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Cl GARETTE FILTER Background of the Invention [0001] Thel2@etsbeat20Ddventi on
relates to cigarette filters conprising activated carbon fibers, and nore
particularly to cigarette filters conprising a bundle of activated carbon
fi bers NKPW0FO8EI6W t hout particul ate adsorbent incorpoPGVEBE3MHEY ei n f or
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 filters for adsorption and separati on have been
used in cigarette filter constructions. When granul ar activated carbon is

used in a plug- SEEREARENE ARACREISAECIGMEBHTORLTERT exampl e, great care

nmust be taken to o es no open space for the
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super f LHQUS, @) fiter configuration, for example, great care must be taken to ensure the
carbon 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




redundant anount of adsorbent material to conpensate for the | oss of
ef ficiency through by-passing. Activated carbon beds of 12 betobeo@egr anul ar
type incorporated wthin a cavity in the cigarette filter are susceptible
to by-passing because a 100%fill is required to ensure a "fixed bed" of
adsor beWP WP¥MOi ni mi zed channels. Such 100%fill i BCTEBB[YSAChi eved on a
uni f or ' i ' ' ' AYA er typical
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ci gar et fugliirkd & efliife BOfixetFhdd IR Gaddrbé: vﬁﬂerﬁmyéoaﬁﬁéﬁnblgg Rugess, whereas
materials Tn powdered forms create too high a pressure drop to be
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and benzene. "Adsor bi materi als suc ated car zeolites,
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adsorbent nmateri f’ﬁes In cigarette filters include sandw chi ng granul es

oo | APRRIAEAAAS MO R OO o ICT AL BHERL! 01, T

aminopropylsilyl 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. Méteriais 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 celiulose 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 element to reduce or
elimnate vapor phase conponents of air or snoke. A firi@tOdtobar@00&ecti on
contains activated carbon cloth while a second filter section contains a
m xture of catalytic activated carbon and coconut activated carbon. Wven
and nonwoven carbon cloth includes fibers transverse to the directional

fl ow of nmai nstream snoke, and therefore result in |less efficient use of
carbon for adsorption rposes. Summary of the Invention [0007] Enbodi nents
of t h@ﬁbﬂ@éeﬁﬁ&swhw@mqtgﬁ MEHedE &0 wcmdgaadspm@nf imﬁtf@’lﬂfﬁt inagigarette | udes

actlvghed [ bon fibers for the efficjent an hly effective renoval of

gas s & ﬁssﬁp?‘ﬁ'glﬁ'f‘g ofanyles eheen celvioss %?P 98 HbREI-SPRE07a] Accordi ng
to a Iph{gséon &idnsO o LRGid i Rilstd R et n(l# ° bhl |§rg§’.f§réh6189 a cigarette

filte ITDVI ng gas phase constrtuen m Cigarette snoke
as thersnadge is drawn through the filter, the fllter i ncludi ng an acti vated
carbon fiber filter section containing a bundle of activated carbon fibers
subst §006RIUSy Patent Beab7wi2eth disusasct fiksr elechehiats rgiuge ao el r ect i on.
[0007b] According to a second asEect of the present invention, there is
provi d@rprephage gamponente ohpir iosismgre: A ditsdiber sepiomsdntaindawtieatedam filter for
rem)waﬁ%ﬁ Fﬁ’r‘ @gﬁese cons tuents from nmai nstream t obacco snoke as the snoke
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r educteiss effiefentase qiﬂbamndomdsbtpuembewpo&é@m mai nst ream snoke conprises a
bundl e of activated carbon fibers held together in a cylindrical shape by

a porous or non-porous Bummaapoftheinwediopl e, at a dianeter substantially
mat chi ng_t he di ameter of the tobacco colum. One type of activated carbon
fiberl QQgéhEml?O#'m%ﬂSd@&'aﬁ Prese inyentionp peovisier @hcigaratiefitari Hebpor ous
includes activated carbon fibers for the efficient and highly effective removal of gas
phase constituents from mainstream cigarette smoke.
[0007a] According to a first aspect of the present invention, there is provided a
cigarette filter for removing gas phase constituents from mainstream cigarette
- smoke as the smoke is drawn through the filter, the filter including an activated
carbon fiber filter section containing a bundle of activated carbon fibers
“substantially aligned with one another and having a common direction.
[0007b] According to a second aspect of the present invention, there is provided a
cigarette comprising a tobacco rod and a downstream filter for removing gas
phase constituents from mainstream tobacco smoke as the smoke is drawn
through the filter, the filter including an activated carbon fiber filter section

containing a bundle of activated carbon fibers substantially aligned with one

another in the same direction as the flow of tobacco smoke through the filter.




carbon fiber with nom nal BET surface areas of approximtely 1000 to 3000
square neters per gram mcropore volunmes of approxi matE @ctobd3GR006 0. 80
cc/gram and fiber dianeters of 5 to.100 mcrons. Since these activated
carbon fibers usually have a high degree of |oft, the bundle of fibers
exert a sufficient outvvard force against its wapper to forma perneable
filter mediumwith a "fixed bed" m)nolithic structure. The optinmal weight

of actb aééed carbon fiber per unit ngth is selected to vyield the desired
pr essuP e@aodﬂ?e@i&f@o%a%@élter\f@ pefion of gapeirgEstitvens per unit
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filters the activat g%l' car I bers celv €l T her non-woven
or contdismens siibdt@nan: matehngase ametddat iRrteBacch RbITRHM. DAL @ydetdrul ar bundl es,
and wrapped with either a perneable or non- perneable wap to form
ci gar ectiatdd targon filisised iratbisi designais laarisdtiopier pitobHddiives. miluporauesul t ant
cylindrical]ly-shaped filter nediumof entangl ed actived carbon fibers
pr esek8P0R fipgr ‘ﬁ’tlb’ﬁ@“’ﬁ@!tﬁ*ﬂ W%&@S%@féppfpﬁlmﬁﬁlh@oftq *9631080 sauaioke t hr ough
the active area ers for effici 8]Eﬁstsfl)tra d adsorption.
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renovahbve & highdeyrd. ofabel ﬂh@ﬂﬁlnﬂﬁscﬁ ersdsen léeﬂffﬁdlént B EHrA 6?@rce""“en such
fibers are used than woul d be needed if particulate activated carbon were
t 0 beagasiest itsovrapperdy orinhee peramaableciiter alediahd with 8 rtided Ded] RRAAIMAICc Usi ng bundl ed
activated carbon fibers to construct a nonolithic filter has advantages
when &bugiaiee dhe epibnal aveight obaetivated wethondiber pertuniidengl) istsetecledfte of t he
activat Eﬂ gr bon fiber bundles provides a perneable fixed adsorption bed
with Viegdhede HBFetsﬁWPld{pr or by-pass, and (2) the nmethod and apparatus for
transform ng the
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activated carbon fibers into a nonolithic structure (i.e., a nmonolithic
structure conprised of a wapped bundl e of activated carbOcobern?®08) | ends
itself nore practically to high speed manufacturing operations. [00011]
Activated carbon fibers may be incorporated in a cigarette filter through
utili zaWPAHE16a rod-1i ke section of activated car boRCTIEBAYWSI n conbi nati on

