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BREAKTHROUGH BACKGROUND Cigarettes typically conprise filter

el enents that nay have adsorbent materials, such as carbon, incorporated
therein. Filter elenents adapted to belincorporated in a filter cigarette
may conprise, for exanple, particles or granules of carbon, such as
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Figure 1 illustrates a prior art plug-space-plug filter for a snoking
article; Figure 2 illustrates an enbodi nent of a plug-space-plug
filter including a plug of random y-oriented fibers; Figure 3
illustrates a second enbodi nent of a-glug-space-plug filter including a
pl ug of random y-oriented fibers; Figure 4 illustrates a third
enbodi ment lof a prefeurgd sypalreliménigtifel Bneking raﬁicjeliim@ucaaSpa ugbasfco rod and a filter
rando - On ' p. Fi r : i al.l
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random y-oriented fibers. To t he extent that adsorbent particles or
fragnents of adsorbent particles could possibly be entrained in mainstream
snmoke and issue through (i.e., breakthrough) the nouth end of the
cigarette, the random y-oriented fibers nmechanically trap adsorbent
particles entrained in mainstream snoke. As used herein, the
term nol ogy "snoke entrainable particles” describes beads, granules, dust,
fines, powders and the |ike having a size of about 0.1 mcron to about 10.
m crons, which nmay becone entrained in mainstream snoke. - 3 - As
used herein, the terns "random y-oriented fibers,” "plug of

random y- orlented fibers" and "randomnl y- orlented" descri be woven and
non-woven fibers including tangl ed continuous filaments oriented in various
directions that are not substantially parallel to the flow of mai nstream
snoke as it passes through a snoking article. In contrast, axially oriented
fibers in 5 a filter plug are substantially parallel to the flow of

mai nstream snoke, and are formed in a continuous tow band running on the
axial direction with m ni num entangl enment. "Randonl y-oriented fibers”,
"plug of random y-oriented fibers” and "random y-oriented” al so descri be
nonwoven materials that can be nade using dry laid or wet |aid processes

i ncl udi ng poi nt bound, spun bound, needle felt, needl e punch, suspension in
water, etc. Details of manufacturing 10 techniques for making filter rods
havi ng randomy oriented fibers can be found in U S. Patent Nos. 3,111, 702,
4,540,625 and 5,817, 159, the disclosures of which are incorporated herein
by reference. Preferably, the filter is adapted to be incorporated
inafilter cigarette. Cgarette filters are made in a variety of designs.
Typically, cigarette filters conprise four main conponents: a 15 filter
tow such as a bundle of cellul ose acetate fibers or paper that conprise the
bulk of the filter; a plasticizer (I c., a softening agent added to bind
the filter fibers together into a continuous filter rod); a plug wap
(i.e., a paper wapper that is used to contain the filter material); and an
adhesive used to secure the plug wap to the continuous filter rod. Filter
rods for making cigarette filters, which can be attached to tobacco rods

20 (e.g., attached with tipping paper) to produce filter cigarettes, can be
made by formng a bundle or tow of filter material into a rod using a rod
form ng apparatus. Typically, a filter rod conprises up to thirty thousand
filaments of filter material. A preferred filter material used to forma
filter rod is cellulose acetate, which is a cellul ose ester. A plasticizer
or binder such as triacetin is added to the tow before it is passed into
the 25 rod form ng apparatus. Furthernore, the tow can be spread and
fluffed up, or "blooned," usually by placing the tow under tension and
passing it over air jets. The bl ooned tow can be passed through a funnel or
ot her constricting device and then through a shaped aperture to formthe
filter rod. The plasticizer, which can be added to the tow during or after
bl oom ng, can enhance 30 the bonding of the filanents to each ot her at
their cross-over points when the towis gathered. Thus, addition of a

pl asticizer can increase the firmess of the filter rod formed fromthe
tow. The plasticizer may al so have filtration properties. The attributes of
the finished filter rod (e.qg., filtration efficiency, firmess, dinensional
~stability, etc.) can be inmproved by curing (e.g., heating) the plasticizer.
35Various filter constructions can be used to formthe filter el enment.
Exemplary filter structures include, but are not limted to, a nono filter,
a dual filter, a triple filter, a cavity filter, a



