WO 03/ 086116 PCT/ US03/ 11050 ACTI VATED CARBON FI BER Cl GARETTE FI LTER
Background of the Invention [0001] The present invention relates to

ci gar et t ewDioB&sis6 conpri sing activated carbon fibers, anecmrses/11050
particularly to cigarette filters conprising a bundle of activated carbon
fibers wth or without particul ate adsorbent incorporated therein for
renovi ng gas phase constituents from mai nstream t obacco snoke through
adsorption of such gas phase constituents by the activated carbon fibers.
[0002] Activated carbon fllters for adsor pt| on and searatl on have been
used in cigarette fAGTINMATERGARBON FIBER GAGARETIE FILTER:t i vated carbon is

used in a plug- space-plug filter configuration for exarrpl e, great care
must be taken to ensure the_aehﬂmmﬂ:ﬂdgédﬂﬂﬁ%aves no open space for the
snoke to by-pass the activated carbon bed. Open spaces such as channels in
t he car b@@00d¢d |Teedptasent linveativmrelateseftd | cigarate ditery @OOBYisAGt RotiMatet car bon
in granular form has been used in the past to renove gas phase

const i t ueatt®oni fibérse andgenoes tpartioutsdy. to cigarette fitersodempridieg renibbstieecam snoke
is contacted with the bed of granular activated carbon to adsorb the

const i t uetivatéd catbenrfibers/with ol hithowrpartidulate fadsorbeol/inobrpstated thereioder i s
typically limted by the adsorbing capacity of the adsorbent bed, which is
di ct at ed réyiotihg tas aphsse fanstitaesta frand mainsimeaf tgimces smokéetimougtopor e
regi on accessible to the snokestream Conventionally, mcropores are
defined agsp@ties ofbddh gdsdiHase lcoastitiidras by heaagivhtedroarbonfibers.enoval

efficiency by such nethods is also limted by the above descri bed

phenonenquoa?] byadaastet rbdi At féradftionl &1d Seshratidiehly bédre usedlkest r eam
passes through the bed without sufficient contact with the adsorbent for

effecti VQ:lg\é%tf@h@&%dr%trﬁgfdrldsowrﬂehoﬁn%nuléﬁsa%tﬂlété@SJa%on EOuseIn er pleg- t he

|l oss of efficiency resulting fromthe limtation of the latter type, a

typical sphed-hRA filer tOnfigstiony tdr éxaﬁhpié grést osird Pt BEREKdH #PsSsURE the
redundant anount of adsorbent material to conpensate for the |oss of

ef fi ci eN@¥rbon packed bed leaves no open space for the smoke to by-pass the activated

carbon bed. Open spaces such as channels in the carbon bed lead to filtration
inefficiencies. _

[0003] Activated carbon in granular form has been used in the past to remove gas
phase constituents in the cigarette smoke. In such methods, the mainstream smoke
is contacted with the bed of granular activated carbon to adsorb the constituents to
be removed. The removal efficiency of such methods is typically limited by the
adsorbing capacity of the adsorbent bed, which is dictated by the total surface area
and volume of pores in the micropore region accessible to the smokestream.
Conventionally, micropores are defined as pores with widths less than 20 angstroms.
The removal efficiency by such methods is also limited by the above described
phenomenon of by-passing through the granular bed, whereby the smokestream

passes through the bed without sufficient contact with the adsorbent for effective



t hrough by-passing. Activated carbon beds of the | oose granular type
incorporated wthin a cavity in the cigarette filter are susceptible to
by- passi lgoheosuse a 100% fill 1is required to ensure a "Prrasoliewso of

adsorbent with mnim zed channels. Such . 100% fi|l is rarely achieved on a
uni form lﬂ%?:ﬁsstrﬁg}eﬁg q]I“?i %nﬁagghﬁ%apﬁegﬁwm restag; frasm Jhe 'l(ﬂ%?“l‘?@r"ftt%i cal
solution to avoi ding by-passing, of snoke through the bed is to use

parti cul dates WPen as BRital gOlHiONe (S 1 c?OBﬁ'é‘tﬁtetthfchﬁ%Wéhc%rﬁl%i’(,etﬂué‘st ator bat e
wi th adsorbent; however, this solution typically |eads to undesirably high
pr essur e refusanhameyat oh adseroeat matesighi9 campshsatafordhedossl of effisleney
activated carbons, zeolites, silica gels and 3- am nopropyl silyl

subst i t utiir@ugh by®asgiaps Ackiraediqagkonglesds) ofdhe Iprficograniar &meaneoreared e  of
renovi ng gaseous conponents fromcigarette snoke. Mdst of the conmercially
avai | abl evithits@ cvitygn e eigaegtte fiteearersugeentibleato -paasingcbedayses 1008 8lki al s in
granular forns have difficulty in achieving the design or performance in a
ci gar et t és feduired tdusnsuee as'éixed ibed” af adsorbért witihoiiniotized abamets esSuclwher eas
materials in powdered fornms <create too high a pressure drop to be

practi cal100y0€053 raiefaaehieeed iont aruwifommdiasisc usidg Usgmgpead ynanufagiedng

cellul ose acetate tow lack activity in reducing snoke gas phase

const i t uemdchireny.h Aasothier typicdlesoidtinn toaeedidihg dyyissingcofosraoke tHrpGglipditeadi ene
and benzene. Adsorbing materials such as activated carbons, zeolites,
silica gekd Bnetb AISE patticolatege Withcapalbldtarnéters td vénsuire dathaates comtast of uent s
fromcigarette snoke may be deposited between the filanments of a cellul ose

acet at e taggoibeie Wih tadeoidery Holevay this GoRMiEN tyfvwiyvasads eudeafbbIgitigh s
(such as triacetin) often used in the process tend to reduce the activity

of the 2rd¥uRB4088 btsBEHE fillgl3/ 11050 included adsorbents. O her nethods
to include adsorbent materials in cigarette filters include sandw ching

granul es [fi4)eendsetding Afterifet@dneadhétBatddearbots, $B3REs, dMicdSels and 3-

configurations. To avoid high resistance-to-draw (RTD), only |arger

gr anul es on@h&prEefsilyl substituted silica gels (APS silca gels) are porous materials capable
of removing gaseous components from cigarette smoke. Most of the commercially
available adsorbing materials are in granular or powder forms. Materials in granular
forms have difficulty in achieving the design or performance in a cigarette filter due to
settling after the manufacturing process, whereas materials in powdered forms
create too high a pressure drop to be practical.
[0005] Cigarette filters constructed using only crimped cellulose acetate tow lack
activity in reducing smoke gas phase constituents such as formaldehyde,
acetaldehyde, acrolein, 1,3-butadiene and benzene. Adsorbing materials such as
activated carbons, zeolites, silica gels and APS silica gels capable of removing
gaseous constituents from cigarette smoke may be deposited between the filaments

of a cellulose acetate tow during the plug making process. However, the plasticizers

(such as triacetin) often used in the process tend to reduce the activity of the



[ 0006] US Patent 6,257,242 discloses a filter elenent to reduce or
elimnate vapor phase conponents of air or snoke. Afirst filter section
cont ai ns wotmBmediedd carbon cloth while a second filter seeCrarsopons@i ns a
m xture of catalytic actiyvyated carbon and coconut activated carbon. Wven
and nonwd¥diied ABRATPRMEt hOtRE| TBeds 1ip ja¢lude @dRerbent nateridisdn §gaseits onal

fl ow of mainstream snoke, and therefore result in less efficient use of

car bon f diteesdgeluge sardwiahipg gsanules hefesn sellyipse pertater iPhigs[ioGbigrspace-

Accordi ngly, ampbng the objects of the present invention is a cigarette
filter tAg confiquiptioasactq fueiddigh resdstaneetordrawo(RThe ol lpEges @rariies hi ghl y
effective renoval of gas phase constituents from mai nstreamcigarette
snoke. [GOO8(eN cigarette filter for reduction of gas phase constituents
from mai nstream snoke conprises a bundle of activated carbon fibers held

t oget her [000& cyWS$ rRatentab, 258124 edibglosesparfiies alemanhipoedice pi eliwirats f or
exanpl e, at a dianeter substantially matching the dianmeter of the tobacco
col utm. Gapot ppaseotoraponards ofl araorbemokd. by firstiber sectiphi contkiss gntivatedan

i sotropic pitch-derived mcroporous carbon fiber with nom nal BET surface
areas of cappmogipthawbiley alsH®Ond diltddBectRpueordaing taemixtyrer ofgecatatytic activabeabr e

vol umes of approximately 0.30 to 0.80 cc/gram and fiber dianmeters of 5 to
100 m cr aragbonSamt eodonat actavatadvedrban.c dvdaven dndoeomsvoyven alakbyorheloth inclhdgh degr ee
of loft, the bundle of fibers exert a sufficient outward force against its

wr apper tfipefsotr anstersped i@ birectionbl fiow oedainsirearn sneokef ane thdrefdre rasanlii t hi c
structure. The optinmal weight of activated carbon fiber per unit length is

sel ect ed 1§ officibst UsB&f damohder Mefstivheuaicses. 3 WO 03/ 086116 PCT/ US03/ 11050
per unit length and without |eaving sufficiently |arge open spaces through