the actEl atiqen F?E%&Hf’“ﬁ%‘*%\%ﬂ%%%@?% opgnofispes el °?f1i18§§a¥582;
o1 gar o vty SficRUEb BOFE FER bnd BelEnbORTAE b BB ARER o1

posi ti %Pﬁ%m%h the nmouth-end of the cigarette. By positioning the activated

car bon erssUpstream of the ventilation holes, the flowrate of the
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car bon rs in ¢ 'on W of particuldte a ent material,
such ag,aphisbaoRshtsdHt Poval is improved, and less mass of adsorbent is 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
ﬁtilization 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




silica gels, APS silica gels, zeolites and the like. A bundle of activated
carbon fibers my be positioned on one end or opposite EhGstobér 20e bed of
particul ate adsorbent wmaterial. Al so, particulate adsorbent material may
be incorporated into the activated carbon fibers in other filter
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carbon 't F@%ﬁg}%ﬁam% @g ‘%F%n ;%gﬁ‘{]%écgﬁ@r%tb% 8§ﬁ%%d%ft éﬁ%ﬁ%ﬁtg g%rbi ng

mat er i L ' At | oyl ition. During
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adsor bi [ | i 4 &4 ency results
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[00016]mé\§9‘ﬁ%hsffeﬁ?6n'1'Elﬁ%nﬁiﬂgstﬁéé'ﬁ?tgttﬁégﬁﬁo%fenf he present invention in addition
to those nentioned above w | econe appérent to persons of ordinary skill
N Lhe 16dt2) | l0BhdinéreBehigGrafin, |4 Buhdit | & Adiardf 'Bldo AR HdyPbe ON 1 1
‘conjunction wth the acConmpanyl ng draw ngs eretn simlar referenced

char actyBifordh! @funfedih B baLIRE HSotcAB, |Abihiad BarbkfH0LImdy qus e L 1o @ of de

el evational view o cigarette an ter, accor to t'he present
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[00018] Figure 2 is a side elevational view of another cigarette and
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[00013] Overall, activated carbon fibers produce a higher efficiency of removal of
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 pariiculate adsorbent

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

carbon fibers in other fiiter arrangements.




showi ng the carbon containing portions thereof, according to the present

i nvention; [00021] Figure 5 is a sectional view of anotlxDctobgaX086t e
filter showing the carbon containing portions thereof, according to the
present invention; 6 12 October 2006 WD 03/086116 PCT/US03/11050 [00022]
Fi gur e B0i03/0811§j agrammatic view illustrating a proceBGFESBEIOSHr oduci ng a
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the filter Construction and a portion o adj acent acco rod 12 to
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has venti| at I ntroducing air 1 nto naln am t obacco snoke
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ventil ation S may be~varied depen he rmance
char actgL i SfidiseeQEHLFRS 1 n the final product. [00026] The activated carbon
fiber f"ﬁ?t er segt |Pon |16' conprises a bundle of highly activated carbon

fibers 24 that functi oy {?pbSifiionddthdbiREngonstituents in the cigarette
- snoke. The fibers havem%ﬂgﬂmﬂ%% mately 1000 to 3000 square
‘neters r ) L4 : 4 8 cc/gram
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and fi aneters of approxina m crons, preferably 5 to 50

m cr O”Shosg[snﬁé}%ﬁéd biovBaif Bcontb Aibareh o Aétony Glctdiné) fhi 5 hiRs&t carbon fibers

and netho
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 cigarelte 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 defails;

- [00G19] - 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 ié a longitudinal ‘sectional view of still another cigarette filter

- showing the carbon containing portions thereof, according to the present invention;
'-t00021] Figufe 5 is a sectional view of another cigarette filter showing the carbon

containing portions thereof, according to the present invention;




for the production of such carbon fibers. After proper activation the
carbon fibers of 7 12 Cctober 2006 WO 03/086116 PCT/ US3Ddtab&R006i s t ype
may be used to formfilter section 16. Both of these patents are

i ncorporated herein by reference in their entirety for all useful purposes.
[ 00028] WPitp#stlésecti on 16 has a rod-1ike shape conpr PEFHE3AIBY] | nder of

ent angl a L ber -3l | | gne ] er which

provi dé ngoﬁtaﬁ%ué |sg§toﬁag%4%rﬁ§t%:\é€vgélgls€%dng%Cgrr%@%%&%?%‘;}rgtﬂ%nlas%ke t hr ough
the actiy r f L Cl ra [ adsor pti on.
Adver s€ ge-t%a@gf ?%mé)ri} o%ggidge é’fr)rEDIEs('eeqslI Eé&ﬁ%%r%@i@e%yﬁlﬁﬁéf t|ﬂ??ggopen spaces
in the fj r ' : i | pr.essure drops
acrossg}#éﬁa??ﬁdgé&gg%teggﬁpé e"@ﬁé@dﬁ?@%@ F?rﬁég?%@e\ﬁgé%m]h\g&t%si ty of the
fibers. |- At Stityent.  renoval is

[ rrprov«Q'(()J[?%ﬁf'j’tﬁd'E'ﬁg%s7t 'Prgss}s&?eo é‘%ﬁé@?@%ﬁﬁ%ﬁ%@%%@% a&@g@%’:’ tgg&\?\é{%% such fibers
are us l.d. I ' | oy | . bon were to be
used tggg]tg%?%\?ﬁﬂﬁ %egmgngnvgﬁﬂaé%ﬁgpﬂog?rfﬁélﬂetﬁ'éﬂlugltéa_ﬁeF’%’Bﬁég%ﬁﬁsﬁ%% alternative to
the ab | nst.r ' FIY f may be

bl endegd(%z% Eﬁgrteﬁé;'rg%h#ﬁ Itrog |%%Chﬁ%g'%hsoﬁ?ﬁqggeggg?&&dgglgé g%aertag?e fibers, for
exanpl i s ctivated carbon fiber filter section 16 could be a

bl end ?‘eﬂégg‘?ﬁg'nﬁ@ﬁﬁi’fs 24 and cel lul ose acetate fibers. The ratio of

bl ended fibers may be 3P0 : ;red efficiency of renoval of
bot h gas phase and tome off DS J?Vofttﬁgln&g_ﬁﬁéﬁpw’. [ 00030] Overall, the
advantw f G ef.t 0 ; LMYes a high

