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BACKGROUND OF THE INVENTION

The present invention relates to a cigarette filter that includes a smoke

constituent adsorbent which, when combined with a carbon-based filtering material,
10 demonstrates synergistic reductions in smoke vapor constituents.

Cigarettes include tobacco rods or columns which, when burned, produce a
particulate and a vapor phase. About 70 years ago, filters began to be attached to an
end of the tobacco column. Among other things, the filter removed various smoke
components. Filters made from filamentary or fibrous material, such as cellulose

15 acetate tow or paper, remove the particulate phase of tobacco smoke by mechanical
means. However, the fibrous materials are not effective at removing volatile
constituents, such as aldehydes, hydrogen cyanide and sulfides, which are found in the
vapor phase. Typically, an adsorbent or absorbent is combined with the fibrous
material to improve removal of the vapor phase components. For example, cigarette

20 filters have included activated carbon, porous minerals such as meerschaum, silica



Charcoal has a high specific surface area and is a relatively strong
adsorbent for vapor-phase constituents of tobacco snoke. Wien coated with
a m xt ur ewofo3/onssal | i ¢ oxi des, charcoal is particularly efrCeatSovsi2in
removi ng acidi c gases. 5 Meerschaum has a | arge adsorption area with a
strong adsorption affinity for charged: species, but a considerably |ow
adsor pt i ofelaftiPRicEGhangs 153813 26 pajon: &E‘F’gg.esg}sr ica gels are generally
regarded as weakly retentive adsorbents for vapor-phase consti Euents of

t obacco snoke. Chircom higha bighi specifje sunfass @rdayangd ds o Fda el uErPeSdsARe thy dr ogen
cyanide, the constituents also readily desorb fromthe silica gel. Cation
exchange fRebfs-HHavEcHtiResR oftdpesatndker Whanddated widnpwaktureofi on exchange
resins have been proposed for the renoval of snoke acids, but strongly

basi ¢ ani on, AXCARRACHRORY S RIGILS reive BRkByidReicohRes al dehydes.
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adsorbents can be used in conbination in cigarette filters.srjrﬁor exanpl e,
U.S. Pat eseciesdus areosidereblyilow adsanptiqnsaffighy 501 nogrPoldr SRefighe HHFRISISI wi t h
materials which "chemcally react with the harnful, nonal kaline and nonacid
conponent gre enéx’élﬂir sapaldedtas wWeakinreentiwoddadibeets corpponlsse congityestsedfni ng t he
|atter to the filter.” However, the aforesaid additives have not yielded

sati sfact & LV, y 8l1 refdiguRborseRigeh I8 86d BRITD@Aetyagideas Smoke
al dehydes?d’b\é%(?otgln%g{eaﬁlgl%gglggﬁl g%ar{ydéfyand acrolein. U Sj.aﬁlgat ent 4,300, 577

descri bes the use of a weakl retent.hye. r b f :
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am no functional groups for the renoval of vapor,- phase constituents,
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PCT/ US02/ 24240 However, the filter of the 577 patent has not been shown

t 0 denonstickmorgamsaioke acids, but strongly basic anion exchangers have no effect on

smoke vapor phase aldehydes. Weakly basic anion-exchange resins of porous
structure are suitable for the removal of smoke acids and aldehydes, but their
efficiency diminishes during smoking, as does that of carbon and porous minerals.

15 Two or more adsorbents can be used in combination in cigarette filters. For
example, U.S. Patent 2,815,760 describes the use of an ion exchange material with
materials which "chemically react with the harmful, nonalkaline and nonacid
components of the smoke to form non-volatile compounds, thus retaining the latter to
the filter." However, the aforesaid additives have not yielded satisfactory selective

20 removal of such smoke phase components, as smoke aldehydes, particularly
acetaldehyde and acrolein. U.S. Patent 4,300,577 describes the use of a weakly
retentive absorbent for vapor-phase constituents intermingled with a second
component having mainly primary amino functional groups for the removal of vapor-

phase constituents, including aldehydes and hydrogen cyanide from tobacco smoke.
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consuner acceptance or commercial viability. SUMVARY OF THE | NVENTI ON The
present invention relates to a cigarette filter that includes a nultiple 5
section fwbtoaw13sdi ch reduces the | evel of predeterm ned siochasSopnuid t uents.
The filter consists of a fibrous filter plug |ocated at the nouth-end of

the cigarette, a sectio tajning a,select] ial, and a
section d&Y f‘d’ieﬁiﬂfﬁ‘bg erg‘gﬁlé‘? gﬁc}gé’ﬁtﬁl}t ]E)%rﬂm %?%’tsglf)}v}éﬁ? ﬁ%ﬁgﬁ%ﬁ@% %dréa%f%g can be
any filter plug known in the art, such as cellulose acetate 10 tow. The
gener al adasmharicceptanss ontommerniaivigbalyy sel ected from a group of
relatively high surface area materials, such as activated charcoal, which

are capalld@evVIARVORTAE INVENTIONof chem cal conpounds without a high
degree of specificity. The selective adsorbent material is chosen based on

