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{54} Title: CIGARETTE FILTER WITH BEADED CARBON

OO O

Y.

o (87) Abstract: A smoking article stch as a cigarette (10) comprises a tobacco rod (12) and 2 filter component (14) having a cavity -~ -
= (22) filled with spherical beaded carbon (24). As mainstream tobacco smoke is drawn throngh the flter component (14), targeted - N
', 575 Phase smoke constituents are removed as the sinoke passes through the carbon (24). During the filter manufactoring process, the: =~
o )] spherical beaded carbon (24) flows like a liquid and substantially completely fills the cavity {22). Point-to-point contact between the o
- 3 spherical beads (24) together with substantially complete filling of the cavity (22) produces minifna) channeling of ambilatory gas: -
# phase as well a5 maximam contact between the gas phase and the carbon surface of the spherical beads (24) during smoking, . . T




"_ : 7(22) f| | 1 ed vvrth spherr caI beaded car bon (24) As mai nstreggp o%g?cico srmke
- i.s drawn through the filter -conponenet (14), ‘the spherii 4f° ds (24)
-t oget her  wi th subst antially conplete filling of the cavity (22) produces

- .minimal . chywlssags of anbul atory gas phase as wel | as mahfasmeeat act

‘bet ween the gas phase and the carbon surface of t he spherical beads (24) .
- during snoking. WD 03/059096 Cl GARETTE FI LTER W TH BEADED CARBON 19 June °
-~ 2006 PCT/ US03/ 00654 Cross-Reference To Rel ated Applications [0001) This:

~application clainms the benefit of U'S. Provisional Application 60/347, 558
[0003] Filter-tipped snoking. articles, particularly cigarettes, gener aI |y
conprise-a tobacco rod, a filter and a band of tipping paper attaching the
filter to tobacco rod. The tobacco rod generally conprises a colum of

~_shredded tobacco (e. gCIGARETVEFIDTERWITH BEADED CARBONes, and in

.- their entirety by refebegg_‘

 mainstr¥

- particular, to cigarefte filters contalning a carbon naterial. Background
- of the .lnvention [0002] The present invention relates to filter-tipped -

- smoking articles such as filtered which are hereby i ncorporated herein in

_néhérled January 9, 2002,
and U.S. Provrsronal AP Aogust 14, 2002, fibrous

TR Sk o bl %:%%rtnrgarmﬁ” SR8
BT ER v R

.-ﬁilocation ajong. the filter Ventllatlon provj des dilution of drawn _
Hﬁ*"%h@eﬁﬂm’oﬁ?ﬁﬁ?t@ﬁ%e&ﬁm ip dheicentelybydelgednGrery | evel of tar per

puf f. WD 03/ 059096 PCT/ USOB/ 00654 _
_ . Field of the Invention

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

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

Background of the Invention e
_‘[000_3] . Filter_—tipoed 'emo_king articles, partictjlarly _’cilgarettes', g'enerally compriee a
tobacco rod, a filter and a band of tipping oaper attachfng the fil_ter'to tobacoo rod. The
o tobacco rod generally comprises a column of shredded_tobaoco (e.g., in torntof cut filler)
thatis wrapped within a cigarette paper or Wrapper. ‘Typioally.' the _ﬁrlter'inoludes aplugof
-tibrous materiai (a f‘ lter plug™), preferably made ofa 'oeltolose acetate tow. Ventilation ot '
maunstream smoke is achleved by provrsron of a row or rows of perforatrons through the '
'trpprng paper at a Iocatron along the fi Iter plug Venttlatron provrdes dr!utlon of drawn. -

' mamstream smoke with ambrent arr to reduce the delrvery level of tar per puff




' [0004] During snoking, a shoker draws mai nst ream érmke'frqgtthe gfo at the;"
- lit end of. the crgarette The drawn cigarette snoke first it P the ..
- upstreamfi‘lter portion of the filter-and then passes through the '

- downst r eanypQshdegss adj acent to the buccal end of the [00@8lu&hdogysn

. cigarettes have filter segnents which i ncor por-ate mat eri al's such as.
cigarette filter. granules of carbon, silica gel, zeolite and the |ike. :
- Exenpl d0904] gaPutingsmakitg.fa smoker diews fensticaetsmoke frem tratoaldbthe ReBB1, 770

- to Tovey; 3,353, 543 to Sproull et al.; 3,101,723 to Selignman et al.; and
4, 481, 9¥dhe or@mtteerTlaat draivn Gigatetiei soke firstzntors thpmbsteam diterjostiors@2h829 and:
608, 047. Certain commercially available filters have particles or granul es

of car bitter @addhen passas throagk the dowostream poftiah)Jadidcenetotheuspalirafibfthé hin a
cellul ose acetate tow, other commercially available filters have carbon-
t hr eadscigarefefiged therein; while still other comercially available :
filters have so-called cavrty filter or triple filter designs. Exenplary;

“comer qpedsly agaithinkigaréttdd Rave Fite! SElfniES ihictPHRbrptRbiedmBRatoahcTas t er

—and-Triple Solid Charcoal Filter fromFiltrona International, Ltd.; Triple

~Cavity drbhiigs of EQrgb?FOQWQeI Ee@lﬁ? ENAREMRE. t%a@]; dar?%[%arétrét &llaﬁrrag'a%' of

“the properties .and conposftion of ~ cigarettes ers.1s tfound 1n U.S:

 Pal Moo 0 (P80pbe NGED 51881 30t ToRa! 19084919 S REE PR B0 ACT

from trona Internatrona 7] The
- plug- s I sﬁ'ﬁ%p f I 'ter
"~ plugs B‘ggﬁ&éﬂit’en ngtttrg ?)Qn étg éﬁgﬂ%ﬁgaﬁ F?B&;?‘gm%%%% '\%’521 545
< to Cre es of con kS filter outs t ncl ude -
{gnanul 5?5%?@ e O ?&"‘gﬁl}%&l‘ﬁ'e@ﬂ'lyr 2fgble e iy FeclRiStr e dPe ah on
are here cor or n bed of, granul at ed, act | vated
car bon P O(“n a ? ‘gé?{b %Jﬂ?&@@ﬁ"’ disperses; i ﬁtfll%ﬁlﬁ wloge @cetgte
' proces i on of q;;maced aaﬂﬁart fil l%llf lugs i s established al ong a continuous
~ri bbon ‘E’H’ hecaRmpreiaty @vakanle Hie) geFﬂ@ﬁnéaﬁﬁdaprspersaﬂdweabmle gtilhor t i on
© o of theog_‘?ug precessi on -and geranul ated carbon material_is poured or :
ot her wiolericenraerciady avaitadle filters have spwaber Deavity filterlrardinipla fittedldesigngous r od
" is then cut in well-defined |ocations according spaces defined between the -
: part i aIﬁx?mlﬂ%’awwetqlallb’@va{bah@§lter5h90lpde|§ﬁﬁr &pDusal Stblnglameell Filter and :
Trfple Solrd Charcoal Frlter from Filtrona tnternatronal Ltd Tnple Cavrty Filter from
Baumgartner and ACT from Flltrona Internatronal Ltd See also Clarke et al Won‘d :
' Tobacco p 55 (November 1992) Detarled drscussron of the pr0pert|es and composrtron of
crgarettes and t” lters is foundin U S Pat. Nos 5, 404 890 to Gentry etal. and 5,568, 819 to - -
. D Gentry et aI 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 Crellm et al
[0007] The plug-space-plug design typrcally compnsesaparr of spaced-apartt"lter plugs o |

- and a bed of granulated actlvated carbon in the cawty or space therebetween In their




“suf fer; .and©

.‘-'f-j_to a: deSI red Iength usual yin the form of mil'ti pI es of 1‘t-?lsbtevff* ]
" el'erent.: “actually utilized on [0008) Cavity" f|l||ng apparat in the
_art nmay be- utilized in. t he manufacture of the filter- tlpped mgarette

itself. the granul ar material. Oon3|stency am)ngst filter rods would. B
gﬂhsé 0¥avities- ‘suffered ‘at hi gh rachi ne speed?CWEW‘loﬁﬁéona stent;l_‘

metering, scatterl ng and pul verization of [0009] ‘Wth machines' and carbon = -
LT e ghobRe dioBbedes of SiaREsReRNNE Sl WEMHIMMIANET hBELES LT
-"LLLESL%?%B%#%'%@E@%?ZQ%LHQ%W ' BRI BB SOTRDG
[; :3:8% igzuf :eiafﬂxnﬁgﬁéf graé}lg tttrtﬁm:gﬁ&l ﬁgﬁeﬁ‘l%ﬁﬁﬁte& %rn%tﬁélvllgafrﬁ?fgﬁdﬁw t hE%Qr and
rel at | VPRGOS IS reﬁveeaﬂreee@%a %twraﬂe%f e Rilg e g eSSl ent

created a puI veri action u the granular car bon, whi ch action ,
- gener aIﬂ’WQQﬁ?Peﬁ 'él"e griliantae “HQU§ e’ %%&h‘ﬁ?“‘ﬁ@f&@é‘éﬁ@@%ﬂc@aﬁdlm culate

.- matter during manuf act ur i ng operations:with grl or machi nes- and materials .
~of ten dpediestiediieagtin ysualiyindes fasnal siukiplesof tha Siten elamept actualty Utiizerhoms -
. smears or inconplete fillings)- and preci pi tate undesirable 19 June 2006 WO -
.03/ 059abeﬁmwnpsd$lgmemitaelghu ne "down-tinmes" to effect clean-up of -the - ‘
~..machi ne and the surrounding work environnment. [00011] G a nulated carbon,
~ bei ng "40008}! edPavity filiing appegatuakhgws i fhedarh neaywie Utlilzelyin e manpiacture bes,

‘tends to pack-into a given volune of space inconsistently fromone filling:

@Rlelr ?;Igﬂltgl% éogg%?]ﬁngwch.mm inGlguredeand 2f OIS, P00 452 14, 50’851 5'22‘1%17' stent”
15,322,459, 5,542, 901 and 5,875, 824 |Ilustrate and descnbe such cavrty fi llmg apparatus
~and these disclosures are mcorporated hereln by reference.
~ [0009] Wrth machines and carbon materrals of the prior art process controt usually

. ) 7-_ suffered at hrgh machine speeds from tnconsmtent metenng, scattenng and pulvenzatlon of _
the granular matenai Consrstency amongst fi f lter rods would suffer and some cavities .
~would be Iess fi Iled than others. o
[00010}] For example, certain prior “charcoal" metering devices contain asu.p.ply of
granular carbon in a hopper and allowed the nm of a rotatlng metering wheel to rotate

| O ,- , through the relatlvely stationary collectlon of granular. carbon Such an arrangement

. created a pulvenzmg action upon the granular carbon whlch actlon generally mcreased

- _ wnth machlne speed. Ricochet and escape of . partrculate matter dunng manufacturrng

operations with prior machines and materlals often created unacceptable defi iciencies in

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




“oul d pl ague “aut omat ed filter-rod making. The irregular palg\l;}r_' uI d. aI so
- .create undesirable channels through the bed-that' woul d. al | ge of '

'-f'*:-_substantral port|ons of mainstream. snoke through or around’ the bed such

- that ‘i nteraction between the"[00012] 1t.has been known to: include -
" granul at edVO 8¥49®4t ed ‘car bon mat.eri‘al's ‘i n cigarette mai nEPT’éTﬁ‘W“@fﬁdke and
't he -granul ar. car.bon woul d be Tessened. filters to pronote renoval- :

T O G OOR e R AR o Bl o

-carbonrzrn organi c ‘material: such-as: nut shell's or ‘a mood materi al, andiuf.'