ef fici ncyslngggﬁ@éa'f‘ ﬁx}pﬂeggérﬂgﬂ%ﬂg)g t@gﬁ%ﬁr%é t’gﬁ rénﬂ:“l(l)dr%ggtgg?to a simlar

mass Ofcggfelfttleifd"oﬁttﬁ‘e ?Fbt%gﬁtbﬁ%rﬁionso%ﬁrisih&ﬁ‘ap&%{ahé’oafr@dﬁaé 0f dipers 24 renove

by inp on sone o e non-ga ase ereby reduci ng the amount of
. |1 ul t e ' ki d i

i1 tor CoiuPREL P RAIBRGEN, qckrod LaAS A iinydclol 16 Pl bl U5 et e
space i3 0RGHBE! SLiSY 18."FigbRbFapdt 20 € wrafifed Hrditfd! th Rtter construction-

14 and a portion of the adjacent tobacco rod 12 to hold the tobacco rod and filter

-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
-locafion 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 approximatély 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 6 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




8 12 COctober 2006 WO 03/086116 PCTI US03/11050 [00031] Experinental data
showi ng rel ative efficiencies of renoval of gas phase cbthectobae2} in
cigarette snoke are presented below in Table 1. In these experinents, the
gas phase renoval efficiencies were neasured on a cigarette puff by- puff
basi s, WOMA¥1Hg the results of using 66 nmilligrans GETHSWNMOed car bon

fibers th*ée{yﬁélsmé?'b@g Set01d ¥drin' fifeR "Sochin qgan?]pgr{: tofl%(%s\éagaggntgaér on Resul ts

show th e gas ase constituents are e sor be

conpar ahtfnGxted Rereily refefers i 4 Bstirety 35r20 sl sls@"e using
& ot Tar el seil, f°

appr oxi mately one t e mass o ed of granul ated

act | vaiiaghegr Fia S@nﬁuhﬁ‘%%a@%&:ﬁ%& 36 Ol B'd ElRRYy Hanghu Ve o) M

results I netics 1 n using ac Is fully

evi de”tca¥‘ﬁbntfib%l'sr 24 gélﬁ?éllk%r \Ag{é‘ar\xuﬂ’\r m%t V\{l;\ﬂ:ﬂ sﬁerlc?ésO?stoﬂ[J% ffs of the

experinments. The data s evi dence o H\rough at 66

h t S usi ng
1 oror RARESE of FeBhin idshihcirnid *‘“@"éﬁ 1 Bl brta'SE f‘% By o661t
PCTI US ngy ntro
G gar eﬁc}eﬁtﬁ?&\%ﬁ?&&%?%%%&% . %&‘&r@b% ?slg %@BB@WS%%E% puff # (No
-Car bon)mihiiZRY B Svoldikf obsm%acé&aw%i qrtérn%rs H '%he JﬁBéF ;?ucéugi?OFLEXTM

activated carbon fibers) plug-space-plug fil Avg. Run 1

Run 2 v | 4555
f or mal %ﬁ?/so?e@é pu%?%s%lé@lgo ae@gtﬁ@hm?%’?unéa‘{o ehy eé%"ﬁ'?’ﬁ‘ gt 555444

for mal dRbrRe dBndity of the flbefs.2 A3 frefulft the efficiency of gas phase constituent

removal is improved, and less mass of adsorbent material Is required when such
fibers are used than would be required if particulate activated carbon were to be
- used to achieve the same removal efficiencies.
[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 efﬁciéncy 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 celiulose
-acetate needed, Cellulose acetate is traditionally used in filter constructions for the
: femoval of TPM. As a result, less cigarette space is occupied by the total filter

construction.




formal dehyde puff 2 3 312 2 2 3 3 fornmaldehyde puff 2 22312344
formal dehyde puff 2 2 2 3 2 2 2 4 3 formal dehyde puff 2121020Ber20862 5 3
Total Delivery VS Contro90 86 88 20 19 20 27 34 30 " Made by the

Uni versity of Kentucky and universally used as a control in the tobacco
i ndust ryy0 03/68686ace i s substantially 100%filled w t hP@BUS0105¢ acti vat ed

car bon G| 9.0 Afha BSieuENirkRENGhEENIL: SERHLLS §oa8Ghauat ed car bon

flbers are grea e ecaus conven machi nery
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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,




acrolein puff 8 10 9 2 1100 0 acrolein puff 13 1313423000
acrolein uff 14 14 14 1 1 1 0 0 0 acrolein puff 18 16 112 Qctdb& W06 0 Tot al
Delive VS Contra 82 82 82 10 7 8 000 Run |l Run 2 Avg. Run I Run 2 Avg.
Run 1 Run 2 Avg. acetal dehyde puff 1 322 0000 0 0 acetal dehyde puff
6 4 5 OWOWPi® O acetal dehyde puff 11 7 9 2 0 1 0 BCOUSEIESEl dehyde puff
1189000000 acetaldehydf g ﬁ 12 8 10 001 0 0 0 0O acetal dehyde
puff 1511 13111000 aceta#geérydepuff 16 16 16 4 34000

acet al gehyde—puif—18- S A | fver—vS—ContMo0 91 76 83
19 16 18 2 0 1 11 - | f-; --z----- 12 0/6] cigdleitdinih DB b 1 6

PCTI USD3/ doh@Rbbnt, GurBir dtft € b Edincap. MY éﬁ‘%ﬂ%{?&ﬁ% h| 18Blmsiveteont r ol
Gigarefte Activated Cdrloon Rrier in[pi ceeasmarimert ed LSTHGITAS1i t uent,
puff #|(No Carbon) 20 {nm filter | enpt Pfigearfeateesh pl ugspace- 1R4F
(CARBOFLEX activated carbon fibers) plug filter” Run 1 Run 2 Avg. Run | Run

i 3 b EgineﬁeRgﬂf 7 Pudileds el A% aRy tft"éz-lbétggérlilil b1 2P 20%10 0 0 o
000 {1,3-butadi ene pufs 1048 P42 P|040|050 | 143-butad) eqe) pgf{ 10 8 9 0 0
000 @ formaldehyde puif

formaldehyde puff 2 120 | 18 3 3 3 5 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 5 2 3 3 1 2 2 2 3 3

formaldehyde puff 6 2 2 2 3 1 2 3 4 4

formaldehyde putt7 | 2 | 2 | 2 3 | 2| 2 2| 4| 3

formaldehyde puff 8 2 1 2 2 2 2 2 5 3

% Total Delivery VS Contro S0 | 8 | &8 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 fifl.