- 4 - recessed filter, a free-flow filter or conbinations thereof. Mno
filters typically contain cellul ose acetate tow or cellul ose paper
materials. Mono cellulose filters or paper filters can be effective filters
for tar and/or nicotine. Dual filters-2ypically conprise a cellul ose
acetate nmouth end and a pure cellul ose or cellul ose acetate segnent. The
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15 the filter assenbly 10. In theory, because the fibers 14 are not axially
al i gned, the adsorbent particles do not travel through the channels between
the fibers or along the fibers, thereby reducing or elimnating adsorbent
particl e breakthrough in mainstream snoke. In a preferred

enbodi nent, the adsorbent and/ or snoke entrainable particles include any
sui tabl e adsorbent nedia. Exenplary adsorbents include nol ecul ar sieves
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- 7 - nitrogen as the fluidizing agent, wherein flavorant may then be
sprayed onto the carbon in the bed. Preferably, the randomy-oriented
fibers are cellul ose acetate fibers.|ln another enbodi ment, the
randonly-oriented fibers are polyester fibers, polypropylene fibers, and
the 5like. In an enbodi ment, the randad y-oriented fibers can be woven
and/ or non-woven where the fibers are randomy joined together. In a

pr ef ereesbsedriioat] awee-floWlftef bOedBoiRaIRSs QheYe@fhéhﬁ’&Qa RHPS BpREG bMRail @emﬁ&%r
enbodi ne ers can have a sem -open shape or crgoss-section wth an

open vaSF{d}’tt%{?éf"hora‘?”‘t”ﬂ%e paptraatgiialy| Hoag celivleseditermpepaperidlters con e rifsctivg, S,
Pat entfiitbia. fotaPddd/dbdcotmad/ Dl fikePs tybRBA SdthpiNR-a &iBREe %gétatetrﬂgutﬂ'éﬁ lpgyr es

of which are |ncoE@%I ated herein by reference. seen In Figure 2,

pr ef erPiBT §EIUIORS OF Se égesuSEMate TP Ieneth andguntaue Q@Ploéff]ﬁr@gé’}eatﬂ ip @i n
the f alug fifer xaplegadifsted td prRARI the OidsREd ﬁﬁ’raﬁbrbgfes %ord?foﬁfeﬁxrd?ol? |a\bsgltph§n8p| ug
16 is sitioned down am of the adsorbent 12, held in cavity 1

preve SERPE dea&’Y?FE es having a size of about 0.1 mcron to about 10

ni crons, friom ﬁifea\@érhétﬂ &dm @blgﬂtafch@d GHaANRBBcH NS Yol FilkdreLiSartROT 1n
mgrat| 1,gthefl erscl) as in prior filter assenblies using
IR erh Py Cpistip o ot FRTRRsicR o8 RBGMATRT Wb phaiaaets agaie .

ori entzed groiess 3Q atﬁﬁétrﬁ@@ﬂiﬁ @iadhfh@ RdsRNENta dbacco column, WAL & 1R
drawn?wst t 2 5 of aX|aIIy grlentedf bers 30, hrou h

t ﬂ% addeRFanp C@?‘e“érf%pﬁb%@gﬂ @atHP???Pd”H% et freCiiinlg seetiape. arsm@saimusomnp@m ed

fiber svithda fBecadse rebultife clgardes &in S@trﬁéﬂu%bt@r%dttBedéiQM%rpééﬁéHtlBhé’%sﬂwg of
fibers, the adsorg)?fgt articles are not able 20to travel through

chann&lR09BE: YBAYTF L CIprISHE dnalinanteghafesarshenvipiaent Heiparedes pwy Hanqeegomt ing

int hebamcammmi@l alRapt 20 am@fm leRgthadeer BROMda8hdd fé't?&c&fptffo% BB&L
mai nst anot her enbodi ment, as il ustrate gure