el eotive adsoPBune-eRr et tefrd P AF) Bl ier WEERKR s FRFLONRY, Y, TN

sel ective adso roma group of 15 ‘'surface

functionalized resins, wherein each resin consists of an essenti y inert
carrief seption flteruvirisl eedipesdhetevgh @é%r%‘fetqrﬁ’é??% c@%Stﬁ’éenﬁs' g?ﬁ‘f ﬁﬁélln

enbodi nent of the present invention, the selective adsorbent material has
a phenol -dopsial defitdeus fsirpluglpratsd atshe meuth-endeftthopigpicted SHEER mai nl y
primary and secondary am ne functional groups. Structurally, the selective
adsor bent . jmtiehi> alsc By RisaHeACAREriAIOaR 4 Sheion contaiting20gaerh tdsrlyaner al
adsorbent materral positioned between the sel ective adsorbent section and
the filter pl.u . Alternatively, the general adsorbent material nmay be
posi ti oned¥®Hd} acent to the tobacco rod and the sel ective adsorbent
materi al between the general adsorbent. sect.ion and t.he f} :
Prelimnary dalbe filien Ring ean baany flffg pﬁ’(gr]?é’wn 18?1?% > SPFL T g|53|r11|(l)lf g%%‘%ltéa{g
synergistic effect in snoke constituent reductions relative to,tqe 3 WO
03/ 015944toRCTINISHRL A 2dsDdrbena pteriabisipeeferablyotslectedriiare p grewpoidelrdly ve
adsor bent and general adsorbent may be _

high surface area materials, such as activated charcoal, which are capable of adsorbing

a range of chemical compounds without a high degree of specificity. The selective
adsorbent material is chosen based on the specific smoke constituents targeted for
removal. Preferably, the selective adsorbent material is selected from a group of

15 surface functionalized resins, wherein each resin consists of an essentially inert carrier
with a surface area of greater than about 35 m*/ g. In an embodiment of the present
invention, the selective adsorbent material has a phenol-formaldehyde resin matrix
surface-functionalized with mainly primary and secondary amine functional groups.

Structurally, the selective adsorbent material may be adjacent to a tobacco rod

20 and the general adsorbent material positioned between the selective adsorbent section
and the filter plug. Alternatively, the general adsorbent material may be positioned
adjacent to the tobacco rod and the selective adsorbent material between the general
adsorbent section and the filter plug. Preliminary data indicates that the former

orientation produces a synergistic effect in smoke constituent reductions relative to the
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interspersed in a traditional filter plug material, such as cellul ose
acetate, or the adsorbents nay be packed as a bed or thin |ayer sections
within fiwoesopdswg material. BRI EF DESCRI PTI ON OF THE DRAOKNGE/312F gure 1
is a perspective view of a prior art filter-tipped cigarette; Figure 2 is a
perspective view of a filter for a cigarette.mde .in aecaqr ce with the
present ilAYesoricBtigre Fuither; e Sgla%tafﬁt?ég@@ef&ra&d §F%%@@§§%B?rﬁfg%eout afilter
plug material, and the general adsorbent section is positioned between the
filter plingrsparsdd ihetraditiocalifiter pligondienal, ek as egltulosy apstgigr @ the j s a
perspective viewof a filter for a cigarette made in accordance wth the

present i feikie MR Ricked &e idse e Myer ssctions witkinsEter phugoughgalt a filter
plug material, and the sel ective adsorbent section is positioned between

the filteppphHHEAORIPPRONIETHE PIGOMIRES Section; Figure 4 is a

perspecti ITter tor a cigarette made in accordance 15 with the
present invention wherein the adsorhent.s ar acked as ds within a
segnen® of a E%Pﬁeérlsﬁlﬁ?éspﬁgfv§r‘il%l‘f’PP?PB%@§lt$r§u%¥)egrcb%alse?€éécti onal vi ew of
an enbodi rent of the present invention wth the filter plug. disposed

bet ween the geFignm2 sdgeripertivesaewoba filtaufor reigaestieanadedn ageptdansent secti on;
20 Figure 6 is a cross-sectional view of an enbodi nent of the present

i nvent i onyiiitidpredeat fovkitein Whatginahl adsertentnge disperedd thrdugbawtediltend; Fi gure 7
is a cross-sectional view of an enbodi ment of the present invention wth

e
cross: Secg.rildotﬁglselgci:tg/\{c\/a fsor ent $ec 1%%2 ment of the present invention
10 Figure 3 is a perspective view of a filter for a cigarette made in accordance
with the present invention wherein the adsorbents are dispersed throughout a filter
plug material, and the selective adsorbent section is positioned between the filter plug
and the general adsorbent section;

Figure 4 is a perspective view of a filter for a cigarette made in accordance

15 with the present invention wherein the adsorbents are packed as beds within a segment
of a filter plug material;

Figure 5 is a cross-sectional view of an embodiment of the present invention
with the filter plug disposed between the general adsorbent section and the selective
adsorbent section;