"act i vaWVH ?rhte car boni.zed materi.al: by subJ ecting it to a heat treat ment

- at appr te degr ee r bon
B B R SRR S R R I
(honeyconb- | i ke) 'mterna structure.and a ver l'arge, sp CIfIC surface area' '
"t ypi calfayticles, tiaads e RAckINO3g e i%'é@‘esahél?% &rificopsis ?
. by the Brunauer, Emmett & Teller ("BET") nethod for activated carbon
[ 00013]opeEationde thesit Heeardinglyelaere @@W'@@rﬂ@ammﬁeﬁn&ﬁlknw\@w%f ace -

ly dreone filiag ur eq

roughness and shapes which are: 1rregu| ar and i nconsistent fromgranule to .-

- .granul evoutlth@iaguei avtogiated |fttee§3ctamkrnﬂeoﬁbegtregelaé@aelrmg rveiild alsa cieateon
materials create problens in the comercial production of cafbon- bearr ng
‘cl gar etundesirabiecharows thmough (habed that world allovepassage vf substantizd portions of
“irregul ar shapes exacerbate ricochet of the particles as they are fed

"t hr ougiméinéttersm rerokerthivugh endrdunadhe bednsucts itsateimteractibrl detwemmhet o

~-filling of the cavities in the plug nmaki ng machi-nes which event dirties

Che Preslstieath Emokeramatthe grdmilarparionohesid beuessetiedt . into the work
nvironment and creates a need for a shut-down to clean the rod making

- space: phomi2) f iit K&y béertinowr] BUhide dranmtcall Setivabat! caBoImat@TdROI oigRiréttd al s
al so are . known to have a significant' inpact on the taste of. a cigarette,
- in thatfrlters%brérﬁ&t@%vﬁf&%néﬁﬂ&ﬁs%nﬂ%bﬁrs&béﬁ smoke. 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 droxrde 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.
g [00013] However, such granu!ated actrvated carbon materlals 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,




distribution tends. to capture not only gas phase conponeq

mai nstream t obacco snoke, but al so. portions of the partlc ezogﬁase

I. e. ~some or . a reat numnber . of tar constituents: that contrlbute taste and
flavor “to WO %ﬁ“gﬁar ette smbke. Granular. activated - car boPGTNG006HE . -
const ructed from nut shells: or wood are al $0 known to include |rrpurtt|es

whi Ch e Qﬁ%?ﬁsgﬁﬁes%x%e%% AGIcHRP SR %gic‘? saﬁgﬂogr{etf&? @ﬁgﬁg}gh Liyted to

t he..use .of ted.carbon tn-ci gare *st.ood
by, BB BFEAY, | dadr B B Bl AR Bt Y 30 et eBu&“deus?r e
ﬁii'k.vﬁahfﬁaa%‘hf%fﬂ’%“vﬂé%}aﬁﬁaﬂ@nﬁ% a&%ﬁi&r a%@é&%&&%veé%e%f&faﬁ%%ﬁéd&2"

Fost bl IR FrBhonBEat S amBhES bl o et ih ety "

provi ded ‘a e filter ‘i ncluding a beaded, :‘acti'vat- ed’car bon- of ‘a
spherl PQPeTprgrrﬁ%ﬁ ‘ﬁﬁ a pre- 'sel ected diameter:.1n accor dance’ vii t-h ‘a’second

aspect . invejitiron: there.is .pr ovi ded a ‘ci-garetit e *conpri si ng
a -tobd %@éﬂ GG%HHFHE\?@ @%{Wéﬁdecqu@@ &ateMslﬁmgrokb@waéo havam isignifiedntar bon

of - a %herl cal ‘form-and of aéﬁre sel ect ed. di anet.er. 519 . June 2006 1 n:
accor Raet op ithe dasts; ?fdaa%‘ eofn thas tbe@sfondomlwomad)mngmef @oire sireovi-ded
garette conpri'sing a tobacco rod.and a filter includi ng -a cavity .-

f il | e isfilttion dned's. knraplyem fetiony gesphase coemmrnients of a Inesinstreaa tobactst T eam
t obacco smoke .constituent from nainstreamtabdcco snoke as such snoke is
dravmsmkeught glpe portianss of Betnatticulatesphasie, heq\sotiee or ai ?@aenumbleaorw a .

cigarette filter i'ncorporating a formof carbon capable of effici ently and
ef f eccomsﬂtu}erdsiﬁm’f lmong'lblme ﬂasheaﬁ@(ﬂﬁvor to the c:garette smoke Granular achvated
: carbons that are constructed from nut sheils or wood are aiso known fo lnclude lmpuntles |
whlch are beheved to be another possnble cause of off«tastes attnbuted to the use of
: granuiated carbon in Cigarettes | _ | Co |
' 'f[00015] lt is a!so understood that the process of actlvatmo grandlar caddon tends to: '
weaken the granule body, such that it s less robust and more prone to fracturer
: A' pulvenzatlon and dustmg whenfed through metenng devnces of f' lter rod makmg machmes

o 1t is. also understood that the actlvatnon treatment adds cost to the manufacture of |

- ‘.granulated matenal
o | Sufnm.aﬁ of the Invehtiod
In accordance with a first aspect of the prosent 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.




gas phase conponents present in nainstreamcigarette tobac%o snnkg with a
| esser inpact on the perceived taste of the cigarette wher J4Hooas

Enbodi ments may provide a cigarette having a cigarette filter incorporating
a form of carbon and/or other materials capable of efficiently and
effectively adsorbing gas phase conponents of mainstream snoke, yet is
physically robust to withstand automated filter rod maki ng operations and
does not require excessive activation treatnent and associated costs

t her eof . Enbod sEeslanes Withpa dhied aspestealdbie presknd tinvamtion, thereds prvidedng
filter rods. Enbodi ments may pronote a nore conplete and consistent
filling sigareile coewprisingm depacspaod-andig filier tircluding @ aavityr filkegl. withispbenealt s
may obviate (lessen) material scatter and ricochet in the manufacture of
filter plhegdedcadmnt for remeeng tat deast cuver mamstredmstiobaced sipoke wohstiinerntfaim ng
and the need to clean filter rod maki ng machinery. Al so disclosed is a
filter ofmainsinedon tabaacd soloke ias stioh Strioketiedraein thedughahediltear bon beads of
consi stent spherical formand preferably of a pre-selected dianeter, range
of pore size HEhisddimbhis @ay3indvideta Cidarettenaling B eigardtie AkSY Ré6ordtRy a
exanpl e, a carbon-bearing cigarette filter that offers wuniformty o

product fewst étBon Ué‘;baft%méﬁici@ﬁt(ljypéﬁdjéﬁéct%ryféasm@1 ease of achieving
uniformty for both of these, and inproved absolute performance. In a
preferred enbodi nent, there is provided a plug-space-plug filter whose
cavity is filled wth beaded carbon of a consistent spherical shape and
preferably of about 19 June 2006 the sane size, preferably in the range of
0.2to 0.7 mllinmeter in dianmeter, nore preferably in the range of 0.2 to
0.4 millimeters at or about 0.35 mmdianeter. At such sizes, sufficient
and effective gas phase renoval may be achi eved at noderate to | ower
activation levels, which preferably are in the range of 1600 square neters
per gramor |ess (as neasured by the Brunauer, Enmett & Teller ("BET")
met hod). Accordingly, the robustness or hardness of the carbon beads nmay
be preserved so as to enhance their resistance to fracture and formation
of undesirabl e dust during automated manufacture of

Ba




filter rods. Mintaining bead size at or about a presel ect ggll ed%]ggt er
pronbte a snoother flow and nore consistent packing of t He % duri ng
manuf acturing processes. Activated beaded carbon is found to have a
preponderance (greatest portion) of its pore size distribution in the

m cropore range (less than 20 angstrons), which is believed to be optinal
for the renoyal of gas phase constituents. It has al so been found that

act i vat e82% Pha%R cOrPIBANtE pRIEseRtUINaMRIPSERamhCinarcts tobacredswake ovith Adesser
smal l er  popul ati on of macropores (greater than 500 angstrons) conpared to
wood or ERRAshon thepereaived tasteohte cgaretiawbensardkeds. Preferably, the beaded
carbon may be manufactured to have a pore size distribution predom nantly
in the range bmbgiliment® mey provideral digaree paving a(digaratig §itterdncorgdomting arfoon

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

angst r onef carbgnearidier) pther trhatehialsr eapbldef efficienty pod esffectively adsbibing ghe
range defined therebetween. Beaded carbon may al so be adapted to carry

f1 avor anplsasencompomenty ofatiginstréah snidkey yetrie phdiealyabbestte wibsant kadmasake.
19 June 2006 WD 03/ 059096 Brief Description of the Draw ngs PCTfUS03/ 00654

[ 00027] fieerelodf makiHg sperasbrdymd idaes snodfrehiife Rk6SSINe abﬂ'\)é@iﬂﬁ'tﬁébtrh@nﬁgﬂdt I on
to those mentioned above wll becone apparent to persons of ordinaryskill

in the asdsobiztel dodietdidsy of the followi ng detailed description in
conjunction with the acconpanying drawi ngs wherein simlar referenced

characters ref @mb?dlﬁiemsl. A ﬁ’rﬁéi‘o@e%ﬂu‘fbﬁé’te&’%‘r&db tibf Q)(ngr]b Rl 'b%%ﬁﬁg fitbrolsS' de

el evati onal view of a cigar corrprl sing a to acco ro

Tt o SRRk proRGE S e e GBI BNERAREY ol B2
si de el eé’;?e}cief’p'ﬁ?d ﬁlYér%nufactu?r to Figure 1, but show ng a cavi ty filled
Embodiments may 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.
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 ié provided a plug-space-plug filter whose