NOTE: The Pica activated carbon granules have a BET surface area of 1600 m%g

- and a micropore volume of 0.52 ecm®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.
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1, 3-but adi ene puff 11 10 11 1 0 0 0 0 O 1, 3-butadiene puff 12 12 12 3 2 3
000 1,3 butadiene puff 13 12 12 7 6 6 0 0 0 Total Del 12/@ctpb&t2006ntrol 93

84 88 12 8 10 1 0 O isoprene puff 1 710 91 000 0 0 isoprene puff 11
14 12 00 0 0 0 O isoprene puff 12 12 12 0 0 0 0 0 O isoprene puff 14 10
12 0 0 WOP38Q16 | soprene puff 12 8 10 0 0 0 0 0 O | PEBUSHAFf 12 10 11 1
000O0O0O isoprene puff.14 15153 12000 isoprene puff 15 17 16 5 4 5

O O D70 Total Delriy¢ry VS Convo |9 011212 Cct ober 2006
WO 03/ 086116 PCT/ USD3/ bddaQisbhedtar et,;;c Vém: mggt Cig aree«ttltmamath 180 ng o
Cont Ir olCofsitigrantaiufie ACY i v akeemmear bgn rr'rizloarnnltdalepgucct arbon ranuesm ar bon
Consltituent, puff #|(No C##bon) 20] e i “Ier%gﬁ, & sl N pl ug- space
1RAR_(CARBCELEX actilvat ed plug fli f‘é"fm “‘3’&'?'5’6@ flibers) Run 1] Run 2 Avg.
Run 1. Run 2 Avg. Run_ 1 Ruyn 2 Avg. _benzene puff 1089 000000
benziene puff 13 12 [ Qrfh) Ao |darREERD | Pals] Jaur;hl ri2 (0@, 0 0 0 0
benzepre—puf+—12210-11-0 0-0 3 00 benreneipu 3.9 111 Q 000 5
benzene prEmogn&; 1206006030 o 0 o || o© 0 o

acrolein puff 2 7 ’ 7 0 0 0 0 0 0

acrolein puff 3 8 9 9 0 0 0 0 0 0

acrolein pufféL 9 10 10 0 0 0 0 0 ¢

acroleinpuif g | ® 1019 2 1 1 0 0 0

acrolein puff 6 13 13|13 4 2 3 0 0 0

acrolein puff 7, 14114 u 1 1 1 - 0 0 0

acroleinputfg | 1 | ® | 7 3 3 3 0|l o0} o

% Total Delivery VS Control 82 | & 82 10 7 8. 0 0 0

Run{|Run2| Avg. Run1{Run2| Avg. Run1|Run2| Avg.
acetaldenydeputi1l | 2 | 2 | ? oo | o o | o | o
acetaldehyde puff 2 6 4 § 0 0 o 0 0 0
acetaldehyde putf 3 1 7 s 2 0 1 0 0 0
acetaldehydepuit4 | "' | % | ¢ 1] O | 0 | @ o | 0| o
acetaldehyde puff 5 12 8 10 0 0 0 0 0 0
acetaldehyde puff 6 S R 1 1 1 0 0 0
acetaldehyde putt7] | 0 | 16 | 16 4 {3 4|l oiloloe
acotaldehydeputfg | 1€ | 19 | 19 12 | 12| 12 1 o | o
% Total Delivery VS Controf | 1 | 76 | & 19 | 16 | 18 2 | o | 1
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benzene uff 13 14 14 111 0 0 0O benzene puff 14 15 14 3 2 2 0 0 O Total
Deliver VS Control 100 91 96 6 3 51 01 Run 1 Run 2 AV O®uber208in 2 Avg.
Run 1 Run 2 Avg. toluene puff 1 323 100000 toluene puff 98 8 00
00O0O0 toluene puff 12 10 11 0 0 0 0 0 0O toluene puff 13 12 12 00 0 0 0
0 tol u\é’ﬁéﬂpﬁﬂlfﬁ 15 11 13 00 0 0 0 0 toluene puff 1BCIWESIBB130 0 0 0 0 O
t olruene |Ju|| 187161660670 t(%g ut?llct ttf-f 3 000 %
Totlal Delivery VS Can KO Vv iy’ dighrekt2 witbors 2006 WO
03/ 08@3&5@1’.@&“&303 11 Jg&ro&& are%?t q {d ct %E&g’oln F?er& E i uFeS Eatq“;mcﬂrapn. 80 rrg
Control Cigarette Adtivatige Car bon(GFNRBm’LE)@‘facﬂateca AT g nstituent,
puflf # (No Carbon) in 20 mm filter | efffteAftes} bor qranu es | n IR4AF' FLEXTM
pl ug-space-plug filte activated ted carbon fibers) Run 1 Run 2 Avg. Run
| Run 2 Avg. Run 1|Ran ArNY| avdketiGRe 1,105 190, 91 19 3 (19 1 10
ketlene puff 12 12 Mg" K| avd ﬁgtéweﬁl% 4507 (K £Ruh i 1 ketene
pufff 0 0 0 0 0 0 219 3> |keatepepdfif P P ® 0 B O|Q G Of kefepe |puff 0 0 0 O
0 (0o gbuisdeaui e 010 0 b 0 ¢ |0 o .
1,3-butadiene puff 2 14 14 14 0 0 0 0 0 0
1,3-butadiene puff 3 " R 0 0 0 0 0 0
1,3-butadiene puff 4 10 8 ? 0 0 0 0 0 0
1,3-butadiene puff 5 10 8 9 0 0 0 ¢ 0 0
1,3-butadiene puff & 1 10 11 1 0 -0 0 0 0
1,3-butadiene puff 7] | 2] 12 3 2 3 0 0 0
1,3-butadiene puff 8 13 12 12 7 6 6 0 0 0
% Total Delivery VS Control 9 84 8 12 8 10 ! 0 0
. 7 10 9 1 0 0 0 0 0
isoprene puff 1 . _
isoprene pufi 2 | 1M1 | 14 | 12 0| 0 0 0 0 0
isoprene puff 3 12 | 12 | 12 0 c 0 0 0 0
isoprene puff 4 14 | 10 | 12 0 0 e || o 0 0
. 12 8 10 0 0 0 0 0 0
isoprene puff 5
isoprene puff & 12 | 10 | 11 1 0 0 0 0 0
isoprene puff 7 14 | 15 | 15 3 1 2 0 0 0
isoprene puff 8 15 | 17 | 16 5 4 5 0 0 0
% Total Delivery VS Control 98 95 97 10 6 8 1 0 1

12




ketene puff 0 0 0 00 0 0 0O O Total
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i nvention simlar

simlar reference characters are

4 14
[

n

Delivery VS Contro 117 102 109 11 6 8

si gni f iwansositef erence in cigarette 30 is the

[00032] Figure 2 illustrates another cigarette BOOcbbdrt2806r esent
may respects to the cigarette 10 of Figure 1, and
used to identify simlar conponents.