20 Figure 6 is a cross-sectional view of an embodiment of the present invention
with the filter plug adjacent one end of a tobacco rod;

Figure 7 is a cross-sectional view of an embodiment of the present invention

with the adsorbents being sectionalized in a single length of fibrous filter material;

and,



absent a filter plug section. DETAILED DESCRI PTI ON OF THE PREFERRED

EMBODI MENT The cigarette filter of the present invention includes a

mul tiple woaBlois44ilter 5 which reduces the | evels of preaerarset/ned snoke
constituents. The filter consists of a fibrous filter plug |ocated at the
nmout h-end of the cigarette, a, section.cont or bent
material, and ég‘ér@(,gtlﬁéﬁr‘l%ﬁ?cé’ioﬁfﬂn‘ﬁe‘ﬁ of B &]. §P£ gB(?ngég {e‘g&ﬁté%r{fegﬁ gﬁAs shown
in Figure 1 and as is known in the art, a typical filter-tipped cigarette
10 has a dbsdnterfil@dphigisacined to a tobacco rod 20. The tobacco rod 20
consists of a | oose 10 tobacco-contai n| ng mxture 22 wapped in a

ci gar et t @ REASLEDDESURIPTEON OFEFHE® HMBNlg 32 wrapped in
a plug wap 34. A sheet of tipping paper 36 10| ns the filter 30 to the

tobacco rod 20p | S35 Vet orPS R miutigk Siékien Blted Ci garette
110 has a mul tollnlfo (gg&rgtgec 1|rton f%ﬁl%ﬂa 130 at“% ac(r:\ed to thgft obacco rod 20. The

filter 130 includes a fi]t gener al
adsorb@ntW@Shr%‘h‘aesathEé‘?’lei d’% Pe%fgﬁﬂmeaﬁ ﬁggﬁ”g@f e\I/IeS a sor{%ent h%gtg%f

filter plug 132 is adjacent a first or mputh end 131 of the filter 130
The bed of fibioes §Bbrlug lasated s fisameuth-gad phthsgjeseatis: a soction GAYAHINE Hbacco- r od
end 137 of the filter 130. The bed of the general adsorbent 134 is

posi t i onegidealne@dridAemafariat, and plsegiohIBntaiming & gerwedl @dsdrbentanesiddent bed
136. 20 The filter plug 132 is made froma filamentary or fibrous materi al

and provides ke 12RRER SRRVt tho'srt,DiybitalefiGerlifpbed tigateete

cigarette. The ? ]+term g 132 aI so retains a fifmess at the nouth end 131

as the ci a ett er plug
132 can b lﬁf??&ﬂétael?ﬁlq c%o[ %'% @q%%ﬁé&{ﬁ@ﬁ%sg&%é%ﬂ bei ng
cel lul ose, cellul ose acetate tow, paper, cotton, 8 gg Le 5 WO

03/ 01994 4t0bETOLSOBIBAR HTXUTERE WWP%%%VB@ﬁEe PR go%@é ét , pol yester

t ow or comnbi nations thereof. o o
includes a filter plug 32 wrapped in a plug wrap 34. A sheet of tipping paper 36 joins

the filter 30 to the tobacco rod 20.

In the present invention, as shown in Figure 2, a cigarette 110 has a multiple
section filter 130 attached to the tobacco rod 20. The filter 130 includes a filter plug

15 132, a section containing a general adsorbent 134 and a section containing a selective
adsorbent 136. The filter plug 132 is adjacent a first or mouth end 131 of the filter
130. The bed of the selective adsorbent 136 is adjacent a second or tobacco-rod end
137 of the filter 130. The bed of the general adsorbent 134 is positioned between the
filter plug 132 and the selective adsorbent bed 136.

20 The filter plug 132 is made from a filamentary or fibrous material and provides
a clean, neat appearance at the mouth end 131 of the cigarette. The filter plug 132
also retains a firmness at the mouth end 131 as the cigarette 110 is consumed. Asis
known in the art, the filter plug 132 can be made from a variety of materials, among

the most common being cellulose, cellulose acetate tow, paper, cotton, polypropylene
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Optionally, a plasticizer may be included. The general adsorbent section
134 includes a general adsorbent nmaterial 144 dispersed throughout a
filter plwooaeisad al 142, such as in a "dual -dal mati an" fiPCrarsp2/284known in
the art. The general adsorbent material 144 is pr eferably selected froma
group of relatively_ high surface a eri al ich.ar bl e of

adsor bi ngW@hﬁR]é/Pf%r?é‘P%?‘M’d?ﬁl%eSWt uP°1§e dﬂwd’ég?IE 10 ?O%SStggll%?fm ty. For
exanpl e, the general adsorbent can be selected from activated charcoal,
acti vat eontmﬂu,taplastmunwtheumle@dcoal based carbon, zeolite, silica
gel, neerschaum al um num oxi de, or conbining thereof, 10 as well as a

i ner al - based Tiasdenl adsdsent stivs ¢5d imhtdes agenaralcusdrbeitihateridldddi ty  about
50% greater t han coconut - based charcoal (available from Cal gon Carbon,

