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- such as a-cigarette (10) corrprl ses a tobacco . rod (12): and 3 19
~.conporient -(14) having a cavity (22) filled with spherical beaded car bon
o (24). As rrwmtomefmtobacco snoke i s drawn: through t he fllaldmfsogmonenet
(14), the , _

CIGARETTE FILTER WITH BEADED CARBON

Cross-Reference To Related Aggllcatlons

'[00_01 ] This applxcation clalms the benefit of U.S. Prov:smnal Appllcatfon 60]347 558
filed January 9, 2002, and U.S. Pr_ows:onal Apphcatlon 60/403,490 ﬁled August 14, 2002,
which are hereby incorporated herein in their éntirety by reference.

_Field of the Invention

[0002] The present invéntion relates to filter-tipped s'moking a'rt'icles' such as filtered

cigarettes, and in particular, to cigarette filters contairiing a carbon material. -

Background of the Irivéntion e
_‘[000_3] . Filter_—tiphed 'émo_kihg articles, partit:tjlarly _’cilgarettes', generally compriée a
tqbacco rod, é ﬁl_tér and a band of tipping ﬁéper attachfng the fil_ter'to ttﬁbécéo rod. The
o tobacco rod generally comprises a column of shrédded_tohadco (e.g., in tbrntof cut filler)
thatis wrapped within a cigarette paper or Wrapp.er. ‘Typitﬁally.' the _ﬁrltér'in'cludes aplugof
-tibrous méteriai (é f‘ lter plug™), preferably made ofa léelttjlose acetate tow. Ventilation ot '
malnstream smoke is achleved by provnsmn of a row or rows of perforatlons through the '
'tlpplng paper at a Iocatlon along the fi Iter plug Venttlatlon provndes du!utlon of drawn. -

' mamstream smoke with amblent alr to reduce the dellvery level of tar per puff




'~ maxi mum cont act” bet ween ‘the:gas phase and the carbon surface of "t he

‘ spherl caI beads (24) toget her Wth substant | aI I y corrpl ete15| It ?gg of the -
) cavity (22). produces mninal - channel i ng of anbul atory gas %s vveI_I

~spheri cal' weaggsstesd) during snoking. WO 03/ 059096 C GA%*,{;@%&SM:R W TH.
. BEADED CARBON 19 June 2006 PCT/ US03/ 00654 Cross-Reference To Related
Applications [0001) This application clains the benefit.-of U S. Provisi onaI

. Appl i ce{ﬂDﬁﬁ] 60DgdTy Qﬁekrpg,(mspokérlCtrewsmanrpmmasmrhokgframtthe ceal at frexlit eodl ar | 'y

- cigarettes, ‘generally conprise a tobacco rod, a filter and a band of
tippi ngofdhpergaaettaao‘fhmajyamkne:lgarettesrrtolien‘lod:tzeotms thedupstieam filkdraoeion ofthe
generally conprises a colum of shredded tobacco (e.g., in formof cut

fill er)filer gadehé¢repasses dhrongh #id dowhstrean potiopaidiident fd thediugcalariddfnheg a
carbon material. Background of the Invention [0002] The present invention .
rel at escigarefte filter - t i pped snoki ng articles such as filtered which are hereby
incorporated. herein in their entirety by reference. Field of the Invention

filed Jonosyy Ger®figaratel have fiffsoys I | ed
: August‘11496]2002';3 flcbbrfgoatjs mat eri al (aﬁhmﬁgﬁptdgaﬁédrg@e%ﬁ%%y%d% of a

~cellul e?sneesb?babbﬁ%.rrééeQérl kaﬁrteenefthé hRL, 'E%gll‘@?a‘??%ﬁa\“éﬁdfy ShPrfdarEL te

~ paper. or. wrapper Typr cal e filter inclu mal nstream snoke:

I's achi@uemhdyin 8vpa, Rps0b 111 BTV 8, Bﬁéft&s@l PRIV PLECS

tipping paper at ocatTon al ong '1°0n” provi des

U g g Tk aesepeeeereen esrrﬂe AR
" @535?&5%2%%%‘?@ Gl Carmiria o alibie t%fﬁ?ﬂ%\fﬁaa&rfﬂa %raqr@rl"rr o
portion Pt]; (é g. an activated carbon material) alone or dispersed within a cellulose acetate
tow; other commercrally avallab_le filters have carbon threads dlspersed therein; while still
other'commerci'ally' ayailable filters have so-called []cavlty filter or Otriple filterl -designs.
| Exemol'ary,- cornmercially-avai.lable filters inclode SCS IV Dual Solid Charcoal Filter and‘
' Trfple Solrd Charcoal Frlter from Frltrona lnternatronal Ltd Tnple Cavrty Filter from
'Baumgartner and ACT from Flltrona lnternatronal Ltd See also Clarke et al World :
' Tobacco p 55 (November 1992) Detalled drscussron of the pr0pert|es and composrtron of-
crgarettes and l” lters is foundin U S Pat. Nos 5, 404 890 to Gentry etal. and 5,568, 819 to - -
| D | Gentry et al the drsclosures of whrch are hereby mcorporated by reference.
o [0006] Examples of c.oncentncf Iter layouts that mclude granular carbon are drsclosed in -
.European Patent Applrcatron No. 579 410 and u. S Pat No 3, 894 545 to Crellrn et al
[0007] The plug-space-plug design typlcally compnses a parr of spaced-apart flter plugs o |

- and a bed of granulated actlvated carbon in the cavrty or space therebetween ln their




j-‘}-j_\fr | ter: and then passes through t he downstream portron adj 81 ent the
" buccal end of ‘the [0005] Certain: cigarettes-have filter se 9vh| ch

i ncorporate naterial's such as ci garette filter. granul es"- of " carbon sili ca

gel, zeolite and the like. Exenplary cigarettes and filters are described

©oin U's. PaVOORER92 881,770 to Tovey; 3,353, 543 to’ SprofCI/UseIMgsss .

©3;.101, 723 to Seli gman et al.; “and 4, 481, 958 to Rani er- at al. -and: European

T o SRR A5 SARAR el Blos LB RAGICA BRI ©
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"SCS'I'V-Dual rco r and rcoal Filter from

Pt 1 ori@atn dia RS Riepanisf osfceatd B 'teral'oqsedmern"l‘ WetRle dhen gues

(Noverrber 1992) que‘t@a_r | ed discussion of the properties and conposition of
~ ci gar etangcloped, an syltant GoRRNUPHS (Pcds “lf’élcml{ib‘ge"‘gew locptiongacsording at
" -al. and 5,568,819 to Baungartner; and ACT from Filtrona International, Ltd.
" .See al doa desisetlength, aﬁuallmﬁmaformqulmles i thg fiserelementiactualiy ufifized pn cally -
- conprises a pair.of spaced-apart filter plugs European Patent Application -
©No. 57ghefiterdipped.ciiaretie itselb. 3 894, 545 ‘to Creliin et -al’ [ 0006] * Exanpl es
~..of concentric filter layouts that include granular carbon are disclosed in
- Gentry [6608] . ,Cavity filtingcappanatas knownlmth”eatmelydneabtylrzeddwthmmhafactvfe of

reference. and a bed of ‘granul ated, activated carbon in the cavity or space

(;her ebditeeeimpdrientdich apshuividh Figarest anoOReBsS. Fatdlos BEERGSIR 8rA21{a47t er -
Vugs is established along a“continuous ribbon of plug wap. The pI ug wap -

~i's therp pzx 4515 544,90 T afd BBNE, 82 IN@Stidte AnddesBEbPbh caVity ThnRg 'éb?
gr anul ated carbon material is poured or otherw se introduced”into the and

cl osed,gpaNfedd GisEBSiHeh ARé |rR:6Pr5drétHBll'r%rélﬁ’ réf &R, cut in vel |.-defined

| ocati ons accordi ng spaces defi ned betvve e partially envvr apped fi I ter

 PLugs. 100N P] AR iRed B oSl bR actsthé?l%l' e s R S
filli n%y@&r%? %b@g rﬁ?ﬁﬁﬁee%ébetdgﬁrg@{ hco%l'stelﬁ n!i'eterllrlgz,ggattenng aﬁd malQr%'rfrz‘f’Ia BH EF of .-

the fil
the granular materrai Consrstency amongst filter rods would suffer and some cavrtres :

~would be Iess fi Iled than others.
[00010}] For example, certain prior “charcoal" metering devices contain a.su.p.ply of
granular carbon in a hopper and allowed the rrm of a rotatrng metering wheel to rotate
| O ,- , through the relatrvely stationary collectlon of granular. carbon Such an arrangement
. created a pulvenzmg action upon the granular carbon whrch actron generally mcreased
- _ wrth machrne speed. Ricochet and escape of . parlrculate matter durrng manufacturrng
operations with prior machines and materrals often created unacceptable defi iciencies in

the final product {such as smears or incomplete fi Illngs) and precup_ltate undesrrable




t he granul ar. “mat erical’. Q)hSlstency armngst filter rods wou tcj uzhé . -and-
¢ .s0ne-.cavities suffered at-~high rrachr ne-speeds friomi nconsrg W20t er - ng, -

':"':-_scatterl ng and. pul Veri zatr .on of: [0009] "Wt h, machi nes and carbon rraterr al s

of “the prior art, process. control ~usual ly: and t'hese 'di scl-osuresare:
i ncorporat%“ﬁ@%ﬂ“n by reference. 5,322,459, °5, 542,901 aﬁﬁT@S@#’SGSSM
illustrate and describe such cavity fil I i'ng -apparatus filter conponents .

 Poabuo R ARy o AR oo teter 1 e S Bl PN, o

supply. of. would be less filled than others: granul ar ~carbon in a. hopper and'.-:-'.' '

al LoneWRPRRL of a votating metering wheel ‘to rotate /. through the
- relati tation coll ecti.on of nul.ar ¢ ar r-an erren
ST . T R T - P I
general I y |ncreased h -nachi ne sgleed cochet. and e ?, 3,Pe of p?'iitl cul,ate;'
- mat t'er Raicles t ﬁﬁ%ﬁ%dﬁ?ﬁ‘ It B&Y%{H’ HEePh §P3TE Hlcopaistanty AR PPat'dR9 al s
. “often created unacceptabl e deficiencies in the final product (such a
~ smear s aperatiepdediediaxts Aceordipaly. Iaﬁf&thWSd"%mrd@@ a!tﬁdrwnﬁlatﬂnéﬁlh@ gfméltleeoe Wo
. 03/'059096 - PCT/ US03/ 00654 nmchine "down-times" to .effect clean-up of the @ .-
- .machi navauidl plageesavtootated difetimd making: olhe rtregulpo Paeking areuidhdlsa eeader bon,
being a col l ection of irregularly shaped and variously sized particles,

‘tends tmdpsitdble olnanmeisgthrewgh/ihbbﬁéthﬂtvm%élompm‘e@auhsﬁamtrabmﬁmsﬁfI ] |'ng‘
~operation to the next. Accordingly, heretofore inconplete and inconsistent

"7 fi11i ngnathstesan tsraske hrdughpbragrminau thembed dstdh tieat intetactidd metwdne the

~-irregular packi ng woul d al so ‘create undesirabl e channels through the bed
(t[ﬂat Wondiflstiddne wimoke sagiehe igranulricaridnaloyld ibei lessenetl. mai nst ream snoke

rough or around the bed such that interaction between the | 00012] It has
- been kgygy2) o i W st rqroarmbetcme g%ﬁhumrededcmetém@rnoﬁ Riatéridis htiduretes et t e

: filters to promote rem0va1 of constituents from mainstream sn'toke As used heretofore in
crgarette fi lters, these granular forms of carbon have been constructed by carbonlzrng an

' orgamc material such as nut shells ora wood materral and “activating” the carbonrzed :
material by subjectmg it to a heat treatment at approxrmate!y 800 to 1000 degrees Celsrus
with steam or carbon d10x1de The actlvatlon treatment of the materral resultsina porous
(honeycomb-like) rnternal 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.