the medi um whi ch woul d resulgummabByoPheIndéwtionef ficiency in the renoval
of gas phase constituents. ditionalTy, in a process for naking
these filpesA t hcardingiptaoriptheUbjectd BEthE prémeiniRatiePisV e Bigarteditbner
non-woven or “continuous” filanment bundl es are
that includes activated carbon fibers for the efficient and highly effective removal of
gas phase constituents from mainstream cigarette smoke.
[0008] A cigarette filter for reduction of gas phase constituents from mainstream
smoke comprises a bundle of activated carbon fibers held together in a cylindrical
shape by a porous or non-porous plugwrap, for example, at a diameter substantially
matching the diameter of the tobacco column. One type of activated carbon fiber
used in this design is an isotropic pitch-derived microporous carbon fiber with
nominal BET surface areas of approximately 1000 to 3000 square meters per gram,
micropore volumes of approximately 0.30 to 0.80 cc/gram, and fiber diameters of 5
to 100 microns. Since these activated carbon fibers usually have a high degree of
loft, the bundle of fibers exert a sufficient outward force against its wrapper to form a

permeable filter medium with a “fixed bed” monolithic structure. The optimal weight

of activated carbon fiber per unit length is selected to yield the desired pressure drop



gat hered, fornmed into tubular bundl es, and wapped with either a perneable
or non- perneable wap to formcigarette filter rods of active carbon fiber
bundl es. Wba3/s@aswl t ant cylindrically-shaped filter nedi umcofusesimsyl ed
actived carbon fibers presents a tortuous path for passage of incom ng

ci gar et t @eE e langiu @A WO cleaviag %{‘Pﬂg%efﬁ'ﬁ’ faP§8r 8P3sE HYeyaky nass
transfer and adsorption. By-passing of snmpke is mnimzed by virtue of the
t or t uous Mediypaviigh wedlds Tesiiit impyaass apdineffisiancyndyithmiengval ef 9as Bhageg
excessively high pressure drops across the filter. As a result, efficiency
of gas pRESWURMHStituent renoval is inproved, and | ess mass of adsorbent
is required when such fibers are used than would be needed if particulate
act i vat ed0QQd] borfdgitiosally, onba Rieeasst for araking, thaseefiltasprdhe aevaied «arhal enci es.
[ 00010] Using bundl ed activated carbon fibers to construct a nmonolithic
filter hdibersadecaitesyes wetsnol eitieir ran-woven becortinuoga fdlamentt burstes are hat (1)
the loft of the activated carbon fiber bundl es provides a perneable fixed
adsor pt i gathesed,iotned inta tubulap ppodiesrandwiapped withaaither ampgrihgable loe neet hod and
apparatus for transformng the activated carbon fibers into a nonolithic
st ruct ur gefieable varapotodiormhdigarstte ditteurads cfoagtiveseatborh finembapgdles. bithedl e of
activated carbon fibers) lends itself nore practically to high speed

manuf act wesuianbd pyliddricams-shafHO filtgr Acddivat efl entarigbed fadieed calyorbdibers
incorporated in a cigarette filter through wutilization of a rod-Ilike

section Qreshits ¥ &ribus pakroforfpabsage offincoptibg Biglaretie skhdke throhcthadictect i on of
cellul ose acetate filter. In this configuration, the activated carbon 4 WO

03/ 086116 r&df 1HEAIBEASLP @fficidnd Atass @@hsfen an@ydberphiesi Bypassinglopseske i t he
tobacco rod and upstream of cigarette ventilation holes. The cell ul ose

acetat e RiGni2SH PRYIrtOe op & folt08@sInatlire dTeheMeW hregh tHY fildrenadigar whilee. By
positioning the activated carbon fibers upstream of the ventilation holes,

(he ook Slckionappiaehisays op svets utinr oo rodarLhgers f e
enhances g @Bhast 8nsiteent rERBVAINS iR PRKES LARABLSE thdsBrafserbRal}s required
when such fibers are used than would be needed if particulate activated carbon were
to be used to achieve the same removal efficiencies.
[00010] Using bundled activated carbon fibers to construct a monolithic filter has
advantages when compared to other carbon structures in that (1) the loft of the
activated carbon fiber bundles provides a permeable fixed adsorption bed with little
opportunity for by-pass, and (2) the method and apparatus for transforming the
activated carbon fibers into a monolithic structure (i.e., a monolithic structure
comprised of a wrapped bundle of activated carbon fibers) lends itself more
practically to high speed manufacturing operations.
[00011] Activated carbon fibers may be incorporated in a cigarette filter through

utilization of a rod-like section of activated carbon fibers in combination with a

second section of cellulose acetate filter. In this configuration, the activated carbon



[ 00012] In another configuration, a bundle of activated carbon fibers may
be positioned downstream of cellul ose acetate tow. Activated carbon fibers
may al so wbasbsamnded with another filtration fiber such agcralshsinse
acetate fjbers. Both fibers re for into a rod-1Iike, shape, .cut, into

di scr et e fIPBHSRAIEN MAYLS Regit a‘ﬁ%?fsf Eieg‘ettﬂ%a“@i rg8 et t“é’s'fr?"?'f’é%? CigpreitS ati 0 of
the bl ended fibers may be determ ned by the desired efficiencies of

renoval ofNatiomhelee %H@I celifiage eateiesscianmaybdediositiopryl at frsomedih-eRter al | |
activated carbon fibers produce a higher efficiency of renpval of gas
phase cométhe cigerete vipiepositinning e acyvated icatbon fibsesupsireapueithe yeatilatiafisor bent
material. Also, the activated carbon fibers efficiently renove by inpaction
some of hates. fieslipnaste of dheasmekestieam i gowet arg a lengar dpgidercaimagrithe
amount of cellulose acetate needed in the total cigarette filter.

Accor di niihe adserbenpcaipontfibers df achievedi (aicht loageerapidence tyue giihedcesy t he
total filter construction. [00014] O her cigarette filter arrangenents

i ncl ude anassvranster frambibe shidkesiseam to themsispeteinbn with a bed of particul ate
adsorbent material, such as activated carbon, silica gels, APS silica

gel s, ze@@ai1@$ dmdartotieer| crdigurativondl bundle aaft activated canboonfiférpemay beay be
positioned on one end or opposite ends of the bed of particul ate adsorbent
mat er i al positiened dawhsteadnaioé celllsagchacdtatertber | Attivated terbomdibesomalyedsd nt o t he
activated carbon fibers in other filter arrangenents. 5 W 03/086116

PCT/ USO3belfletded Wit &hthét filtratiam ibéresuchi dst exllukise angtate fibeisn cBottl efibees

t hreaded rod made fromplastic, netal, wood or cellul ose acetate

aggr egat ese fdratedantarg ral-likel sHapactutvatoadisarételiongths i drerrinchrpbrated irto wauind
inside the threads of the rod. The activated carbon fibers may be bl ended

wi th ot hefgatethesitatf ThdrfidSofame Widhded fiire ma) Be \Wetdimihdd By &g dpsigRerti es
to achieve a snoke conposition. During snoking, the snoke is directed

al ong t heffid®lcicaadf rémeey of §8s pRaYeadrid tbmpaﬂiwe&i matt@qtrPygt ed carbon fibers.

| mproved adsorption efficrency results froma |onger path |ength when
conpar ed [Gsp 1PN Tversli, %{i\}éfe@:cch%ﬁchbe?@b%ﬂcé 'atl%l]?er h@eh®) bCRmd@kPeY e

allows a'longer path length for a given anpbunt 0
gas phase constituents when compared to a similar mass of particulate adsorbent
material. Also, the activated carbon fibers efficiently remove by impaction some of
non-gas phase total particulate matter, thereby reducing the amount of cellulose
acetate needed in the total cigarette filter. Accordingly, less proportion of the
cigarette length is occupied by the total filter construction.
[00014] Other cigarette filter arrangements include activated carbon fibers in
combination with a bed of particulate adsorbent material, such as activated carbon,
silica gels, APS silica gels, zeolites and the like. A bundle of activated carbon fibers
may be positioned on one end or opposite ends of the bed of particulate adsorbent

material. Also, particulate adsorbent material may be incorporated into the activated

carbon fibers in other filter arrangements.



| i near distance of the filter. Brief Description of the Draw ngs [00016]
Novel features and advantages of the present invention in addition to

t hose nerwOosesbiabove will beconme apparent to persons of ecaiuses/yioskill in
the art from a readin f the follow ng detailed riptionin .

conj unct ilBP 1l ¢ r‘ﬁtﬁr?é'mh%ég'gﬁﬁ)%rf@ﬂ%ﬂ‘#é{ﬁﬂw&é %ﬁ‘?é%aé%eﬂ rQ &aﬁ' P?'Bf%‘?%’ﬁced
characters refer to simlar parts and in |ch 000 ure 1 is a side
el evat i ofBgtalyjpdopr sellylosg é??t@t"aﬁagrﬁg?t@é'r nY' ?@CE'H% d faEht
invention, with portions broken away to il ustrate interior details;