3, t h@g?‘lﬂr?t 'Pmaggeé‘?fﬁw ai‘é)uqdn%‘:l OdesThe B’(?PP‘F%PIaQ%f”QaQ‘ﬁ"‘é&%t?rtlﬂ@ﬁ@”yl@twwl‘a’iheaw ty
135 OrareRCdf sbole100 righen PRI ddcn 306 rgleaT %@tpréf%réﬁlﬁﬁb&it p||5@9nﬂ7’@m@f’[o abouyt
rando oriented fibers 14. 251 n yet another enmbodinent, as illustrated in
Fi gur?% He-filter assenbl y 10 includes a cavity 15 fi I led with an

adsor bent rabadebe;bﬁfrn@blsmor@aﬂl ;H ghelﬁmﬂfof ceRde ml%tré?}rdb Qi ;% »Tnb#ﬁ@ f'(r)

| downst f the cavit >
|5 S8 2 U I8 G s b Ftd S e S

i mredleeéreéigbampﬁmﬂ nTlﬁé Eehbﬁs@ﬁwetﬁraﬁgs raVg8 GroR! &Ik @@%chﬁ%s% HQDL%%; heis
ers i S Iocate i mredi at el y downstream of the plug

|1 t
33‘5 &%%%@é?lrﬁg i Pa%awq/ ageytetht BEYf i her @oargties may furthes comprise enEiogumaes,
t he fflé&o@ént@&ﬁ@tﬁbﬂ yddlieb $e. gdBDineLhditRed R ohibeSiRONh8diRthd AychtsS EDKIMPadintd ¢! €
term"smoking article” includes cigaréetties, cigars,” pi pes
and cPigdess) ?tﬁg Nontraditional cigarettes such as cigarettes for el ect rical
snoki ng syshe g@tab@toﬂ@&w mRege 'n&y@@@mﬂi Wedt® 'ﬂ%?eqt%e)m% esFRLEMRe types

915, 387; and 5,499, 636, are
6. 026b?t0gécco materlgﬂs :nclude flue-cured, Burley, Bnght Maryiand or Or:ental tobaccos, the rare

ent

25 or specialty tobaccos, and blends thereof. The tobacco material can be provided in the form of
tobacco lamina, processed tobacco materials such as volume expanded or puffed tobacco,
processed iobacco stems such as cut-rolled or cut-puffed stems, reconstituted tobacco
materiais, or blends thereof. The tobacco can also include tobacco substitutes.

The term "mainstream" smoke refers to the mixture of gases passing down the tobacco

30 rod and issuing through the filter end, ie., the amount of smoke issuing or drawn from the
mouth end of a cigarette during smoking of the cigarette. The mainstream smoke contains
smoke that is drawn in through both the lighted region, as well as through the cigarette paper
wrapper. The term “side stream” smoke refers to smoke produced during static burning.

Prior art plug-space-plug carbon filters 105, as illustrated in Figure 1, include a bed 115