N [00013] However, such granu!ated actrvated carbon matenals have surface roughness
and shapes whrch are irreguiar and ‘inconsistent from granute to granule These-
irregularities and inconsistencies of granulated carbon matenals create problems in the

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




mai nstream snoke and the granul ar carbon woul d be Iesseneq fi I#ﬁés to
pronote renmoval of constituents from mainstream snoke. Bs' etofore
in Gi garette filters, these.granular.forns of carbon have been constructed
by car bonY"2i%%g> Q?F or.gani ¢ ‘material such as nut “shell s orbereedosut eri al
and "activating" thecarbonized material by subjecting it to a ‘heat .

t r eat ngat, Si us eam or
o boﬂ*‘%."Sét?‘tta"oﬁ[Fﬁ;eék%?é@?@ﬁ“@*Spﬁeﬁ’%ﬁcef?ttagﬁarafr s el B "
por-ou T ure ndaver tar eSpecrfrc :
surfai‘gﬁggg%@% %?éh é‘% dﬂ‘ﬁés QWQ%SQV i) Ptta%*t% %Bﬁ&@%t’@%‘ffér gram
as ne t el l'er. (" BET t hod fer activated
car boﬁﬁw%'g(ﬁ%f ehomg'ﬁ'g'eﬂygﬁ%ﬁ}%% ﬁt“&f’g} rﬂcst‘f" PR t%&‘%@nlhﬁd?@r‘? aHiRg have
surfa a h are irfegular -afd i nconsi stent”from
or anal NG ?ﬁﬁfﬁ%ﬂs B oBBABERRL B ot corableieling o dhes covida dn Ehe Bhianl at ed
carbon _nate ate probl ens: i n’ the- conmmerci-al pr oductii on. of
car bor¥ PB&‘&PFWS‘L'@ Stte filter- rods-and cigarettes. For; exarrpl e; 19 June
2006 t$ t{lre ul- a sha e,s exacerbate ri.cochet of the" partrcl es as they are
fed tH ‘g% (g ¢ i SrEbam dnatadrls alsp Fifttbh@\ﬂétt@rhavarmstmanbrrpl ete
filling of the cavrtres in‘the.p maki-ng machi.nes whi:ch-event: dirties
“the ;'J‘(t)'Ba‘Etc?“ whe Haglerehp dgntsdn, Ha%lﬂtdh@uf rapdosilyibgrad rangeoof Iperewside
envi’ ronrrent and-créates a need for-a.shut-down to clean-the rod making.
space StiiRytion; teads ta gapture poomnpaemnaemmomts obiz enhinstrézam tobadtol al s

al'so are known to have a significant' jinpact..on the taste of. a cigarette,

i n t h&Mmokpebut dlse ponionspeiothe patiggatef phasee i.ei, mmedosergreet hombtaereﬁtar to
capture not only gas phase conponents of a:nainstream.tobacco snoke, ‘but

al so. corstitients thet contriute taste:bad dapirateetheicigaretts @ffOke! - @rﬂtﬁ%tadﬁ%@@r of
tar constituents: that-contribute taste and flavor to the crgarette ‘snoke.

Gr anutanboas that atescbnstrattealfeon: hat shalie oPRBEY BHEHRE khb\ﬂﬁ‘td‘ﬁtfcluﬁé‘%htgﬁ ks, Wood
are also known-to-include inmpurities, which are believed-to anot’her:
pOSSi: %enmstoenete@té heasncﬂﬁe@;ﬁésstmet:sdsé Q,ftd?ﬁta‘stee éﬁnbuted to the use of
'- granutated carbon in crgarettes
' 'f[00015] lt is atso understood that the process of actlvatmg granular carbon tends to- '
* weaken the granule body, such that it s less robust and more prone to fracture
- putvenzatlon and dustrng whenfed through metenng devnces oft‘ lter rod makmg machrnes

o 1t is. also understood that the actrvatron treatment adds cost to the manufacture of.'

- ‘.granulated matenal
o | Surnmam of the Inventiorr
In accordance with a first aspect of the present invention, there is provided a
~ cigarette filter including a beaded, activated carbon of a spherical form and of a pre-
selected diameter.
In accordance with a second aspect of the present invention, there is provided

- 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.




granul ated carbon in cigarettes. [00015] It is also understood that the
process of activating granular carbon tends to weaken théngﬁﬁ@P body,
such that it :is |less robust and nore prone to fracture; pulverization and
dusting when fed through netering devices of filter rod making machine It
is al so understood that. the activation treatnent adds cost to the

manuf acture of granulated :material. Summary of the Invention In
accordance with a first aspect of the present invention, there is provided
a cigarette flnjaceprdanes wdihng third aspest, ofdbeiprasandy invartion, ere is pravidesaa
formand of a pre- selected dianmeter. In accordance with a second aspect of
t he presdigarette sampdaingtadelmace pdoandadilten indlydingta eadtynfilltdsvitly spheddsdcco
rod and a cigarette filter including a beaded, activated carbon of a

spher i calbedethcaribnofior zemppeing et deast condi mairisereamStobhacchusimoRE @6nstituatdfoordance
with a third aspect of the present invention, there is provided a

Cci gar et t enaipsipaans tobgceo tmioie @8 suoh satttteds Biawrethroughlthdifingr.a cavity filled
wi th spherical beaded carbon for renoving at | east one mai nstream tobacco

smoke consti t Embodiments mmay NFbidarn MG halihl @ aRjaftea) fildintoipdralingV\a
through the filter. Enbodi nents nmay provide a cigarette having a cigarette

filter i g BPEaRbOMBagapld @fémeiten%;aéﬁ@aﬁé&ﬂéﬁla%lseﬁbiﬁd ficiently and
effectively adsorbing 19 June 2006 gas phasé conponents present in

mai nstream ci garette tobacco snoke with a | esser inpact on the perceived
taste of the cigarette when snoked. Enbodi ments nmay provide a cigarette
having a cigarette filter incorporating a form of carbon and/or other
mat erial s capable of efficiently and effectively adsorbing gas phase
conponent s of nainstream snoke, yet is physically robust to wthstand
automated filter rod making operations and does not require excessive
activation treatnent and

Ba




associ ated costs thereof. Enbodi nents nmay i nprove autonate gJQ en%];détl on of
carbon-bearing filter rods. Enbodinents nay pronote a nor te and
consistent filling of cavities in plug- space-plug filter manufacturing.
Enbodi ments may obviate (lessen) material scatter and ricochet in the

manuf acture of filter plugs so as to | essen the occurrence of sneared
product or dusting and the need to clean filter rod making machi nery. Al so
di scl ose82$ Phase cpppenghtsPreremt ingmainsirean sigareliastobacsocameke ydth a desser
carbon beads of consistent spherical formand preferably of a pre-selected
di anmet er impaghga the peresived ftaste ofithet gigaretie wheasmakedi vity 1 evel . There is

achi eved, for exanple, a carbon-bearing cigarette filter that offers
uniformty of Embodimnnts ovaygirodde aigdretterhavingfa gigaretie filtgreinéwporatiog a fease of
achieving wuniformity for both of these, and inproved absol ute perfornmance.
| n a prebecadonecariibol other ,matedals capgble of défitientyl and sfectvaly weisdibingegaghose
cavity is filled with beaded carbon of a consistent spherical shape and

pr ef er abplyasef contymnientsSoflnaiesREh shivkes petds phydical§rreb@stad Withstand aetonwateg of
0.2 to 0.7 mllimeter in dianmeter, nore preferably in the range of 0.2 to

0.4 ml Iﬁlt@t:@ﬁSmaklnﬁrommsoaﬁ@ da@smoarma@ire cRbessifd achlatiBh tre%%%hpbﬁ@t
and effective gas phase renoval nmay be achi eved at noderate to | ower

acti vat i 8&socRi® SostaMMepdofpr ef erably are in the range of 1600 square neters
per gramor |ess (as neasured by the Brunauer, Emmett & Teller ("BET")

met hod) . Accor defghy me%ﬁmagqmpﬁ)tv@%ﬁorﬁétea rtgd'fﬁ:'ﬁﬁn ?)? chidBnahA @f &S‘argﬁ ay

be preserved SO0 as to e I’eSIS ance to fracture orrmati on

i S N e
oot e Ay e@m@%@aﬁ%ﬁﬁénp??} ng.of the beads durl ng manut acturing
(Fece than' 20 dBbediBiecls TORY cabiase “(Erseal amslogeh et d Fispbidiert doval
of gas p#}%ﬁ&fagtcl)ﬁes E) tt‘ Iye?%tlusgs SICE aQ %;s Ie%!sgr? th%egcr::u]:'rcéggg of smeared product or dusting
and the need to clean filter rod making machinery.
Also disclosed is 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.
There is achieved, for example, 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.

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




that activated beaded carbon (particularly pitch-based beaded carbon) has a
smal | er popul ati on of nacropores (greater than 500 angst r'i8n#)e ¥8%mpared to
wood or coconut based (granular) activated carbons. Preferably, the beaded
carbon may be manufactured to have a pore size distribution predom nantly
in the range of m cropores or small nesopores (50 angstrom dianeter or

| ess), with much fewer of the pores in the range_of macropores (500

angst r ont€oBameeaizey preferably imdhe cirpoadelr 0 te HL7 pwilisseteyiin giametsrn mare
range defined therebetween. Beaded carbon may al so be adapted to carry

f | avor anP®ferably irdhe sangaiehO02hiat 0.4imillineiers atcdreahimh 035 mmdiameter dh siebke.
19 June 2006 WO 03/059096 Brief Description of the Draw ngs PCTfUS03/ 00654
[ 00027] sizes|sufficieniraesl effedtivelgas phges raovdl enay be anhievédabmioderaté o foheirt | on
to those nentioned above will beconme apparent to persons of ordinaryskill

i n the aattivatiomlevels achicly podfetably arel inahe rgngeofilbed sdaaer mptdre per gram or
conjunction with the acconpanyi ng drawi ngs wherein simlar referenced

char act eless (&4 afedsQrezi by ttay Bamater, Fifmett S8MTelkdr: ("BRIY2RethbH Y Aictoddingly,ahsi de
el evational view of a cigarette conprising a tobacco rod and a

mul ti - corapaBeeEs or IHafdnesB AT ANEicREbdnObddd MY IRNbresBMBALd0As tdVhiarRel theRNS
t hereof broken away to illustrate internal details; [00029] Figure 2 is a

si de el enaldtfHtR!to \HaRWire iafil If@r&nétranf%fgHa@siﬂabléaastﬂ[ﬁugg%%g}cﬁn&éamahu?a@duhr%fwi th

spherical beaded carbon of two different sizes; Figure 3 1s a cross

sect i onafyeric6y4. Of a single spherical bead optionally conprising a core and
.a surface coating of flavorant; [00031] Figure 4 is an enlarged parti al

RIS R E e U
PR R g e e N W e
away topriolctlasussets.r ate internal details;
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) actlivated carbons.
Preferably, the beaded carbon may be 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.

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

they are releasable to mainstream smoke.




f’[’--‘_*[ 00033] F| gure 6is. asi de ‘el. evat| ohal " vi ew of Sti'l 1- anot f
- the present: |nvent| on -conprisi:ng. a t obacco . rod: and-a mJI‘i_::

%%%]g’glngﬁtn tof

cofid ter with. portl ons t hereof broken away to ill ustrate interior deta| H
' [00034] Figure-7-is a graph. of . puf - by- puf f - percent delivery of

1, 3- but adl"g983’?§399ﬁseveral dif ferentsize beaded carbons; P@Wﬁﬂi’m@% V\D
. 03/059096 PCTI US03/ 00654 [00035]  Fi gure 8 is -a graph ‘of puff- by-putf
. delivery of 1,3:but adi enegasis Pe H D‘# Fv ent Pl CA -and beaded . =
- carbons, as vel | “as deliv ‘he control, ‘a 1 R4F

e e o R §Rﬁlenére§‘a$€fr@x&t@§ﬁw&%?t{ fess!fect
e e S R e L b '.ésesnaang
“cigarette 1

0 co t obacco rod 12 and a rrultl-corrponent filter 14 = .
“attaché&¥ 1hg fpﬁ@wnﬁsﬁwlw F?%m?la" dafaniunstion ety fhe: agcompanying, drawing®r m of -

a pl ug- space- pl ug desi gn wi'th spaced apart_ cellul ose -acetate plugs 18, 20

‘and a ddareip simi Qrﬁﬁf%@&%@r?(}tﬁﬁéaf%@ gimilappadeand iy whieh24 of a spheri cal
 form Qher filter configurations that include a cavity filled with - -
- spher i 80038 addauradsspisida elnvationphiew oéa sigaretta eamprisinga inbapeo uid aritka
- present [00038] The spherical . beaded .carbon material 24 conprises =~ = =
-1 ndi vi dudli-coepenent dtesr a@ﬂoydmm@me preseot inyepiion, s'eihemmchs;theﬁ‘mfnbrdkmt er

‘that have the advant ageous tendency to contact ‘each other . at single points

U of contaawtmrlbnstratetlawlrmaihietﬂlias a bed within a cavity:of a plug-space- plug:

ci garette filter. Such single-point contact produces a bed of the carbon RREE ',

@t eri 400089 h Figirei2ial smdmeieaétmgl wewsimniar{@ Figum 1 Ibl@shéwingla@mmyﬁnﬁd(e
awn t hrough the cavity 22. _
' with spherical beaded carbon of two different sizes;
[00030) F:gure 3 is a cross sectional view of a smgie spherlcal bead optlonaily compnsmg
| acoreand a surface coating of ﬂavorant | .
[00031] -thure 4 is an enlarged partaal crosa sectional view of a filter cavity filled with - -.
. spherical beadéd carbon, showihg point-to-poiht confact 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;

N

( —\ [00033] Figure 6 is a side eIévationaI view of still another embodifnenf af the present
_.lnventlon compns:ng a tobacco rod and a mu!tl-component filter with portrons thereof
~ broken away to illustrate lntenor detalls

' [00034] Figure 7 is a gra.ph of puff-by—puff percent delivery of 1,3-butadiene for saVeraE

| different size beaded carbons;




i.,..i_,:..'_-Accor di ngI y, . maxinmum cont.act 'i"s.achi.eved between. the gas ppﬁ f6
-’ cigarette.snoke and the- carbon surface of the beads for ex
.adsorptl on of the target ed gas’ phase. corrponents [00039] - The Fil ter caVIty

the

ef f| ‘ci ent-*—i'.' |

.22 i.s-pref erabl'y filled wth. spherical carbon -beads ‘of the same size.or.-in:

t he al t er %P 909éorrprl se ‘beads having two di fferent si zeszrmsmomr ger than ..

t he "ot her. Small:er size beads pack uniformy bet ween Iarger beads, as. shown .