[ 00018] Ffibgmfeehgaliysw%ur& @é'delt%mre%}:wf the - of heuAGHvRLad carhan Hbers mak
filter, according to the present invention, with portions broken away to
i || ust r atbe blended wih eteeatypes of fityous a¢sarpigg materials “@ihlqyfﬂjﬁﬂwpﬁ%me%gtt i onal
vi ew of another cigarette filter showing the carbon containing portions

t her eof , agbieyedi sgoke conwogitiesenPuiing empkiog; teoome iFidiacted plorg the

| ongi tud| nal sectional view of still another cigarette filter show ng the
car bon cdwtical groayegocontanttherasiseting adivatedicagpandfitens pnrrored adsorptian on;
[00021] Figure 5 is a sectional view of another cigarette filter show ng

t he car bafficiereytrasutisrfgorparlbhgerspatinéangtit wher compiaray todongitudinally etigned

i nvention; 6 WO 03/086116 PCT/US03/11050 [00022] Figure 6 is a

di agr ammaearbonviitens.i The $ietice! ignopva giows ediongerf path pergiiu forry given @ngané ot e
filter conmprising a bundl e of closely packed carbon fibers with or w thout
gr anul ar liadsodisteante ofatheffited. i ncor porated therein, according to the present
invention; [00023] Figure 7 is a side elevational view of another
cigarette and filter, acc@rbfiDpsdriptiohoftheDeawvingsventi on, with portions
broken away to illustrate interior details; and [00024] Figure 8 is an
expl oded [g@Eta] OnNdvel feurk ame adbamaged of Atk Preddmt iNegtibatiheadditidnt @ shown
in Figure 7. tailed Description of the Invention [00025] Referring in

nor e par tthedd mehtiohedoaidve will BelchEhe. appatiht @0 betdohl Of 'ordifarydskill in the art

from a reading of the following detailed description in conjunction with the
accompanying drawings wherein similar referenced characters refer to similar parts
and in which:

[00017] Figure 1 is a side elevational view of a cigarette and filter, according to the
present invention, with portions broken away to illustrate interior details;

[00018] Figure 2 is a side elevational view of another cigarette and filter, according
to the present invention, with portions broken away to illustrate interior details;
[00019] Figure 3 is a longitudinal sectional view of another cigarette filter showing
the carbon containing portions thereof, according to the present invention;

[00020] Figure 4 is a longitudinal sectional view of still another cigarette filter
showing the carbon containing portions thereof, according to the present invention;
[00021] Figure 5 is a sectional view of another cigarette filter showing the carbon

containing portions thereof, according to the present invention;



cigarette 10 of the present invention conprising a tobacco rod 12 and a
filter construction 14 including an activated carbon fiber filter section
16 and a weloBuosase acetate filter section 18. Tipping paper/iR03/1®50m apped
around the filter construction 14 and ortion of the adjacent. tobacco
foa 12 1 002k Fieed ke clacsamaratic vy di8fetnes e areescbie FLBBRRENG Fho

ti ppi ng paper has ventilation hales 22 for introducing air,. intqQ nmajnstream
t obacco Sigskaiteatitarconpising 8 updigvef é@ﬁ%\ggﬁc&qqiecqrpp@ é'B?rSTWEh of $6theHPbn and
nunber of ventilation holes may be varied depending on the performance
char act elgraiularadgedient mataiial ipeorppraied Hiesmincaccordinm ®othe Preseat Vel car bon
fiber filter section_16 conprises a bundle of highly activated carbon
fibers 24000231 fhigwrei7dn arside elgwationghyeyipd aeothsnsigatatierans filigr.iacsordiigyar et t e
snoke. The fibers have surface areas of approximtely 1000 to 3000 square
met ers pdo thgrprasentiinvenpon.evithapartiens rpkepawax inlstraje mtgprdetalsgantt/ gr am
and fiber dianeters of approximately 5 to 100 mcrons, preferably 5 to 50
m crons. [00023)2 Aiguss SRatasrexplotied Secti@wl diew o, tBe dhreadediraskofdbe cigaretten fi bers
and nmethods for the production of such carbon fibers. After proper
activati ditet showganbaguréi’bers of 7 WD 03/086116 PCT/ US03/ 11050 this type
may be used to formfilter section 16. Both of these patents are

i ncorporated herein by r &etaitetcBescription of thetlnvesitiorf or al | useful purposes.
[00028] Filter section 16 has a rod-1like shape conprising a cylinder of

ent angl e@000251 b&eférringrin vore qraeticuldrify db i theedrawirigs, dfigurendt ilestratés ch
provides a tortuous path for passage of incom ng cigarette snoke through
t he acti ¢Ryapstter 10f ot ke prddens ifventioefdontpriginly avtepatdcansd a2 and aditer pti on.
Adver se by-passing of tobacco snoke is mnimzed by avoi ding open spaces
in the ficbh&fuctibhodgifclubibgf darbacthall, caboh fiBsCRitdiseetion M6 gihdpa eemusse dr ops
across the filter are avoided by controlling the packing density of the

oroved S [ dectileeT g ol rolpos gupmmnb g |
are used 4haHy WPIrbbrPsf HRAAMERMt kdbaRes b UAbehdid tHe/ BREcS 3P aRd Whee Lo be
construction together. The tipping paper has ventilation holes 22 for introducing air
into mainstream tobacco smoke as the smoke is drawn through the filter. The
location and number of ventilation holes may be varied depending on the
performance characteristics desired in the final product.
[00026] The activated carbon fiber filter section 16 comprises a bundle of highly
activated carbon fibers 24 that function to remove gas phase constituents in the
cigarette smoke. The fibers have surface areas of approximately 1000 to 3000
square meters per gram, micropore volumes of approximately 0.30 to 0.8 cc/gram
and fiber diameters of approximately 5 to 100 microns, preferably 5 to 50 microns.

[00027] US Patents 4,497,789 and 5,614,164 disclose carbon fibers and methods

for the production of such carbon fibers. After proper activation the carbon fibers of



used to achieve the sane renoval efficiencies. [00029] As an alternative to
the above filter construction the activated carbon fibers 24 nay be

bl ended woh3aswiher filtration fiber such as cell ul ose aeerawses/fiobers, for
exanpl e. Hence, the activated_ carhon fiber filt section 16 could be a

bl ond of S ABBHMAY Hig wisod ’é?nEP’E!bF'ﬁﬁfl Seglan. dPar Both par 1eseBaPRlE g

bl ended fibers may be determ ned by the desired efficiency of renoval of
bot h gas IMCERIateddherejp By refgrgnce dn theireentisaty g?" aﬂlﬂsﬁ/ﬁ” PYHEES®] Overall, the
advant ages of cigarette 10 and the above alternatives |nclude a high

ef fi ci end§OQ#8]r aectign 46 hagihEd-tkeenshapeueeriisinen @ rctfda"'tt%i‘%?‘gi mlar
mass of particul ate adsorbents. Al so, the activated carbon fibers 24 renove
by i npaceresm fisne 24tgenpe@lin @lorets WER £5e arofher ydtienpravidesd irjtuoke Patfbunt  of
cellulose acetate needed. Cellulose acetate is traditionally used in
filter cderspasseoesrigneasing pigarettarsigke dhrospivithadctive @sea of theefiersifgarette
space is occupied by the total filter construction. 8 WO 03/086116

PCT/ USO3/efficlsst mass003ngfererpe adgemtian. dddversehbwiragsing|alttphacasf sinekeiti es of
removal of gas phase constituents in cigarette snoke are presented bel ow

i n Tabl e minimired Hys @voidinge opaensiaces him ¢ fillenstbraughothd fibefs clibenandes were
neasured on a cigarette puff- by-puff basis, conparing the results of using
66 ml|i greessively high petsedrec dropenadrotetise filter ares avesidad WBoontrdlingythens of
granul ar activated carbon. Results show that the gas phase constituents
are ef f eplackiay Yeaditpoobéd fiersomsanabbalt, dke efficericy dfrgasaphaseatadtitueat bon
fibers while using approxinmately one third the nass of what was required of
gr anul at eemacali iy ainpebvedy had Ids3vinags af pdsbrioent avateriahiisgheqiifed oviedrc gudho
achieve simlar results. The rapid kinetics in using activated carbon

fibers isibbtd hie eseditiah woultl Rl requiregar particwatel astivateiecaboh heerkitoste 5 or 6
puffs of the experinents. The data shows evidence of the start of a

br eak- t hri@uglo athitethe@kafie rekRvel ditigtdiae reduction falls off in the

| atter puffs using 66 mlligranms of activated carbon fiber.
[00029] As an alternative to the above filter construction the activated carbon fibers
24 may be blended with another filtration fiber such as cellulose acetate fibers, for
example. Hence, the activated carbon fiber filter section 16 could be a blend of
carbon fibers 24 and cellulose acetate fibers. The ratio of blended fibers may be
determined by the desired efficiency of removal of both gas phase and total
particulate matter (TPM).
[00030] Overall, the advantages of cigarette 10 and the above alternatives include
a high efficiency of removal of gas phase constituents when compared to a similar
mass of particulate adsorbents. Also, the activated carbon fibers 24 remove by
impaction some of the non-gas phase TPM thereby reducing the amount of cellulose
acetate needed. Cellulose acetate is traditionally used in filter constructions for the

removal of TPM. As a result, less cigarette space is occupied by the total filter

construction.