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




wi th spherical beaded carbon of two different sizes; [00030] Figure 3 is a
cross sectional view of a single spherical bead optionall fgéw?ﬁ?%f)@i ng a
core and a surface coating of flavorant; [00031] Figure 4 is an enl arged
partial cross sectional viewof a filter cavity filled with spherical

beaded carbon, show ng point-to-point contact between the beads; [00032]
Figure 5 is a side el evational view of another enbodi ment of. the present

i nvent i ol §AME; §izfg Pacfetblc dn thedagge of M2 to -Gonpdimeter fin| diametgri more
portions broken away to illustrate internal details; [00033] Figure 6 is a
si de el epeferablyl invihearge sf 012 todhdtridimesatsoati oreahoud 0.3henpdisseeter. At such
,invention conprising a tobacco rod and a nulti-conponent filter with

por t i onssizésrsaficint cindreffastiye gas phbses teraveal inmaebé achideediat B10dECAO BotjJowdrgur e
7 is a graph of puff-by-puff percent delivery of 1, 3-butadiene for several
di f f er enactsiatien etk dvidel poeferabllOdnenia tREFENY¥DO003IL00 QQGrePGEISISRS GReh r

[ 00035] Figure 8 is a graph of puff-by-puff delivery of 1,3-butadiene as a

f unct i onles$ (asihfdasumat bPt{eABAMUBE Eincheti s Telsr ("BETYahEthad). PaichBighefthe
1, 3-butadiene fromthe control, a 1 R4F standard cigarette; and [00036]

Fi gur e OrgbtistheB& lor HapdrbssTwhae Gaftth BéddRChagbeChreBeNead 59 anssHdeehbir

diluents on the percent delivery of 1,3-butadiene. Detail Description of

the | nvepisistdhde th 9eart aRafEmidtdg df anbbsitabe dustduRhg batdnesled MReRFARMe S

the present invention provides a cigarette 10 conprising a tobacco rod 12
and a mufitd-rsgrponent filter 14 attached to the rod with tipping paper 16.
.The filter 14 1s in the formof a plug-space-plug design with

Maintaining bead size at or about a preselected diameter may promote a
smoother flow and more consistent packing of the beads during manufacturing
processes.

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 fiaﬁorants in @ manner such that

they are releasable to mainstream smoke.




"’f'--‘_*spaced apart ceI ['ul ose acet ate pl ugs 18,20 and ‘a’ cavr ty '

S theéo%get ween
o filled:wth a beaded carbon 24.0of a spheri¢al’ form a-her. " Fif

| ‘configurations. that:include a cavity fil'led wth spherical.- ‘beaded adsor bent;fii_'e_”f

'_'firrat erial are also wi'thin t he scope of the present [00038] The" sphérical
' beaded car¥OAMRIr i &l 24 conprises.individual beads prePEPEBIN0FHvention.
. of a pre-sel ected-uni form dianeter that have the advant ageous tendency to:

. .contact .each.other at si nQ'rﬁfB‘éhEﬁ t|8F| tﬁ?ﬂéﬁ?iw n establ i'shed as a bed "
: wrthrnacavrty of - aplug- ‘ter..“Such single- pornt B

~-'cont act er| S wWiith - om chapnel i ng or = .
. short- JPQ@%t .C'ﬁé"egffg?e‘ﬂ'b %@J]gﬂg%ggg%agtﬁ '1%?%85’\# WK@’@&OP eg;:}dgpn E?c@B?ﬁr ngly, . =
- maxi mum ntat i s achi eved: between the f arette snmoke -
T SAReA bk BB RS bBRofEr HBRS St e Gmedemingn of
“the targete onents.. [00039] The f||ter cavity 22°is
~prefer E? dfpﬁq’\%'ﬂgv;eﬁﬁ“%dpﬁ%‘fr@élpn dB resyHNsigR Vil ﬂ't%éc‘é‘?iﬂﬁa@tl('iga dawings t he
alter natrve conprise beads having two different sizes, one |larger than the
ot her. V@?&?'Pé‘"‘@?"i@ 96%{2?@‘H@&?@Wﬁrfﬁfﬂrnﬁ’§‘"B@fﬁé€ﬁaﬁ@rfg\¥hicbeads as shown in
_Figure 2. 85>ecrf|cally, ure 2-is a side elevational viewsimlar to: -
- Fi gur e [Q0G38 h ﬁlgmr@érrseard& eyationg| view ofia Cigaetieosamprisingmtobactaragkarsbads 26 -
~and smal | er beads 28 packed. unifornly between the | arger beads. The two =~
- _sizes otultreamponent filiersecasediag tordhenpresent mventian withxportiars fheréofcprokert he
" ‘cavity 22 and thereby ninimze bypass ‘channeling at the out er edges of the
-cavi tyaWaytedIuetraiengtemﬂidetalfsrmm bead di aneter to be used, the diameter of
the cylindrical filter cavity 22 is taken into consi deratr on and optimal = -
@?rfor 180029] | Figurbi2ds edide/elavational viewlstraikr td Bigurs | chtaeﬁbwrngacathﬂuécﬁnge of o
“10 to 1/40 that of the cavity dianeter. Wien snaller beads 28 are al so

© i ncl udeskni spheficdlibeatibe Battiohfof the differgdrsizesads - 26, the smal | er  beads
“general ly have a diameter of about 22%that of the |arger beads. A

pr ef er [auhaopt IRgME RIS A creds dbt@itaNiBwiosa dingRisphehéal Eégéoptﬂenhﬂvcarﬁgrést di us of

t he srraller beads 28 relative to the radius of the larder bead

As a frérdorpggnalatﬁr@@ércggundjmg terial may also be selected to provide
flavorants to the snoke stream.after other filter conponents have renoved

”g“nggd?te @?gig@haé%ncarme@araauél 683 Sabhl VIGTBY d'rtet eaﬁ&%:pafvrrnw' ar.

B spherlcal beaded carbon, showrng pomt-to-pornt contact between the beads

[00032] Figure 5 is a srde e!evatlonal 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 eIevationaI view of still another embodirnent of the present
_.rnventlcn compns:ng a tobacco rod and a mu!tr-component filter with porttons thereof

~ broken away to illustrate rntenor detarls

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

| different size beaded carbons;

00040]




downstr eam minim zes frictioen between the beads.and allows

~:..conponent nay ‘be simlar to the.one shown “in Figure. 1 withan additional . = =
am mi-ni n een. 19%’&1&5%1‘ ow: o
Joorapidly. during the [00041] The tendency for.single point contact between - . ...
“.-the spherical beaded carbon 24 cavity filled wth flavored beaded material.: - |
Jomanuf act urVRIBP®¥ess in a manner similar toli.quids-so RETHSIHEsSH- assenbl e -
“into a close packed array wi-thin filter cavity 22 Such free flowability - .

e e i A AR TR A S,

- ‘wast ed at L f_the car ads.. >hni ques, (K jn the art.. Myreover, .
: _'\Ahen.ac@f%é@tgﬂcg‘aq@(}hengdggfbeo% e%ﬁ\ggﬁ %%Q&E’gﬁ’e&i1@8&%9@?&%&'@&9%@»a R
Sooutiliz wel | .as other carbon . fornulations known.in.the art. The beaded
- c-ar-bonq%h‘ﬁiﬁt?%cﬂa}r‘_’t‘ﬁ‘%a’%%?it?&ﬂs' disclosed in US. Pat: Nos. 4,917,835, - ..-:
. 5, 456, d discl asures of these patepts are incorporated herein by - -
Dot or elS0bIe £S5 Bloar gianh ShEwaltEe Seci e bvbph and RErAdRRbAS ey, be
. -obtained fromthe Kureha Chem cal |ndustry Co., Ltd. of Japan .or Mst -
Car bon OPithe Pegsentgelperyof ‘(ﬁTE‘hUFQﬂ'%F‘@B' 2AF, Uni ted Kingdom [00043] . As noted "
~above, spherical beaded carbon material 24-inmediately packs intoa ~ -
- cl ose-packed array with MetaiBescriptigniafitheinvemionel s which 'mi ght ot her wi se
reduce the - efficiency of the filter bed within the filter cavity 22. This -
i s a dieesy] r Keféwingto Figurebiapreferredmmbudiment ditite presesdnvéritonproadds -
_..surfaced beads of material. Such uniform packing. pronotes |ess variation

" in t heafdgarettes peamprising adobeech rac 12 anc avauli-a6mponeént fltael 4 aByEHaltb the

performance. Unli ke granul ar bed packi ngs which often settl-e thereby :

& oduciouwithtippingqrapesfi 6byTresfiter anisah she forfi & pliR-shatRANES debightviith cavity -
\22 is substantially conpletely filled. with spherical beaded carbon o

et er i ghachdr At LEIRIGE AEAS UGS 18] 20 8RS a/%é\ho}yfz@ RBRIREVaE) ﬁuérgaggh ing

thereafter. [00044] Referring to Figure 55 anolther preferred e i ment of . -

Lhe pr Be4id 2MENDA B SAEHBABAnA ORMGIHIE! ShrdaRBRTTIEL Rlclfed (il fled .

snokabl e material 12 such as shre cCo an I -"COoMpo

.14 att h i | BRI NG DAPEL:d6 4 U i ght ing of the
~.cigar efﬂr?*e?#&Eﬂcﬁaﬁﬁéﬁeéﬁcﬁmﬁ%@eﬁ}a@%@ ndgga%}gtg%g@naﬁ%e %?ﬁalﬁ é}r%‘% l(P,:l‘rt“"fge"['to0045]

- Herei ”-‘vaaﬁ't 'n"upst ream and "downstreani relative positions between filter- -
~ ‘tobacco rod 12 and through the filter 14. - ' S :

[00038] The spherical be_éded carbon material 24 compriseé individual beads preferably
of a pre—selected. uniform diameter that héve -the adVantagéous tendency to éontaét each
other at single poihts_ of contéct When established as a bed within a cavity of a plug-ép&éce-
plug cigarette-filter.' Such s'in.gle-point contact produces a bed of fhe carbon materiél with
j (\} | " minimal channeling or short-circuiting of tobacco smoké dfaﬁvn throuéh the cavity 22,
Aécordingly, maximum éontact is échieved between tﬂe gas phase of the cigarette sfnoke" '
and the c_:érbon surface of the beads for ex.tremely efficient adsorption of the targeted gas'. -

phase componénts.