P gur 1000, 596<L8 52 oo BN Dt SoeE o] SUALAARRS ¥ PHEUSHARG. S0
B L e R A R S

cavity reb m n| mi ze bypass:channeling atthe: outer edges of the
_cavity ﬁ%rln:aé}@n%adﬁ _
. the cyl | 1103:1 fllter cavi taken into consideration and-optiml - -
~perfor ‘%ﬁl%@@d’a[ﬁr PPE’I'Wéh%S Bt oh 597G 2f AeBradsorhant difeentainge of -
©.-1/10 to 1/40 that of the caV|ty di ameter. Wien smaller beads 28 are-also
i nclud®8 hﬁpemtﬁatweahow prbutddiensyr ger beads 26, the smaller beads
“generally have-a dianmeter_ of about 22%that of the |ar ger- beads.:
preferred mathenatical r&etallBessriptipn of thejnventibni(217-1 for the rad| us-of -
‘the smaller beads 28 relative to the radius of “the larger beads 26. [00040] =
As a f{0008¢] &Refemingto Eigprdohmnrdfarm’mtaodrmemcsflttse)prleseotahe@ttrod ar@wmsaw de
flavorants to the snoke stream-after- other filter conponents have rerroved

" nuch ot dgmetteguacqnhpsmngamqﬂmoeot@dtﬁeg@aﬁﬂutﬁ-oomp@ﬁ@mfﬁlterMaﬂa‘tﬂteﬂ%tﬂeﬁm ar.
enbodi nent, the filter = conponent may be simlar to the one shovvn |n

6! gur erodlwirthmbptog gepdr 160 EHe fltanist isaa MhéTarhbZS piu Odee%‘! @ﬁﬁ B
~{beads and allows themto flow rapidly. during the [ 0041] The te ency for

si ngl espadot apAnE@RllodeeaSR mr@s 38120 bRala /MY Merdiwedn Hfdd it ! | ed.

with flavored beaded materi-al nmanuf act uri ng process in a manner-simlar to

|1 qui deesdecitarbén 2£bf a StRsedl fBrrh "bnt ARbASHNBRGHEHS Aiaf M1l té‘tétrty hle;uer

cavity 22. Such free flowability enables rap

- LyPoach ﬁ@méttﬁﬂrt‘%‘f s SirbeiP kel 0 kT e USRS B bR nce

technlﬁl own in the art. Mreover, when activated carbon is selected as-_
- ‘t he spheri ca' 6,033,506 may be utili zed as weII as ot her carbon -

: f or mul fbbbgé‘f %ﬂg @’Bhérﬂ:a‘ Qeeao%rd carbrohnematerral 24 compnses individual beads preferabty

of a pre-selected uniform diameter that have the advantageous tendency to contact each
other at single polnts of contact when established as a bed wrthrn acavityofa plug-space-
plug cngarette filter. Such smgle-polnt 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 tl'te gas phase of the cigarette srnoke" |
and the carbon surface of the beads for extremely ech1ent adsorptlon of the targeted gas :

phase components

xr rrum bead di aneter to- be used “the di anmet: er.of -




i_ "j-li_"beaded carbon material , the'carbons discl osed in U'S. .Pat. Ijos zpt 917 835
~..5, 456, 868 "and di-scl osures of ‘these" patents ar e-incor por at ea A&t 2@?1 R

r:-fj.reference Beaded. carbon of -a . consistent and. true spherical form rray be' S
© obtained from:the Kureha Chemi‘cal. Industry Co., Ltd. of. Japan or Nast . =
“carbon Lt "OHIRPEY Park, - Guilford GUS 2AF, United Ki ngdonPCTUSBOAGH As -not ed.’f"

'~ above, -spheri cal: beaded carbon  material 24 i medi atel y packs:into a.

-l - t.oth B
b MRS HoMoh by BT PRSI bl %ﬂtéﬂééf?owﬂe%“e?rﬁwa‘iae e%“. o
d bet. h
sur ?acéfr@begéEf‘d%'*ef”%trif‘gr"%ﬁ%Réﬁt'ﬁ pavRb gi@@‘f%@ém Festoohe oectoata i on
o th |t I t th |1~ S
ot or oL SR R AR B B U B, S orR Ry
‘prod f_ b filt ity
5o §C§F%gft§%rt*“§ ﬁt‘f-%Mréﬁa@aﬁrﬁt‘&ﬁeﬁ@ﬁla%oﬂﬁgwec with SieaaviupBaied y.,- :
' t d f th bl ttl . '
- {'ﬁe?re;?vrtea”“p%a e P és#@grﬁ“’c DeadhaBRBFREH UnEarrirbeeeniient of
. the pr E;féle tron vjdes a cigarette 10A conprising a rod of - L
: sm)kab élg haéﬂ%ﬂg @%@Pm&fset%%mtm@aﬂmqmawmmmegoffr|ter
14 attached to the rod-12 with a tipping paper 16. Upon-lighting of the - -
ci gar ethecayine2 aad H&fﬁ%ml@m@byposg ehanngiiag abtheamderiedgas of thecavitg. [00045] -
~.Herein, the "upstreant and "downstrean relative positions. between filter :
t obaccoele@imgltheamammwolbgadtdrmeterttebemed thegdiameteraofithet dWindficetfilieres are

" described in relation to the direction of mainstreamsnoke.as it is drawn -

(fl;r om t bavity @Rastalsen indo tansideration andbptinial peridtmance ipathiaied by Ltt:ﬁzmgtﬂeads[ 00046] -
referably, the filter 14 conprises a first, upstreamcarbon-bearing o

segnenhawty diémetgsenthdngend i/t #4D |thm1ﬁlﬂ@é?§a\myttﬂaﬁ1etére WhREWs ARG D! Y
that includes a central filter and a nouth end (nouthpi ece) conponent 52.

|.n t hi seaistegiarealso itdedepindsmBblAstid Mgt tHearqr deads VS, 190 afEfer r?éédg and

~preferably, conprises a plug of cellulose acetate tow of component

~ t obaccgermnall @Qﬁélhe&@ofﬁb&ﬁ@i!%’thﬁﬁﬁrtﬁel%ﬁ’de% 84, t&gfégén&rgﬁfr%hhafubért er

. ~conponent 54 so as to define a cavrty S8 there et wee spherrcat
. beaded carbon

re[ataonshrp is a ratio of @) .-1 for the radius of the smaller beads 28 relatrve to the
| radius of the Iarger beads 26.
'[00040] . As a further alternative, beaded matertal_ may also be selected to provide
flavorants to the smoke stream after other filter components h.av-e removed much of the
- O .gas phase components targeted for removal In one partlcular embodlment the t" Iter
component may be srmrlar to the one shown in Frgure 1 wrth an additional downstream
cavity fi lled with flavored beaded material. _ | |
- [00041] The tendency for single point contact between the ephericai beaded carbon. 24

minimizes friction between the beads and allows them, to fiow rapidly'during the

10 -




S .materi al 24; such ‘as activated beaded car bon .The tobacco. gg g?% yonent . 56 -
i's located: Iow resistance to-draw (" RTD"). [00047] As . di d

- each ot her at single p0| nts Such si ngl-e- poi-nt cont:act pr oduces a bed-of

" the carborWOBYEHN% with ni ni.mal - channel i'ng or’ ‘short -ci remrwseagpusm tobaccoi}--_

‘ bove, the'r
',fspherical beaded. carbon material .24 conprlses i ndi.vidual “beads t hat contactj-j

snoke, dr awn t hrough- t'he -cavity 58. Accor'di ngly,  maxi mum cont act .i's achi eved’

f.j_Eiéﬁ’ie%ém%&?ﬁe‘ﬁéfﬂ%%$m%?§a@eg§ e 5o BTES s 838 b BEp R agReS’ 1
S d.ab h I -
fomRor SPERed %{?%%@&H&‘Bﬁ%ﬁ??al‘i‘%a?ﬁfsﬁeﬂ%‘v% @ﬁh?@aéendm”aﬁ%%eﬁwﬁm Vhen
-'__,_actlvat ed, c h\S seIIectégéj1 as tg ﬁ%‘% be ded ‘carbon -raterial, the" Lo
car/bonsc &YS@B@Q&J &P #igos ‘E‘;"aﬁ%’ scglieyye gaf on. | §3ne 200|6| WO 03/ g59096. |

PCT/ US 5 56, 6, 033, 506 x

“car bon?q?@%ﬁ jt'"ﬁ oﬁ@%@ﬁ‘o er@qs HBayal?q?OWrrg pgﬁ%%dogg@f&@lﬁt g!tﬁtgrare .

" incorporated herein by reference in their entirety for all uséful purposes.

[ 00049fechrinugs KEAWE iRtheRIk MPTEoxemybaR Activated carbpp isaelaatsd astheispherioa of a -

| "cel lul ose acetate plug or other suitable fibrous or webbed material of

‘noder abeagded ¢amplﬂ>matt¢r¢ah the arkons disclosed irdl) & Pat. Naset, 01 2,885, 5,456:8@and cul at. e )

~renpval  efficiency is low, ‘with the denier and grand total denier being

- -sel ect 633006 mpytbe udizsdaswdl a8 toffier RRM @ fammlamnsuknownpmtmemumear 14

. is_achiceved. [00050] Preferably at least some, if not all of the carbon bed

. 24 is tisaloovresedthesp pateotswemmpcmtmblgemtrew wéferenee f IBaaded chAMdfa Stil I .
r-‘referrlng to Figure 5, ‘the central filter conponent 54 of the ‘

II't i - comgistemtrand truié sphéricap ferfremalylbe ataiped $om maokmehammmr&ahheuetrﬁ ilter
uterial, preferably cellul ose acetate tow of a noderate to |low particulate -

ef fi ci Gagy.tdd JEFER of Bt Tarbon Lth, Heeeppa@mulférhéws 2th iR RiAGdsmS2. As

mai nstream t obacco snoke is drawn through the central fi f ter conponent 54

_and al goa4sheA%doredabovd, am%ﬂcagoéaeeaeaﬂﬁﬁ%atéﬁapz& iEmabiafRpalksTb LSt ream

' close -packed array wath mm;mal formatlon of channeIs whlch mlght othezwlse reduce the -

~ effi iciency of the fitter bed within the fi Iter cawty 22, ThlS is a direct result of the pomt—to—
pomt contact between the smooth surfaced beads of materlal Such umform packlng

- promotes Iess varlatlon in the fi lters produced as well as less variation in thelr overall '
performance. Unlike granutar bed packtngs which oﬁen settle thereby producing formation

| of-bypess chanhe!s or other void spaces filter cavity 22 is substantially completely filled

ﬂ with spherical beaded carbon material during the manufactunng process with no

appreciable settling thereafter o | .

[00044] Refemng to Figure 5 ‘another preferred embodiment of the present mventien

prov:des a cigarette 10A compns:ng arod of smokable material 12 such as shredded

tobacco and a multi-component fi Iter 1 4 attached to the rod 12 with a tipping paper 16

1




; - The pr

- smoke.. Fl avor - thread bearing. frIter pl ugs may: - be - obt ai ned fromthe Amerr can‘”_.f:_;.

2 Filtrona Corrpany 8410 Jefferson Davi's Hi ghvvay Ri: chm)nd \J/t' g?r0
$11,23237-1341 and a sui table “construction for the central fi Iter corrponent 54'_{:,“
©is described i'n U S Patent.No.. 4,281,671, which patent-is hereb
. i ncor por at"eAOUPM%Ef erence i n. its enti rety for al |- useful: ngpﬁt&tp@gg [00052] i

" Preferably one or nore circunferential ‘rows of perforations. 64 are formed =y

B e R

’.'"“psuegcgﬂa%@gd&@ﬁﬁa% tﬂrfouhﬂ?hé‘ﬁlteqelq”al conponent. 54 adj acent’.to the bed. 24

erre Zes perforatrons 64, - wh preferably is at

R fﬁ‘ésfoe ( Ete&gﬁer“@%e?%ﬁ” E‘ﬁt’ ~o3hedin? TR PobliBe el 708 uoes
o 40 606 6 45 55 ¢ 6 FTC
O R BRale A PP SBatpBise er&ﬁﬁ%'bsﬂﬁﬁgéfaﬁm o Eeﬁheetrg%&gn e msndeag east

S 70 .to 120 milli reat er of on. in fulty filled =
" condi t SBRKERSTHH drafgrtﬁertwtye?t?bﬁeaeeﬂw 00 ot uBcomptne s M1 ca
“condition or better in the. cavity 58.- f[00054 By way of exanmple, the = -
-+ . I'engt h[@046bp Zeferatly; thefilter %Wt,tema st Hﬁﬁtreaﬁucarhenrbeﬁgna SEEMERID0
. mul ti-conponent-filter 14 is- preferablg 34 mm -The | ength of the four
fi 1t er ang 2 moethwns (meutbpispelrampanent § piiethis ambpdtmenﬁ thernarmmbaarmm
. component 52 is components.of cigarette 1 OAis as follows: the‘tobacco end :
- conponeegmenst 5Qscqmenisasaaplygf$panwpltgfdtereulgaasesﬂb!ylﬂmtmmm aaehtoal filed 24 is
- preferably 12 nm for carbon | oadi ng of 180 [00055] . Tobacco rod 12 may be -
: (wr appedompbiert 540 avebadonnerd congeoreEnt 66\in apaeed apart detatidado e eentrelyiltee used
- \or this purpose. Banded cigarette paper has spaced-apart preferably 8 nmm
- i ntegr abegoneitiSdlsoss tb defhse & Batitydi8 thebeteerifiied hithispherital bdaieicatngh of