One

r ever Bel/UsB/11i06k at i ons of the
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act p-vat-ed—earboen—H ber—fitter—seqt etate filter
section 18. In cigarlette 30, the c te rb F 2 am of the
cel | ulQsananelate 18 A *ng %LJ,,H,{,{}QE; 't" Reaphrpdnsiontie i ncl uded,
if | desired. ]00033]| By wmyr*o? el AlpRBOFLEARE Tl "%ﬁl [plysERaH Icar bon fibers
24 |(supplied by Anshan East Asi g [Car BtenEbersdr s : wi t | BET surface
area of approximately 1329 square neters per gram and m cropore vol une
approxi mately 0. 45 DI Lo GOt et ey S ar am wel a‘lgrlc gc into filter
sections 16. These fﬁ{”é R“"?e ctqcn%m 3;?,,2 ng‘f ct@afl bun ?’i ng
approxi mately 125 mll I1bg ags |ofy act |tye cgrtopo fli peg 24p| nte 4 filter rod
27 Imilli metbepzendpdihy) land hppr axi mat slmllilmeters. inl 14112 Oct ober
2006 WO 03/ 086116 |RCHR5UBOR 11H6( doaTeber. dhese 6i|ter [sectiions 16 were
att cigat-ettes—4 R4——Figarett-es) Hdownstreamaf a cel | ul ose
acegtate fi Ibtrt‘azg2 sec ijon21B #t fathed t® gath|comtriol €i gafeft®@ tihus produci ng
t he—¢i wn—T I gure| 2 Keygas phase—constifuert|s were
quantified bg&e,% @ putf| b¥sils™in it e EnBke d@lilvier®d|fPom Phese
cig n ared o _delriverjes pf_thmese gaime_cpmpounds |wi t hout the
actlji vat ed q)a.ﬁzb@n,uﬁ' Her'®f |1 Pef Hedtl dhs i gni §i dant®r ctli dng i n gas phase
snoke constituent ‘Ee 0 ser?/zec as, a| r syl t , of th@ adéor pti gn activity of
the_acti vatbedtenegatf®an Ti per” filteris. TheSe|resulftis are shown ijn Table 2
beljow. TABLE 2 Conpadngnt | Agetaldehyde, | Hydlogen il isopreng, | Rpa/ici garette
Cyani de, pdeezereppibt t|e
benzene puff 8 14 [ 15 | 14 3 2 2 0 0 0
%5 Total Delivery VS Control 100 il % 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 pufi 2| ° 8 8 0 0 0 0 0 0
toluene puft 3 12 | 10 | 11 0 0 ] 0 0 e
toluene puff 4 13 | 12 | 12 0 0 0 0 0 0
foluene puff§ 15 | 1 13 0 0 0 0 0 0
toluene puff 6 16 | 156 | 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 95 101 5 2 4 ! ! !




pg/cigarette Control Cigarette 570 311 346 1 RAF Control G garette with 51
9 20 Activated Carbon Fiber Filter Section Attached % REIOctoben2(@8% 97%
94% [00034) Figures 3, 4 and 5 show several alternative cigarette filter
constructions, particularly the carbon containing portions of such filter
const ruMQBA811G n each instance, a cellul ose acetat ®CTUSIIMOMect i on such

as sect Iay bBe ule hend—of —tte—ji garettes
incorpdrating these const gdichicaise 1|f éﬁsffé’ "O?F J)G ettngumBng’S shows a
Ci gar etjt eCénskituent, pdB #conpr i Mowerbdnhe conblzma&.m&nner@ a bona rc'"' activated
carbon |fibers 24 and an| adj at8fit bed lof (GARBOTLEXT at apﬁr gﬂfﬁ"}'&f.t such as
carbon,Lsilica gel APSlsilica gel P YR exam:)I e. Andt her
cigarette filter 50 is_illustrated in Figure 4 conprising a
pl ug- sgace-pl ug arrangent |riel Ald) | (RRACREN PG PUARN SRS A@g_tivat ed
car bon H+ HAe-a—eawi-ty—t-herlebet wi-th (parf cullate fadsor bent
42 filljing the l?efé\r@}:u\(ﬁ Smnsl s@anptdren |cigaredtp fBil{ ar196) S |shovn in
Fi gur e (5—conprist ng e bundte—ofracti iated—ecarpen— pers24—wthparti cul ate
adsorbgnt 15 1,%te@,;ugl§er 120D612 WOJ203/{0861{160 PCTRUSPBR/ 1105@ 42 2di|sper sed
“anongsti the fibers. cacni T1ms anc,, thercrgerettefitterstof—Hi gures 3-5
functign to adsmebew phis Bopsfi {dert | 1% om fai hst 2eanPt dbdcdo snoke as
the snoke passes there.hJoug TP em&u ts0 0 gct vai e can b(%n fi bers and
gr anul ar [ ufidle] sel ect ed gchi gve the "des) red|reédycti gn of such
as phase constituentisl O 6 di agriarmg ally sho n Fijgure 6, the
gund{)erm_anri\mwmput* r ndn ?‘?hnrq p 4 %19 fir{i tergsec ign‘WQG ofo figures 1
and 2 as well as the flijbar bund| esg shown jim |Fi guries @-p., gy gbe fornmed by
st r et cli-rg—a cd‘.‘?ie?erﬁﬂgﬁs—bun[d#e—@i—-adsm-b&nt fibers| [of
' ketene puff 7 0 0 0 0 0 0 0 0 0
ketene puifg | ° 0 o 0 0 0 0 0 0
% Total Delivery V8 Control 117 | 102 1 109 1 6 8 25 4 L

{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 celiulose
‘acetate filter section 18. In cigarette 30, the carbon fibers 24 are downstrearn of the
- cellulose acetate 18. A mouth-end cellulose acetate plug may be included, if
desired.
[00033] 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
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controlled total and per filament deniers through a pre-fornmed or in-situ
formed tipping wap 70 during the filter making processl2 @étoesr 280@per
trimmng and cutting, the forned filter nay be inserted into a filter
construction such as descri bed above. The stretched adsorbent activated
car bon wOb##ss11ar e cont ai ned and general ly aligned wWeEHUSHEEhot her such
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for exdnpl'e.”'16 oBer i \Rb 36 H%@% Og 1f€% [ 00038] Using
act | VatcS#EoEﬁBé?‘ﬁﬂ?{E.i ‘?ﬁésefrEéJ”E_%reS%&Wn%‘faﬂt@2%10@. gures 1 and 2 offers

several uni que advantages. First, continuous activated carbon fiber
adsorbents can be incorporated 1-%&( gxisting cigarette filters using

hi gh- speed processes. Second, the high loft nature of activated

car bop—+b ol bentsr—theoaseh i ot bEem—ass ted—wt h hi gh speed
“Conjporent atAéé algfﬂe?ﬂ Hyd\‘blg'ef e %bﬁéﬁiéva
e

