacco r odland Thefcigaretteiascinudainy 29, inaldding a icylindrical cavitys @wérwwelrbg@ded
carbon for renoving at | east one mai nstreamtobacco snoke constituent from
mai nst r eam t obasphescal keadedsearbos mokyrises dreaas withh deamgetersién thd tange dfg.

The cigarette as in claim47, wherein the spherical beaded carbon

cooper ates W t h 1 RS eM0Df theldpfhedr bF tHe éiadaeaavgnsi sting of zeolite,
silica gel, nodified silica gel, inorganic polyners, clay, nmetal oxides,

metal siligeate al.uai S d (o] Pl 52096
peT/ Usoa/ 08654 48° #’F?g*ééf%%?eﬁ?’aﬁ? % x%“%f%“ﬁ? Sphencet t%%?espﬁ%?’i/o@a%

beaded carbon cgngrises a first group of individual beads of substantially
the same di anet &P %ﬁﬁ'a second group of individual beads of substantially

t he sane dianeter but snaller than the di aneter. of the beads of the first
group. 50. 4Phe Jihgggqrpgegymﬁlawzﬁmn@@,dlqggtﬁ%aﬂqrvﬁzea(gd@mailgayorﬂs gt he
second group have a radius which is approximately C2~ -1 that of the

radi us of the spogeentkicatrchdewostrears fram she favered spherivakbendsd earbenas i n
claim47, wherein the spherical beaded carbon is flavored. 52. The
cigarette ag.inTheaigarefte asmetlatindg, whetetatie additionkl iflavornsdleasing segment

fl avor-rel easi ng
includes yarn with flavorant thereon.

45. The cigarette as in claim 25, including a flavor-releasing segment
downstream from the spherical beaded carbon.

46. The cigarette as in claim 25, wherein the spherical form of the beaded
carbon results from suspending a meltable carbon precursor in a fluid and
thereafter solidifying and carbonizing the precursor.

47.  Acigarette comprising a tobacco rod and a filter including a cavity filled with
spherical beaded carbon for removing at least one mainstream tobacco
smoke constituent from mainstream tobacco smoke as such smoke is drawn
through the filter.

48. The cigarette as in claim 47, wherein the spherical beaded carbon
cooperates with a material selected from the group consisting of zeolite,
silica gel, modified silica gel, inorganic polymers, clay, metal oxides, metal

silicates, aluminophosphates and metal phosphates.
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segnent | ocated downstream fromthe flavored spherical beaded carbon. 53.
The cigarette as in claim52, wherein the additional flavor-releasing
segnent waoobBosess yarn with flavorant thereon. 54. The ci garaiSE0w@Ess i n
claim47, including a flavor-rel easing segnment downstream fromthe
spherical beaded carbon. 55. The cigarette as in claim47, including

anot her bed8ed Jdhemigaretie@simelaim dif; whereaip thesspheyicakbeagggicaiRanePaprisass s
activated carbon beads. 56. The cigarette as in claim47, wherein the
filter is cylinarfisagraupdof individual theabaf sabdtamtietly theappmexiinateteyapd@al t o
the dianmeter of the filter and a cavity length of approximately 2.5 to 12

mllinmeters. 34 s@@::@@@@&%’%@irRﬁKfidb@oﬁéé&ﬁ&ﬂsﬁBsta?Eh@IlyCit‘@as@mbediémétér bl m
car

47, wherein the beade bon material has a particle size dianmeter in the

range of 0.2 togdf fiefiddd el GameterdDf tHEBeabgdf Hd ﬁrsﬁg{dédr'b.d ai m 57, wherein

t he beaded carbon material has a particle size dia in the range of

0.2 to 0.4 mllineters. ,59. The, ci e as .|l I 8 i_n

beaded car t§§|n nﬁer?'gﬁ'r% sy N ﬁkﬁ’?‘?@'e‘}i@%ﬂﬂ Hﬁr‘f@@%‘s"eﬁﬁﬁ’ﬁaﬁ%% 35
mm 60. The cigarette as in claim47, wherein th eaded carbon material is
activated in the raﬂ e of 1100,t0.1300 BET ? a ureﬁlg %he ET net hod.

61. The ci gar et SEOUR gYP@Ir s whic 'E?PH@X'W@L g Hotha é‘i G12PSFE e t he
cavity of approximately the same size as the carbbn beads. 62. A cigarette

conprising a tobacco rod and a cigarette filter according to any one of
cl ai ms 1-24. 35 spherical beads of the first group.

51. The cigarette as in claim 47, wherein the spherical beaded carbon is
flavored.

52. The cigarette asin claim 51, including at least one additional flavor-releasing
segment located downstream from the flavored spherical beaded carbon.

53.  The cigarette as in claim 52, wherein the additional flavor-releasing segment
includes yarn with flavorant thereon.

54. The cigarette as in claim 47, including a flavor-releasing segment
downstream from the spherical beaded carbon.

55.  The cigarette as in claim 47, including another beaded carbon material within
the cavity of inactivated or less activated carbon beads.

56. The cigarette as in claim 47, wherein the filter is cylindrical and the cavity has
a diameter approximately equal to the diameter of the filter and a cavity

length of approximately 2.5 to 12 millimeters.
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57.

58.

59.

60.

61.

62.

The cigarette as in claim 47, wherein the beaded carbon material has a
particle size diameter in the range of 0.2 to 0.7 millimeters.

The cigarette as in claim 57, wherein the beaded carbon material has a
particle size diameter in the range of 0.2 to 0.4 millimeters.

The cigarette as in claim 58, wherein the beaded carbon material has a
particle size diameter of approximately 0.35 mm.

The cigarette as in claim 47, wherein the beaded carbon material is activated
in the range of 1100 to 1300 BET as measured by the BET method.

The cigarette as in claim 47, further including non-carbon beads in the cavity
of approximately the same size as the carbon beads.

A cigarette comprising a tobacco rod and a cigarette filter according to any

one of claims 1-24.
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