- cigarette 10 to nodify the mass burn rate of the cigarette so as to reduce ..

ri sk Onatérl P dich Z3\Hetivatat ®eblled barbofi] URé ﬁtﬂaecdmd banbeﬁéntemé fiRktdo

| § thereon u. S Pat ent Nos. 5,263,999 and 5, 997,

ad;acent to the tobacco rod 12 and preferably, comprrses a plug of cellulose acetate tow of
low resrstance to draw {("RTD"). - | o
_ [0004?]7 As drscussed above, the 'spherical beaded 'ear_bo:n materia.l_ 24-'.comprise's
__indi\_/idual- beads'that contact.e'aeh other at single points.' Such single-point contact
'produces a bed of the carbon material with minimal channeling or Shert-circditing of
tobaceo smoke drawn through the cavity 58. Accordingly, maximum contact is achieved
O between the gas phase of the crgarette smoke and the carbon surface of the beads for
| extremely effi ment adsorption of the targeted gas phase components. -
[00048] Moreoye_r, as noted above, the carbon materials may be formul_.ated- into b_eaded .
eohﬁguratiens by techhiques krl_'own 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




“ their entirety for  all useful 'purposes. .[00056] Referrrng1

"~5f'_-descr| be banded ci garette: paper - which” patents are.incor porgﬁt ed;E ggrer n: |n |

Fr gure 6
- ‘anot her preferred enbodr ment ‘provides.a m)dlfred Crgarette 10B Wi th the

sane. filter seqments as cigarette LOA of Figure 6, but with a slrghtly
o different WAPHR®Ar rangerent of the segnents, ‘and si i | aPCTESE/@sde

'_'_'](c:lharacters are-used to-identify simlar parts. In:cigarette 1 OB the
the buddd R GG ?bgt‘t‘tf%t"'g%r’3??%"*%%@*%5%%8??%&&'&@%%%@ éwifeﬁt
. hedk 24 4. I
"tﬁ?see dlf?%trehr]tt | 4% ﬁr cr ﬂtssha@ &0& &GF "ﬁg ?%ﬁ?%lm ?r%g' "EQE\% b

_ flavo-r ter durrng snoki’ ng. AIternatrvely, the fl avor yarn 62-;-
©omay be ral a%‘tr"mg”‘{sﬁ t to .achieve the sanme result. As i n:-the errbodr ment

-~ of Fig t e} tJO Ion the central.
Cfi I:t'er%@@ﬁ?!)ne ﬁg‘hﬁr@c@’%h@ﬁ%@ﬂ%}ﬂrﬁ'ﬁé’&?ﬁetﬁ% 8@3 celuless d the B
_yamin thin co 52 and the yarn from bei ng: draw out. - = -
o of [oo@@?f?%WS 03‘2)9 e@a@@% Pim A reblsd Hiaternal of foderptera l%eaglcdetﬂ:r. bed . -
. cigarette frlh_e : E&ft act ured by rran?/r known -bead neki ng: procedures_::-
“such asepR@le t9tﬁ§’°l’n 19@ Rattigiiate spove effisieneyisdow, \etlt:thazlemanand R
'--4 045, 368, and- GB patent 1,383,085, for ex “all of which are- = - B
" incor pSFadiat aléeepﬁbevgﬁeleeteéletchftbat taﬁldeﬁlsgi@ltal[ﬁ?@@fs%@ multl—qmmnpnenbt ances '_ -
.the startin material s conprise pitch from petrol eumand-coal processing.
Fundanﬂh@fa14g§ achieyed.nel t abl e carbon-bearing substance (or. carbon precursor)__,'
© is sufficient if it can be suspended inafluid so as toestablish a -
@pher i MOSQharﬁ’eefaralDI)s ot ledist senteaifdnat lalirafthe earfdd0DEB R4 T dlavorbeart ge@'t
dvantages-in machine operation with beaded carbon over nore traditional
parti cotherwise impgregnatedtwith a isbom (such -granul.ated carbon as nanufactured

and carboni zed and activated. 15 19 June 2006 WD 03/ 059096 PCT/ US03/ 00654,
[00051] * Still referring to Figure 5, the central frlter component 54 ofthe multr-component
'f‘ iter 14 preferably compnses a plug 60 of fi brous t" Iter matenal preferably cellulose o
| " acetate tow ofa moderate to Iow partrculate efﬁcrency and RTD together wrth one or more
.ﬂavor—beanng yarns 62 As mamstream tobacco smoke is drawn through the central filter
- component 54 and along the yarn 62, ﬂavorlng is released into the stream of mainstream |
smoke. Flavor-thread bearing ﬁlter plugs may be obtained from the American Filtrona
Company, 8410 Jefferson Davis nghway, Richmond, Virginia 23237-1341 and a _suitable
() construction for the central filter component 54is described in U.S. Patent No. 4,281 671 ,
| which patent is hereby lncorporated b:tr reference in its entiretyr for all useful purposes.
. [00052] Preferably one or more c1rcumferentlal rows of perforatrons 64 are formed

through the tlpprng paper 16 at alocation along the central component 54 and downstream -

of the bed of flayored beaded carbon 20, preferably at the upstream end portion_ of the

13




- sold by PLCA USA | n¢, -432 McCorm ck Boul evard,  Col umbus:: 213~ 1585)
RO

_ij';_‘-'-lt has..been. di scovered that; with a filter: rod ‘meki rig: mac -
“‘provide a 1 oadi ng- of . 180 ‘g . of - granul ar:car bon ina 12 rrmcawty of a

o for exanpl e

~cigarette filter at. an average 86%fill level, the rod -faking machi.ne:

without adfQ8¥9RM6 -of ‘machi ne settings and at- the same aﬁﬁ'&‘ﬁ‘ﬁﬂ%ﬂﬂﬁ%ar bon R

" and the sane length, caV|ty beaded carhon on. average achieved -an:

appr oI g )i‘%ﬁéor@ﬁt 34 dblacknl Wihethod 3L STRE &%ﬁﬁé&&&scovﬁ%ﬁniﬁﬁgeds, : :if-_:_-‘_;f

pl-ugs pe “m.nute er m)r

- Peee ol bORRREAECH IR ohE 98 OF oRE R HerE %?ﬁ&hﬁip%?ﬁiﬁméﬂﬁﬁ?r Bosd)
N ??‘rg)%rh et ﬁ%ﬁﬁ%@@ﬁ@ﬁh@ﬁ%@%ﬁﬁ&e # thateq Ean@ | ﬁ%‘é‘?ﬁfw ;@Eagw ar 1‘.
0 7 pEep aﬁ»o&%ﬁeﬁ’e%f”“&biw**e%/s vgnwémbwlﬁ?m e o 40Pdtmdmem el of
 Penonbireisrrer el ¢t Sy L e Bnd Al s Hasr s & cor bon with

their preference for.carbon-free. fllters) and .the sane snobkers rendered a .- -
 preferdfRd53] | dhe bqaﬂﬁdaC@’PaﬂLhearme&pe@ﬁn%@ Ghleast & Oato120 Iraguémiligsaies) oput: - -
“when they snoked.the sane garette nodel with beaded carbon, their - .
pr ef er @reaten efgarbonda a fully fél!eﬂéxsaedltlpnpélﬁﬁsm Hmger greriernfiveadedicarbani imgs. -
Such. results evidence a significant enhancerrent in the liking score with .

“beaded ao%”/biﬁﬂﬁd)mdittqmor@@tﬁﬁllfaﬂ?ecﬂﬁvﬁbﬁ nodel . [ 00060] Acti vated beaded °
carbon is- found to have a significant portion of its pore size
@ st ri §20056h By waeohexanpie; thedenptimetinbaceo rahtis(prefesablp 48 i, ang e Oms)

" with arelatively small di-stribution in the macropore range of greater thanl"' |

-500 andarigtioobtheModitixdostiongnt fiitdyel 4 [b preferably Bheuny Thetlehgthtuf theferd filtgat with - |

t he smal | er count of macropores, beaded carbon 16 has | ess tendency to

capt ur gofipenets of cijalette FOrORATHDIRANS: msmbeew@bmgéﬁ@ﬂ%hﬁ@férﬁm g avor
conponents of the snoke pass through the bed of carbon beads. In cOntrast,

- gr anul aim{tRk RALtFEHREDeddsd Garbér BEd POpréRratly @2hﬁn E‘.gidﬁaédlh# ﬂfbsl n the

" mmcropore size-range (a ' size range at or gr€ater t angs
. Which H’Q‘Qﬁe tc@nﬁa?%diﬁﬁoﬂeﬁft%f is preferably 8 mm; and mouth end component 52 is

preferably 8 mm.

[00055] Tobacco rod 12 may be wrapped with- a convehtional_ cigarette wrapper or
banded paper may be used for this purpose. Banded cigaretterpaper has spa*ced-apért
. ‘integrated cellulose bands 68 that encircle the finished fobécc_o rod of cigaretté 10 to
. (i rﬁodify the mass burn rate of the digérette soasto re'duce risk of igniting a substrate i-f the

: cigareﬂe 10A is left s.mc:ﬂdering the-reon. U.s. P‘atent' Nos. 5,263,999 and 5,997,691 o

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

all useful purposes.
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" “is - constructed from organr ¢ materi al s such as. coconut shel

| oparti cles corrprr si. ng.tar and flavor, [00061] Additi onal 1 y,19% niﬁ gtr carbon’
I's,

-_Wood and ‘its natural ori gl n-i.s: bel'i eved to contrl bute a far hi gher ash
io-count. - andvpéﬁﬁ‘g of various-nmetals and ot her - mat eri. al's and. inpurities,.
- - which are ound . i'n beaded carbon: This aspect is al'sBCHEPPAPE to

'shel I's " or:. =

‘contfibute to beaded [ 00062} There are three central concerns with respect

{0 mo ioosk] | iReterding ﬁdﬂ\?tosﬁgﬁr%tﬁ Qﬁoth@[‘]g?eféﬁ‘ & QPR n‘?s%r#]tgir?vrge §r'ﬁ§ﬂ'? é\” g a

---frlter appllcatlons One concern.Ist ten encyo

et ﬁ@??f%%?’%ﬂttﬁﬁ%?&t%t’rt‘é@éﬂtﬁe W bR AR SRR B JeRy, (e
o pom Dufreldh RuBaRir AN S Men? of hE sBGRhIS And Sl G rBleRE R IGE IR L Sopoe
A S O b AR
1 her_egttreé"wtfhetngﬁoar&o"ént 523 R bRt R0 prdas fiedeeusi b idawmakean | | ed

~in plu a fil ro operations. Presently, with filter-

rod mekemA S A YA beaded Faser gaggﬁep%raequmecoe by#he FoRtE)icomAceRTt h i s

"_-_preferred ‘Cavities of lengths |ess than 4 mm create manufacturing .

U di 11 cofhtindds gmbosliaenton plstieizensaigh asfriaqetiooeay beappligdde e favor yarn 62

. efficiency is inpacted by particle size and bead dianeter, the smaller-

-~ beads tséﬁ;:bthewenrrméaee witlin sampopentia2 anchpreyent the yarngmmbaingrdaawwt oft he -
re a given-carbon is activated, the nore efficient it.is at gas phase

60 nov ghe filteodotiag smeakity. n&beﬂnatl\yelj dbstflavgr yant 62 )rnawﬁe bositied toddiBer to-

~activation treatnent are countervailing considerations as to how nuch

act i vaadhéaveitbe damierrablie. Asialtaeembodinsdntof Riguye 5evbntiatien Baaspfiviitfa to a
preferred range of bead di ameter of approxinmately 0.2 nmto 0.7 nm nore -

pr ef erlatrtionGiéng theCcehtrafiltercomponeiti S4eadjacertey Blit EsWhsHRIANGT the ﬂ%v%dégc' fic
surface area in the range of 1000 to 1660 square meters per gram ‘

measurtgsdes cafsorBpethager, 1300 n2/ g BET. However, extrenely snall beads
tend to pack so closely in a filter cavity Enmet & Teller nethod,

- her ei ez N&(v@té%ﬁi"eédedréﬁi‘&nﬁﬁﬁt@ﬁéﬁer Msé iR tﬁe‘gbé\fb@e‘%cﬂf)edlélagrehgflters
" may be manufactured by many known bead makmg procedures such as descnbed in US
patents 3,909,449 and 4,045, 368 and GB patent 1,383,085, for example, all of which are
mcorporated herein by reference for all useful purposes In many instances the startrng
-_matenals compnse pitch from petroleum and coal processing. Fundamental!y, any
meltable carbon bearmg substance {or carbon precursor) is sufficient if it can be
suspended in a ﬂurd S0 as to establrsh a sphencal shape and solrdrf:ed and thereafter
B carbomzed and actrvated
[00058] There are great advantages in machine operation with beaded carbon over more

- traditional particulate or granulated carbon {such granulated carbon as manufactured and