“manuf acture or parti cul h

deg not I r : t ed carbon
fi ber |adsorbents provide or §r gas di ﬁgfﬁg&?]%ﬁb patths qlﬁ'g%%part cul ate

adsor beats—antd-therefare—tngrease—the rase—qasorpiizon—effi ci ency.
Fourtr:_cé | Ci GftFeorm packi ngs?)q t he stretc1gd al i gned act’i vated carbon
fiber Sofhents—a-Fows—unt-Fgrmresistanrce—to—draw(RTE—and-gas phase
fi ItraAg“ﬁ?[ ﬁzﬁéﬁ?ﬁﬂ'&re for ci‘garettg 9 2

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. Stili another cigarette filter 60 is shown in

Figure 5 comprising a bundle of activated carbon fibers 24 with particulate adsorbent
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snmoke. Finally, the close to parallel orientation of activated carbon
~fibers minimzes the |oss of particul ate phase of the sifoReoberr200§ t he
filtration process and therefore maxim zes the TPM delivery of the
cigarettes when such is desired. This is of value in cigarettes or

el ect r i WalBAS6Ih®at ed ci garette enbodi nents when hi gh @EFUFBAWSHf TMP s

o3 SR P s e g,
B M R D LW
t ot [ . 4 Jsi '

oLl S YRS kR RO SOTPRR DTy L 5, oo
DI EPr oot 53 Secfl A} Alifove! 5! 8ol (RGNS SHuPEhOYsBe Tabl e 3 and

Tabl e ear e forme ers not onl y renove gas
phase o} I‘?&?\?}ts such as AA (acetal dehyde), HCN (hydrogen cyanide), MOCH
(et hanofr%{ and’'| SOP (isoprene), but also posses high TPMdelivery and | ow

10, e WAool S RS Op BBt 1712
e i S8 5 0ERGRE7 3 A e PRI Lot o
00 by R SRS S P i ST, 10,
4% 5% 22%rdfBY 1Bial QRa JRF RlateRt BENLACHYough a pre-formed or in-situ formed

tipping wrap 70 during the filter making process. After proper trimming and cutting,

the formed filter may be inserted into a filter construction such as described above.

' The stretched adsorbent activated carbon fibers are contained and generally aligned

with one another such that close 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 aré 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 fo 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 praoducing the ﬁlter of Figure 5, for example.
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1' CABlank -7%-16%-5%-8% 14.6 120 0 161.5 (No Plasticizer) Relative
Delivery to 1R4F 2' CA Blank 4% 2% -2% -19% 13. 6 119 (02XBdtoBer 2006
Plasticizer) Relative Delivery to 1R4F 3' Pica Carbon -52%-71% -65% -81%
11.5 142 103 155 Ganules in Blank (No Plasticizer) Relative Delivery to
1RAF 4-weirg/essQar bon -51% - 73% - 73% - B4% 10. 3 158 107pdmuse3svanul es |1 n Bl ank

(10 Bl bo 5 5o ik biods TS BB BMD ot (1
L ) RS i e el S oot R 5505
?gl ggi \6% ir%eolrri)c;f'gt%g ir%tg e>1<is£i1n|§- cl.nglaret{ae"filt(é‘éa?s%gl‘Eéﬁ-s{)eéd7§r(g3és§9£./(’ 'Sgélg{?d: 88% 16.8 80
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 equat 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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Rel ative Delivery to 1R4AF-D2 * 27-mmlong filter plug. 20-mm | ong plug

conbined with a 7-nm |l ong cellul ose acetate plug. 18 121iD0ctiber2®@606 WO
03/ 086116 PCT/US03/ 11050 TABLE 4 Sanple 1 R4F Control (27-nmm CARBOFLEXT- A
(20-mm CARBOFLEXT"' -D (20-mm CA long filter plug) |ong plug conbined with
7- 1 ong™RBE3%¥bi ned with 7- nm CA [u mm CA plug) APETASEIBM. Dev. A3 A4

Car bon oS §TES of e gt ke Yt ol okt PaeA B e 14115 (g

Gas PhaggsapiioBaiifatieh Bk ma@g@luct ion vs. Control Propane 90 9% -60% - 63%
-84% - 88%p Hydr ogen éyam’i ge 89 13% -44% -48% -80% -85% Pro diene 94 13%
-72% -71% -81% -89% 1, 3- But adi ?EELEQ 8% -88% -92% - 92% - 96% | soprene 107
5%-91%-94%-94%-96% | ,3-C adi ene 98 5% -89% - 92% - 93% - 95%
1} Swkey T ONERatT S TRATEW ) HEN - [OvEERTrRIO L Eorrew o B0 (Ve it —TH S P 2T 8Rgr 9 3% - 97%
-P4% -B6% c cl o] ent adi ene Hor mal dehyde 1G0 14% -89@6 -18 1 Gpnua5%9 - 79%
0} activatad
1R4F* 1000X Avg./TPM 456 6.9 6.0 27.8 11.8 140 car{t;on) 190.0
Relative Std. 9% 5% 9% ™% 4% 5% 2%
Deviation Absolute
Delivery
1* CA Biank % -16% -5% 8% 14.6 120 0 161.5
{No Plasticizer)
Reiative Delivery to
1R4F
A CA Blank - 4% 2% -2% -19% 136 119 1} 161.9
(No Plasticizer}
Relative Delivery to
1R4F
3 Pica Carbon 52% 1% -65% -81% 11.5 142 103 155
Granules in Blank
{No Plasticizer)
Relative Delivery to
1R4F
4* Pica Carbon -51% 73% -73% -B4% 10.3 158 107 161
Granules In Blank
{No Plasticizer)
Relative Delivery to
1R4F

Carbon Fiber Plugs* CF (mg)

5 CARBOFLEX™ - -83% -78% -76% -84% 14.9 106 0 a8
Relative Delivery to
1R4F - A1
e CARBOFLEX™ - -62% -52% -65% -16% 208 94 0 75

Relative Delivery to ‘ '

1R4F - A2 )

e CARBOFLEX™ - -66% -60% -61% -B6% 11.6 80 48 44
Relative Delivery to )
1R4F - D1
.8 CARBOFLEX™ - -12% -66% -64% -88% 16.8 80 55 50
Relative Delivery to
1R4F - D2

* 27-mm long fiiter plug.