"i-i_*segrrents and ot her features are .described in rel ation.to’ t e dl%ﬁ tion of . .
. mai nstream snoke as it lS drawn ‘from the tobaceo rod- 12 -and "I éh the .
:-'_:,mll ti -conponent filter [00046] Preferably; the filter: 14 -conpri ses. a
= first, upstream car-bon- bearl ng ‘'segnent 50 C segnent 50 conprises-a .- .
" pl ug- spacé?‘-’(bl':‘(lﬁ ¥ | ter ‘sub-assenbl ythat incl udes a cent P§T1U503l0t3€5|4 and a -

" mouth end (nouthpi ece) corrponent '52. I n this enbodinent, the: carbon-bearing: -

Ry BRI e e,
R SRRl A L
S SP e  EAOD R  AE L B
‘beaded 24, di d beads 't h h
‘beade §8gzﬁ§agly”?‘g§f%?gsa§9§°ﬁ iR ﬂﬁl'éﬁﬁt%&ﬁfaepf wlih%hef%%gﬁf?al?ﬁ: he

- carbon teri m ni nnel i n short-circuitin tobacco . -
" croke. HIORE °{’lall"?f\t/lm6’l? i fsSe Bopas 2480 smallehende 98 packed uhirermil bewees thech eved
: betwee% %é}%a ﬂéq}ase of the Ci garette snmoke and. the carbon surface of the . .
beads fe QFireTplhaad Mrttﬂﬁedﬁpt%q matherpatiopdy tamaximizstfilisg of L
conponent s. [ 00048] l\/breover as ‘noted above,- the carbon nmaterials my be " .-
f or.nul Hes@vity 28 apd tharaby Bvnimiza hypess akaneling ehitiecquuder sdgesrf e cahityal . Wen®
~activated carbon.is selected as the spheri cal beaded carbon material, the
- car bongeleeting hegnaximun seagatiamelss fo beasedst® diametdr dlthe QUAGHIMDRIRE 059096

" PCT/ US03/ 00654 0 5,.456, 868 and 6, 033,506 nmaybe utilized as.well as other

(t,\ar boncdvily 2@listakem inttx considenatiomand aptimal pedomance tsacevef bytdmﬁﬂﬁg P@RNt s are
ncor porated herein by reference in their entirety for all useful purposes. -
having diameters in the range of 1/10 to 1/40 that of the cawty dlameter When smaller

beads 28 are also mcluded in combmatton with the Iarger beads 26 the smaller beads

. generally have a diameter of about 22% that ofthe Iarger beads. A preferred methematical
.._.-re'[aticnship is a ratio of @) -1 for t_he radius of the smaller beads 28 relative to' the

| radius of the lal'get beads 26. |
'[00040] . As a further alternative, beaded materlal_ 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 l" Iter
component may be sumllar to the one shown in Flgure 1 W|th an additional downstream
cavity fi lled with flavored beaded material. _ |
- [00041] The tendency for single point contact between the epherlcal beaded carbon. 24

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

10 -




.-._'f"}[00049] The- rmuth end (buccal) conponent 52 is preferably. 9%225 form of a
- cellulose acetate pl ug. or- ot her suitable fi brous or’ webbed P&y
. “noderate to 1 ow part icul ate’ rem)val ‘ef fi ci ency. .Preferably, the part i cuI ate'_

- removal . ef ficiency is. |-ow Wth- the denl er..and grand total denier bei ng

" _Filtrona Conpany, 8410 Jefferson Davis

-' - sel ected SYRPANWS t he desired total RTD of . the mul t i -coiﬂptﬁﬂléowooﬁml ter- 14 SR
i's-achieved. [00050] Preferably at least some, if ‘not -al | .of "the carbon bed' o

- 24 is f ted with a.fiav 0005 Stl||
ALY, ThaNRAGRARY bRSSSE b MRS hiBR i @@?E%ﬁgsﬁéﬂﬁet-fssrm%mhoaco¥e e
ol tio- 14 e C e u f fibr usfrlter
~materi jt%g?%‘f%’?%"%“'b?%t‘fﬂfﬁggé égglt ﬁeeﬁ{a@ @V ?ﬁ%ﬁ? @"‘f?ffﬂﬁm fimgof cul at e
- efficienc ethr Wi th.one.or vo-bearlng yarns 62. 'As o
mai nst F@%’JX ?%B’gﬂg' s%ﬁ?@% "‘d\"ﬁﬁ’ﬁdtsﬁ?'o%r&fqg 8¢ 1 ter conponent 54

and al ?&ﬁ}ﬁf?g avorr nr% IS r Ieased |nto t he stream of nai nstream :

~snoke. -')t‘ﬁr &8 %\em Hepls i t"'lérbep %j@-'ﬁt&? o haasiedegonfigyratians Byrerican -

: Ri chnond, Virginia. _

- 23237- i%fri':["f’é.‘ﬁa kaownr'tmeét M@'ﬁ?‘ﬁ"uw{‘?%ﬁcﬁ\(ﬁ%d@ﬁ!b@@mﬂeéﬁcmql a3 tbe spbennahent 54”:'

"is described in U S. Patent No. 4,281,671, which patent is hereby .

- “i.ncor poeadedicashon ardena| e carions dtﬂﬁtqseétl'yU&PaalNosu‘iseﬂZtl83ﬁ,L&Aﬁ6sa&8 and 00052]
“Preferably one or nore circunferential rows of perforations. 64 are formed
~-t hr ougR.Q33506i mpy he wtilized asowell aa dther arkon tdrowdptiohe knewnnaltheartporiwwt 54.

and downstream of the bed of flavored beaded carbon 20, preferably at the

_upst r edisclosdresmfthese patentseare?.nmporemd bereponerdferetcadBaaednt carbonhesf doed 24.

- The preferred placenment maxinizes perforatiens 64, wh ~preferably is at

(tt—east ténsisteritnarid troespheiicad formomaybe dbtained fomp key KerehbGhehaicahdests) ude
he perforations 64. Preferably, the level of ventilation is in the range

;)f 40 ©o.,686/dp Japan op Mast Baficer|al) Mesep Pai, G 3 bAFA ity Klngdcﬁn”ﬂ FTC |
ar deliver y cigarette. [00053] The beaded carbon bed may conpr at | east.
70 to {0480 ABnotdPEEETR) spl%ncai beaded carbon material 24 immediately packs into a
' close -packed array wath mrmmal formatlon of channets whrch mrght othezwlse reduce the -
~ effi iciency of the fitter bed within the fi Iter cavrty 22, ThlS is a direct result of the pornt—to-
pornt contact between the smooth surfaced beads of matenal Such umform packlng
- promotes Iess vanatron in the fi lters produced as well as less variation in therr overall '
performance. Unlike granutar bed packtngs which oﬁen settle thereby producing formation
| of-bypass chenne!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 mvention

provrdes a cigarette 10A comprrs: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




,greater of carbon’ ina fully flIIed condi tion or.-160 to- 18% r‘% or: greater
:. . of ‘beaded carbon in a 85% filled condition or better in fiRd
- 00054] By way of - .exanpl e, “the |l ength of. tobacco rod 12 i's.pteferably 49
~-.mm and the length of .the rrultl-corrponent filter 14 is: preferably 34 mm-
" The. | engt: vapslqsﬂqgsf our filtér ny; the -central conponent BETUSIMEHer abl'y 8
- mm and nouth end conponent 52 s corrponents of .cigarettée 1.CAis as

I D s B R R,

'"-".;[00055 ed Wwith-a conventional ‘cigarette wrapper"f;_':_
.or @E&Qﬁi&%;ﬁ%ﬂd%@oﬂgﬁ "géef%grra'?ﬁl s purpose. Banded cigarette paper has =

o e 1 f’t@f@ﬂéh Hsafedne y“a%@%t" AhACEGREEn Mo \?@E?ﬁﬁ%?@tﬁ?ﬁ%‘t Cor
ol gar cbpumeb S5 Pl YehBrercrre ANenBPaU Telhal SRR ok naon ang

- 5,997, 691 desc;rl be banded. cigarette paper, nts-are incorporated. - -

Rero n SRR BRI et HOST g SB4Ep i BB B dad Mibbesponantiict R4 now to
"Figure 6 another preferred. enmbodi ment provides a nodified cigarette 10B . -
. with tR0048he Freferakly.dae fiderd compsisgs adirsteunstran carbginbeadng pegmant 30 a

. slightly ~different nutual arrangenent of the segnents, and 'similar =~ -
referenbé adhautacartdr(enwteplee@opqmpth52tynﬁtlwem@pdmntsthemerbmgaeetnge 1 OB o
. the flavor-rel easing yamelenent 62 is |ocated in: the nmouth end conponent

52 at. stgmbnicihtonipiisesty plugepate-phug fillep sulasseniiop thatdvelsdesmoentral dittet he ™~

. flavored beaded carbon bed 24 and spaced therefromby the central corrponen't"
_ éA | ncompenentiSddarteaccoen ehpaient 56 spaces dparbetition todlybeentrglfilted t 0
he flavor yarn 62 the filter during snoking. Alternatively, the flavor

- yarn 62ompyndret Sdrsaizdad defhges bavityt5s therdbetvenrifited dithepheioal beaddd dafodrhe .
- enbodi ment of Figure 5, ventilation 64 is provided at a- |ocation along the ..

- centr amatérdl 24, sLRARRRAVatEd badi@reatbohOThE tobders shd @@ﬁp@ﬁeﬁt@ﬁ i§ lotueiged to !
" hold the yamin place wthin conponent 52 and prevent the yarn from being

- draw oy a@ént&@@%iaba&btrbd 49%51'%?@@%13? %%ﬁsé@é ﬁfub%'f celﬁﬂoéése?ce'tétetdt@oiab ove

~descri bed cigarette filters
low resnstance to draw {("RTD"). -

_ [00047]7 As dlscussed above, the 'spherical beaded 'ear_bo:n materiall_ .24-'.corr.|prise's
__indi\_/idual- beads'that conta'ct.eaeh other at single points.' Such single-point contact
'produces a bed of the cerbon material with minimal channeling ot Shert-ci?cditing of
tobaceo smoke drawn through the cavity 58. Accordingly, maximum contact is achieved
O between the gas phase of the mgarette 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 .
eortﬁgurations by techhiques kh_'own in the art. then activated carbon is selected as the

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

12

2Py 58.-




'>fnayfbe ﬁanufabtured_by,nahy,knoWn-béad?nakjng'prDCBdeesfégch'as.gESCrLbed}xj;‘
j}?hnjUS-beaded‘carbon,bédg24,;patents;3;909;449aand,4,045;3§_ - _
.. °1,383,085, for exanple, all of which are 'incorporated:herein by reference: -
lg_Tor~alL”useful¢§urposes.jkn*nanyVinstan¢es_phe starting .nmaterials comprise. |
" pit ch f.ronYBEEYEum and ‘coal processi ng. Fundanental |y, PERFSI¥MFMabl-e - .
.- carbon-bearing substance -(or carbon precursor) is:sufficient if-it can be . -
. suspen 4 e £ L Hinda $0aas 6 Bl spherieal .shape. olidjfied . -
ana s ner e feffand gy monRTay e 01288 o Bl B DRIeT EabBh ERRE RO b i
- ‘beaded arhan: Q- traditi Leubate or agranul ated.catbon (such . :
o anul 4150 TEA RRUrEPnogd At b IncOidrale Bicin Bk sl Beveieely ST
- 2006 : L.US03/ 00654, sold by Pl CA USA Inc, 432 McCormck - - -
;,BouleXﬁ?@%{@%ﬁgigﬂgggahi0'43213-1585). It has been discovered that, with a
- fitter ok hi ‘ T ovid I ogdi of 180 - of granular .
 car bon DO RBEON T (itkal BoRpBte A 5T bbb wadomner Beellibse
level, the.rod making r ipne wthout, adjustpent of .machine settings and- "~
ot e a8 g ot SullRB ol of REbudh naterR oh moseTas o ek aaticuaRnon on -
. average achieyed an approxinmately 91 % fill by volunme at satisfactory . =~ =
 fact or yeRAYR|E @'%&eﬁ@e@b%%%rw%wamgg‘w}?@pywil@m,t\elthth_adenler te, it -
~was di scovered that operation of the beaded machi ne with- beaded carbon .- - :.