9 WO 03/086116 PCT/US03/11050 TABLE 1 Cigarette with 66 ng Cgarette with
180 ngy Control G garette Activated Carbon Fi ber of Pica activated
Consti t uemo,03psfiic # (No Carbon) in 20 nmfilter |ength carbomusgs/amsd es in 1

RAF ( CAR -space-plug filter, .. ctivated carbon fibers) Run 1
Run 2 AdIORTh EXREITBNR] Goterh oG SrE0 e EeneigR, o RERYAEOREAT PRSSS 47 52
454555 forml dehyde puff 2 16 20 18 3 3 54 or mal dehyde puff 6
6 6 2 2 sonstiuents ¢ iy, GigaERIe, FQkEr A3 REesFPed ‘?:?QLW4'"44raPl?r ki dg’h%és‘-’puff 5 2
33122233 formldehyde uffe%_z 22312344 fornaldeh ge puff 2
2232 zxeermgntsmpr%smaéergeﬁ' iclerisies wers measused, o ah GigaTBRe Py Ty VS
Control 90 86 88 20 19 20 27 34 30 * Made by the University of Kentucky
and uni vayPafiBasiss samparing thenesults ofHising:06 milligrans of agtivatey caroondipere | s
substantially 100% filled with 180 ng of activated carbon granules, and as
such t he vBesHefusiigal 80 miligrams of gearwiay actiptediedydans Resplds shew had theygasat er
because nobst conventional comrercial machinery does not routinely achieve
100% act iphasegonsiilyants agg afiegtivelyi adsorbdite: comnarahle £xtants by tleel ativatrrh
granul es have a BET surface area of 1600 n2/g and a m cropore vol une of
0. 52 cnB/cgrbahifiers whileCNRBORIDBXOMIMalety ang thirddhe ass dfi it vasarequise BB
surface area of 1300 n2/g and a m cropore volune of 0.45 cnB/g. 10
granulated activated carbon having a particularly high efficiency to achieve similar

results. The rapid kinetics in using activated carbon fibers is fully evident in their
superior performance in the first 5 or 6 puffs of the experiments. The data shows
evidence of the start of a break-through at the point where relative reduction falls off

in the latter puffs using 66 milligrams of activated carbon fiber.



WO 03/086116 PCT/US03/11050 Cigarette with 66 ng G garette with 180 ny

Contr ol

puff # ( N8OGan&amng
pl ug- space-plug filter** activated

1 Run 2 Avg. Run 1 Run 2 Avg.

acr

Cigarette Activated Carbon Fi ber of Pica activated Constituent,
in 20 mmfilter

| engt h carbon granul espcm/ushRuos0 FLEX

FASLE,

rbon fibers) Run 1 Run 2 Avg. Run
ff 1333000000 acrolein

puff 2 7727000000 389900040 0—acrolein puff
9 10109 000O0O0 acrgliein puff 5 8 L) Gigatette with 66 iy O etk SiuspEl 6 13
13 13 42 3.0 0t 0t al%{?ol eiln o?(':‘a:r' 3'3)‘194 14Ai%‘2’ ::‘!LC_?*’ :%e' ac?%ﬂPﬁhiaEctpbt&fBB 18
16 17 3 8 UHUE RSt all |Del MVAERVS Cont T QI ArBarieand? |10 corograrguis® [Run 1
Run 2 Avg. Run 1 Run 2 Ald. Run 1 Run 2| Augivatesas®berbeahy BEIRRIFTFPYI e 2 0 0
0 000 “atetatdehyde puff-—2645000 0600 —=acetatdehydepuff—3—11 7 9
2 01 0 pO—=acetatdehyde puffTit—§ 906 ¢O OO0 07T acetaidehyde p]gfﬁ‘f—S 12 8
10 0 0 0|0 0 O acetal dehy/den pRén 24 Avg. 1 1Rars! [Rup 2] Avgy 0| RuadeRe Hiefge puf f
7 16 16 164 34 0 0 0 4qcetat Leh7y e gu § I8 19 19 12 12[ 12 T O O % Tot al
Del i very| VS Coptdidhy@bu7# (83819 4% [1822| ¢ * p115wWD 0%/ 086136 | PET/ USD3/ 11050
formaldehyde puff 2 16 20 18 3 3 3 ° 4 4
formaldehyde puff 3 6 6 6 2 2 2 4 4 4
formaldehyde puff 4 3 S 4 2 2 2 4 4 4
formaldehyde puff § 2 3 3 ! 2 2 2 3 3
formaldehyde puff 6 2 2 2 3 ! 2 3 4 4
formaldehyde puff 7| 2 2 2 3 2 2 2 4 3
formaldehyde puff § 2 ! 2 2 2 2 2 S 3
% Total Delivery VS Control 90 86 88 20 19 20 27 34 30

* Made by the University of Kentucky and universally used as a control in the

tobacco industry.

** Space is substantially 100% filled with 180 mg of activated carbon granules, and
as such the beneficial results of activated carbon fibers are even greater because
most conventional commercial machinery does not routinely achieve 100% activated

carbon granule fill.

NOTE: The Pica activated carbon granules have a BET surface area of 1600 m?/g
and a micropore volume of 0.52 cm®/g while the CARBOFLEX™ activated carbon
fibers have a BET surface area of 1300 m?/g and a micropore volume of 0.45 cm®g.

10



Cigarette with 66 ng G garette with 180 ng o Control

Car bo

n Fi ber

I n pica activated carbon
mm filt erwbesgsdiig@r anul es i n pl ug- space-

Consti t uent,

Cigarette Activated

puff # (No Carbon) 20
| RAF ( CARBOFLEX a&ctrivsat/endspl ug

filter** carbon fibers) Run 1 Run 2 Avg. Run | Run 2 Avg. Run 1 Run 2 Avg.
113 buytadi-ene pnff 1-142-11 12 0 00O 00 ’I,Q but adi epne pnff 2 14 14 14 0
000 0 0 1, 3-butadi gng uff 3 11 10 19'9@‘e®V0th@6®90 digaetRWitR tHoGag puff 10
890 gns 0.0 "35*% buta? mﬁ@ L "gi%gger % ) ol pigrdotimdli ene puf f
11 10|11 1660 1 iene pyf Vride % Fragponargnulssin
1, 3- but adl ene puff 8 13 12 12 7660 @ct@at%éﬁﬂbahbem iRAEPpecB el ol 93 84
88 12 81010 0 —TsoOprene puff 7109 1T 00000 isoprene puff 11 14
12 0 0000 Tsopreng pufff 1271213 0 00 0700 oopre ngf 14 10
12000000 isoprenE,R”tﬂl]f Bu'52 14veg | 16D R 2] 6ve | | BEpr|&ve2pdre (12 10 11
1 0 O[O0 0O 0O 1soprene |poft I4 15153 1T 2000 S5O0prene diu 8115 17 16
54 5|0 00 %abeledpul vér) Vs (coht rdl %8| 98 97 %0 p[8% j0 4 |19 WO
03/ 086116 PCT/US03/1105D garefte M [t I"b 66 qo @] gar eite w td’l 180 ng o
Contr ol Ci gar ekiorindoff 2jvat éd Carbjon” Fiher in pida act|yated carbo
acrolein puff 3 8 o 9 0 0 0 0 0 0
acrolein puff 4 9 10 10 0 0 0 0 0 0
acrolein puff § 8 10 9 2 ! ! 0 0 0
acrolein puff 6 13 13 13 4 2 3 0 0 0
acrolein puff 7 14 14 14 1 1 1 0 0 0
acrolein puff 8 18 16 17 3 3 3 0 0 0
% Total Delivery VS Control 82 82 82 10 7 8. 0 0 0
Run 1| Run 2| Avg. Run1|Run2| Avg. Run1]Run2| Avg.
acetaldehyde puff 1 3 2 2 0 0 0 0 0 0
acetaldehyde puff 2 6 4 5 0 0 0 0 0 0
acetaldehyde puff 3 1 / 9 2 0 1 0 0 0
acetaldehyde puff 4 " 8 9 0 0 0 0 0 0
acetaldehyde puff § 12 8 10 0 0 0 0 0 0
acetaldehyde puff 6 15 i 13 ! ! ! 0 0 0
acetaldehyde puff 7] 16 16 16 4 3 4 0 0 0
acetaldehyde puff 8 18 19 19 12 12 12 1 0 0
% Total Delivery VS Control 91 76 &3 19 16 18 2 0 1