** 20-mm long plug combined with a 7-mm long cellulose acetate plug.
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Acet al dehyde 92 9% -79% -83% - 96% - 97%

Acrolein 86 14% -88% -92% -93% - 94%

Acetone 98 12% -93% -95% - 95% - 97% 2, 3- But anedi one 102 53 ©&bber- 29060 - 94%

-96%

-96%

-96% -93% -96% 2,5-Dinmeth | fur
-Sul fide 96 7%-49%-56%-86%-

2- But anone 99 4% -96% - 98% - 96% - 98%
-84% - 87% Benzene 99 8% -94% -97% - 94% - 96%
BWOyB/05¢Itsr i | e 96 8% -94% - 97% - 92% - 95%

siepLes;

0% -

bonyl

3- Met hyl but anal
Tol uene 100 7% - 95% - 98% - 94%
2- Met RGTAIBASAMSLO0L 4% - 92%
93% - 97% - 93% - 96%
Sul f i de 98 6% - 37% - 39% -68%

62 9% -

Hydr og

82% - 89%

en

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

. a corresponding groove 116.

- plane may be friangular, square or rounded, for example.

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

19

In cross-section the thread ridge forming the inclined

Correspondingly, the

- 76% |VL,|. || r hapt au .1.1\R 9% 7?{] L%/ _01 04 VT:L RB FL xfmﬁ ol - 91%
940 Joavs - SERE Retofe iqﬁ,"“ﬁti@ ﬁ‘§b /%né'gﬁgoco A2ty oﬁ?ﬁ(g LERSD | "‘ﬁS% 33%
35% --|- -54% [ 00041] |Fi gures nd | |d1|H8]l\b[ e a B oama@)dl ment of the
present 1 nventlon CQApdrdgs | m;d.aecl qar @Bl e 100 Anavi hg a3 obaccops od ]102 and
a filtler ROAmm&RUdi ng 187 ¢yl i2fbdri cal 88 hr daded8rodi 10687 actii vad&®d cjar bon
fi bers_108 fHhq rpl lul2&&e | acdpat el pl |18| 110 2%he hr_eEQd_ed r od2%tonsdli sts of
a soli dA‘E'Xﬁt‘id ’5-9?" ar8und whfch hn # cl ijned % hl ape V\ﬁ nds | hel P%al ly,
ei t her B rChrBén |1dgdcu', télcl ePY 1Y _uu cinggathreggy-tHg—angz=
corr espondi ngnggr oove |116. kn crosstsection the thread ridg¢ formng the
i ncl i Nasds Pds@O&npoRHsD Contlol aNQUT ar , | RedudibrevsonkddUNded, T 0r_exanpl €.
Corregpondifrodeye the | 19 12 O@%ober 2006 WO 683 0861 184RCT/N USesrk1 1350
cr 0ss-|seHydasen Gnidee |gr8fov e 1:3?0 Al h#:/ﬂplr r nxi_}&’jht ely fﬁﬁzlﬁanﬂ ul ﬁ"z square or
. ( dTHE | p%d el o _ng_‘#u_c_h_ owhan ai
\rMofﬂld T 3-Butadiene. o1 96 Los Fhoud- B “9o% “'% Chaned
PR P e 107 5% -91% -94% -94% -96%
' 1.3-Cyclopentadieng 98 . 5% -89% -82% -33% -95%
1,3-Cyclohexadiene 100 17% -94% -86% -95% -96%
Methyl-1,3- 102 9% -93% -97% -94% -96%
cyclopentadiene
- Farmaldehyde 100 14% -80% -81% -75% -79%
Acetaldehyde 92 9% -79% -B3% -96% -97 %
Acrolein a6 14% -B8% -82% -93% -94%
Acelone 98 12% -83% -95% -95% -97%
2,3-Butanedions 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-Dimethyifuran 109 5% - -93% -97% 893% -96%
- Hydrogen Sulfide 96 7% -49% -56% -86% -89%
Carbonyl Sulfide 98 - 6% -37% -39% -68% -76%
- Methyl Mercaptan 100 - 6% -72% -74% -87% ~01%
" 1-Methytpyrrole 97 8% -91% -94% 94% -95%
Ketene 108 1% - -90% -94% -97% -96%
Acetylene 94 13% -33% -35% e -54%
[00041] Figures 7 and 8 illustrate a further embodiment of the present invention




118, a helical channel or pathway is created for the cigarette snoke. The
bundl e of substantially aligned activated carbon fi ber sl2108ober 2066Gnd
helically inside the groove along the rod. The axial length of the

t hreaded rod, the shape and the area of the groove cross-section, and the
pi tch (WB3PBAYI t udi nal di stance from any point on oBRET/UBKAIYRH to a

B R R
int hg_h}eat%e%g%# FOgrqt‘ag Sﬁﬂggg%rgfé%r?%cglﬂflﬁg‘ qeg%g@gﬁr}]h%%ﬁg "(E/}\Fi [' QBE%%rf ace ar e)alts of
Appr oxi e 1t Sighne or el ¥ oo T e qREE L ALl BIRbBR 0 V0 e
agor oo bgtatyell st (AR EE OB SRl s dP0 Mokl Ll 'ong the

Rt ol BhE 4T a5 A bnd B, B 508 o 3Rl B e idbohac hereln

An adva pa |l ength for a

031 0B MBL Bt Peassti e Hien Moo Rt Platent® i RRon Y 7 o

remvinﬂrega%o %h@r%(s)@ﬁﬁbwéﬂﬁﬁhﬁhé eR gm;%%@req&gbd)%gﬁstaqtsmaﬁeke as the

snoke i's drawn ter, the er including an activated

 carbon Jdach 4idebd 39! pARIGRN A AGihPRIY, oyl Bl sfar Do T ber s

subst a al’l né anot her a a co n direction. 2. A

ci gar.etéo%o{?ksgﬁ Rlquitsnéd %@id@nqeetl | i BctivBed fsgieblegiﬁ%rggﬁ?,gs%@ggaed carbon

fi bers eac ave a surface are appr oxi na square neters

i j 0.4t d
- per grr@ﬂ%el g ﬂ&ﬁ@@%r%g?é?&)%ﬁ%ﬁ@kﬁ%ﬁ ¥ dleatlof %ppo&ﬁﬁ?tglgr per gram and

a fiber amet er of m Cr ons. ette filter

as in | i i f I fShbkimatipgapsed anmongst

t he acﬁ@g&éo%%%g% rﬁ%%@?d;e b%m %ﬁo‘éﬁnf'ga gH\g{%e‘f%r Bgs I|mn cfal m 3 wherein
the parhicatl @& fer G TR thréaded rod 106 may be made of a variety of materials