- pr oduc SFRNLIREA! denighpsing seleciasssuchihat thadesird tofal R ol theonuibeempenkatt ed by -
~.the machi ne [00059] Another_aspect of the present invention is the inproved

JUEYeB patent - -

taste ORemli4is@ghieved that includes beaded carbon in the filter instead of

© granul ar .carbon. As explained nore fully below, it.has been found that

o '(gas ed 0601 o Prefprabiit apleaist semee ifswdladl, of Ave rcarzon beb Rdris flavet-bebring or - .

~‘\preference level of a control cigarette with no carbon at a highest level -

. (consi sthenvisadmpregonsiedi witreadflavart fractured as i's often the-case with :

- granul ar carbon. o . ' .
 [00051]  Still referring to Figure 5, the central filter component 54 of the multi-component

'ﬁite:_r 14 preferably comprises a plug 60 of ﬁbrpus ﬁlter mat_erial, preferably cellulose -

' " acetaté towofa moderate tb -Iclm_': ba'rticulate efficiency an.d' RTLS, togefher with _cine or more
‘flavor-bearing yarns 62. As ma‘ins‘t‘ream tobacco smoke .is draWﬁ through tﬁ_e central fi!tér

- COmpdnent 54 and along the yarn 62, ﬂévoring is released into thé stream 6f mainstream |
smoke. Flavor-thread bearihg ﬁ]ter plugs may be obtained from the American Filtrona
Company, 8410 Jefferson Davis Highwéy, Richmond, Virginia 23237-1341 and a _suiiable

() construction for the central filter compbnent 54is descfibed in U.S. Patent No. 4,281 671 ,
 which pateni is hereby incorporated by reference in its éntifety for all useful purposes.
. [00052] VPreferany one or more dircumferential rows of perforations.,6-4 are fé.rmed
- through the tipping paper 16 at é location along the céntral component 54 and downstream 3

of the bed of ﬂayored beaded carbon 20, preferably at the upstream end pdrtion_ of the
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S+ with their preference:for. carbon-free filters) and-the:sang srm% [S.
. ~rendered a preference: | evel ‘for a granular-carbon Cri‘_g'a_r“-‘e?@e]”?&‘? Q§6'I.Q}v\/erj-; e
-+ level’, ;but when they snoked the same cigarette nmodel wth beaded carbon; "~ ..
~-their preference |evel. rose-to a |level interrmediate to - .the other-two - 5 .
Cratings. EMARYAI-ts evi dence a significant enhancenent PEHUSKOO§SKing - =
" score with beaded carbon over -the granul ar- carbon nodel. [-00060] . Activated. -

R i B, i
 captur S eREHNEa s B B S SRR oS eS BB el the dvor
g anal aPppens B PRSRFE e e (e igohBion in e faasiofato 800 am e  n the
i on PeeBthEaRRN ALY 4P 8BS AR & ma Pchiar defvep cheral 11 avor - [00061]

Addi tiqnal ly, -granul ar. carbon is. constructed fromorganic materials such as. . -

| coc,onut[ofé%@% Q%entlﬁadﬁ%q;q'@oﬁrbe\ﬂdﬁ&’ camarise at feasi7a) togr?Ogn@\ (miligsamnskoed to -
~contribute a far higher ash count and presence of various netals and other -

~ nat er i Areateirf cRienAN aifuldy filgdicondiipa opth0 foolBbmprer gezalendfbeadehcarbhnin aspect -

...is.also believed to contribute to beaded [00062] There are.three central .-

- . concer @85k filled eansilinn erdoettesin heravity §8.and t he sel ection - of ‘a carbon

material for cigarette filter applications. One concern is the tendency of

: @e r od0GEb o iBytveani ofcexanhpie othatiéngtls objobatdomd 1@ mopreferaily g0anm| and ¢er bon. - -

- -executing the heat treatnment for activating carbon. The greater the burn

-of f, - t lhengljt ethemultieoaTpunientifitard 4oe peefrably B4mmim. tThe 18AgH of tige ffur filter -
praducts. Anot her concern is the cost of making machine itself to produce . :

dust debmpenentgaf igartteartA iseisyolions: eabbaddyvnd &Iﬁ{)ov&ﬁﬂ 565 Sfaferably®t arting
material that is wasted. Additionally, at higher activity levels, as a = °

FTrabl S bR oo benerodBatontas aetiohiy AR RamIREAIRTIRE |
. establ P8k 3BRdil ddrisbridht Bl ﬁr@?&@bl?'&‘%m; and mouth end _corj'zponent 52}5 R
o preferably 8 mm. o | | R

[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 papef, which patents are‘in@:o_rpbrated herein in their entirety for |

all useful purposes.
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.. size and’

"-'.‘fr | ter. rod maki ng operatrons Presentl Y, with fil ter rod n{glﬁ Ge%.tchr nes,
© Cat | east approxrrrately4t06mnof cavity length:is preferre Cavities of
e engt hs. 1 ess: than 4 nm creat e nanufact-uring: drffrcultres ‘and are’not - ST
-preferred é“g% 063] Gas: phase renpval. effrcrency i.s i.npacted by partrcl e
b‘ea A ter, the Smaller beads being the norePETABHSH. -
"Addi tionally,, as-'a general -matter,-the nore a given carbon i's actrvated_

the mo(sosbf | Re@éﬁ'lngtndwstd"ltl 66 Bﬁét?l%r Q'Iti mdb%ﬁﬁ%(rﬁ ol %%ﬁ{]ﬁ%'h?‘?r ng:

---(dustrngfactor cost o the actrvtron reatnmen
consr di | ne ruck by B
Feduci g8t f%é‘m?@ﬁ%?"e%%t R BGeHR s B O o e BN Schhy o ™
.approx o
'ac'tiva |oné?1tgr\|/l'g equrntggl.'%n'g o{fﬁbg@@@%&ﬁ Sbggﬁﬂ‘%&%fe%ﬁn@ﬁ C?'ﬁfﬁcﬁe’seé%ge%f 1000
. to 160 p nmeasured b e Br uer, 1300 mZ/g _
aer R g'"“thEvééryﬁgﬂ&%ﬁﬂ%ﬁ%&ﬁ?iwvs%aa@g %o drweol O ot er o
cavity, Emet,. & Tel | er d,.h fte m)re yreferably in -
T 1Y WSé"erthffe&qur?&EE? TR Ay T R SR U
~-across th vrt & an ex&) b\r\g& may not be desired. In sone o
“appl i cf&?m YRR beaded Pl ¢4 aBisparad therefrapdwdhe gentral componentir op is
"_-_preferably to be ayoi ded: Accordr ngly, the nore preferred spherical beaded '
U size ¥ dﬁp’ﬂ'ﬁﬁﬁ%ﬁ?“@aﬁ’@sﬁﬁ?ﬁ”@% avdtiagetinThay be applieddd theftayes yain 84 ze .
" .al so [00064] The snualler the carbon bead, the nore closely packed becone :
~the beladw!d tgivem inddlesewitin sp@ponent &Z-ans praventthe yainyfrorn beingeinawouyot owar d
Cg ever small- bead dianeter to capture gas -phase renoval efficiency is
u

nt ethediltey dutiag sewmking éﬂeryraWthrthetﬂwopyanDGE npayobe hraided togatheroper ati on’
.of the filter rod making nmachi ne. predeterm ned boundaries on pressure drop

acr ossadhfavefthe semegresuls. Awinthy embobinmertxop Eiguré 5OoventiRition Bakeprovitiddbtizespect
t o resistance. to draw (RTD) upon snoking a cigarette. [00065] Figure 7 i s
a gr apbea:t@h aleny theemamel fiter oﬁmpuﬁéntbw mééerﬁ% bU%dWr@trebn?oﬂHb%bSﬂe@ |
" beaded carbon bed 24.
100057] Actrvated beaded carbon material for use ln the above descrrbed crgaretre f lters
" may be manufactured by many known bead makrng procedures such as descnbed in US
patents 3,908,449 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 bearrng substance {or carbon precursor) is sufficient if it can be
suspended in a ﬂurd S0 as to establrsh a sphencal shape and solrdrfred 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
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(7). from the. mouth end of a. mgarette for: di-f ferent carbqgr{ azggglze

d| ameters. "The gi ven beade a'2.7 mmbed length (curve 100 e 7), i
~mg of 0.5 mm di anet: er ‘activated beaded -.carbon.in a 2.6 nmbed Iength
-(curve .102) . and 75 mg .of 0.35 nmm di amet er activat ed beaded carbon in a 2 5