11



Consti tuent,

puff # (No Carbon) 20 mmfilter

| ength granul es in plug-space-

| RAF ( CARBOFLEX activated plug filter* carbon fibers) Run 1 Run 2 Avg. Run

1 Run 2 AvQ.o3@sriidd Run 2 Avg.

benzene puff 1 10 8 9 0 0 @CO/WB0H110BENZENE

puf f 21312 13 006, —6—-0—benrzenre, ppH+—3—1211-12Q nzene
puff|[12 10 11 0 0 0 0| 0 O benzene plf|f Ciredeo vith6em@ () Slgflet@ withfidzRRe puff 6
13 12 12 0.0 0 ‘b’p ber&’ﬁjg%cjgg{f‘fe 1 Y %"”g"’f" gy i) |Picabetivarenarpuf|f 8 14
15 1h 3595 0P ot b NGFY VS :c(m; Jagh (gemiss qp"@-srace n 1
Run 2 Avg. Run 1 Run 2|Avg. Run 1 Ruh Avgbonfiberk)uene puf PE™5 31000
0 O Ttofuene puff—2—9 00000 tofuene puff3 T2 101000000
tol ugne puff— 13127121 ¢ O 00 O 0 tpluene gurr 5715111 IT370 O 000
tol uene puff 6 16 15 15RO b|REING |AWS: | t|RuliépBunuf fAvE7 | 1&un T | Ru? nA- 0 0
toluene puff 8 2T 20 R0 2 I Z 0|0 0 %|Tota |ve0r $ Conf{rql I0G 95 101 5
2 41 1 113R:000n83408611% PCT/ Usd3/ 11050 O'Ogarette vi th 66°ng Pgarette
with{180 ng Control O garetre, Act|1¥a1 ed Ca bcan Fi af i(:aoactixat ed
Const i t uent3-bypadfehe puf(2Ng rboﬁ‘) nm filfer] Il engtth _carbon granulles in
1,3-butadiene puff 3 i 10 10 0 0 0 0 0 0
1,3-butadiene puff 4 10 8 9 0 0 0 0 0 0
1,3-butadiene puff 5; 10 8 9 0 0 0 0 0 0
1,3-butadiene puff 6 B 10 11 1 0 0 0 0 0
1,3-butadiene puff 7| 12 12 12 3 2 3 0 0 0
1,3-butadiene puff 8 13 12 12 ! 6 6 0 0 0
% Total Delivery VS Control 93 84 8 12 8 10 ! 0 0
: 7 10 9 1 0 0 0 0 0
isoprene puff 1
isoprene puff 2 11 14 12 0 0 0 0 0 0
isoprene puff 3 12 12 12 0 0 0 0 0 0
isoprene puft 4 14 10 12 0 0 0 0 0 0
isoprene puff 5 12 8 10 0 0 0 0 0 0
isoprene puft 6 12 10 11 1 0 0 0 0 0
isoprene puff 7 14 15 15 3 1 2 0 0 0
. 15 17 16 5 4 5 0 0 (]
isoprene puff 8
% Total Delivery VS Control 98 % 7 10 6 8 ! 0 !
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1RAF ( CARBOFLEX pl ug-space-plug filter'’
2 Avg. Run 1 Run 2 Avg. Run 1 Run 2 Avg.

activated carbon fibers) Run 1 Run
ketene puff 1 105 90 97 10 6 8 19

1 10 ketwo®3pssiié 2 12 12 12 0 0 0 1 2 2 ketene puff 3 OPOT@SE3/00&H 2 O 1

ket ene—puff—0-0-000, 0201 '/ete..: ptff+—5—0-0-0-90 0—0—0—0—ketene puff
60000 0 0 0 0 0 ket ene uff 0| Q. Fiddre@ie @ithF6@ng ke&gg}atem,{h&oq,g(}fo 000
000 Teta /S dﬁﬁ' foar ier 2ty eyl Crsbop Figarin dpidbctvpiB0&ah |Fi gur e
. on tltuen R arbo m ngh i
2 illjustra a ot di ga em4e~ 0 of tde@queﬁelagt.vhtsw elarnyes i %‘rﬁjpeﬁe in may
respects to the Ci garette 10 of F| gurg 1, cabehfiverm) | ar| | ef HEE charlacters
are TUsedto Tdentify simitar components.” One sigmnificant difference in
ci garette 3015 the versat—off focatfonsyof tjhe activatedgq _carpomn 1|i ber
filter section 16 and tﬁé"ée'l?‘l"‘lﬂ o8- | gEwp Ay But? | tAve- qediundnRem? :
ci garfette 30, the carbgn iibers [Z4 ardg downsirejpm of |tjhe —¢el I u oge acetate
18. A nout h- egedzene bl dsd%acefatle %I ife ncby be incl‘hded, P d.
[ 00033] By way of examl 65 MA]&BCFL,, " acti \6at ed fFar bonofl b(@
(supplied byeArssbautf FF3st ™~ Asi d CGar bon |Fi bers . _Ltd.)|wth surface
area|of approximately |1329| sguar g,metlers per, gr arg arjd nj cropore yoljune
appr oxi mat el yeen@ndbuftuhi ¢ centineters |per gram Wwere flabri cat ed ntolfilter
sectijons 16. These fi ltlern, ;eq:d ijong Waregconsgt ructged |by gundlg ng o
appr aximat el yoenzene pifi 4 jlgr ang act carlbhon fiber |24 intlo a filter rod
27 millinmeters | ong ano appl o>g| natl y {249 5|mol I f meg erfs| iem |14 WO 93/{086116
PCT/ \ nz r— Thesefittrisections- 16 wdrle—atfached tolcontrol
ci garjettes (lbelr?ilﬁe ouff 6 13 12 12 0 0 0 0 0 0
benzene puff 7 13 14 14 1 1 1 0 0 0
benzene puff 8 14 15 14 3 2 2 0 0 0
% Total Delivery VS Control 100 91 9 6 3 5 ! 0 !
Run1|Run2| Avg. Run1{Run2| Avg. Run1|Run2| Avg.
toluene puff 1 3 2 3 ! 0 0 0 0 0
toluene puff 2| o 8 8 0 0 0 0 0 0
toluene puff 3 12 10 11 0 0 0 0 0 0
toluene puff 4 13 12 12 0 0 0 0 0 0
toluene puff 5 15 11 13 0 0 0 0 0 0
toluene puft 6 16 15 15 0 0 0 0 0 0
toluene puff 7 17 18 17 1 0 1 0 0 0
toluene puff 8 21 20 20 2 1 2 0 0 0
% Total Delivery VS Control 106 9 101 S 2 4 ! ! !
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cigarettes) downstreamof a cellul ose acetate filter section 18 attached to

each control cigarette thus producing the cigarette 30 shown in Figure 2.
Key gas pheggosaonstituents were quantlfled on a per pufbeatﬂlsss/llmsd he
snoke delvered—i+omthes and—conpared—to— Hrer+es—ef—t hese
sanme conmpounds without tHh rbéiﬁafwets@hﬁqmﬂterc. £&ie WK $60 m
Si gni fi cant Jngg‘ggrgtlm,s# i ke Q@ﬁﬁ%ﬁtmﬁﬁﬁ' welim@bs«yaweg as a
result of adsorption 5 |ac ticArBORICEX™Car bp rFa'be'b%fF“"f f"t ers.
These re.sul ts are shown i . aér#@tﬁa@oahmbn SHREEP'AS e'h) de,
Hydr ogen TSoprene,  pg/cigarette Cyani de, pg/cigarette pg/0| garette
Control (garette 570 311 (346 _[1 RAF Coptfrol [Cgafette wth 3L 9 PO
Activated Carbon Fiber Fill ¥R 183¢t3 (ﬁi’gAt t 5&’?1?3(5“3 CRefi{fct | gRHNI1507 beten s
[ 00034] Figures 3, 4 and |5 %)jo SEV §I al héer napi ye EI gare1t f1|I [ €),
constructions, peetdrepuar| y the carbon gont ajl ni ng_portij onS df 'such’%i|lter
constructions. In each i|nstgn¢ce,, & | 1 Ul gse| agetatg fli|ter [sect|opg such
as sectipon 18 of Kt ff ms;\% e1:2 qg tt the ng)u h- znd f?treezcci a? tes
I ncorporating these constirjucgi ong, |i fg desirged., o[ §00g5]| Fi gurje 3 shewg a
cigarette filter ketenedu$Hdilsinglthe lconb| nati la bundle qf activated
carbon f bers 24 and an_adj agent obdd @f | pargt i cup atle @dslof bent| 42 pugh| as
carbon, $ eten 8i H-calgel-or—raolite—for—exanple—Another
cigarette filter 0 is_ il ustfaved in Fijgurel 4oconpei sfi hgoa| o 0
pl ug- spage—ptrug a!“;%“ﬁﬁéﬁnrt—wh:rei. spaced—apartTbuntdHes—of—ractyrated
carbon f bers 24 gﬁéne%ﬁﬁ caVi {y Ot her®betiwden, wWwth @art| cal at & agdser bent
42 filling—the cavrty: St|i t—anothegr—cigarette fiter—60+s—shown—n
Figure 5|conprisipge ohipdl € of A&ctji vt ed darpoh fi bers| R40wit P parficul ate
adsor ben
ketene puff 8 0 0 0 0 0 0 0 0 0
% Total Delivery VS Control 17 102 1 109 " 6 8 25 4 14

[00032]

Figure 2 illustrates another cigarette 30 of the present invention similar in

may respects to the cigarette 10 of Figure 1, and similar reference characters are

used to identify similar components. One significant difference in cigarette 30 is the

reversal of locations of the activated carbon fiber filter section 16 and the cellulose

acetate filter section 18.

cellulose acetate 18.
desired.