Pittsb ur é%)d thl‘%ggﬁ&.ﬁ %rfﬁteis %at@ﬁraﬁqmé Ofifeh 26 4 B RREMEREEROfBer] €Si N

derived mthe ysrs onated styrene-di vi nyl benzene avail abl e
from Rohm and il ad 7), other
mat eri &l skl’f%l‘(ﬂ’r‘ié ig? g%?f%éaoqf ‘? j;ffrma%ga%g’% %”é cgérarddﬂ' %a%dl ng

affinities, or conbr nat i ons t hereof. To further enhance the efficacy of
t he gener gbuladﬁmﬁa‘jefnly higle suriface aiedanatorialp Phish e eanablsaf @dsorbBgsMokes may be
included in the general adsorbent section. The sel ective adsorbent section

136 i ncl udggiiRess lvaabuvah@ﬁaeﬁree oF speeifvidya For ddfnsle,she peetaltadswbgtiout  a
filter plug material 142, such as in a "dual-dalmatian" 20 filter, known

in the arf . the s egfed§%m ‘.@1\% AU p Ig?t}\lﬁge'd%occ}n% chboR! #fi¢hPLyalsel ect ed

based on ?%b Speci or a predeterm ned cl ass of
chem cal rrgounds For exanple, th seI ecti.ve adélgrbent nmat er,i 146 may

be an i onbas erhPycPliis; ﬁhcas%f’éﬁné%rs B0 pLUTABUIR QXILey %i‘b‘ioglql?%?nﬂﬁ%or% and
Haas, 5000 Ri chnmond 6 WD 03/015544 PCT/ US02/ 24240 Street, Phil adel phi a,
PA 191137) as Well as anfisaralabastdotiangpab imailé fony semitantwaditegoal pih adensityi ndi ng
affinities. The Duolite A7 has a phenol -fornal dehyde rsin matrix and is
about 50% greater than coconut-based charcoal (available from Calgon Carbon,
Pittsburgh, PA), Ambersorb 572 or Ambersorb 563 (a carbonaceous resin derived
from the pyrolysis of sulfonated styrene-divinylbenzene available from Rohm and
Haas, 5000 Richmond Street, Philadelphia, PA 19137), other materials having similar
15 particle sizes, surface area and binding affinities, or combinations thereof., To further
enhance the efficacy of the general adsorbent, metal oxides or other metal-based
complexes may be included in the general adsorbent section.
The selective adsorbent section 136 includes a selective adsorbent material
146 dispersed throughout a filter plug material 142, such asina "dual-dalmatian"
20 filter, known in the art. The selective adsorbent material 146 is preferably selected
based on the material's 146 specificity for a predetermined class of chemical

compounds. For example, the selective adsorbent material 146 may be an ion-

exchange resin, such as Duolite A7 (available from Rohm and Haas, 5000 Richmond



surface-functionalized with primary and secondary am no groups, thereby
enhancing the resin's specificity toward the al dehydes and hydrogen

cyani de fwond/oiis4t obacco 5 snoke. Further, the sel ective &dsarsbhrn24imat eri al
146 nmust be selected taking into consideration that the contact conditions

bet ween t he taobac smoke t he dsar.bent 14 n a nunber
of vari abttest, Pgﬂ%‘fﬁiﬂpg& “Fé&/{] Dr gﬁdpgtePﬁellaV%%ﬁar%ﬁ?@%Bﬁé% gﬁ%ﬁ@ t hr ough
the filter as the cigarette is being snoked and how 10 nuch aqf. the tobacco
rod has Hendingeffsnitiesd TheiRuolitoAddeha phgrol-fommpddehyde ysin mavaa%‘(f)id@eous t hat
the sel ective adsorbent 146 have a surface area of greater than about 35

2 / g souifed filld@salized Mithipihardiahd sondway amési sbaps; eheaehy anhencing f ace ar ea
functional sites are easily accessible. Materials with greater surface

areas als denonst r, i dngtdbhcdeart of the
surface itge E‘??%Srsé’cic@}%té‘ﬁag t}%"%&gi{lﬁ@?ézé}dﬁﬁgdi@% g%ﬁgggﬁ%ﬁv\hen t he adsor bent
146 is dispersed in the filter plug 142. Wen the cigarette i s consuned,

t he t oPacterksnoke is puffed by the smoker through the filter 130. The
snmoke initially passes over the selective adsorbent section 136 where the
target ed snokeFmthes;tht seladtveadsorhets andberinl dh6 tivet bagelegted takingmtp he sel ecti ve
adsorbent material 146 and particulate matter in the snoke is retained by

the filteg, Qid%guiﬁﬁftﬁtiﬂ?é cohftRt odiliBi g Heivich Shestebico shiple pRS ies over t he
gener al aélsor ent section 134 where other constituents may be retained by

t he adsor ben rial 144 and additi rii s retained
by the fi‘l“ﬁ@%beﬂ{]ﬁ‘ge %ﬁ@&??"é@@%‘]ﬁgﬁfgg%%%%ﬁ%%@ﬂh%ﬁ nal |y,
t he renmai ni ng snoke then passes through the fil t_e{) 'ﬁl u %%12 ere
addi t i onasmeker prlsthetseokathrepgic i Hisr pxihs giegrettpap b $§lglP &is then
delivered to the snoker. _