35 of an adsorbent 112, such as activated carbon, between plugs 130 of axially oriented fibers.
Typically, the axially oriented fibers are celiulose acetate fibers. Not wishing to be bound by
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any suitable adsorbent media. Exemplary adsorbents include molecular sieves such as
20 zeolites, silicas, silicates, aluminas, carbons (e.g. activated carbon) or combinations thereof. A
preferred adsorbent media is activated carbon. Preferably, the filter assembly includes about
30 mg to about 200 mg of the adsorbent.
By "activated carbon" is meant any porous, high surface area form of carbon. Activated
carbon can be derived via thermal treatment of any suitable carbon source. The activation
25 treatment typically increases the porosity, and activated carbon can be provided with a wide
range of pore sizes or the pore sizes can be controlled to provide a desired pore size
distribution.
in a preferred embodiment, the carbon is in the form of granules and the iike.
Preferably, the carbon of the preferred embodiment is a high surface area, activated carbon, for
30  example a coconut shell based carbon of typical ASTM mesh size used in the cigarette industry
or finer. A particularly preferred activated carbon is commercially available from PICA USA,
Inc., Truth or Consequences, New Mexico. The activated carbon could also be manufactured
via the carbonization of coal, wood, pitch, peat, cellulose fibers, lignite and olive pits.
Carbonization is usually carried out at elevated temperatures, e.g., 400°C-1000°C in an inert
35  atmosphere, followed by activation (i.e., calcining) under reducing or oxidizing conditions.
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in a preferred embodiment, the activated carbon can be in the form of beads. In other
embodiments, the activated carbon can be in the form of granules, fibers or combinations
thereof. Preferably, the activated carbon is adapted to adsorb constituents of mainstream
smoke, particularly, those of the gas phase including aldehydes, ketones and other volatile

5 organic compounds, and in particular 1,3-butadiene, acroiein, isoprene, propionaidehyde,
acrylonitrile, benzene, toluene, styrene, acetaldehyde and hydrogen cyanide.

In other embodiments, the carbon can be in the form of carbon on tow, carbon paper or
combinations thereof.

Most preferably, the activated carbon can comprise granulated particies ranging in size

10 from about 100 microns to about 5 mm. in an embodiment, the particles of activated carbon
have an average size of from about 0.2 mm to about 2 mm (e.g., about 200, 500, 1000 or 2000
microns).

Activated carbon beads contained in the filter assembly preferably range in size from
0.20 mm to about 0.70 mm, as described in U.S. Patent Application Publication No.

16 2003/0154993, the entire content of which is incorporated herein by reference.

Preferably, activated carbon can have any desired pore size distribution that comprises
pores such as micropores, mesopores and macropores. The term "microporous” generally
refers to such materials having pore sizes of about 20 Angstroms or less while the term
"mesoporous” generally refers to such materials with pore sizes of about 20-500 Angstroms.

20 in an embodiment, the activated carbon can be selected to have an appropriate surface
area to preferentially adsorb or absorb or both targeted constituents from smoke. For exampie,
the preferred activated carbon typically has a surface area greater than about 50 m?g (e.g., at
least about 100, 200, 500, 1000 or 2000 m*/g). Typically, the absorptive capacity of the
activated carbon increases with increasing surface area. Furthermore, surface area typically

25  increases with decreasing particle size. When used as cigaretie filter media, however, carbon
particles having a small particie size may pack together too densely to permit smoke to flow
through the filter with desired resistance to draw (RTD) during smoking. On the other hand, if
the particle size is too farge there may be insufficient surface area to accomplish the desired
degree of filtration. Therefore, such factors can be taken into account in selecting carbon

30 particles suitable for filtration of one or both of mainstream and sidestream smoke.

Preferably at least some, if not all of the adsorbent is flavor-bearing or otherwise
impregnated with a flavor so that the adsorbent is adapted not only to remove one or more gas
phase smoke constituents from smoke, but also to release flavor into the mainstream smoke
stream. For example, flavor can be added to activated carbon by spraying flavorant upon a

35  batch of activated carbon in a mixing (tumbiing) drum or alternatively in a fluidized bed with
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nitrogen as the fluidizing agent, wherein flavorant may then be sprayed onto the carbon in the
bed.

Preferably, the randomly-oriented fibers are cellulose acetate fibers. In another
embodiment, the randomly-oriented fibers are polyester fibers, polypropylene fibers, and the
like. In an embodiment, the randomly-oriented fibers can be woven and/or non-woven where
the fibers are randomly joined together.