[00033]

In cigarette 30, the carbon fibers 24 are downstream of the

A mouth-end cellulose acetate plug may be included, if

By way of example, CARBOFLEX™ activated carbon fibers 24 (supplied

by Anshan East Asia Carbon Fibers Co. Ltd.) with BET surface area of

approximately 1329 square meters per gram and micropore volume approximately

0.45 cubic centimeters per gram were fabricated into filter sections 16. These filter

sections were constructed by bundling approximately 125 milligrams of active carbon

fiber 24 into a filter rod 27 millimeters long and approximately 24.5 millimeters in

14



15 WO 03/086116 PCT/US03/11050 42 dispersed anongst the fibers. In each
i nstance, the cigarette filters of Figures 3-5 function to adsorb gas
phase comnwsoiosognie from nai nstreamtobacco snoke as the wm}{}soymses

t her et hr ough.. The_anou actiyated carbgn flbers nd, gr

adsor bentd %egelgﬁs@d%?f é@?ﬁ ¥€ "éerﬁegﬁ? dr Iy cent ra] [9% G ?B%ASF phase
constituents. [00036] As diagrammatically shown in Figure 6, the bundle of
act i vat e§I9%RERtRSH downstpamoaf BfCQ‘"PW%ra%e £ifbigE sestion 1 6‘6@“5@ 110aR8CD as
wel |l as the fiber bundles shown in ures 3-5, may beforrredb

st r et chi gNtEoldgrretiRIBS ROMRiIRg B %%rsg%éﬁtshpww Fidgre 2 okeY 6% Bt al and
per filament deniers through a pre-formed or in-situ fornmed tipping wap
70 duri ngonstiugnts were gERMifledpbades pufhasis iprthpamake; Wﬁ@dafﬁ@ﬂdgeqq ng,

the formed filter may be inserted into a filter construction such as

descri bedigamstes. andheorspared cioe delivesios befintheget Pamecaompewls Mitbewts the e
contai ned and generally aligned wth one another such that close to

par al | el aptitategarbonefibercfites cseistionse e Sigrtificant edustion® in gas| phaseesokgh TPM
delivery. Random fiber orientation with some fibers transverse to snoke

f 1 ow nmay censtitsarity avgre rabhsenedT@Ma @sult [of dbe adharpéion @etivihent theohictivated snoke
are effectively adsorbed by diffusing into the m cropores of the aligned
adsor bentcafbiobndibsr filkdas nFhesmrestibhaecshosmok & abled\selow. sane directi on as the
aligned fibers. [00037] Hi gh gas phase renoval efficiency is the result of
rapi d adsorption kinetics and adeqUsBIERot al capacity of fine adsorbent
fibers nostly in the range of 5 to 100, preferably 5 to 50 mcroneters in
di amet er]. | ncoomporéitng a Cencealicapdeint| of Hpadogesul atje atprdieNt W thin

t he stretched adsorbent fiper fgleigarefees [t 0 r ejdbidet he co:pg/djgyreﬁ@pam ty of
the forred filter conponent. A particul ate adryjdeews drjop-in 72 may| be

used to [@crRBNSRaRAEl | CUT af € matgrg al 42 betwegnqand anongst 3k§e Tibers 24
when prcq“gpfbg the filter pf Figure 5, flor exanple. 16

Control Cigarette with 51 9 20
Activated Carbon Fiber
Filter Section Attached
% Reduction 91% 97% 94%

[00034] Figures 3, 4 and 5 show several alternative cigarette filter constructions,
particularly the carbon containing portions of such filter constructions. In each
instance, a cellulose acetate filter section such as section 18 of Figure 1 may be
used at the mouth-end of the cigarettes incorporating these constructions, if desired.
[00035] Figure 3 shows a cigarette filter 40 comprising the combination of a bundle
of activated carbon fibers 24 and an adjacent bed of particulate adsorbent 42 such
as carbon, silica gel, APS silica gel, or zeolite, for example. Another cigarette filter
50 is illustrated in Figure 4 comprising a plug-space-plug arrangement wherein
spaced apart bundles of activated carbon fibers 24 define a cavity therebetween with
particulate adsorbent 42 filling the cavity. Still another cigarette filter 60 is shown in

Figure 5 comprising a bundle of activated carbon fibers 24 with particulate adsorbent

15



WO 03/086116 PCT/US03/11050 [00038] Using activated carbon fiber filter
sections 16 of Figures 1 and 2 offers several unique advantages. First,
cont i nuousoasnsaiat ed car bon fi ber adsorbents can be i ncoPponsvEdiosnt o

existing cigarette filters ysing, hi gh-speed processes...Sec dye to the
man | of A2 aktsreecbamardstYin thers AR v R AR Con R P GRS TR et Py

probl em associated with high speed nmanufacture of particul ate beds does
not exi sfunctign g adsgr g3z phapec ’EHWemetg?mdﬂ@B?%"é’?’W d0bRGG0; Heckends I gas
di ffusion paths than particulate adsorbents, and therefore increase the
gas phasé&Meliedassesthesethraugbncihe aagrRts ofactivatgdicepan IREIRBRY BRNYIRE
stretched aligned activated carbon fiber adsorbents allows wuniform

resi st an@dserbeat &fe (Ffetediia gelieythdbe desiredafqdustionraf opuehast 8hasg garette
snmoke. Finally, the close to parallel orientation of activated carbon
fibers mcanstitueys. t he | oss of particul ate phase of the snoke during the
filtration process and therefore maxin zes the TPM delivery of the

ci gar et t §300#6¢n Asudiagrasnmatigatle showniig Figurerf 6. thieubundie of agdivated eearken
electrically heated cigarette enbodi nents when high delivery of TMP is
desi r ed. fipeE0R0Yf fider sectioond btof Figues hapd2tascueibasthediber bondles shown in er
section 60 of Figure 5, or using filter sections 16 or 60 in the

enbodi neFigures 315, guayelse Brmed by stretchingr aredntinuiolis busdlaaf adadrpentfibveradh t he
advant age of using activated carbon fiber adsorbents, but also have | ower
total cosbonipaledetptall arhpacifitameritOdMd}s tbeiugh LARBE@EIECT b dc-sitw ormded:ar bon
fiber, hand made cigarette exanples of filter sections 16 and 60 have been
pr epar ed tippieigtvaap td. ddringnthé Hiter naking MuocessulAfger podmet theidmg and Tatiing, 3 and
Table 4, 1t is clear the forned filters not only effectively renove gas

phase compofRiied fHtde hmaghetifsétering deigdednstidclion chvtdasgescribeanaistep, MeOH
(met hanol) and |1 SOP (isoprene), but also posses high TPMdelivery and | ow

RTD. It mhen@letoMettdisoiteat adtivaldd dapborPRisdrs @fe 66htainedlangigedeailg wligndd O
03/ 086116 PCT/ US03/ 11050 half the amount of the carbon fiber with | ower
cost car g dHeaHbtRS A hARFose to parallel pathways are created between the fibers
to facilitate high TPM delivery. Random fiber orientation with some fibers transverse
to smoke flow may excessively remove TPM. Small gas phase components of the
smoke are effectively adsorbed by diffusing into the micropores of the aligned
adsorbent fibers. Mainstream tobacco smoke flows in same direction as the aligned
fibers.
[00037] High gas phase removal efficiency is the result of rapid adsorption kinetics
and adequate total capacity of fine adsorbent fibers mostly in the range of 5 to 100,
preferably 5 to 50 micrometers in diameter. Incorporating a certain amount of
particulate adsorbent within the stretched adsorbent fibers operates to reduce the
cost per capacity of the formed filter component. A particulate adsorbent drop-in 72

may be used to dispense particulate material 42 between and amongst the fibers 24

when producing the filter of Figure 5, for example.
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conparable total filtration performance. TABLE 3 Sanple Filter AA TPM
HCN TPM MECHI TPM | SOP/ TPM TPM (ng) RTD GAC (nmg) CA (ng) (nm (granul ar H20)
activat edwooantram 1 RAF* 1000X Avg./ TPM 45, 6 6.9 6.0 27P8T/11$0131111m 0

190. 0 Rel ati 9% 5% 9% 7% 4% 5% 2% tlo Absol very

A an, [939R5T | Blstias SRS Sorgon S1eD Mg SastopR Erp GRS, by o TS &
Dellveryto 1RAF 2* CA Bl ank 4%%%-2%-19%136190851%35 /é

Pl asti ci S8Y9raRéNiays aevaniageser hirsheoningels activated Laragn oLepi®EaAE 50, - 81%
11.5 142 103 155 G anules in Bl ank (INo Plasticizer) Relative Delivery to
1 R4F 4+ bpjigeorpgiiatrshinia existing gigarette, fltgrs419ing @lgiswef@wr?eassea 2PRABY. i n

Bl ank (No Pl asti ci zerz Rel ative Delivery to 1R4F
due to the high loft nature of activated carbon fiber adsorbents, the “settling” problem

associated with high speed manufacture of particulate beds does not exist. Third,
activated carbon fiber adsorbents provide shorter gas diffusion paths than particulate
adsorbents, and therefore increase the gas phase adsorption efficiency. Fourth, the
uniform packing of the stretched aligned activated carbon fiber adsorbents allows
uniform resistance-to-draw (RTD) and gas phase filtration performance for cigarette
smoke. Finally, the close to parallel orientation of activated carbon fibers minimizes
the loss of particulate phase of the smoke during the filtration process and therefore
maximizes the TPM delivery of the cigarettes when such is desired. This is of value
in cigarettes or electrically heated cigarette embodiments when high delivery of TMP
is desired.

[00039] By compensating with particulate adsorbents in filter section 60 of Figure
5, or using filter sections 16 or 60 in the embodiments of Figures 3 or 4, the formed
filters not only maintain the advantage of using activated carbon fiber adsorbents,
but also have lower total cost per equal capacity.