10 much of the tobacco rod has been consumed prior to each puff. Thus, it is

advantageous that the selective adsorbent 146 have a surface area of greater than
about 35 m? / g so that there is minimal diffusional resistance and the surface area
functional sites are easily accessible. Materials with greater surface areas also
demonstrate less noticeable performance decline if part of the surface is covered

15 with a plasticizer, as might occur when the adsorbent 146 is dispersed in the filter
plug 142.

When the cigarette is consumed, the tobacco smoke is puffed by the smoker
through the filter 130. The smoke initially passes over the selective adsorbent
section 136 where the targeted smoke constituents are adsorbed on the surface of

20 the selective adsorbent material 146 and particulate matter in the smoke is retained
by the filter plug material 142. The remaining smoke then passes over the general
adsorbent section 134 where other constituents may be retained by the adsorbent

material 144 and additional particulate matter is retained by the filter plug material



In a first exanple enbodi ment of the present invention, as shown in Fig. 2
5the nultiple section filter 110 is nade having a filter plug 132 nade of1
cel | ul osewoasmissye tow and being about 7 mmin Iength, aneCrasongi2ao gener al
adsorbent section 134 consisting of 40 ng of activated coconut charcoal

144 di sper se ,tEro hout. . cel | yl gse acetate t.0 t iver a

tsect ![ 03 11_§t‘;'h g: I ,%IWW& S&W&Fﬁﬁeﬂmésr%?}ﬁo?#émgéﬁ %ﬁ?fggel 328%1(% gét e towis
reated with a plasticizer, and having a 10 sel ective adsorhent section 136

consi st i regidiifondpanticuddte Duaticr ¢as bezenipegse r Bedfiltered %@f?o‘ét%‘e@é{eﬂﬁ?%ge acet ate

tow 142 cut to deliver a section 136 about 10 mmin length wherein the

cel | ul osgoqgedRdi@rtow is treated with a plasticizer. Wien the tobacco rod

is burned with a nornmal puff / rest cycle, analysis of the snoke vapor

exiting at the nouth 5 :[1,161—&91‘0(?({%%1%{&2)\/;@]11%&% § fryaors RO ¥Weovp ﬁltfrig.tz',cal ly

significant 15 redict i ons. I n hydr ogen cyani de, furan,

pr opi onal dehyde, acetong, t hyl . et hyl one /[ hut yr al

Ul Ti a8, the suaiaavcaiee, e 1 o topiaea T Sbjs Gaand R EIee Y G e
tol uene and benzene as conpared to cigarettes using simlar resi n-onIS/
filters. atbete tolvearkddeimprabontd ming iblengthdandi hawing a groerbpdsotirant pectigRt cycl e
anal ysis of the snoke vapor exiting at the nouth end 131 20 of the ,

cigarett elfﬁ]t%n%@@ﬂ?oﬁi@ﬁ%%tfia@@altéd olcaiktit theandl 148 dusptisedhrougtohe | evel s of
pyri di ne, hydrogen cyani de, hydrogen sulfide, styrene, 2-methyl propanal,

benzene, r opi onal deh f.uran, | . - i r ot onal

acet one, C@B%Fa‘ﬁﬁ%ﬁtﬁq%?ﬁ%ﬁ%ﬁgl St e)f%%?&fogﬁell}gn]ag?u@zgr@ginﬁg?% tfI;f i de, arrg'? Eg?e,
ethyl ketone / 8 WO 03/015544 PCT/ US02/ 2424? .out ra#ﬂeh de,

pr opi onal whérgitethe aellitlensi acetpiedowantesied WHRIP aégc’@ﬁ‘%ﬁ% %I"lg dci garettes using
charcoal -only filters. As shown in Figure 2, the nultiple section filter
130 hag t &sechivk hédorint gectidr 136 dpmsisting of HE mpoeftDuddited A73lisperssd sel ecti ve
adsorbent section 136 adjacent the

throughout cellulose acetate tow 142 cut to deliver a section 136 about 10 mm in

-

length wherein the cellulose acetate tow is treated with a plasticizer. When the
tobacco rod is burned with a normal puff / rest cycle, analysis of the smoke vapor
exiting at the mouth end 131 of the cigarette 110 shows statistically significant

15 reductions in the levels of hydrogen cyanide, furan, propionaldehyde, acetone,
methyl ethyl ketone / butyraldehyde, hydrogen sulfide, 1,3-butadiene, 2-
methylpropanal, isoprene, styrene, pyridine, toluene and benzene as compared to
cigarettes using similar resin-only filters. When the tobacco rod is burned with a
normal puff / rest cycle, analysis of the smoke vapor exiting at the mouth end 131