15




et hat - they’ |rrpose ‘an extra anount . of pressure drop across. C. y to an
548 a%%h% |

" extent whi ¢ch ~may not: be desired. 1n sone appl i cations: su

v preferred. enbodlnents _ excessive pressure drop is preferably to be "

ef;aVOIded Accordln Iy, the nore-preferred spherlcal beaded-size- i's:
" appr oxi ma&f rrm in diameter. The preferred ranges. WT@$@@0@FSO

- ever snall bead

| [ 00064] The: smal I er the -carbon bead, the more closely packed becone the -

_“beads, qyhithpIca BUAlRS, IRNEEEAEK BouIS RO T hghds dﬂ*&ég;@%gﬁwi’ﬁggd aﬁﬁ

amet'er ‘'t0. capture gas phase POV A

- SPUT bt BikchligRt, ih SRk Ml Rikind BRI B RRETa BAgF < T80g e;"fé'rSB*
f t o
- presse ancfg%%fgoa?nae% k%?g‘)w%a@aﬁﬁﬁ%ﬁﬁera&%@%ﬁeﬁs@%ﬁeﬁ P
' hi b ‘ 3- but a 7
| iﬁ%ﬁf‘?ﬁi@ Th?ﬁ{ﬁ @%wta%s&a?@t chwfap weh eré‘?ﬁ%’?ggg&%‘%ﬁg@?n&( )7-
mor BhetER %ﬂee&cag@x ‘?vapsaca@magﬁr avehahieNed D spPRM TR e T, |
_(cu._r_ve 102), and 75 r@ ‘di ameter activated beaded carbon in a 2.5
mm bedPY ¥AlME eteatiste %)facteafcm Inetspesds fPhexaroRiapiao0plygs per stnute.
condition. :[00066] Still referrlng to Figure 7, it- has been found that .
- smal | eFUf@E%{ﬁ‘Qﬂ?dh‘E@%?'sﬁ’W%@@éo ation atthe deaded machipawitll besided carltont adi ne,
. and is fully effective throughout all puffs. In particular,.it has been
- . found pregtcadconpidarablislass dustand that e extranequsaiacbarentiected byttt stachingo. | y
- Ltd. of Japan at 0.35 mmdianeter with-a fully filled 2.5 nmcavity Iength
(Wit 1 ceips teusablesand netiffagtured asfis often thedsasetwith grasulaf catbenci gar et t e

- throughout al'l eight of its puffs, even at relatively | ow surface
ar ea- t[00688}s Mabihes asfedOOBTE prasent inveatien Btkainaubied tagtd Qﬁlaablgaifetfehﬁetbeaded

: material in Figure 7 is in the range of 1000 to 1600 n®/g BET, preferabl Yy,
1100 tincldes begder Erbon in thefiler @hdneamot @dnhlbﬁéar‘bbﬁ As explained more fully
below it has been found that based on 1 to 7 point preference scale, Amencan smokers . -

' .rated a -preference level ofa control cigarette wnth hocarbon ata highest, Ieve_i (consistent

-~ with t_heir.preference for carbon-free filters) end the same emokers rehdefed a 'preference |
level for a granular carbon cigarette af_ a lower level, but Wﬁen fhey sme_kec..i;he same
cigarette model with beaded carbon, their preference level rose to a level intermediate to
t_he other two ratings. Such results.evidehce a significant enhancement in.the liking score
‘with beaded carbon over the granular‘carbon model. | s |
[00060] Activated beade.d :carbon is found to have a signiﬁcent pertion of ite pore si}_e

: distr_ibution‘ in the fnicropore and mesopore range (lessthan 50 angsltroms).witij a relafively
small dist_ribution in the macropore range of greate.r than 500 angstroms. Not wi-‘shziﬁg tobe

bound by theory, it Is believed that with the smaller count of macropores, beaded carbon

e




- result represented by line 104 is an al most ‘conpl et e rem:)v

B _but adi-ene “and that line. 11027 T epr esents a-si‘gni ficant. (nea aﬂt‘Feductlon
.+ ~in 1,3 butadi ene. [[00068] Fi gure 8 is.a graphl cal represent atlon of .

puff-by-puff delivery fromthe: mouth end of a ci garette of -1,3-but ad| ene -
~ofor di fferBRO¥PBet ers ‘of beaded .carbon: 75 .nmg of 0.35 IfﬁTfUaﬂmﬁﬂer car bon‘"_..f.
beads in a 2.5 mnlength cavity (curve 108 in Fi gure 8); 48 ny of . 40 X 60

.‘ _"rresh gg-ﬁa@%?s[]te(-. I%’?@LPB?%A%IQE"%PE;O% ﬂlgp}rbﬁ.g,g% aVI t %T‘é %l:,l é 6&55\,&% 46 T‘%Z ;)f
L gﬁr ve f%hfz 90@%%*)%@“&9% ”@?‘%ﬁa«%‘-g't@ﬁﬁiﬁﬁ%esrﬂ'ﬂ%r&%% T

~ Conpar.i n nd8onef|n ranul.ar carbon: Wlth
R BB B el ARkl Sas oRReR g peenamare. 1"
essenti al [ the sanme-result - 0. mm_di anet er beaded: car bon (curve' o
08T st a5 g, 26 BF healer 6AB @ Sndiom) PR oS 1S ceisem g -
_extrerrely i fficult to’ hanﬁle in fitter rod maki ng - machi ne operations. -
(si gni PR Wf@mgrtaﬁﬁaﬁ’
~car bon, at a 75 ng | oading is’ readily handl ed W|thout Si gnlflcant dusting
i'n macHRgs1] A&Qgﬁﬁﬂﬁ@{ ygratylar saggeds censisvictad iiosy esganie maiedalperucbrasance as
- super fine granular (Pl CA) carbon, yet at.a size readily handled by =~ = .
ci gar eceeonvhsheliss nut sh@!mrcwpné,rqnd s oBtural arigih istkeligved tte codtribsitet g famd -

~hardness, (being at_a lower to npderate |evel of activation). operations
bot h be@msmmﬁoumhend preseats of vazious aletéls and other azterialsandimmiitiee atih car bon

gVQfusti ng) . However, 0.35 mm di'aneter ‘beaded -

~a significant advantage. nore.conpletely than.granul ar carbon does. [00070]' :

(Gener alafe/ nott foend & beaddub edrboar eTiie mspectds disodialevedres eohmbutd ®b&ides = -
particulate carbon. Accordingly, there is less dusting in nmanufacturing and-.

hand! i egrbeh havingar fatvbiable $ulfectiveiimbabiendedraparapearband it tends to fill .
cavities in nore orderly fashion and [00071] Wth 0.35 mm di anet er beaded .

‘carbon[gupeg) 7Thek éréme@eheamonaérneufuﬂhlrégséc%\fhédh;ﬁmﬂyfahe%eé‘eg&fqohe“t gas e

' phase removal efficiency is achieved, such as that repreéesented IL.ne 104

'. ; ? Z' 96F Scdrbori for%lgéhetﬁé’flty?apbﬁl%%ﬁa b Eahdeln isihé‘te%dén&%f'tﬁ’é\%dca"' ty
~ making machine |tself to produce dust during cigarette rnanufactunng operations Dustcan

continue to be a problem i in the handlmg of the products Another concern is the cost of

executing the heat treatment_for act_avatmg carbon. The greater the burn off, the greater the

weight of starting material that-is w.asted. Additionaliy, at higher activity.levels, asaresult

of the carbon losing mass and_ de'ns.ity, the carbon becomes more friable.; Furthen'nere,
there are limitations on how short a cevity can be esteb!ished and fille& in plug-epéce-plug

ﬁlter rod making operations. 'Presently, with‘ _ﬁlter -rod méking n'.lachin'e.s.' at least |
| approximately 4 to 6 mm ef cavity length is prefe_rred. Cavities of Ieng_ths less than 4 mm

create manufacturing difficulties and are not preferred.
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st andard cr gar ette circunf erence (24 m 4 i rreter) ----- “whi- ch” Calé'.r %4{) écfg,t_ his: =0
< rdifficult to. rmanuf acture: . Accordingly; ‘it~ nay. be: pref erie e
“ “the acti vat ed-beaded .car bon. > ot her beads of -similar or. preferably:the. same -
- 'sizze, but Mith little -or no actrvrty to save costs and to enhance
-7 machi nabi- |W?93’°5@?Ber| ment s conbining:75 iy of ‘beaded ‘car BEHUSA30A6SY | ass 7._

“beads ‘at. a voI unetric split of 1/3 beaded carbon and 2/3.beaded glass . =~ - .

il e e
. ;.nm’mXI gnéécavr ﬁ%&%ﬁf‘@@g ﬁegfaglﬁg?‘%dﬁ@ﬁgw ﬁé;g é)l%'%'gg'a?ﬁ%da} EJ%O']I;": ‘f‘ : ‘the -_ 5
A R Rl B G i e,
Cact i vat’@%ﬁs” ﬂf’gﬂ'&é&g@'{q‘ér@r& 0?) Bgr 5 ﬁ’gtﬂg‘? |3§PV3|&{9¥"| fowﬁ%téﬁérﬁ?é}te%gﬁﬂ’é"%ﬂ os

~~carbon: beads produces the same resul, at a lLesser cost since IS not
- necess&PPsideralinns asiohgy much ﬁ@“‘@&‘?ﬂ! Efﬁf’?hlet Ralanseds aikyay "ﬁ@U%tGQ pead ed
~carbon.beads. A further advantage of this di scovery is that a cigarette.

-~ manuf adiameter ioaprpfeseas rapge &fb igfetar ptapproximajely e mnata OF mmgmost te
" prands- and have a freedomto select different -anounts of carbon for S
©odi f f er prefers@hydd2 & 094BR1, ﬁgéﬂ aativation levehgquivatentid ersperificsaifece argaie tifd avor - -
© carriers, or'other suitable filler material. As srnoker preferences change
or in rarwp@fn‘s@ﬂcttoEbﬁ%rsquaHGCMrameegramI%'br(a@mriaamned)byabe|Branmbrbeaded )
~ocar bon inthe filter my be changed wi t hout conplications such as having-
(1 0 chabEgenet Telrrimgihed Zeereinaftrem¥g BETY] merd preferablyrin themngbangi0@td he - -
“Tilter and cigarette production machinery. Such-is a significant advantage

in ci gaBed he/gRET aHowmesel, eﬁwambly@nwrtmaasltencatoqﬁcktﬁmacnésdlmta filtdreatinat es
relatively simlar results-on the total percent delivery of 1,3-butadine

for fi tﬁermwmd@sbeambmalmé@u%fdrdgemeeb W%%%H@xﬁ?ﬁw%ﬁh a

non- adsor bent diluent. Bar 120 in Figure Is fora ci-garette standard o

~.cont rofna%JnoiBe déé!?edz%%bﬁle%dﬁ@émos%h Eglféﬁ@?ér%ﬂbod:ments excessive

pressure drop is preferably to be avorded Accordingly, the more preferred sphencal
-beaded sr;e is approxrmateiy 0.35 mm in dlameter. Th'e preferred ranges of size also -
'premote'preper_ and clean operetion ef the ﬂlter rod making machine. |
[00064]' The smaller the carbon bead_. the_more e!oseiy packed beeorne the beads.. which

elevates pressure drop. Accordingly, the tendency toward an ever small bead diameter to

)
e

capture gas phase removal efficiency is countered by the need to stay within the -
predetermined boundarres on pressure drop across. the filter so as to say within
expectatrons of smokers wrth respect to resrstance to draw (RTD) upon smoking a-

- cigarette.
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- ‘and 'shows about 86% . d dellvery of -1, 3 but-adi ene: fromthe, rmtjég r}% f the
"Clgarette after - about . ei ght puffs duri ng the ‘snoki ng: pro ‘é"e a6 122- and PR
- 124 represent- a cigar. ette construction sinilar to. Fi gure -5, “butwith
" cel'lul ose acetate and no- car bon (bar 122) and 380 ng .of gl ass. beads: and no
.~ carbon. (b0 %2309 Af ter about eight puffs the total perclé(ﬁlthSO3/d@$4very of -
' 1 3 but adi-ene fromthe mouth end of ‘each .ci'garette is_ high, appr oxi mat er

ST Sghs] Hrspa bte’s%ﬁtatur%féuf%&pfﬁ%&%ﬁw i e
:;'p: Sétﬁfetteatw@tg B L 6 00, O b8 AR B,
BRI P i S A La%eyaéagﬁt tﬁarsgfmlzz |

fﬁ_after ei res are_achieved with the arettes’ -
~ repr esér?tgp H‘"E@ %éﬂgaﬁ@gw&"@(ﬁ‘g(g ! :}L%H'Egpf @mpt%gcfé\faéecf f)g ded with.
75 ng of 0.35 nm.di ar@eﬁa (i'bd vat e {jgéarbé)n beads “but in conbination with - =
 non- ad§#PeaAR ack-P Tt Aet q &arma 98 i3 mipidiameder agjivated gl ass
" beads dispersed with the car bon beads and the cigarette of bar 130 includes -
380 nybeadedypasken endS remdesiangih (gurve 104. mh@ﬁwoe\aao!nawoolewiwﬁiadance o
.the total percent delivery of 1,3-butadiene fromthe nouth end of- -

t he. cug@nctauqre after eight- puffs is about- 2% In sumary, filters that

~_include activated carbon beads in conbination w th non-adsorbent dil uents
. pr oducEJOQﬁ@} oSlileferring o Eiguea, irhasiiees faund that smallenbead diameterinoredsast.