[00040] Using CARBOFLEX™ activated carbon fiber, hand made cigarette
examples of filter sections 16 and 60 have been prepared and tested. From the
testing results noted below in Table 3 and Table 4, it is clear the formed filters not
only effectively remove gas phase components such as AA (acetaldehyde), HCN
(hydrogen cyanide), MeOH (methanol) and ISOP (isoprene), but also posses high

TPM delivery and low RTD. It is noteworthy that in filter section 60, replacing about
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Carbon Fiber Plugs* CF (ng) 5** CARBOFLEXTM - -83% - 78% - 76% - 94% 14. 9 106
0 88 Relative Delivery to 1R4AF-A1l 6** CARBOFLEXTM - -62% -52% - 65% - 76%
20. 8 94 OwWo9s/nsahati ve Delivery to 1R4AF-A2 7** CARBOFLEXPOTAUSOE6860 60%
-61%-86% 11. 6 80 48 44 Rel ative, Deliye to 1R4AF-D1  8** CARBOELEXTM -

- 72% - 6602l 6, 2BeYNY 6 éh%wa?‘?’s%behé!‘r"l& [%'E%?Sit VEReR granules msowdes; . ym
long filter plug. ** 20-nm | an | ug conbined with a 7-mm | ong cel | ul ose
acetate ﬁPU@?rab?%t%f@@/t'GBQETB'%F’%PFUSOS/ 11050 TABLE 4 Sanple 1 R4F Control
(27- mm CARBOFLEXT4- A (20- nm CARBOFLEXTM'-D (20-mm CA long filter plug)

| ong plug combined with 7- 1ong pl JPABEESi ned with 7- nm CA lu mm CA pl ug)
Average Std, Dev. A3 A4 D (nm H20) 137 2% 88 88 87 86 DDl % 25% 4%

D4
18 [F2msq 25 A i vaf ATCAT BEWTM bEFOTTY (6826660 "BE™ (g ca Gig Aful pPA Mo

Canbon 0 0 O 0 114|115 ITg) H,0) activate;i
carbon
1R4F* 1000X Avg./TPM 45.6 6.9 6.0 27.8 11.8 140 0 190.0
Relative Std. 9% 5% 9% 7% 4% 5% 2%
Deviation Absolute
Delivery
1 CA Blank 7% -16% -5% -8% 14.6 120 0 161.5

(No Plasticizer)
Relative Delivery to
1R4F
2* CA Biank -4% 2% -2% -19% 13.6 119 0 161.9
(No Plasticizer)
Relative Delivery to
1R4F
3* Pica Carbon -52% -71% -65% -81% 11.5 142 103 155
Granules in Blank
{No Plasticizer)
Relative Delivery to
1R4F
4* Pica Carbon -51% -73% -713% -84% 10.3 158 107 161
Granules in Blank
(No Plasticizer)
Relative Delivery to
1R4F

Carbon Fiber Plugs* CF (mg)

5* CARBOFLEX™ - -83% -78% -76% -94% 14.9 106 0 88
Relative Delivery to
1R4F - A1
6" CARBOFLEX™ - -62% -52% -65% -76% 20.8 94 0 75
Relative Delivery to
1R4F — A2
™ CARBOFLEX™ - -66% -60% -61% -86% 11.6 80 48 44
Relative Delivery to
1R4F - D1
8** CARBOFLEX™ - -712% -66% -64% -88% 16.8 80 55 50
Relative Delivery to
1R4F — D2

* 27-mm long filter plug.

** 20-mm long plug combined with a 7-mm long cellulose acetate plug.
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Gas Phase Conponents Control
-84% - 88%

Reduction vs.
Hydr ogen Cyani de 89 13% -44% -48% - 80% - 85%

Con

trol

Propene 90 9% - 60% - 63%

Propadi ene 94 13%
-72% - 71%083486180% 1, 3- But adi ene 96 8% - 88% - 92% - 92% - 9@¢ea/Ussyprsne 107

5% -91%-94%-94%-96% 1,3-Cclo mine 98 5% -89% - 92% - 93% - 95%
1, 3- Cycl ohexadi ene 100 17% -94% -9 -96% Met hyl -1, 3- 102 9% -93% -97%
-94% -96% __c_clo_entadi pnp |:nr nal d e_irm 14% - 80% - 81% - 750 - 700/“
Acet al dehyde §8™88 - 7994 - @? b, %QIQJ'—ILE?(TM"‘%@Q%? CERGOT 9526
Acet one [98 12% - 93% - 95%6 970 Bl ReqiaRg 102" b
-96% 2-Butarmorme 9949 ﬂ\?e’ag'e“ 29?%5—@ ,
- 84% - 8'1% BRTE GhE I 074 - 3370 19 /‘VQ% 949 - 9@gs TPt Ucke 100 7%r 959 - utsg/g 9426
-96% Bytyronipord € 96 8%es5%84% - 9450 - 9% 185% | 2- Med hyT { urapo 101] 4% 292%
- 96% - 93%.cti0éd Cytimn Bibare] hybf urfan 105 5P6 - 88% - 07% €M3% ; 96969 Hyd| ogeep
Sul fide |96 7% {M®% - 56% - 86% -|89% Carbonyl Sulfide 98 £% - 37% - 39% - 68%
-76% Mgt ﬁ3¢P Gl\ﬂ?P'éfaQﬂ'@ﬁ .L00°6% - 72% 74% - &% -p1% P-Meth | Yifol e] 97 89 - 9L %
- 04 - 0404 Q504Mg, ano 10Q 110/ A 7041l 00 Aot vl anpo QAl 1204 220
) gg(g ) ?_ Gas g a%e Components - aeductibn' Vs.Control 2 e o o ooy
ropene 90 9% -60% -63% -84% -88%
Hydrogen Cyanide 89 13% -44% -48% -80% -85%
Propadiene 94 13% -72% -71% -81% -89%
1,3-Butadiene 96 8% -88% -92% -92% -96%
Isoprene 107 5% -91% -94% -94% -96%
1,3-Cyclopentadiene 98 5% -89% -92% -93% -95%
1,3-Cyclohexadiene 100 17% -94% -96% -95% -96%
Methyl-1,3- 102 9% -93% -97% -94% -96%
cyclopentadiene
Formaldehyde 100 14% -80% -81% -75% -79%
Acetaldehyde 92 9% -79% -83% -96% -97%
Acrolein 86 14% -88% -92% -93% -94%
Acetone 98 12% -93% -95% -95% -97%
2,3-Butanedione 102 5% -95% -97% -94% -96%
2-Butanone 99 4% -96% -98% -96% -98%
3-Methylbutanal 62 9% -82% -89% -84% -87%
Benzene 99 8% -94% -97% -94% -96%
Toluene 100 7% -95% -98% -94% -96%
Butyronitrile 96 8% -94% -97% -92% -95%
2-Methylfuran 101 4% -92% -96% -93% -96%
2,5-Dimethylfuran 105 5% -93% -97% -93% -96%
Hydrogen Sulfide 96 7% -49% -56% -86% -89%
Carbonyl Sulfide 98 6% -37% -39% -68% -76%
Methyl Mercaptan 100 6% -72% -74% -87% -91%
1-Methylpyrrole 97 8% -91% -94% -94% -95%
Ketene 109 11% -90% -94% -97% -96%
Acetylene 94 13% -33% -35% —— -54%
[00041] Figures 7 and 8 illustrate a further embodiment of the present invention

comprising a cigarette 100 having a tobacco rod 102 and a filter 104 including a

cylindrical threaded rod 106, activated carbon fibers 108 and a cellulose acetate plug

110. The threaded rod consists of a solid cylinder 112 around which an inclined

plane winds helically, either right or left handed, thereby producing a thread 114 and

a corresponding groo

plane may be triangular, square or rounded, for example.

ve 116.

In cross-section the thread ridge forming the inclined

1

9

Correspondingly, the



[00041] Figures 7 and 8 illustrate a further enbodi nent of the present
invention conprising a cigarette 100 having a tobacco rod 102 and a filter
104 i ncl matorg/oss11€yl i ndri cal threaded rod 106, activated eamhsns/iiobers 108
and a cellul ose acetate plug 61110. The thr_ead?d rod consists of a solid

cyl i nder °[ass-$8<5ARAT e RoWH116&aY bePPRYimately tHaRIHal saupreor raurded: i ght
or left handed, thereby producing a thread 114 and £ a, correspondi ng groove
116. In c?‘??s@f%?éjéﬂﬂ@%16ﬁéh@¢i¢@§&'4ﬁd®@hft%tﬁ‘(m anéainett WitiadiPPRIdRAPeRay be
triangul ar, square or rounded, for exanple. Correspondingly, the 19 WO
03/ 086116! 18CH/hesied/chaone) or pedwvaysis crealed b the siggrasievamakes byedle of
approximately triangular, square or rounded. The threaded rod 106 should
be si zed sibstantialiy alighed acivated errgonifibeisn G8; ip wosgd hefieally inside the grepve al
channel or pathway is created for the cigarette snoke. The bundl e of

subst ant iabng thel iognetheaatiahiangttl of dhe thieadaseros!, tegshapenaniththenaieacdithy i nsi de
the groove along the rod. The axial length of the threaded rod, the shape
and t he greaveotrosreectipnoend the pibch dlee tangiydiaaldiisthrcepfromianyt peint @ngne udi nal
di stance fromany point on one thread to a correspondi ng point on the next
successi \hreadr teaal comespdndingl pantedn the nexthsueeessived sead)dmaptie! alfeaedhtd engt h
and resulting RTD, and thereby neet an adsorption requirenent. The

di anet er avhidveeaadésinegt dalc pathdangthbend neayitibe RTD! laed thengtsy ofiedd ao 100,
preferably 5 to 50 microns with surface areas of approximtely 1000 to
3000 squaidsonitionrsqissment amhandiamietsr @ diee avtatstesarbbn dipersoxbagieshyth®. 30 to
0.80 cc per gram The threaded rod 106 may be nade of a variety of

mat er i al sang& o BontD® |prsieiably BRb B0, migders @ith salfhtd aseasagUsmgakintately O
exanpl e. During snoking, the snoke is directed along the helical groove to

contact t{ppohsdoe sqliareahbers pérlpam aromicrpire vbinRIesi dl approxadiatet®@ge i s
that the helical groove allows a |longer path Ilength for a given anpbunt of