' nmbed | el ?f"%‘ﬁfve 104)." Each cavity was i'n a conpl et ePGL/EBI/08E4

~and i s

| ~condi tion. {00066] Still: referrl ng-to-Fi gure 7, |t has been found that

"f-snal-!'eg?u ﬁﬁ‘bl@ﬁ‘ﬂgh%c' 8E6fmiERHuR r&a.;zgeoh{h e gl g.ﬁ'na%p%}ﬁgR@t adi ”e

ective t roug out - aII , '
 found. r l.ndust o
- Lid, Pgé"id@ﬁ"’%’feﬁft%%%‘ﬂ*a Qnﬁ'{dgﬁ%ﬁt‘ﬂ%ﬁ% ?“Fq ﬁ‘»@aeﬁga coiobifm ength
will ene of t _
b R Ger SBh P b2 b e b idar R T 4 By Shgd BEF LS oo
- ‘area-toQ-mass .V es. surface ea actjvity level of, the beaded
mat eri qjak|ng TEF'@U?%W'}*“{’@ agwsifﬂ ']il?ogﬂbaéj '"8153%5@3@ atlt%@ﬁg CBE’?O C'p"\ﬂ?i‘-:frerabl Yy,
;1100 to 00 nQ/II% E‘[ 3uclld _noted-that. the result represented by .
ine 10ad &ieng a&%ﬂﬂ@ 8 FRIAON.ON Byeragesach svas pR ARPERIMaE O 1% e 102
* represents. a significant .(near 900/%1 reduction in 1,3 butadiene.. [00068] . -
Fi gur ePvPWme g %ﬁﬁﬁﬁ,"é‘?ryrf PRSBACHINE spegds, Jor ‘PX%'SPPlﬁu'lfﬁoodé'Ugﬁf@BS/fmmlﬁm t he
mouth end of a cigarette of 1,3-butadiene for different dianeters of C
_ _beadedF%@mere-7'5W%§;dle$0\@fe!5tha#rppena§ﬁepﬁheeeae%mebme with beagled carhdnengt h- - -
. cavity (curve 108 in Figure 8), 48 ng of 40 x 60 nesh granular (Pl CA)
- car bonpﬂOﬁuﬁeQC@‘&ﬁﬁrﬂ@M!ﬁSﬁ destand thattheextranegus cagoncaleczd by t50 machile y
- granular (PICA) carbon in a 2.5 nmlength cavity (curve 112), 180 ng of 20
(x50 nwa$ repsabld and tetif@gjured abds often thel@aserwithegrghidac eanbion. (curve 114), and -
~a.1R4AF cigarette standard control (curve 116). [00069]. Conparing Fi gures .
-~ 7 and [80059] f Andihet hsitect Of the Giesert invgntioniisdhe taprbved testdiofa difansteltestdi ng in
~a 2.5 mmcavity (curve 110 in Figure 8) presents essentially the sane R
includes beaded carbon in the filter instead of granular carbon. As explained more fuIIy
below it has been found that based on 1 to 7 point preference scale, Amencan smokers . -
- rateda -preference level ofe control cigarette wnth nocarbon ata highest Ieve_i (consistent
- with their preference for carbon-free filters) and the same emokers rendered a 'preference |
level for a granular carbon cigarette af_ a lower level, but when they smeked 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. | s
[00060]  Activated beaded carbon is found to have a significant pertion of its pore si}_e
~ distribution in the fnicropore and mesopore range (less than 50 angstrbms)wifh a relaﬁvely
small distribution in the macropore range of greater than 500 angstroms. Not wf\shfng tobe

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

e




B Hovvever the 40 X 60 nesh . PICA ‘carbon-i's known to be: extre

Y result’ as. froma 0.35 nmdl armeter beaded car bon (curve qu%n @H%re 7).

fi-cul t to"‘:‘,l:.‘

~handl e i n.fil ter rod maki ng nachi ne oper at i‘ons" “(si gni- ficant. and conf oundl ng.i_;'r_.:

" dusting). However, 0.35 nm diraneter- bedded cafrbon, at ‘a 751y loading.is:
* readily haWBP¥Ft Hout 'si'gni fi cant dusting in machine: PETOSHHONEHY, the:
beaded car bon achi eves the sare performance as super fine.granular (Pl CA)

ST et St o P LB S AR,
| I f bl I fl o
CEé?acﬁfsw@fﬁrﬁ@%ft%ggﬁﬁe%@gk§ﬂ%sgq ik T
R

~l'ess dusting in manufaturl and cigarette filters-with
' beaded r%%aﬂo&]s'aﬁ&anae ekt oreger i S0 poddotisy, WhRE Ghek i paphsmiaacnnd.
[ 00071] }h 0..35 mm-di- an&}ger beaded carbon at a 75 ng | oadi ng | evel at a
filled P@Q@W"&Qﬂﬁ@lr\gt@ﬁa“ g ent gas phase renoval efficiency is . .-
‘achieved, such as that rep resented by line 104 in Flgure 7. However, ‘such
- car bon [09984] né\dﬂulpngﬂxfugraau!ar garofis| eongtrected fipm organie raataciald Sucgeasette g
~ circunference (24 mllinmeter), which cavity length is difficult to. . - o
manuf ageeansit shellsomat sgels on woqaé,yamialt@met@aqungm s beilelvadéomntmbuteeaémt i vated

beaded carbon other beads of similar_or preferably the same size, but" Wi th
littl ehcghenasmmmnt/amq'pmesawefmus matals and etheamaterialsindiatpurities, which
- Experinents conbining 75 ng of beaded carbon with-glass beads at a.

(vol unetre notsfoLind ibeaded badwead Tis epectris aodbdliese® to gbaFdUEIRBSEded - -
éssentially the same performance in gas phase renmoval. as with the sane 75

my | oadamonaeting@ fayorabtéajﬁjectﬁemgdctmv ranulafedrbem. preferred to-mx a 75
ng | oading of activated beaded carbon suf icient mass to fill a 6 mmlong .
- cavi ty[GBOGE}JCWh@%r&'ttﬁ@é'ceﬁﬁﬁl%céﬂh@%ﬂﬁ%(sﬂ&t foAEHIRAbIftY and the se!ectlon .
of a carbon matenai for mgarette fi Iter appllcatlons Cne concern isthe tendency of the rod '
~ 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‘ndre,
there are limitations on how short a cévity can be estéb!ished and fille& in plug-épéce-plug
ﬁltgr rod making operations. 'Presently, with‘ _ﬁlter -rod méking n'.lachin'e.s.' at least |
| approximately 4 to 6 mm of cavity length is prefe_rred. Cavities of Ieng_ths less than 4 mm

create manufacturing difficulties and are not preferred.

17




s fill the cavity traditionally enployed by .t-h_er.-;_(;i-ga'r,et'tjfe_'j;nal%f‘agbg‘e.rf-;, Such'
- “conbi nati on. of ‘with additional beads of ‘unactivated .carbon,: BFerer: |

" “the sane.si ze-in di anet er - of: presel ected.cavity with inactivated (or less

- “'acti'vat.ed) ‘beaded nateri-al, beaded naterial ‘activatéd and non-activated - . "

“carbon be¥R U bces the same results at a | esser-cost BENYS300E4i s not . <.
- necessary to entirely fill. the cavity with the nore expensive activated.". = -~ .

. _carhon . ol Y& cof this discavery.is that a cigarette .
 manut adPOTET b hdC VARl BficRASy  imbBeRdl EMBR T Bhed R ©

G 1er 47 AR DRGSR R P AdbBaly. RSB Talmele Fme e avor

*orin” ahenbBRRh SteRY. ok me sRBERt il of Gy ohere Bl Dave¥ended

~~.carbon in the filter, be changed_w thoyt .conplications such as having
“to chaﬁwhm?@"%m%tm_s@é%aﬂ ,ew%ﬁi%if?%@pﬁvata/no_9afmer§i'=1rs CHERVAlNG he -~
~filter and cigarette production machinery; Such i's’ a significant advantage
~in ci g&PB%'E'%Fagﬁfé?%iﬁ W TYE0 Astvaipg ifdesyable. Balpqcednalruckyeducingbeadites
relatively simlar results on the total Per_cen_t del i very of 1, 3-butadine’. -
for fi diasmelerforaprgtestasrapge phbead dametai of sppriguitnatalySbe mun §p@7swe, mate h a°
" .non-adsorbent diluent. Bar 120 in Figure.9 is fora 1R4F cigarette standard .
' “cont r olpreferably Q2 t0A018) @t gwack/aiisn de! equivalsulp ecpesifigsuristeacadbthe 86% - - -
- delivery of 1, 3-butadiene fromthe nmouth end of the cigarette after about
~-eight pandesofdi@Gthtp 160 saviiengetars pes grarBBET {as amehsubeld by the Bronawer, ST
- .cigarette construction sinmlar to Figure 5 but with cellulose acetate and-
- -(no car EomméiBaT elict hethad, [B80inaftenm¥yl BET")pmarsprficrably ic thidngelan 100h . - - - -
“After about eight puffs the total percent. delivery of 1,3-butadiene from
the npdBO0 Ay BET eHoveveg@xeemely ssndll iiads 2 @xpavkisel olosbly o4 filterlavitl 22 -and

82% f or bar 124.. Bars 126, 128 and 130_'each_re_presen_.t cigarette.- =~ = __
const r Yt itysinfploBt larextid drheuiteofpredidte didpeRtHsd that GHVRY t6 BR diddrit Whjgavi ty -

is filled with different- materials. The cigarette represented by bar 126 :
o 1 ncl udgfayof BY dbirdd. | h@Bmé dpliéatidhs stith Bs f preferred embodiments, excessive '
o pressure drop is preferabily to be a\)oided.' Accordingly, the more breferréd .sphericazl' :
‘beaded size is'approximateiy 0.35 mm in Qiam'etgr.' Th'e preferred rangeéﬁof size also -
prc_)mote'pfeper and clean operétion bf the ﬂltér rod making machine. |

[00064]' The smaller the carbon bead_. the more closely packed become the beads, which

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

)
S

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 fespect to resistance. to draw (RTD) upon smoking a-

- cigarette.

18

ably of: "




Lo mm di-amet er ‘acti vat ed car bon.- beads ~Appr.oxi- matel y - only 19 c%% %very of
-1, 3-but'adi-ene passes. t hrough t he: nout h- end: of  the ci garet rl?f B 122+
- -after.eight puffs, and simlar . results are achi eved wi t-h the Ci: garettes
- represented by: bars: 128 and- 130 where the filter cavities are filled: W|th
© 75 g of WA anet er activat ed carbon beads, but i nPEHBIRMeBION With
"~ non- adsorbent di l.uent s. The ci garette of bar-128 incl udes 190" ny- of - gI ass: -

- ead B R 71 ARG LB R A8l DYt
22.Lféf?weﬁ?ﬁﬁ%ndetf’%w%?% e o R AR A e :
e R b SRR MG e SR el
R f%@ta%%@tesdﬁ@t%t B S I R SHELES
o e T, ST g ol

" batches. 22 * OFT Pore Vol umes Bul kM cro Vol . Total Vol . SanpleDensity

| ccBETbeaged qasbonyine e benmibedlength (cupves 104 Eashsavigevas muanpetey-iilledA 40'
.X: 60 ‘mesh0. 3914680. 55660. 5967 Beads Batch 10.571129 . 0. 46140 4849 0.7 m’n
" di anet eendigids Bat ch 10.5812470. 47910. 4906 0.5 nm di anet er “Beads ‘Bat ch - -
. 10..5912890. 4821. 0. 5154 0.35 nm di amet er Beads Batch 20.58 -11500. 45620. 4618 f
.. 0.5 mr[OQDaﬁbt Stlll Bierdng BaFlgth'O. iges. mmtmmeasrﬁam bead dxameterlncreases L
" ('“1 I performance in the removal of 1 3 butadme and is fully effectlve throughout: all puffs In
particular, it has been found that 75 mg_of beads supphedby the Kureha Chemical Industry
Co., Ltd. of Japan at 0.35'mm- diameter with a futly t" Iled 25 mm cavity length wil capture o
| 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 area 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 alm_ost 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 Flgure 8), 48 mgof40x60 .
mesh granular (PICA} carbon in a 2.5 mm fength cévity.(curve-1 10), 46 mg 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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~+'0.35. mm di arreter [00074] *“DFT: as.-cal cul‘at ed. by’ Densrty F r} 2&1@ Theoryf'..-_:*f“
Y .which is a nol-ecul ar - based ‘statistical t her: m)dynam c theorg i _