20 ofthe cigarette 110 shows statistically significant reductions in the levels of
pyridine, hydrogen cyanide, hydrogen sulfide, styrene, 2-methylpropanal, benzene,
propionaldehyde, furan, isoprene, 1,3-butadiene, crotonaldehyde, acetone,

acrylonitrile, acetaldehyde, toluene, carbon disulfide, methyl ethyl ketone /



5 tobacco-rod end 137, and the general adsorbent section 134 positioned
between the filter plug 132 and the sel ective adsorbent section 136. In an
al t er nat iwe ognbisdi nrent, such as shown in Figure 3, a cigaPemtuso2iQ40 has a
mul tiple section filter 230 mherein the filter plug 132 is positioned at

the nrmouth end 131, the r ent .se 134 acent the
t obacco- rdyraldgh R@?}Ol’gﬁﬁﬁ}’%e e ?IE ¢ ad gl?) g?‘\st Comeé a??cgﬁl 136 is

sandwi ched between the filter plug 132 and the general adsorbent section
134. | n tdigsettasivethigrobatcoaldenly figfers- nor mal  puff, the snoke first passes
t hrough the general adsorbent section 134, then through the selective

adsor bent sect A9ghokdbin ABsteR fichyltiplersoctipn filtee 180 hhethefiltegpli@232 Mor eover ,
the nultiple section filter 230 is essentially identical to the filter 130

15 (Fig. 4 aecg{ﬁl hﬁmoil%khgﬁd 2R s@legtr?egﬂftsﬁﬁ)@ $G6P136 Rfhcchh@egener al

adsor bent adj acent acco rod 20 and the selective

adsorbent section 136 is _sandw c ween t ter and the
gener af adlgbecpapd enddd],gnd 1*3?433116“@\;:%‘%0%‘?8" QSSB%R:E%A’ P%Sa“‘?f?dﬁ’ﬁf{ﬁ%ea%é% th a
normal puff / rest cycle, analysis of the snoke vapor exiting at the nouth
end 131 ofiltdripdug] ipoaret the sélddiveRilgprb@)t sediond 360 st ati stical ly significant
reductions in the | evels of propional dehyde, acetone, nethyl ethyl ketone

/ butyral dehyd{a a,ncaﬁfah%% @ﬁllamii%lenhxdapmowhﬁ Filwe 2; a@ipdrpttp2bpanal

pyridine, acrolein, toluene, acetaldehyde, acrylonltrlle met hanol and

benzene ed Lo tt.es | ters. Wen

t he toba(a:}i% @%P S@C%ﬁ@%&?x"@ @%@P@éﬁ&&gﬁéﬁg é“ d a nor mal puf f
/| rest cycle, analysis of the snpoke vapor exiting at nd 131 of
the ci garmouts erd( 33 hibagesaraladserben|sestios; 13dils pdiasant fh?cfa QGFBFI'% F the levels
of pyridine, hydrogen cyani de, benzene, propionitrile, crotonal dehyde,

acetong, gs7,¥ho@tliclseidctve adsetbehtiebyicie] 36 vlsaetvechakdiweendihe Gilter pleg net hyl
et hyl ketone 5 / butyral dehyde, propional dehyde, acetonitrile, and nethanol
as compar ?ﬁ 11 the general adsorbent section 134. In this embodiment, during a normal
puff, the smoke first passes through the general adsorbent section 134, then through
the selective adsorbent section 136, and finally through the filter plug 132.
Moreover, the multiple section filter 230 is essentially identical to the filter 130
15 (Fig. 2) of the first example embodiment except that the general adsorbent section
134 is adjacent to the tobacco rod 20 and the selective adsorbent section 136 is
sandwiched between the filter plug 132 and the general adsorbent section 134.
When the tobacco rod is burned with a normal puff / rest cycle, analysis of the
smoke vapor exiting at the mouth end 131 of the cigarette 210 (Fig. 3) shows
20 statistically significant reductions in the levels of propionaldehyde, acetone, methyl
ethyl ketone / butyraldehyde, crotonaldehyde, hydrogen sulfide, 2-methylpropanal,

pyridine, acrolein, toluene, acetaldehyde, acrylonitrile, methanol and benzene as

compared to cigarettes using similar resin-only filters. When the tobacco rod is



cigarettes using charcoal-only filters. As shown in another enbodi ment in
Figure 4, in a nultiple section filter 330 of a cigarette 310, the

absor bentw0b44155446 are packed within the filter plug maPeriwh2/a4d hin

| ayer sections of general absorbent 344 and sel ective absorbent 10 346. In

this enbqdinent.. the |ayer. packed absprhe . gss

pl asti ci etdh%ﬁhf‘ﬁgn?%\ﬂugﬁ/stﬁsg% 8’aé%@'(%}rgﬁgtﬁ}?es&gcﬁ(c?%gtgg‘?ﬁm%%téﬂiurface ar ea
for interacting with snoke constituents. Mreover, as shown. in Figure 7, a
mil ti - seuoutbrnd 151 ef the3igaresic 24 Osheyss sebicahy SigALIARUSIHaNg HlF o