In a preferred embodiment, the fibers have a Y-shaped cross-section. in other
embodiment, the fibers can have a semi-open shape or cross-section with an open void such as
the fibers disclosed in U.S. Patent No. 6,919,105, U.S3. Patent No. 6,913,784, and/or U.S.
Patent No. 6,807,885, the disclosures of which are incorporated herein by reference.

As seen in Figure 2, preferably, the buccal end 20 of the filter assembly 10 is preferably
in the form of a plug 16 of randomly-oriented fibers 14. Preferably, the plug 16 is positioned
downstream of the adsorbent 12, held in cavity 15, to prevent adsorbent particles, having a size
of about 0.1 micron to about 10 microns, from traveling through the channels between the fibers
or migrating along the fibers or both as in prior filter assemblies using axially oriented fibers. In
a preferred embodiment, a plug 25 of axially oriented fibers 30 is upstream of the adsorbent 12.

In use, smoke is drawn first through the plug 25 of axially oriented fibers 30, through the
adsorbent 12, and downstream through the piug 16 of randomiy-oriented fibers 14. Because of
the random orientation of the downstream plug 16 of fibers, the adsorbent particles are not able
to travel through the channels between the fibers or migrate along the fibers or both, resulting in
the mechanical capture of the adsorbent particles entrained in mainstream smoke.

in another embodiment, as illustrated in Figure 3, the filter assembly 10 includes a
portion of an adsorbent 12 in a cavity 15. On each side of the portion of adsorbent 12 lies a
plug 16 of randomly-oriented fibers 14.

In yet another embodiment, as illustrated in Figure 4, the filter assembly 10 includes a
cavity 15 filled with an adsorbent 12. Preferably, a piug 16 of randomly-oriented fibers 14 is
located immediately downstream of the cavity 15 filled with the adsorbent 12. Preferably, a plug
25 of axially oriented fibers 30 is located immediately upstream of the cavity 15 Also
preferably, a plug 25 of axially oriented fibers 30 is located immediately downstream of the plug
16 containing randomly-oriented fibers 14.

As seen in Figure 5, the filter assembly 10 is adapted to be incorporated in a smoking
article 50.

The term "smoking article”" includes cigarettes, cigars, pipes, and cigarilios. Non-
traditional cigarettes such as cigarettes for electrical smoking systems, as described in
commonly-assigned U.S. Patents 6,026,820; 5,988,176; 5,915,387 and 5,409,636, are also
included in the definition of smoking articles or cigarettes generally.
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Preferably, the smoking article is a cigarette. The cigarette may contain tobacco
material and a filter. In an embodiment, the cigarette may also contain at least one sorbent. A
traditional cigarette typically contains two sections, a tobacco-containing portion sometimes
referred to as the tobacco rod, and a filter portion which may be referred to as the filtration zone.
Tipping paper typically surrounds the filter, which forms the buccal end of the cigarette. The
tipping paper overlaps with the tobacco rod in order to hold the filter and tobacco rod together,
The tobacco rod or tobacco containing element of the cigarette includes the paper wrapper in
which the tobacco is wrapped and the adhesive holding the seams of the paper wrapper
together. The tobacco rod has a first end which is integrally attached to the filter and a second
end which s lit or heated for smoking the tobacco. When the tobacco rod is lit or heated for
smoking, the smoke travels from the lit end downstream to the filter end of the tobacco rod and
further downstream through the filter.

The following example is given to illustrate embodiments of the filter and should not be

construed to limit the scope of such embodiments.

Example 1

A 6 mm cellulose acetate plug consisting of randomly oriented celiulose acetate fibers is
placed downstream of a cavity filled with 110 mg of activated carbon to form a filter.

Using filters configured as in Example 1 and a control plug-space-plug filter made with
two plugs of axially oriented cellulose acetate fibers, the potential for activated carbon particles
breakthrough was measured under non-lit dry puff conditions using a laser light scattering
particle counter (Met-One Laser Particle Counter Model 237B: Hach Ultra Analytics, Richmond,
CA).