. wei ght of -activated carbon beads in undiluted form [00073] The follow: ng'

(‘I’ abl e ‘persdrmamce v thesiermoval sft 1,Bibutacime m‘ndasfullyaatﬁiedtmalhhm@ounall putfs)anPl CA-
Carbon 20 x 50 nesh per inch and 40 x 60 nmesh per inch as well as beaded

‘car bonparkievtan ¢ hds dereh enmdthat75 marof b8ads suppiied b {RSKGEhS CRBMicaRndistier ent -
bat ches. 22 * OFT Pore Vol umes Bul kM cro Vol . Total Vol. Sanpl eDensity:

ch (E)iErTmofhgtngfrlt%/ggb.o ogg?ggmgmgcgzgﬁete}%m meﬂé@?_ kbt 4 hﬁﬁe’apfierA 40
essentialiy all of the 1,3~ butadiene of the cngarette throughout all eight of its puffs even at
relatively low surface area-to-mass values. | '_ |

) [00067] The surface areo activity level of the beaded material in Figure 7isinthe range‘
-of 1 006 to 1600 m‘*’lg BET, preferably, 1100 to 1300. mzlg BET. It should be noted that the
result represented by line 104 is an almost complete removal of 1,3 butadiene_and thatline
. 162 rep.résents a significant (near 90%) reduction in1,3 butadiene ' | _
| (—) | [00068] Flgure 8 is a graphical representation of puff-by—puff dehvery from the mouth end
ofa cngarette of 1,3- butadiene for different diameters of beaded carbon 75 mg of O 35 mm
diameter carbon beads ina 2.5 mm length cavnty {(curve 108 in thure 8), 48 mgof40x60 .
mesh granular (PICA} carbon in a 2.5 mm fength covity.(curve-f 10), 46 mo of 20 x 50

mesh granular (PICA) carbon in a 2.5 mm length cévity {curve 112), 180 mg of 20 x 50
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i densi t

'?f'Beads Batch 10. 571129 0 46140 4849 0.7 ‘im- d| ameter ‘Beads. ggtcgg 5
. 10. 5812470. 47910.°4906 o 5 nm di aret er - ‘Beads "Bat ch '10. 5912é HRga9qo o 5154

£ 0.35 mm dianeter Beads Batch 20.58 -11500.45620. 4618 0.5.m di aneter Beads |

- " Batch 20.58 . 12440. 47500.5030 0.35 nmdianmeter [00074] * DFT: as calculated
- by ‘Densi tW‘#ﬂ:f'{Q,sP?s‘énal Theory whi ch is:.a nolecul ar-based BCHUBOSIO06sl - -~ - .
therrmdynam C: theory that allows relating the- ‘adsor ption isot herm to: the

Rl e T ey e

' 'Corpor%[dr@grd_m{t%lm?%g) 1977, page. 81.) 00075] Pl CA carbon has- a bpl k -

approxi 37 grans per cubic ‘centi net-ers V\hereas :

-activa t has a bul kK 'densi- t reat er S
~than Ot[@bs?ire b é%i)gaﬁp)fesf Wé 5@%8@8%?‘384% gsipogny| ca'[tl‘é’ﬁ
.. tober aI| ed that#g’e bead\ﬂ& actr car ons of the preferred L j
~ enbodi %SU‘%E' B ey (fwye 41 d'E' AGUIP S8 PESERLT Brsandally ﬁaﬁgrer SR
- adsorbant ch as olites | ar sieyes, conposite or layere R
materi eeﬂaatt %ﬁmmeareeﬁdea o oS omaeds. Howven 0654
. met al oxr g¢ i-cates, and netal phos hates, -sitica gels, and. .
'm)drfrégx E%PE %CEEQQBHSE%O‘@] e @preomsly 8l igult to Agyledn filterrog etakingads .

'.[00077] The foll owing Tabl e 2 shows: the percent total delivery of the .
~ i.ndi caff@ghig-onsRations (signfisaetand Genfeundieg dusting) HOVMFF :&%ﬁtdﬁm dlamejerr ette:

. for crgarette filter constructions -
: eaded carbon, ata 75 mg Ioad:ng is readily handled wrthout 31gn|ﬁcant dustmg in machme

‘ ( 3 | operat:ons both because of the favorabIe generai ﬂow charactenst:cs of beaded carbon |
| | and its greater densrty and hardness (being at a Iower to moderate Ievel of act;vatron)
Accordrngly, the beaded carbon achre_ves the same performance as super fine granular
(PICA) carbon, yet atasize readtly handled by cigare_tte manufacturing maghinery. Suc_h is
| aSiQniﬁcant advantage . B
'[00070] Generally, the carbon beads are denser and harder matenai than PICA
'partrculate carbon Accordrngly, there is less dustmg in manufacturrng and handhng of
crgarette frlters with beaded carbon and it tends to t“ il cavities in more orderly fashron and
more completely than granular carbon does.
(\’ ' [000?1] thh 0.35 mm diameter beaded carbon ata 75 mg loading Ievel‘at afi f !led cavity
| condttron excellent gas phase removal efﬁcrency is achieved such as that represented by
line 104 in Figure 7 'However, such carbon Ioadrng fuIIy frils a2.5mm Iong cawty 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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<where a: filter cavnty such as shown |n Flgure 5is: fllledo\;\néu zégc E E N n

"'-lndlcated materials. 24 oE ‘mcie a0 Emma~'2vm E

m Om-F-aLLra.r V Al\/Ltb Y ~- Nbrrth c\W/ =~'p m Nm/\bAV Q C] O N N b N bF
: ,‘N A M- O nI\/M’IIVI\/I\/NN' NNN NN2bOOOOOC V BT e
T WOUSOSI0NE T T PCT/U803/00654

| 'other beads of samllar or preferably the same srze butwnth Ilttle or no actl\nty to save costs B
and to enhance machinablllty Expenments comb:mng 75 mg of beaded carbon wrth glass .
. beads ata volumetnc spht of 1/3 beaded carbon and 2/3 beaded giass showed essentlally
. the same performance in gas phase removal as wrth the same 75 mg Ioadmg acting by
__,ttself Accordlngly, it may be preferred tomixa 75 mg Ioadtng of act:vated beaded carbon a
o withy _a_ddltlonal beads of unacttvated carbon. p_referably_of the same suze_ in dlameter of
" sufficient rrtaSs to filla 6 mm long 'cavity or such additional amdu'nt mat-may be requiredto
Cfill the cavity traditionally emptoyed by the clgarette manufacturer Such combmatlon of
. (\ - activated and non-actrvated carbon beads produces the same results at a iesser cost smce
it is not necessary to entirely fifl the cavrty with the more expe_nsave activated carbon beads. '
A further advantage of this discovery is that a cigarette manufacturer can p'res.etect a
-cavnty size for his spectrum of crgarette brands and have a freedom to select dlfferent
amounts of carbon for dlfferent bands or packlngs and fill any remamder of space in the
: presetected cavity wnth inactivated (or less 'actlvated) beaded materaal. beaded material
flavor carriers, or other suitable ﬁ!ier material. As smoker preferences change or in
response to other circumstances, the proportion of acttvated beaded carbon in the filter -
) | 'may bechanged without comp!ications such as having to change the cavity size in the
( - cigarette Iayout or size changlng the: t" !ter and mgarette productlon machmery Such i is a
| significant advantage in mgarette operations |
- [00072]  Figure Sisabar chart that illustrates relatively simil'ar resuits on the total. percent
delivery of 1,3-butadine for flters 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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":and shows about 86% dellvery of 1 3-butad1ene from the mouth end of the crgarette after"; '-
o ‘ about etght puffs dunng the smokmg process Bar 122 and 124 represent a crgarette k3
i ) -. constructton srmilar to Flgure 5, but with cellulose acetate andno carbon (bar 122) and 380 _’ ‘
*-'mg of giass beads and no carbon (bar 124) After about elght puffs the tcta! percent '
dehvery of 1 3- butadtene from the mouth end of each ctgarette is hlgh approxrmately 91%
for bar 122 and 82% for bar 124 Bars 126 128 and 130 each represent 01garette
| '7 constructlons sn‘mlar io Flgure 5, but in each mstance the filter cawty |s fi Iled wrth dlfferent 5 : o
'matenats The crgarette represented by bar 126 tncludes a cavrty fi lled thh 75 mg of 0. 35
- C‘ | ‘mm diameteractivated carbon beads Approxrmately only 1% ofdeltvery of1 3- butadlene 3
| passes through the mouth end of the cigarette of bar 122 after eight puffs, and s:mrlar

results are achieved with th_e cigarettes represented by bars 128 and 130 where the filter l'

- ca\rities are filled with 75 mg of 0. 35 mm diameter activated carbon beads, but in
o -combination wrth non-adsorbent dtluents The crgarette of bar 128 mcludes 190 mg of
g!ass beads dispersed with the carbon beads and the crgarette of bar 130 mctudes 380 mg '

of glass beads drspersed with the carbon beads. In each instance the total percent
delivery of 1 3—butad1ene from the mouth end of the. ctgarette after eight puffs is about 2%.

In summary, filters that include activated carbon beads in ccmbtnetion with non—adsorbent
diluents produce approxlmately the same results as fi Iters with an equwalent weight of
'activated carbon beads in undtluted form. 7 |
[00073] The followmg Table 1 shows pore size d_istrtbution of .activ_ated carbo'ns including
PICA carbon 20 x 50 mesh perinch and 40x60 mesh perinch 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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- 0.35 mm diameter

- TABLE1 .
L | *DFT Pore Volumes
_ .. |Bulk - Micro Vol.. | Total Vol.
Sample Densnty (glcc) BETSA.(m"’Ig) ' (cmslg) ) (cm’lg)'
PICA 20 x 50 mesh | 0.37 1587 0.5459 (.5883
PICA 40 x.:60 mesh | 0.39 : 1468 ' - | 0.5566 _ 0.5967
Beads Batch1  --|0.57 - [ 1129 . | 04614 . 0.4849
0.7 mm diameter R ‘ : R
Beads Batch1 -~ |0.68 . | 1247 104791~ | 0.4906
0.5 mm diameter e ' Sl -
[BeadsBatch1  |0.59 -~ |1280 [ 0.4821 . |05154
110.35 mm diameter S S : N
Beads Batch 2 058 - - |1150 - .. 104562 - | 0.4618
0.5 mm diameter ' . ' ‘ g -
Beads Batch 2 0.58 . 1244 o 10.4750 - 10.5030 -

| [00074] * DFT: as calculated by Density Functional Theor'y which is a molecular-based |

statistical thermodynamic fheory that allows relating the adsorption isotherm to the

-microscopic properties of_t'he system. (Reference: P.A. Webb and C. Orr, Ar_lafytical .

_-'Methods in Fine Particle Technology, Micrometrics lnstn]_ment Corporation, Norcross, GA,

1977, page 81.)

[00075] PICA carbon has a bulk densiiy 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 06 gfcm?. '

_ [00076]-- It is to be realized that the beaded ,'ac_ﬁvat_ed_ carbons of the preferred

embodiments may be mixed, COmbined qr-otherwise cOoperating with other adsorbants

such as zeolites, molecular sieves, composite or layered materials, clays, alumina, other
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e -'_metal oxndes metal s:hcates and metal phosphates snhca gels and mod:fied sullca gels

'w0¢31059096 : -- P'(:TFHSO_3'106654, DERTE

B such as 3 ammopropylsu!yl (APS) smca get beads

B '[00077] The followmg Table 2 shows the percent total dellvery of the |ndicated gas phase-ﬁ -

components versus a control 1R4F standard cugarette for Cigarette flter constructlons S

o where a fllter cawty such as shown in Flgure 5 is f lfed W|th the md:cated materla!s