lCi_Rleﬁ/IrE Deiﬂé_eméo et pePgrdn.| tTRE- thRRAJ¥EP 183108 edhPLEME I 13K of WidridiS

including plastic, metal, wood or cellulose aggregates, for example. During smoking,
the smoke is directed along the helical groove to contact the bundle of carbon fibers
contained therein. An advantage is that the helical groove allows a longer path

length for a given amount of linear extent of the filter.
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1. Acigarette filter for renmoving gas phase constituents from nmai nstream
cigarette snoke as the snoke is drawn through the filter, the filter

i ncl udi ngwemslosmud vated carbon fiber filter section cont alemgsomlbsmdl e of
activate f] DS substantial ly aligned with one another and having
a common Al ‘cigarette filter as in claim1 wherein the
mejority of activated carbon fibers each have a surf ef' ar ea of

appr oxi mat el y1 1000%%9%@)”?(5u%fr@%t"@r@sp@?aseg‘?"&ﬁ{'tu%\%ﬁl mﬁlﬂ"ést@@phne of
approximately 0.30 to 0,80 cc g dgram and a fi

appr oxi MEA%SrSHtes SMoke (RS e PHIRKS | w&.tg@ﬂehttaeffﬂtref eﬁheafétqrrfneva'naq an
including particul ate adsorbent material dispersed apnongst the activated
car bon f iasdyaied garbenciippirfitief seetiqn epntaigingna dquamﬁ of ﬁﬁé’?@%ci‘ﬂ%n JBefs cul at e
material is selected fromthe group consisting of activated carbon, silica
gel , APSssbstaptiallyaligaetiwit eoe phethesandihavingpsemenan difestions in cl ai m 4
V\/nerel n the particulate material is in a formselected fromthe group
consi sting of 2gr anfylcigaretteefites agria clabr s whpewinl thesmaprityrofcaciyatediearhon t er as
inclaiml including a cellulose acetate filter section adjacent to the
act i vat edibeesr &anih haveea stiiface areseeft appnoximately d0¢te 800 suarer maters pecl ai m 6
wherein the cellul ose acetate filter section 1is downstream of the

act i vat egyrarar banicfapoee vbiuntecof spurbkioratelhdh3q e 0d0gac et gram landr a ifiber
assenbled in a cigarette. 8. A cigarette filter as in claim®6 wherein the
cel | ul os eismettadfeadprotimatetyes to H00 migongpst r eam of the activated carbon fi ber
filter section when the cigarette filter is assenbled in a cigarette. 21

WO 03/ 086116 BCT/ US@Ghjatdt@bhiiterSas A claigan éndledihg Ipaeticulte bdserbantatdriat! udi ng
a bed of particulate adsorbent nmaterial adjacent to the activated carbon

fiber fildigperse@icdrmonyst He adtivategabfidndibletd.ter as in claim9 wherein the
particul at e adsor bent

4. A cigarette filter as in claim 3 wherein the particulate material is
selected from the group consisting of activated carbon, silica gel, APS silica gel and
zeolite.

5. A cigarette filter as in claim 4 wherein the particulate material is in a
form selected from the group consisting of granules, beads and course powders.

6. A cigarette filter as in claim 1 including a cellulose acetate filter section
adjacent to the activated carbon fiber filter section.

7. A cigarette filter as in claim 6 wherein the cellulose acetate filter section
is downstream of the activated carbon fiber filter section when the cigarette filter is
assembled in a cigarette.

8. A cigarette filter as in claim 6 wherein the cellulose acetate filter section

is upstream of the activated carbon fiber filter section when the cigarette filter is

assembled in a cigarette.
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material is selected fromthe group consisting of carbon, silica gel, APS
silica gel and zeolite. 11. A cigarette filter as in claim10 wherein the
parti cul ave oadsardbent nmaterial is in a for m sel ect ed fr oRCTSIZHTIONP

consi sting of gran | es, s and cou wders. . A cigarette filter
as in claim9%ncl cﬁ'g?ée%gl? Hes 'Qcct'?'ma é'?f' %8 Ped %ngarﬁ?qﬁ?tgédesgg@f"; on

adj acent the bed of particulate adsorbent materjial. 13. A cigarette filter
as in cl anaterialaciacenhiothe agivatedearhon Boesditer seRlPNt i 1 ter  section includes a
t hreaded rod having a helical groove on the outside thereof, and wherein

t he bundl e of 1 Qctigaﬁ'gaeétﬁrﬂéﬁﬁ 2% Har dams hadiereipnthe ParticHiate asisorents. A
cigarette filter as in claim 13 including particul ate adsorbent nateri al

di sper sednaiptidlds selepled fom arasaur sensistingioheardon glicagel; HRP&lCE 98l ardr as in
claim 14 wherein the particul ate adsorbent material is selected fromthe
group correpbtei ng of activated carbon, silica gel, APS silica gel and
zeolite. 16. A cigarette filter as in claim 13 wherein the thread rod is
constructed oft1. mafeciparette dliltectasd if ctaint he Wheraln Hen Pagticulaie cfdsprhest i c,
nmetal, wood and cellul ose aggregates. 17. A cigarette filter as in claim
13 i ncl udnatgriait is| ieas tforon setestedufromethecgroap econsisting rof granules, behdscand to t he
activated carbon fiber filter section. 18. A cigarette conprising a tobacco
rod and xodsersiwdeasn filter for renoving gas phase constituents from

mai nst ream t obacco snoke as the snoke is 22 WO 03/086116 PCT/ US03/ 11050
drawn throughiRhe Aidigaeette filter dd int @aim 8 dhalading anothac acthated cadohdibef | ber
filter section containing a bundle of activated carbon fibers

subst ant ifiitet yectibh @dpdent thd bedof padithiate adsorddmenmterial.di recti on as the flow

of tobacco snoke through the filter. 19. A cigarette as in claim 18 wherein
the majority aB. achicigréete rérbain claim 1 wherein the activated carbon fiber filter

section includes a threaded rod having a helical groove on the outside thereof, and

wherein the bundle of activated carbon fibers is positioned in the groove.

14. A cigarette filter as in claim 13 including particulate adsorbent material
dispersed amongst the activated carbon fibers.

15. A cigarette filter as in claim 14 wherein the particulate adsorbent
material is selected from the group consisting of activated carbon, silica gel, APS
silica gel and zeolite.

16. A cigarette filter as in claim 13 wherein the thread rod is constructed of
material selected from the group consisting of plastic, metal, wood and cellulose
aggregates.

17. A cigarette filter as in claim 13 including at least one cellulose acetate
filter section adjacent to the activated carbon fiber filter section.

18. A cigarette comprising a tobacco rod and a downstream filter for

removing gas phase constituents from mainstream tobacco smoke as the smoke is
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fi bers each have a surface area of approximtely 1000 to 3000 square neters

per gram a mcropore volunme of approximately 0.30 to 0.80 cc per gram and

a fiber woaswsane of approximately 5 to 100 m crons. 20. ACTiuyas/efse as in

claim 18 jncluding partjcul ate adsorbent materi al i s sed anongst the
g b sicfisr peeh

jcul ate.
act i vat edr24p SRiQUEh phe dilter the Alter figjuding,an acfiyated ga 8" rPechn
particulate material is sel,ectgd fromthe group copsisti of activated
car bon, <$Pntaiing @ bundispfactiyals é’éfboé?rfﬂ’eﬁ%ﬁtl't?stt@t'a"?2'.'9’]6?%W@gf=’@?@Bo%ri n
claim 18 i ncl udi ng' a bed of Fart | cul ate adsorbent material adjacent to the
act i vat ed B $s0e firestionfas|the flow of tobgrco smokenthrouglytbediens in clai m 22
wherein the particul ate adsorbent material is selected fromthe group
consi sting of 18ar bbreigarette @ Heflaimm@g wherei thie maierity A8 Adtivated garbom
cigarette as in claim 18 wherein the activated carbon fiber filter section
i ncl udes fiketsheacidbave agurace ateaacheppreximaiplyd0eo éa 30Ae sguers aetarad®eeof , and
wherein the bundle of activated carbon fibers is positioned in the groove.
25. A ci gmamt aiemigsopane olohima 2 approkimitely (30 to OBtre ped 9rmeand adiber i al
di spersed anongst the activated carbon fibers. 26. A cigarette as in claim
24 wher eidiarhéter ohapadximately § te 90@ miaroned of material selected fromthe
group consisting of plastic, netal, wood and cell ul ose aggregates. 23
20. A cigarette as in claim 18 including particulate adsorbent material
dispersed amongst the activated carbon fibers.
21. A cigarette as in claim 20 wherein the particulate material is selected
from the group consisting of activated carbon, silica gel, APS silica gel and zeolite.
22. A cigarette as in claim 18 including a bed of particulate adsorbent
material adjacent to the activated carbon fiber filter section.
23. A cigarette as in claim 22 wherein the particulate adsorbent material is
selected from the group consisting of carbon, silica gel, APS silica gel and zeolite.
24. A cigarette as in claim 18 wherein the activated carbon fiber filter
section includes a threaded rod having a helical groove on the outside thereof, and
wherein the bundle of activated carbon fibers is positioned in the groove.
25. A cigarette as in claim 24 including particulate adsorbent material
dispersed amohgst the activated carbon fibers.
26. A cigarette as in claim 24 wherein the thread rod is constructed of
material selected from the group consisting of plastic, metal, wood and cellulose

aggregates.

23