In testing the filters for carbon particle breakthrough, a laser light scattering particle
counter was placed next to a cigarette holder aligned with the air flow through the cigarette.
The filter was inserted into a cigarette filter holder to a depth of approximately 9 + 1 mm and
machine puffed under non-lit (dry-puff) conditions using a 55 mlipuff; 2 second puff duration:
12 puffsfcig profile.

Table 1

Number of particle breakthrough (particie size > 0.3um)

AVG | SD | Filter1 | Filter2 | Filter 3 | Filter4 | Filter 5 | Filter 6 | Filter 7 | Filter 8

Test#1 | 25¢ | 522 | 351 167 47 22 31 86 50 38

Test#2 498 384 |187 |53 47 51 54 40 78 64
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Control | 1097 | 225 1010 | 1429 | 1155 | 1102 087 738 1306 | 1395

Table 1 illustrates the results of the tests and compares filters constructed according to
Example 1 (Test #1 and #2) with traditional plug-space-plug filters having a cavity filled with
activated carbon and a plug of axially-oriented cellulose acetate fibers located both upsiream
and downstream of the activated carbon (Control).

Test#1 filters, constructed according to Example 1, containing randomiy-oriented
cellulose acetate fibers showed an average carbon particle breakthrough of about 251 particles
per cigarette. The particle breakthrough ranged from about 22 particles to about 351 particles
per cigarette, which is a significant reduction from the control cigarette filters.

Test #2 filters, constructed according to Example 1, showed an average carbon particle
breakthrough of about 198 particles per cigarette. The particle breakthrough ranged from about
40 particles to about 187 particles per cigarette, which is a significant reduction from the contro}
cigarette filters.

In contrast, the control filter, not including randomly-oriented cellulose acstate fibers,
showed an average carbon particle breakthrough of about 1097 particles per cigarette. Thus, it
is apparent that the use of randomly-oriented cellulose acetate fibers in a filter significantly
reduces carbon particle breakthrough during smoking.

It will be understood that the foregoing description is of the preferred embodiments, and
is, therefore, merely representative of the articles and methods of manufacturing the same. It
can be appreciated that variations and modifications of the different embodiments in tight of the
above teachings will be readily apparent to those skilled in the art. Accordingly, the exemplary
embodiments, as well as alternative embodiments, may be made without departing from the
spirit and scope of the articles and methods as set forth in the attached claims.
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2. A filter assembly according to claim 1 wherein said plug including randomliy-oriented

fibers is about 3 mm to about 10 mm in length.

3. A filter assembly according to claim 1 or 2 wherein said plug of randomly-oriented fibers
10 includes one or more of randomly-oriented cellulose acetfate fibers, polyester fibers, and

polypropylene fibers.

4, A filter assembly according to any of claims 1 to 3 wherein said adsorbent is selected

from the group consisting of molecular sieve, carbon, and combinations thereof.

5. A filter assembly according to any preceding claim wherein said adsorbent comprises
15 one or more of carbon on tow, carbon paper, carbon beads, carbon granules, carbon particles,

and the like in a cavity.

6. A filter assembly according to any preceding claim wherein said filter assembly is a plug-
space-plug filter, and wherein said adsorbent includes beaded carbon located in the space and
the plug of randomly-oriented fibers includes randomiy-oriented cellulose acetate fibers

20  incorporated in the downstream plug of the plug-space-plug filter.

7. A filter assembly according fo any preceding claim wherein said filter assembly includes
at least one plug of axially-oriented fibers located at least one of upstream and downstream of
said adsorbent and wherein said at least one plug of axially-oriented fibers is incorporated in
one or more filter segments included in said filter assembly in an amount sufficient to adjust the

25 length of said filter assembly.
8. A filter assembly according to any preceding claim attached to a fobacco rod, wherein an
outer surface of said plug including randomly-oriented fibers is in contact with tipping paper

attaching the filter assembly to the tobacco rod.

9. A method of making a filter comprising:
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