- relating the adsorptl an - i sot hermto.the. m.croscopic propertres of the L
e system (Ref erence: P. A’ Webb and 'C. :.Orr, . Anal ytical - Methods in.Fine .
o Particle TERPHEP®Sy, Mcronetrics: | nst r ument :Cof por at'i onPCNEFEN065, GA
1977, - page -81:).- [00075] Pl CA carbon has a bulk density of -appr oxi mat el y

A A MO i Y e

“the- ra%&ﬁtd%[’dgo@%dt( [ 00076] - i's to be real I zed that- the

- beaded Iva car ons of the preferred -enbodi ment:s may - be mxed

conb h b | o

 elecufghds) Eié&e%tt%rteﬁg @&d%gﬁ%tﬂdﬂ&aﬁ‘) #xem “b%nﬁ%raesazﬁ e'hteres_lg

- June 2 a /0590 PCT/ U 0 /006% tFa >é|des netal silicates, and '. :
met al gdﬁ% é’?'"s"f rc@"b‘éﬁ“@y SWYE Fd§i R Figyire 9) ipresepts %SS%EU@W*&@ same .

S TR0 el 58 i b e oo

‘. versus

_ roI RAF standard cigarette for. cigarette filter :
constr ﬁat"r El%gafqoﬂt'%t‘"%tc’t?? Ydeanely d Sﬁettt?tmhﬁnﬂteQuflteeodsnahmg ed .
.V\nththelndlcated mat erjal s.’ "0 E"mce ao Emma'~ .2vm EWEoE.

E E. machme operatrons (signifi cant and confoundlng dustmg) However 0. 35 mm dlameter '
' beaded carbon ata 75 mg Ioad:ng is readily handled wrthout 31gn|ﬁcant dustmg in machrne
‘ ( 3 .' operattons both because of the favorabIe generai ﬂow characterrst:cs of beaded carbon |
| | and its greater densnty and hardness (being at a Iower to moderate Ievel of acttvatron)
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
| aSigl;niﬁcant advantage . .
'[00070] Generally, the carbon beads are denser and harder matenat than PICA
'partrculate carbon Accordrngty, 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 Ievelat 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 frtls 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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~sN-nTmo Om’ Fa'Ll fta .t V AVtb: Y'~—NbrmNp CVW~~ n\é\%@%ﬁ %GONNb N
~  bF-NA'M O nIVIVhI\/M\/I\IN' NINN - NIN2 b OO000C. VOOBOMOOO CRanbV) EIN 5
~H 0) mpONt-HNOOOr 00. Or nHV) MVINIVNOOONO | AHbAyWVM\lNPI NOOC]\II\/D NI anNbeIW

: | VOONNNO, VBDN- aah) O - BNTNTNmm
T VIOUSSSNe. L ST PCTIUSO3IO{)654 .

| '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 -
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 t’hatmay be requiredto
Cfill the cavity traditionally emptoyed by the cugarette 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 -

i . constructton srmtlar to Frgure 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 tota! percent '

dehvery of 1 3- butadrene 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 constructrons 5|mllar o Frgure 5, but in each mstance the filter cawty |s t‘ IIed wrth drfferent x S
'materlats The orgarette represented by bar 126 rncludes a cavrty fi lled thh 75 mg of 0. 35

‘mm diameteractivated oarbon beads. Approxrmately only 1% of deltvery of1 3- butadlene

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

| .cavities are filled with 75 mg of 0.35 mm diameter' activated carbon be'ads' but in

* .combination wrth non-adsorbent dtluents The crgarette of bar 128 mcludes 190 mg of

g!ass beads d ispersed 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 actlvated carbon beadsin combrnatton with non—adsorbent

diluents produce approxlmately the same results as fi Iters with an equwalent weight of

'activated carbon beads in undtluted form.

[00073] The followmg 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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. IABLE1

"> DFT Pore Volumes

_ L TBulk T Micro Vol. .| Total Vol.
Sample ' ' |Density(glcc) | BETS.A. (m%g) | (cm’g) (cm’lg)

PICA 20 x 50 mesh | 0.37 1587 _10.5469 - 0.5883 -
PICA40x60mesh |0.39 1468 ' - 1 0.5566 _ 0.5967

Beads Batch1  --|0.57 - [ 1129 © | 04614 . 0.4849
0.7 mm diameter R ~ T R

Beads Batch'1 - . 0.58, {1247 104791 [0.4906
0.5 mm diameter R : ' : 1

[BeadsBatch1 059 - |1289 . |04821.  |05154
1 0.35 mm diameter - B : T : . :

Beads Batch 2 058 - - |1150 - .. 104562 - . [0.4618
0.5 mm diameter ' ' ‘

- 0.35 mm diameter

Beads Batch 2 0.58 . 1244 104750 105030

| [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,

1_977, page 81.) - 7 _
-[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 prefgrably in the range of 0.55 to 0.6 alcm?. |

[00076] It is to be realized that the beaded , activated carbons of the preferred
emﬁbdiments may be mi)-ced., COmbined qr-éthenvisecoopérafing with ofhe_r adsérbant_sr

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 o

B such as 3 ammopropylsu!yl (APS) smca get beads _
' '[00077] The followmg Table 2 shows the percent total dellvery of the |ndicated gas phase-ﬁ o
components versus a control 1R4F standard cugarette for Cigarette flter constructlons L

o where a fllter cawty such as shown in Flgure 5 is f lfed W|th the md:cated materla!s o :
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Clasalr HO N T 19 June 2006 V\D 03/ 059096 PCTI USOS/ 00654 8(‘)’07%}

. Preferably, flavor 'i's added to the carbon beads by sprayl 8@ 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 wher-ei n: flavorant-_-,;:— ‘

~may - then WR¥BIBGed onto the carbon i'n the bed.” Al'so; i %C -TAS0G0468¢ s

: j-conterrpl ati-on-of "the present - invention to locate fIavorants on .ot her

filter Wﬂﬁf%@ﬁ v, ifoPRfadded &F IAQILaPSEH SeadsShR Ht‘apﬁtgaﬂ%?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 @%ﬁ:@%%ﬁ?ﬂ&gﬁ ki d“'ﬁy ofNa t&%aﬂﬁé%"‘fn’ la

o appreciate the present Fvent | on e practrce er -t the: . .
o ot RREAITRS, nifteh, 2 BeesmRiEl ! Bbeht Wé&*ﬁwﬁfta’ .08 Car bon
oot o B el Bobfk SRl Rl R SRR e ARl
et T Rnbh B8 SRR nalE 8 SssHEE Sl Band aor%%e@gﬁéa%éatb%eaeggilgft e
f !"I_ ter sltar}t%%nugdAIglge %r%ﬁ? g? ﬁi‘le a (i)tvle\wi hea(ljddc t?c{nbé%rtllavorants t?qugr; Icgléll'{ed a?ong one or: o
L more ptug wraps andlor the t:pplng paper .

{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 mventton is limited

only by the claims that follow.
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in the ra

~filter asin clai

,'*-_-'of a pre sel ect ed di arreter The -Ci gar ette fil. ter as |n clgglrjt E\%er e| n the'.:‘:_"-:"
~ beaded- carbon of spherr cal - formhas a di amet'er Wi thin th 928 T
appr oxi rrately 0. 20 mllrmeter ‘to 0.70- mIIrrreter :The cigarette. frlter as”

in-clai mﬁv msgog&n ‘the beaded carbon of spherical " :'for]n?‘t[‘tﬁbg@%'%%‘adl amet er - |

20 m-lineter t0040mII|rreter met.er of

appr oxi nately 0.35 mllineter. The ci garette. filter as'in cIa|m3 ~wherein

t he beaded carbweeia,ﬁ-pherr cal The cigarette filter as;in.claim2, wherein
at least a-portion of the beaded . carbon material has a specrfrc surface o

~area not greate Agﬁ,guaqagrnemrngaasaaaeadaotwaeara Srodbf et te

wherel-n at "I east portion

material has a | a in the range of - 1100 to 1300 rreters
squar ed per gra?hpggfé S%I Jeai[éﬁ'gegérgtte filter asin clar m 2, ‘wherein the -

) 2?552% ?Sbf ??ﬁhgféﬁrﬁr@ e 34 Sl A 10 e S %meﬁgﬁbfaded
o Bon et o UL A Bl O BUPGAA Do
- fills. approxi rrate@ 0to 95 percent of the cavity. 28 19 June 2006 WO - ‘

031059096 PCT/ USH 54 .10.. The cigarette filter as in cI aim1, wherei n -

| the activated beaded ‘carb eternmin unt sufficient to .
:reduce at I%ast Bﬁ&'%ﬁ%%hé‘?r'ﬂ G@Ht‘ %by' &“‘d@éﬁ"? ggaggg&ﬁrbon of sph 9"03' e
| " form has a drameter in the range of 0. 20 mxllrmeter to 0. 40 mrllrmeter -

- (- 7 ' ', '4-. .The crgarette filter as in clarm 3, wherem the beaded carbon of sphencal---

W

form has a diameter of approxrmately 0. 35 m:lllmeter
5 - The crgarette ﬁlter as |n clarm 2, wherein at least a portron of the beaded ..
| carbon matenat has a speclf‘ c surface area not greater than 1600 meters— ‘
quared per gram BET _ |
S 6'; ~ The crgarette filter as in claim 5, where:n at Ieast a portron of the beaded
| carbon material has a specific surface area in the range of 1 100 to 1300" =
meters squared per gram BET. |
7. The cigarette fi lter asinclaim 2, wherern the actrvated beaded carbonhas a-
_ C | .' | | density greater than 075 glom?,
8. B The cigarette fi lter as rn claim 2, tncludrng a cavrty and wherern the beaded
. carbon substantially completely frtls the cawty
| 9. The cigarette ftlter asinclaim2, rncludlng a cavity, and wherein the sphencai -

‘beaded carbon fills approxrrnately 80 to 95 percent of the cavrty
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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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-:_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 garPétT('ggo?’Pqﬁﬁ‘er as in