adsorbent 344 and the selective adsorbent 346 dispersed in separate

secti ons 1{dl0bfNpydiding) Gleroemgfdnidef berizbnd, ipbopderstrile,| dreonatdelerdeal 342, An
advant age of the enbodi nent 110 of Figure 2 is that the snoke passes over

h | ' ‘ ‘ f.9fen i e I
e o el WRAOREIE, TEAANRLC IHRche onenames aoroyet cLiPaoher

adsor bent sel ective adsorbent 146 to renove sone
speci fic snoke  conpstituen before t eneral adso 4 is exposed to
t he sndkée,butyraldghydespropiq eh{f?ef ﬁ‘ée%ﬂjé{\lﬁ?’%fl &E@&Wgﬁﬁ éo?ﬁ%&?éot%be nor e
effective in renoving the remaining snoke constituents. Thus, there is a

syner gi stdigaretiésasingadbemoakenlf diltetshe adsorbents in the cellul ose acetate /
general adsorbent / specific adsorbent orientation as conpared to the

cel | ul ose acet % endwisRERoflics eBs@RaNMN Fig@eneirpd mattinde beetibn filleMO 03/ 015544
PCT/ US02/ 24240 orientation. As shown in Figs. 5 and 6, in a nultiple

Sect Lo 14 §a A0 Al 10 He AonEhdua LB RRG P RPERE) VeIV, L Ne

filter plut petween jt’he . eral adsorbent section 134 and
{ho t obacoelerismeAbI TAYFsgEtcgs of goery 2bwr bl A4 RRL PN S AOTDRRE section
136 is at the nouth end of the filter 430 and in Fig. 6 the general
adsor lj@nt 346. In this embodiment, the layer packed absorbents are exposed to less
plasticizer than the tow-dispersed absorbents and retain more surface areé for
interacting with smoke constituents. Moreover, as shown in Figure 7, a multi-
section filter 630 for a cigarette 610 includes the general adsorbent 344 and the
selective adsorbent 346 dispersed in separate sections within a single length of
15 fibrous filter material 342.
An advantage of the embodiment 110 of Figure 2 is that the smoke passes
over the selective adsorbent material 146 before passing over the general adsorbent
144, This allows the selective adsorbent 146 to remove some specific smoke
constituents before the general adsorbent 144 is exposed to the smoke, thereby
20 allowing the general adsorbent 144 to be more effective in removing the remaining
smoke constituents. Thus, there is a synergistic effect observed for the adsorbents

in the cellulose acetate / general adsorbent / specific adsorbent orientation as

compared to the cellulose acetate / specific adsorbent / general adsorbent

10



section 134 is at the nmouth end of the filter 530. Moyreover, as shown in
Fig. 8 a multiple section filter 730 of a cigarette 710 includes only a
general aWewmBlesst4 section 134 and a sel ective absorbent ®ewtisom436. 10
The follow ng exanpl es are representative of the enbodi nents which can be
prepared ip accordance with the present invention and the snoke constituent
r enoval p%?ePEﬂ“Hﬁnce of those enbodi nents. The enbodi nents presented are
intended for exanple purposes only and are not _int endﬁeﬂ%gfoge limting in
scope. Exanpl eAdshowrcinggige tStaad 01 01 aumpkipde saghen Hiter 430 lter 130 is
prepared as 15 shown in Figure 2 wherein a filter plug 132 is nmade of

cel | ul ose;;ag6liala otaw 5a00eksectidipithe Filtamplig 182isgtisposed beweerathe adsor bent
section 134 consists of about 40 ng of activated coconut charcoal 144

di spersed_t hr 1§} r iorACR ialRe t5oadl42 cut to
del i ver ag¥£%€#%%%%%ﬁggﬁgﬁgg&é&%%%FﬁﬁFgﬂafﬁgmgﬁg§gug§Iectiv% adsor bent
section 136 consists of about 40 af ite.A7 dis ghout 20
pl asti & Ziérdiaeerag e’é‘%Pf@Fé&@‘“‘%&: Oén%%liﬁ%&%ts tﬁgsgg{tﬁr\%}gg gJ(;Ill{’éﬁe'!cti on 136
about 10 mmin length. The filter is attached to a tobacco r%d havi ng a

| engt h of seation1365.45 thenmowth@nd ofitheifilien 43 qieslin Rig 70 thg general adsorben

non- ment hol cigarette blend wapped in a 50 Coresta cigarette paper with

about 1. 8%.chk 194 R at TEMEhHRNE LF tredBict §80.5 Mibedsver, 44 sHHTNIR/FG 5544
PCT/ US02/ 24240 10.3 ng tar per cigarette. Exanple 2. A cigarette 210 with