24




2 e
S @
(=) w
=g ,
2 .5 = L 0 I ) o 0 0. z8 0 0 ) 82 8ILUOARNGOS!
z5 7 _ _
M -3 H« £T ) Z 4 4 1 Z &8 0 } [ 98 . auano |
= ‘ , oy
bl 5 L &% 67 - 9 2 ' L £ 5 96 1 A z g6 suszuag
. : ._P_. i = - 1z £ S b g2 - [4 T Sl z £ £ +8 epiyapeiaaos!
& , ...w 1] 0 \ -0 0 0 0 ] 0 0. 3 10k a0y Kua Kipau]
TA : Mn Si -0 b 0 g - 0 b 61 0 b b ¥8 rooeiaf
i - Ly 72 0 L 0 0 0 0 98 0 0 ! 66 atojgay
w _ th 9 0 £ L Z z. 4 0l z L b 203 uajomy|
Z o
= ‘ Ly I v - 6L z £ £ 12 1] 5 ¥ ¥ 56 ~ spAyapizzoe]
- 1 ez z b 1L zZ .0z ZL 5L I8 0z 2 1z 18 . apfyapieuuol]
Z. L s 0g 0 z L L z g P ! L z 1 suspriusdopho-au
@ o 9 B¢ 0 z L L £ g vOL 1 L £ 66 USIPEXEYORKI-E'|
A . 6 BE . 2 g 4 £ ¥ 9 65 z £ [ 6 .o:u_u.ﬂ__uno_ohur
O - L 147 1] ¥ - £ 4 4 18 z z £ ¥8 : a:o._aow__
= - 1 2 - B 9 ] S P ] e z 4 1 o8 - BUSIpEING-¢'L
o LA 92 by on £F ] 14 it 443 zZe e gL 0ol suaipedaig]
S 8L 88 73 52 88 73 0l [ 1L BL ;74 8 06 wcmﬁm_
© L} R - -2 1) B Q) 8L vz 8 z} H 3 98 - epiedy Emoﬁ_.__.
© ’n , €5 - &2 o - 92 Jis 82 £E 08 £z £T gl £6 _ ausdord
2 g6 801 £04 00l e 101 96 05 26 £01 66 . 96 Lok | BPXOIQ LCQIED
m = i . . _ _ _ {popus|q)}  {papusiy) T _
= Ny : ) (hapuerg) S speaqg sse)B speeq sself
=z ! C T - . _ leopys Bw g eoys Guwi g9 eonis Bwi gy eois Bw gy B gge B pg1
c Coamy ' speay . - speeq i i pue speeq  puR SpESt] pUR SpERq  puE speeq pue SpEAq  pue sprag speag
N. ’ i w uaqies uoted s [ uoqed ©  uogued uoques uogies uogIED uoqJea uogres
‘© $ Jdejowelp | Usjewep . o W jewep - lel8wep 1ojatue|p PLTT- . . Jnjeueip layeuieip lsjawep
S - Wit VOUd 09X0F VOId 0SX0Z | wWw 5£°D wiu gpg wge'np - wwse'o  epeeq ssnf  wwigpg wl §8°0 wi ggn jonuen
o 8. somBug rojofurg,  Bugy . Buoy - | joBuggy joBwogy oBuoy  joSwop . Bwopsr  joBwgy JoBuigs - jo Bwer )
o ) o cFiavl . |
S@ g A
=
w .
-

25



~0Na NO'NNaOOOOOOOO aNOQONNMNAaONAAN " 0
ST e e e T T T T 1 Jl{ne 006 T

R PCT(ljso'sloogsi P

WO 03/059096

V2L

‘0L

-

8L}

203

&8

L

142)

543

£h1

£

66

Busjijeoe

- 61

21

suateyf

Lt

G9

{6

ajouAd fyew-)

62

%

1):4

£8

801

it

B2

62

£6

uejdensaus Ko

Z8

01

.- BL-

g

£S

i

LS

3]

St

68

3pyins Jiucgres]

- BE

[45

S

/[

13

£2

19

8L

81

£}

1]

" apying uaboaphy|

081

o8

ueiny pupewip-'z]

W .

(143

a5

- ueiny Kyawg .

26 -



O aa r H O N T 19 June 2006 V\D 03/ 059096 PCTI USOS/ 0665{1’ a%%g
,-;_“Pr eferably flavor i's added to- the car bon beads . by sprayl i ant upon ’
Sooa batch-of “acti vat ed: carbon in-a- mX| ng. (tunbl i'ng) drymor alternatlvely -
S in a fluidi zed bed with' ni-trogen as.the-fl uidi zi ng - agent wherein. flavorant'-_-,;:— ‘
~may then WRI¥BI%Ged onto the carbon in the bed. Also, i3C -TAS0G0468¢ S
: j-conterrpl ati-on-of "the present - invention to locate fIavorants on .ot her

filter quj}gﬁﬁ' v, ifoPRfadded &F IAQILaPSEH SeadsShR Ht‘ap'ﬁtgaﬂ%?ant‘?f oA of

7'--_'the ab 1'on -of flavorants. bei-ng carri‘e ong. one-or "nor e pI ug: f':

W aps. g0 rcﬁt BewAEP! BoBAPS :a é\%ﬁﬁ’%gﬂw%&gﬁ ki d“'ﬁy ofNa t&%aﬂﬁé%"‘fn’ la

- appreciate the present |nvent|on e practfce er-t the: . .
o ot MR RIS, el 4 el BBt ?r“;ie??'t‘ﬁfta’ .08 Car bon
o] ondfeh bt bl Bt e MR T L N
gt ol e AE S B T O Y e 2
: standmg anne or any of the above WIth addmon of ﬂavorants betng camed along oneor
L more piug wraps andlor the t:pplng paper ‘ | " o

{00079] One skllled in the art W|ll apprecfate the present mventzon can be practlced by -

' other than the descnbed embodlments which are presented for purposes of iltustration and

not of Ilmltatlon For examp!e cigaretie fi f lters may include beaded carbon entramed within
afi brous mass such as cellulose acetate tow. Also optlonally the sphencal beads may :
‘ ea_ch comprise a core and a surface coating of ﬂ.avorant. The present tnventton is limited

only by the claims that follow.
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" A cigarette filter inéluding a beaded, activat :éd:'c:-ai-rbo_r{_'f'oﬂ-:éfs-%@ﬁ% ical form
- .and, - of a pre-sel ected di-aneter. -The cigarette filter :a_-S':j.i-ﬁ; e,
wherein the -beaded :carbon. of ~spheri.cal: f-orm has a di aneter within the .

f'f “range of approximatély 0.20 mllineter to 0.70 nillimetef . The ci:garette
o filter ,asw&@?%’??ﬁz , .wher ei.n t'’he. beaded:carbon of '_S-p-he.r‘?%gﬁ&%g&.sl--'0'_rjr_n has a +
. dianmeter in the range of:-0.20 m|lineter to 0.40 mllinmeter. formhas-a . =~
- di-aneter. of appipgicl@af!y 0.35 nillineter. The ci-garette filter as in:claim:
3, wherein the headed carbon of spherical The cigarette filter as;in-claim
.2, wherei'n at | oagtaauBYitkt iRELEI I;;Fétlﬁeaaﬁa;dﬁﬁvateﬁ%h%h%sggbﬁéazm dhd. -

" specific surface area not greate an- 1600 neters squar per. gramBETj‘.j.' 6. 1

The cigarette fi I ASd b L% 5, Wherein at least.a portion of. the
beaded car bon .ngkéﬁr%%%#g&%h%%?fi ¢ surface area in the range of 1100 to

oot o2 s S b A BETn ol S BHARIGS bR gl cBfool ShiRkBlT 2,

-8, The cigarette filter ;as i.n.claim?2. -including a,cayity,...an cein the
- “beaded ‘carbon s‘fﬁ&l'&?ﬁ?&lﬂ@é‘%%’ﬁ%fpﬁ@”é??ﬁ%"ﬁ’ﬂ’g"@é@)’pﬁ'@!""‘ﬁﬂ%‘f@%@ ette
- filter as: in cl ai._@ 2, including a cavity, and wherein the spherical beaded -
~ carbon fills apf¥ et ely 80 to 95 percent of the cavity.. 28 19 June 2006
WO 031059096 PCT/ USQ3/00654 10. .The.cigarette filter as in claim1, wherein -
Uhe act i vathd bARAGHORERAANET 85 dp Oim b BABrein i DeaHRe SALAR AT SAbeEtAl 1o |
-reduce -at- | east' one:snoke constituent by a desired amount.- S
. form has a diameter in the range 0f 0.20 millimeter to 0.40 millimeter.

Cf 7 '  4-. .TAhIe cig'aretter filter as in claim 3, .wh.erei'n the.beaded carbdh‘_df 's'pheriéal--'-
o form has a diameter of approximétély 0.35 millimetér. _
5 - The ciQarétte ﬁltér as in claim 2, where.in' at least a port_ibn of the_beaded o
| carbon matén‘ai 'haé a specfﬁc Suﬁace areé n.ot' greater-than 1660 meter:-sr ‘
squared per grém BET. J _ o | | |
o 6. - The .cigarétte'ﬂltér as in claim 5, whé.rein .at least él_ por'tio.h.of_ the beaded
| carbon mat-eria'l has a specific surface afea in the rangje' ofl1100‘ to 1300 =
meters sqﬁaréd p.er gram BET. ” | o
7. The cigarette ﬁlfer as in claim 2, wherein the adtivated beaded carbon hasa:
. C | .' | | density greatér than O.5 glom?. |
8. B The cigarette filter as __in claim 2,-inbluding a cavity, and Wherein_ rthe beaded
| . carbon substantially completely fiilé thé davity._ | |
| 9. The cigarette filter asinclaim2, including a cavity, and wherein the sphericai” '

‘beaded carbon ﬁlIsrapproxirna'tely 80 to .95 percent of the cavity. o
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©* 11, The cigarette filter as in clain 10, vherein the acti vat e‘d._'-agga.dfét SR
~carbon-i's-of -a predeterm ned anount. suffi-ci ent to: ,r_‘educe'-fl,-é rlﬁft;;

o appr oxi‘'mat el y-90%.or “more.” 12.The.ci garette filter as in <¢lai'm1l, wherei n

- “"the.predeterined amount- is ~approxinately 70 to 180 il 'JP%{]%‘"@ Qf o
‘ | ' 30654 i
arm L™ nel udi ng

. activat ed %P8 P € ar bon. 13, The cigarette filter as ik i udi ng
~-a second beaded naterial. of l'esser-or no activation when conpared to the -

“in claim1, whe

~ ‘beads with dia

activated bﬁtﬁ.dedr nbsrBite tifer A58 cRIBA! RheRiA fHelRtivated bBaBbatambRis sherein -
the second beaded naterial: conprises a beaded carbon of ~substantially the -
sane .di aneter: aﬁaréaﬁ?ﬁﬁiﬁbﬁ‘émt Qsclent t6 AR at least ditesrhbPEdtstiiehi by er as
ern al- _ ‘ pri
. i-ndi vi-dual bead o i al |y the.sane dianeter- - and ‘a second group-of -
i ndi vidual beadss,a g%‘%ﬂ@%ﬂ?i ally the same dianmeter: ‘but-smaller than the . =

o Ao Ol TR e 8 o4 i 18 Pokh (L EAGAGAERLUE bl B ("

~ ¢l ai m.15, ereint erica secon ave r

RN, LA R R AT e

~_a cylindrical cayjfy, and wherein the spherical beaded carbon conprises . = °
n@éé’ééfmr?‘he range of 1/10 to 1/40 of the dianmeter of the . .

Pl oo et A el d SR o1
(Hilter as incl %iprgro%c?&natie?yq'l’(llj %‘? %tiliigljrg%%tof%gﬁvaatgg ib%éé’é‘ lcé;bloﬁyo-r B N
| C o _ 13. | Thg cigarette filter as in c-lai.r'n‘ 1, incltqdihg a Secdnd 'b.eaded matériéi 6f :
~ lesser or no activation when compared to the activated beaded carbon,
174. The cigarette ﬁlfér as in CIaim 13, wherein the secénd beaded material
| combrisés a b.eaded.carbon of substantially the séme diameter as tHe_:_'l
: activéted_‘beaded carbon. v - |
15. The cigar‘ette-ﬁlter as in claim 1; wherein the spherical beaded carbon
| : 'comprisesafirstgroup of individUal beads oféubstantiallythe same diameter -
and a second grbup of individual beads of substantially the same diameter

but smaller than the diameter of the beadé of the first group. -

| (3 . , ~16.  The cigarette filter as in claim 15, wherein the spherical beads of the second
- group have a radius which is approximately [%J ~1 that of the radius of . o

the beads of the first group.
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e spherical beaded carbon conprises—a first dgroup-of =




-:_solidlfylng and car

< orel easr ng. segrrent | ocat'ed. downstream ff om the fl avored sph i ca%) geaded

- “garbon. The cigarette filter:as: in claim19, wherein the-a F‘Eq g

Cofl avor-rel easing - segnent ‘i ncludes - yarn with fl avorant thereon 21.. The ‘

" cigarette filter as-in claim 1, includi ng a flavor=releasin segnment- .o
downst r eatG BM%he spherical - beaded carbon. - 22, A'Ci garPé%T('gg[’?’Pqﬁﬁ‘er as in

‘claim'1, wherein the spherical form of t-he beaded :carbon results from

. suspending gy nel %@aféﬁé*ﬁﬂa 5 RECIEMPY, Jheiuﬁgyé’kﬂmﬁﬂgalda@ﬁy dgherein -

- ni-zin e precur sor arette 'filter as’ |

e R rf"“l"eggﬁ“@?Ei"%j?r'i?‘ff%[’i?i;ZZ' v

~ dianeter as the Ql‘{’ P@%@@&?&%ggﬁ%@‘cggﬁeecxgg'rdnﬁacqaai;( ‘ette. corrpr|y5| ng a.