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

. suspending gy nel %@a&%*ﬁﬂ@ 5 RECIEMPY, rheiuﬁgyé’kﬂmﬁﬂgalda@ﬁy dgherein -

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

e R rf"“l"eg@t“@?Ei"tj?r‘i?‘ﬁ%[’t?i;ZZ' v

~ dianeter as the Ql‘{’ P@%@@&?&%ggﬁ%@‘cggﬁeecxggtdnﬁacqaaigf ‘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- eratlla@stzcn@naﬂﬂrtlﬁe@'eﬂefor-o 0. 40

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

- spherical form relggsiaggeamentiocated Somnsireafeory the fayored sphasical beadsd The
. crgarette as in claim25, wherein at l-east a portion of the beaded carbon-
-material has a spgwrt.ic surface ar ea not great er than 1600 meters. squar ed
. per gramBET R
C ) 20 The cugarette filter as in claim 19, whereln the addltronal ﬂavor-releasmg
‘segment mcludes yarn W|th flavorant thereon.
21. The cigarette filter as in claim 1, inCIuding'aﬂavor—,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 sohdlfytng and carbontzmg the precursor.
23. A crgarette 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 activate'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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- 30, The ci garette.as: |n ¢l'ai-m'29, wherein at Teast a pOft'g’] he beaded o

-’carbon materi.al has ‘a speC|f|c 'surface- area in the range d Eto 1300
woometers. squared per-: gr.am BET. 31 "The’ C|garette as. in-claim 25, Wherel n at"_ _
© least-a portion of the beaded car bon as determ ned by DFT speclflc Lo
_ micropor e WOINBY% s at . I'éast 0.'4-cnB/ gm and the total” poPETAMMES | S not

'greater t han. 0. 6; crrB/gm 32, 'The-‘ci.garette as in claim25; wherein- t'he

fiiTer | nolydes g carlin el BB S 10 oSBT LAl AR ) ew,_"___

~fills the cavity. 3 are as i n clal erel

gl cavt iS5 oA SE RSB BB B IR0, O

The cigarette as h' (tl aim 25, wherein-the activated beaded carbon is of a

~ predetermi ned arfBUME®ufficient to reduce at |east one snoke constituent by

~an-desired u he cigarette as in. claim 34, wherein the actlvated

. beaded car h&fc'%?reﬁ?ﬁét‘gﬁﬁ‘ gﬁtﬁﬂﬁhesttﬁqqe&%?m? as gghprmeterof -
-1, 3- but adi ene by appr,. oxi maé%g 309/ 36 The cjgarette as in clai m35, - L
_wherei n the pred@@PEPMAEY +46UR "m%tarsé?o@p'ﬁﬂlﬂ'ﬂﬁt%§el y 70°to 180 mil i grams

' of acti vat ed beaded carbon. S
- 28. . The crgarette as in claim 27, wherem the beaded carbon of spherrcal ferrn e

o has a dlameter of appro:umately 0. 35 mrthmeter e
:2:9'. B The crgarette as in claim 25 wherezn at Ieast a portron of the beaded carbon o
| C, | , - mater:at has a specific surface area not greater than 1600 meters squared' '
E per gram BET. | | |
_ __3'0. | The ctgarette asin ctait_n 29, Wherei_n atleast a portion of the beaded carben o
' materiat ha_s' a specific surface area m the rartge of'1100 to 1300 metere. :
squared -per grarri BET | | o — .
o 31. The cigarette asin clalm 25 whereln at least a portron of the beaded carbon :
as determmed by DFT specrf ic mlcropore 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
| (\J | _- " 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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The ci: gar ette asin cl ai m 25 “incl Udl ng ‘a second beaded’ nﬁl%}ﬁ 1 gf Iesser
-or . no-acti-vati-on when corrpar ed to theé acti'vated beaded ca <! R

'-‘C|garette as in clai m37, wherein the second beaded material’ has 39,

o cigaretteVdy

'_’substantlal Ia/é{the ‘sane d| anet-er . as the-activat ed beaded carbon.  The"

B0 ai:-m 25, wher ei n t'he spherical  beaded- c’éﬁW%’@ﬁ%rl ses a

first group of i ndivi duaI _beads of substantially the sane diameter.and a i

 secono o oug,of RGN obSTB ASSHRGIA bl R BRI B
| ELOIEEe a1 b SRS e B AP P

spherical beads: of the({| [ SLdroup. 32 19 June 2006 .Chi  cooperates W|th a_

 matefi al sel ect ik fj?ﬂfﬁ Ao B'POUp consisting of zeolite, WO 03/059096 .

TSP o AR MR AR o

dianeters in the r 1/10 .to.1/4 the diameter-of.the cyllndrlcal.' _
_cavity. 42. The n,rraga r@daemwtépﬁpwg? reghiee i hbutadiens iy APPERXImalEh d
carbon is-43. fl avored.  The ci garette as -in-claim42, including at | east
one addi ti-onal chh/@or-rel easing. segnent. | ocated downst ream fromthe -
- flavored spherical beaded carbon. 44. The ci garette as ‘in claim43, wherein.
" the additi o3l me/migargtteaas rifg cgajghr@ﬁt wherem the predetermmed amount is '

| ‘ 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 cigarette as in.c\laim 37,. 'wberein 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_herical 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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-,'.1}45 47 A ci gar ette corrprr Si ng a tobacco rod and a fil: ter PIJCl %2€ Lo
“cavity filled with: thereafter sol'i di fying“and :car bonr zing he" pr ursor ;
~_carbon results from suspendl ng a nel t.abl e ‘carbon- precursor i'n-asfluid and
- flavor-releasing segnent 46.. The cj garette das in clai m25, ‘wherein the
_spheri cal W%?Wg?ﬁthe beaded i ncl tdes “yarn ‘wi th f| avor aRCI/HE98es4 The o
cigarette as i n ¢l'ai'm 25, includi ng ‘a downstream from:the spherical. beaded

EZ‘LZSQO Spﬂﬁ itﬁ?t“'ﬁéﬁﬁ'ﬁ%%"‘&%n*fﬁ@it#?aa"gdrisgéwgﬁe é%ﬁ%tr“rgﬁ?e s
o 48. T 4

trhf-‘-ﬁﬂgh;tre fi Z{sfiﬁéﬁétlieeéré%a?ﬁﬁ“?fn%ﬁe% %ﬁaw%;t%llﬁﬁhegfrﬁme 30"”\ o
etal 3 10 Jund Mo THBD Dodeaieing §8b. 4. the ol garette as

in claim47, wherein_ t heri addcarbon corrprrses- a first group
of individfd b aﬁscﬁﬁr@iﬁbg?dﬂté@m %tl’f@eﬁﬁret hgj spherieal Bpaded cakopnis group -

“of individual beads of substantially the sane dianmeter but -smaller than _
the di aneter of flgN@refeads of .the first group. 50. The ci garette as in claim
49, wherein the spherical beads of the second group have a radius which is -

appr oxi mat e43y 2 The cigagttens inlaimAa, i inglusiing atdeast phe pddiibnaldavisr-rsteasing first -
- group.- 51. The cigarette as in claim47, wherein the spherical beaded
carbon is .~ segmentlocated downstream from the ﬂavored spherrcal beaded carbon,
44. The crgarette asrn clarm 43 wherern the addltlonalﬂavor-releasmg segment
C TN includes 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 sphencai 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 crgarette as in clalm 47, where|n the sphencal beaded carbon |
.. cooperates wrth a materlai selected from the group cons:stmg of zeolite, -

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

silicates, aluminophosphates and metal phosphates.
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*“flavored. 52. The'cigarette as.i-n claim51, ‘i ncluding ‘at I1§9$tan?8)8$
- addi'ti.onalfl avor-rel easing segnment l'ocated downstream fromthe flavored

~-spheri cal beaded. carbon: 53. -The cigarette as in claimb52, wherein the
~additiconal fl avor-rel easing segnent i ncludes yarn -vith-flavorant-ther eon.

54, The ¢ PUP3B086 as-in cl.ai m47,-including a flavor-rel RCEHUSS08EGeNt -

- downstream.fromthe spherical beaded carbon. 55. The cigarette as.in ¢laim: |

B act var o, “TIGaBRELE SRPET VTRLEH IR ek GbebE AP boRbrve, i 1

47, wherein the filt is cylindrigcal, “the cayity has di te S e
approximately eduiret Bl Ml RaL bt iRl b e B ang e, or
roximately 2.5 to, 12 ml]linet 19 June, 2006 0 WO 03/059096 ~ .

PO 08T 006%a” 5RO grauy gt Iial befids PhHpAantalldhg: s SiasRRle Bt ar bon -
material has a- ‘parti in the range of 0.2 to 0.7 - S

| e size diamejer |
“nillineters. ‘58SMmAler ﬁ'\a@a‘;&dﬂ%ﬂ%@r P{ﬁ‘@lbﬁaﬁ‘ﬁgﬂh%@f t @OHPt he ‘beaded carbon .

" _material has a 62. particle size diameter in the range-of 0.2 to 0.4

m |1 i et er $20: Thdhei gaprettecasin ¢lain #8i wharein fheesehericahbeads of the et~
‘material is activated particle size dianeter of approxi mately 0.35 mm The
. cigarette as in claim58, wherein the beaded c n material has a in.-the -
- range-of 1100 t@&%W%%ﬁé@PW'Wﬁ@BF i ot of thrragiugaf et e as -
~in claim.47, further ‘i ncludi'ng non-carbon bead . the.cavity of-- -~ ..

~appr.oxi matel y. the sane si-ze as the carbon beads.  one of clainms 1-24. A
. cigarette conprSBefFal He?%%@'@ﬁfﬁcﬂ"% a cigarette filter according 'to any

- C\ 1 A “The cigarette as in cl"aim.47, Wh.erein the spherical béaded carbon is
- flavored. | : . | | |
52. The cigéretté_a asin claim 51 . includfng atleast one addfti_onal ﬂaVor-releasing |
éégmeht located downstrealﬁ from the ﬂavored spherica! beaded carboﬁ. '
53 ~ The cigarette as in claim 52, wheféin the édditionél ﬂ_.a\./or-i'e.l'ea'éing segment
rilncludes yarn with flavorant theréoh. B |
54. The ,cigarette_ as in claim. 47, including a .f‘Iav_or-reIe"asing segment.
downstream from the spheric.:all beaded carbon. :
55. The cigafetté as in claim 47, including another beaded cérbon‘material within |
' ( \x ' : . thé cavity of inactivated or less activated carbon beads; =
56. | The cigarette as in claim 47, wherein the filter is cyliﬁdrjcal and the cavity has |
a diameter approximately equal to the diameter of.thg ﬂlltér_-and a cévity

length of approximately 2.5 10 12 millimeters.
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The Cigéfetfé' as if-l'Cl«':'1i!'f1-47"'whereira 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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