-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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selected fromthe group consisting of activated carbon, silica gel, APS
silica gel and zeolite. 5. Acigarette filter as in clalZWdtobtre208bn t he
particulate material is in a formselected fromthe group consisting of
granul es, beads and course powders. 6. A cigarette filter as in claim1l
i ncl udiwg 03086HE| ul ose acetate filter section adjaceRET/HYIAHE acti vat ed

car bon!&ﬁ%is EU\WR iséacti on. 7. Acigarette filter as in claim6 wherein

t he cel filter section is downstreamof the activated carbon
fiber filtey segti e i t i il in a
cigarette. 3. Aﬁc&l'%apt?tet t er w&@éﬂ%&%ﬁ g%%!:émrﬁgtu\l?\ﬁtgrf %ﬁﬂ?ﬂgﬁ%e | ul ose
acet at e; Llut.€ actd b S URS i yat : | ber filter
secti o%qu%éeu% {T"logéc%ggg%e ’J[“z"ef% %ré‘?ﬁiqgﬂn%iggen@%'dm?nﬁgrg%ar t%ﬁe. 21 12

Cct ober, / { i €, fi r as in claim
11 mot oA oA ol M Sec peing B oo e e
activa of i W) j ette filter as inclaim9
'vvher_ei tr?ﬁ téﬂ%@f@}g&% ‘g{the&léédésﬁrbezﬁﬁa h%}%geé_'rl?o;aw 'ﬁPghigée%Flg‘%t ed fromthe group
consisting £f CA'ARettcNitet Blindaim Nifordint Eha ty G ubtvaA&PLAbG) 11. A

cigarette filter as in c wherein the rti cul ate adsorbent rmateri al

Is in @ib@r\%e'e%}r:lz%%% %grfécre%é Bﬁg&]{r@d@gﬁé@gﬁdoﬁttb %PO@Eq&Hré%é{t% pepeads and

course po clgarett s In claim9 Includi'ng anot her

A | V2t pth, SR RAGd4 VGGmeld b Elo iR 90 FAPEL phEraetnl e 1 culare

adsor bént materi al arette filter as | alm 1 wherein the

acti Vatd%%e@é?'rolp%br&iﬁﬁfeg‘:ﬂtgﬁ b mig8ed i on includes a threaded rod having a

hel i cal groove on the e thereof, and wherein the bundle of activated

CPLor 5 VoS o P R T 0N ooy Shipia o7 2 1
dispersed amongst the activated carbon fibers.

4. A cigarette filter as in claim 3 wherein the particulate material is

- selected from thg 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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di spersed anongst the activated carbon fibers. 15. A cigarette filter as in
claim 14 wherein the particul ate adsorbent material is EeDeobaddbom t he
group consisting of activated carbon, silica gel, APS silica gel and
zeolite. 16. A cigarette filter as in claim13 wherein the thread rod is
const r UWPAH0EL16 naterial sel ected fromthe group conBEEPSRGIGY pl astic,

- metal , woodgand £gbluhOffer R4YEEHRY Ficludin a Hef bOREERe bhiddfdntas 1 n claim
I east Iu? a?te ‘?l??ée

13 including at one cel ose ace r section adjacent to the

act i vat £itoiBRRe i ORE oL elehcalBh h@ e/ detidh, o1 0ar ette comprising a tobacco

rod an wnst ream ter for renoving gas phase constituents from

I nstream geba ; e h I WO 03/ 086116
rI;‘HCI'I'/ us03/ 113@0 %g\%ﬁ%rfg%ghést ﬁ\eﬁlﬁﬁﬁbeﬁe{%rﬁ “ﬂ‘izlptggfrcellgﬁgﬁu I ngntan activated
carbon {i £ d i R o] ) carbon fibers
substanr{'?tgﬁlglsf%[%cg%ﬁmﬁ‘% %%gﬁgcgg%%{nﬁg? Qarlﬁ?ﬁfté ﬁgé g%hépgigﬁ'%éé |I§ﬂd as the flow

of tobaggpesnoke through the filter. 19. A cigarette as in claim 18 wherein
the majority of activated carbon fibers each have a surface area of

appr oxi mat ehy 19@9ig§:‘éﬂg()fg(@r 2YYA! Gaifftl € 'ihehSih t??&%@cu%i%&éo%&?ﬁ? vol une of

approximately 0.30°to 0.80 cc per gramand a lameter o

appr oXibdi ¥s b0k Qefdhel (12 Ogrofip %gﬁﬂﬁgt& gién 145, Peghidapd i ncl udi ng

particul ate adsorbent nateria i Sperse ngs e activated carbon

fibers.cogrke pwabgarette as in claim20 wherein the particulate material is
selected fromthe group consisting of activated carbon, silica gel, APS

silica gel gnd 7eqbdrb fitef 8s if\ciSiPORidhghotier abiialBul@mdciuedi ng a bed of

particul ate adsorbent material adjacent to the activated carbon fiber

filter mgcdcoih addbentihé bEPsHaHRuBR dddobbAl fAtdqaiher ein the particulate

adsorbent material 1s selected fromthe group consisting of carbon, silica

gel, APS si{3 caa0@baradnii?ak it Blaim 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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24. A cigarette as in claim18 wherein the activated carbon fiber filter
section includes a threaded rod having a helical groove dhOctobenifiléi de

t hereof, and wherein the bundle of activated carbon fibers is positioned
in the groove. 25. A cigarette as in claim24 including particul ate
adsor beWO 0386815 al  di spersed anobngst the activated PEFENMISHers. 26. A

Ci gar etd g, @snbiot i fRe? RS ShAuditS ah MchRbd Offoded GG Vi U6k of material
sel ect eés‘?’rom %e group consi st ng'litgfa gg\%t Ic, et a?, Woog and cel | ul ose
ag9r €9adRinifgSa bundle of activated carbon fibers substantially aligned with one another
in the same direction as the flow of tobacco smoke through the filter.
19. A cigarette as in claim 18 wherein the majority of activated carbon
fibers each have a surface area of approximately 1000 to 3000 square meters per
gram, a micropore volume of approximately 0.30 to 0.80 cc per gram and a fiber
diameter of approximately 5 to 100 microns.
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 ge! 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, siliéa 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 cigarétte as in claim 24 wherein the thread rod is constructed of
material selected from the group consisting of plastic, metal, wood and cellulose

aggregates.
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