= opher cal 1or Ahergarts ipees by et d: wheh & easgbnmiof Sh i s gLbon o -
PCTI US03100654 ﬁ}%adﬁg§a§>031aiéﬁew§? s in claim25, wherein t he beaded carbon -

of spherical fo Wlthlh the range of approximtely. 0.20

“ mllimeter to 0.70 millineter. arette as in clajm?26 V\hereln :
" the beaded Hr bdhengigargtigifidepas n &h'fapﬁ- erapla@stzcnrnar!mﬂﬁe@'eﬂefor-o 0. 40

mllimeters. 28. The cigarette as i-n.claim 27, wherein the beaded car bon of

~ spherical form relgesiaggeamentiocated Somnsireafeory the fayored sphasical beadsd The
~cigarette as in claim25, wherein at least a portion of the beaded carbon-
- material has a sp&wrt.ic surface .area not greater than 1600 neters. squared
. per gram BET. 30. The cigarette as in claim?29, wherein at. | east a portion
@f the beadsi cdifieocigarette filter as in claim 19, whereln the additional ﬂavor-releasmg
‘segment mcludes yarn W|th ﬂavorant thereon. '
21. The cigarette filter as in claim 1, inCIuding a flavor-releasing segment
downstream from the spherical beaded carbon.
2. A crgarette fi Iter as in claim 1, wherem the spherlcal form of the beaded' -
- carbon results from suspendlng a meltable carbon precursor in a fluid and
thereafter sohdrfytng and carbontzmg the precursor.
23. Acrgarette filter as in claim 22 including a second beaded material of lesser
- orno activation when compared to the activated beaded carbon,
' (f 24, Accigarette filter as in claim 23, wherein the second 'be_aded _material has
substantially the same diameter as the activete'd beaded carbon.

- 25. A cigarette ccmp'rising a tobacco rod and a-cigarette ﬁ_lter -inc!uding a.

beaded, activated carbon of a spherical form and of a pre-selected diameter.
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'rr'at-'e'r'r al has a specrfrc surface area |n the range of 1100\/&10 132%8 meters
» squared per gram BET. 31. The cigarette as in claim25 V%% Ieast a
_portion of the beaded carbon - as-deteriined by" DFT specrfrc m.cropore -

volume is._ at least 0.4 crrB/gm and. the total pore wvol ume .i s not - .gr eat-er than

35. The crgarett'B

T 006 cnBlgWO¥MIMWhie cigarette as in clai m25, wherein thBCTfUiiitfi@i)ﬁS‘i néludes a
"cavity and the beaded carbon: substant ially corrpl etely fills the cavity. 33.

 ooher ol WAoo R n IRH A kbl nd bt BRI pR N K%rﬁ*?ivf [‘3 o
55, “onerer n-tne ek RFORE A RHE NG o BofroiinetiE oA LPPRRR R0 ' M

sufficient to redH.cetat Ieast one ‘snoke . constrtuent by an-desi.red am)unt
"ME®M ¢l ai m 34, wherein the activated:beaded carbon is of

~a - predeter ampunt . suf f.i cjent. t o, reduce 3: but adi epe by r oxJ rrately _
© 90% 36.-T Sfaeaaeees asrin&lam%ﬁsehemﬁ@.heqqee GAreonR @$ﬁ1dr'ﬂffggﬁh‘?funt is
"37. appr oxi matel y 70 to 188@@1{1]““ grams of activated beaded car bon. The =

_cigarette as i n@PPENMAEYY mRjers 18 Qhillieatesst naterial of I esser or

' no acti vatron when conpared to the activated beaded car bon.
: 28, The crgarette as in ciaim 27, wherein the beaded carbon of spherrcal forrn

o has a drameter of appro:umately 0. 35 mrilrmeter e
:2:9'. B The crgarette as in claim 25 wherezn at Ieast a portron of the beaded carbon o
| C, | , - materrai has a specific surface area not greater than 1600 meters squared' '
- per gram BET. | | |
_ __3'0. | The cigarette asin ciaim 29, Wherei_n atleast a portion of the beaded carb_cin o
' material ha_s' a specific surface area m the rarige of"i100 to 1300 meteral. :
squared -per grarri BET | | o — .
o 31. The cigarette asin clarm 25 whereln at least a portron of the beaded carbonr :
as determmed by DFT specrf ic mrcropore volume is atleast 0 4 cmalgm and -
the total pore volume is not greater than 0.6 crnalgm .
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 ‘c'avity and the.

spherical beaded carbon fills approximately 80 to 95 percent of the cavity.
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.- 'second gr

- 38. The cigarette as-in claim37, wherein the second bead ¥ ?g) ﬁal has
-39. 'subst antial'l y’ the same-dianeter as the activated beadé E%?r 8 SR

~ci garette as in-ckaim25, vvherel n the s$pherical- beaded: car, bon corrprl ses a -

" “first group of ‘individual beads of substantially the ‘sane dianmeter and a
d&b"%"]’ﬁdl vi dual * beads ‘of ‘substantial iy the saFEU/HINESEr but.
smal | er -t'han the di anet er of  the beads of the first. .group. -40. ‘The -

o garette agsin 'Ph%"c@sa)?’&te 406! QL l‘zﬁ‘ewﬁ&%iﬁ kl-gea%%tkr? %eﬁ%rﬁ&?@&f,&gr ouIO

have a radi U$ whi approxi nat e e radrus

e o serec; debird %05%@%%@E@%ﬁ%ﬁ%@%ﬁéﬂﬁﬁ%tﬁ%ﬁ?P?é‘o‘mﬁ'@%g%?'h%&s&t v

- PCT/ US03/ 00654 - 41., The, ci ﬂar ette as in claim25, -including:a cylindri caI ' ,'
- ~cavity, and wher%'?ﬂ sheédg B'Ptl‘ caI beaded car bon conprises beads W'th- -

-dianeters: | 1/ /.40 of Ja ot er of t C drlcal
cavity, 2.8 %@fﬁ?ﬂe a8 1 el e n, il A T
carbon is 43_ fI av red. .. The cCi tte s in claim 42 i'ncl udi ng at~ Ieast
~one additional fR& eﬁefméneé{;%qu o resiss d - BeAiene LY APPFEAEIRY
fl'avored spherical beaded carbon. 44 The cigarette as-in clai m43, V\:heI’EI n
the addi tional f99%%or-rel easi ng segnent. 45..47. A ci garette conprising a
tobacco.rod and a filter including a cavity filled with thereafter '

. sol i di fyi ng3@nd e sigaretteges e qﬁl@t@ﬁsomherem i nre@ejetr@ned oamguebeaidu ng a
.rreltable carbon precursor in a fluid and ‘ o
‘ apprommately 70 to 180 mllllgrams of actlvated beaded carbon :
| C‘j o _ 37 The mgarette asin clalm 25 incIudmg a second beaded matenal of lesser or | |
| no activation when_ compared to_the aotlvated beaded oarbon. |
38. The cilgarett_e as in.c\laim 37,. 'wherein the second beaded material has
‘substantially the same diameter-asthe act.ivated' beaded carbon.'
2 39 , Th.e :cigarette as‘in claim 25, Wherein the spherical beaded oarbon comprises B
| a first group of mdw:dual beads of substantlally the same dlameter and a-A
second group of individual beads of substantlally the same dlameter but -

smal!er than the diameter of the beads of the first group.

40. The cigaretfe as in claim 39, wherein the sp_herica'l beads of the second
“group have a radius which is approximately [—3—) ~1 thatof the radius of the .

 spherical beads of the first group.
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f'_"-,j[ifl avor-rel easr ng. segrrent 46 The ci gar ette as in el ai m 25,1 hé] the
.”.'j'-spherr cal form.of theé beaded includes yarn wit: h I avor ant ?herr ‘Thé
-cigarette as in claim 25; i ncl udi’ ng a downstream fromthe spherl cal beaded

. carbon. ‘spherical -beaded carben- fof .Fenmovi ng at' l.east ~one nai- nstream:"

tobacco SVRKOSBASEi tuent  from mai NSt ream-t obacco- srrokeP(éilS{UMOﬁsi;rroke is
drawn 48.. The ci garette as in:clai m47 wher ein the spherical beaded carbon

L R AR
TR 3 e A TS RS i s
- of individual

e R R 5 S 0

the dianete he beads of the first group.. 50. The cigarette as in claim
49, wher éi n‘{% he Hisheioptetie B%alﬂs"ﬁ%'rm ?% ﬂcfhﬁr%hﬁ”ﬁ%t'véeﬁdﬁchd’ﬁ@ﬂ\ml chis

~approximately 2 -1 t hat of the radius of -the -spheri cal "beads of the f| rst.
group. 51. The étagerreet te as i.n claim47, wherein the spherical beaded-
~ carbon.is flavored. 52. The cigarette as in claim51, including at Ieast
one additi-dkal flhgwigareite agisigiym 4% inalugling ﬁd%ﬂ%dn@odmyon@élworrmiaashg _ .
~flavored . spheri cal beaded carbon. 53. The cigarette as in claim52, wherein -
t he addr ti onal ‘fsegment loea@dsiqvg\syegrrefmm the ﬂavored spherlcal beaded carbon f =
44. The crgarette asrn clarm 43 wherern the addltlonalﬂavor-releasmg segment
C A | mcludes yarn with ﬂavorant thereon. - |
45.  The crgarette asin clatm 25 mcludrng a ﬂavor—releasmg segment'
* downstream from the spherical beaded carbon. |
- 46, The clgarette as in clalm 25 whereln the spherlcai form of the beaded
carbon results from suspendrng a meltable carbon precursor in a fluid and .
' thereafter solrdtfylng and carbonrzrng the precursor
47. A c_lgarette comprising a tobacco rod and a filter including a cavity filled with
spherical beaded ‘carbon for rernoving at least one mainstream tobacco
smoke constituent from mainstream tobacco smoke as such smoke is drawn _
( o through the t" lter. | |
48. The orgarette as in clalm 47, wherem the sphencal beaded carbon |
.. cooperates wrth a materlat selected from the group cons:stmg of zeolite, -

silica gel, modified silica gel, inorganic polynters, clay; metai oxides, metal' '

silicates, aluminophosphates and metal phosphates.
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Sk ncl udes yarn wrth fI avorant thereon 54 The ci gar ette as, C%) m47
~inckudi ng & -flavor- rel easi ng segnent: downstream from:the SBH '?Et § beaded
~car bon. '55.. - The c¢i garette as-in claim: 47, includi ng. -anot her- beaded carbon
" material -within t he cavrty of ‘i.nactivat ed or- l'ess activated car bon beads.’

- 56.. The - cYA93059086 a5 in clai m47,- wherein the filter: i's ROT/DHEGSEl  and the’_‘,"' |

- cavity has.. a dianeter approxinately. equal to the di. aneter of the filter

7 0% 68es -L?:%%%f&ﬁé%%ﬂﬁ#mhé i SheBob B b %00

" beaded b terial h th fozto_-f
0T et ers 8 st Sy @5@9@%% atj%?%'ﬁv Bladtop e endes” 2 °

- b t | h t , h f 0.2t 0 4
- mllimeters. ?-h@e&?@cirgm @d;\wta@ s Pt Sihasmtnallhe o brrosterb  ©
material is activat ed par si ze. di anet er- of appr-oxi rrately 0.35 mm  The

ci garette as m%?%!?ht@@t "B‘f"tﬁ"? eheads of they lshoredPer i al “has ain-the.

. range of 1100 t0&1300 BET as’ neasur ed by the BET nethod. .The cigarette as

in clai m 47201 urtheeriganstie R wgclﬁfah48awber¢1mﬁmgpherloehbeads/pf;hebsecond
'approxr mately the ‘sane size as the carbon beads. one of clains 1-24.- A

. cligarette corrprrsr ng "a tobacco .rod‘and a cigar e filter according to any'_,
' 35 - ~ group avearadruswh:ch is approxrmatey @—) —1 thatoftheradrusofthe, o

,spherical beads of the ﬁrst _group.l |
- C\ R _51:.- “The cigarette as in cl"aim.47, .w.hlerein the ep'herical' beaded carbdn 15
: ﬂavored | : . | | |
52, The crgarette asin claim 51, mcludlng atleastone addrtlonal ﬂavor-releasrng |
segment located downstream from the ﬂavored sphenca! beaded carbon.
53, The cigarette asin claim 52, wherem the additional ﬂavor-releasrng segment
mcludes yarn with ﬂavorant thereon |
54. The ,cigarette_ as in claim 47, including a .f‘Iav_or-reIeasing segment.
downstream from the spheric.:all beaded carbon. :
.- 55. The c_:igarette as in claim 47, including another beaded carbon‘material within
' ( \r ' : . the cavity of inactivated or less activated carbon beads; =
56. | The cigarette as in claim 47, wherein the filter is cylirrdrical and the cavity has |
a diameter approxrmately equal to the dlameter of . the fi Iter and a cavrty

length of approxrmately 251012 mrthmeters
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~ 57.° The Cigafeﬂé' as in Claim-4'7"'Whereih the beaded 'carbon material has a -

- ‘parhcle srze drameter in the range of 0 2 to 0. 7 mllllmeters

- .' 58;

.-: .

| ;'eo.-' “
61.

62.

- The cngarette as in cla:m 57 wherem the beaded carbon matenal has‘ .a. o

-partrcle suze dlameter in the range of 0 2 to 0.4 mllllmeters B
- The mgarette as in clalm 58, wherem the beaded carbon matertal has a-’r_-” o
' 'partrcle 5|ze dlameter of approxlmately 0.35mm. - e B ”
_' The mgarette as in clarm 47 wherein the beaded carbon matenal is actwated 7'

inthe range of 1100 tc 1300 BET as measured by the BET method

The crgarette as m clalm 47, further mcludmg non-carbon beads inthe cawty 3

of approxrmate!y the same size as the carbon beads |

'A crgarette compnsmg a tobacco rod and a c;garette filter accordlng to any

one of claims 1 -24
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