A T e B e e et

section 134, and the selective adsorbent section 136 are 5 essentially
i dent i cal sactjor h34 pnd ¢ seleqiiviggbgasbent 6¢diogdalr al adsor bent section 134, and
the sel ective adsorbent section 136 of Exanple 1. The filter is attached to
gf ; oh@cco rodThatillegviag bemailes o repbesentatée 6f thmembddiowntsavhichgambout 617 ng
be prepared in accordance with the present invention and the smoke constituent
removal performance of those embodiments. The embodiments presented are
intended for example purposes only and are not intended to be limiting in scope.
Example 1: A cigarette 110 with a multiple section filter 130 is prepared as
15 shown in Figure 2 wherein a filter plug 132 is made of cellulose acetate tow and is
about 7 mm in length, a general adsorbent section 134 consists of about 40 mg of
activated coconut charcoal 144 dispersed throughout plasticizer-treated cellulose
acetate tow 142 cut to deliver a section 134 about 10 mm in length, and a selective
adsorbent section 136 consists of about 40 mg of Duolite A7 dispersed throughout
20 plasticizer-treated cellulose acetate tow 142 cut to deliver a section 136 about 10
mm in length. The filter is attached to a tobacco rod having a length of about 56.5

mm and containing about 617 mg of a typical non-menthol cigarette blend wrapped

in a 50 Coresta cigarette paper with about 1.8% citrate. The cigarette delivers about

11



typi cal non-nmenthol cigarette blend wapped in a 50 Coresta cigarette paper
with about 1.8%citrate. The cigarette delivers about 10.0 ng tar per

ci garett ewOlG/0Bsatpl e 3: Cigarettes are prepared as i n EXaplusod2exeept
that about 20 ng Duolite A7 is used in the selective adsorbent section 136
i nstead qf .40 . The igarette delivers about 10.2 ng tar per cigarette.
Exanpl e 9'3@5%@?{%@”3&8 prepared as in Exanple 2 - except that about 20 ny
Duolite A7 is used in the selective adsorbent ,se%gi 0 %36 i nstead of 40 ny.
The 15 ci gar dixemptied:i AeigaretisAHO vith 9 mydiglg pechign 1ie"gng‘ BPEPALanpl e 5:
Cigarettes are prepared as in Exanple 1 except that about 60 ng Duolite A7
i s used iwith ihe séloaciricuatiagsarshewh iis Bipnieoh whasin hetfidetpl 140, thg. The
cigarette delivers about 10.0 ng tar per cigarette. Exanple 6: C garettes

are prep reﬁ&flﬁfdsgfi)g@(s%gﬂ%fl 4, Gt E BRsclcbRbe AROMWENERctict0138arPUOl ite A7 is used

inthe s Ctive adsorbent section 136 instead of 40 ng. The <cigarette

del i vers about_ 10, 3. tar per ci ette, a ren G t are

pr epar®d eagenpﬁllgdg%%g tﬁ&gﬁt@ﬁ’ﬁl@ﬂgé’ thsgﬁ?e%%lﬁ IEE)érrrgm(?;[fs ecgﬂo%al[%f al - based
charcoal made fromsenm -anthracite coal is used in the 12 WO 03/ 015544

PCT/ US02/tRd gA6ctivg edsarbdnt seitiondanof Esampled - 136 flies iscd@ceid @@ ng of activat ed
coconut charcoal. The cigarette delivers about 10.1 ng tar per cigarette.

Exanpl e 8,p4dc8 26Ehdvesy AlefgMIcTRBERS caBmirnaid@npiting abxa @7 mgefia about 69 ny
of a mneral -based charcoal made from sem -anthracite coal is used in the 5

general adsarbent s i I 4 2 @é‘agé dr wRaRONUL
char coal étyﬁlﬁal no&'lagrﬁgéltngaéget%%%ﬁ&lga%gﬁ?fnl%%@% taar peﬁrﬂ%:a?gar ette. Exanple
9: Representative cigarettes of re snmoked to a butt length

of about abonil BYusiitetie The gigaisle d& 1\?@”?%‘9%63(8&&% %F?W%g%r %i ng
10 Example 3: Cigarettes are prepared as in Example 1 except that about 20
mg Duolite A7 is used in the selective adsorbent section 136 instead of 40 mg. The
cigarette delivers about 10.2 mg tar per cigarette.

Example 4: Cigarettes are prepared as in Example 2 except that about 20

mg Duolite A7 is used in the selective adsorbent section 136 instead of 40 mg. The
15 cigarette delivers about 10.9 mg tar per cigarette.

Example 5: Cigarettes are prepared as in Example 1 except that about 60
mg Duolite A7 is used in the selective adsorbent section 136 instead of 40 mg. The
cigarette delivers about 10.0 mg tar per cigarette.

Example 6: Cigarettes are prepared as in Example 2 except that about 60

20 mg Duolite A7 is used in the selective adsorbent section 136 instead of 40 mg. The
cigarette delivers about 10.3 mg tar per cigarette.

Example 7: Cigarettes are prepared as in Example 1 except that about 69

mg of a mineral-based charcoal made from semi-anthracite coal is used in the

12



machi ne. Following the procedures set forth by the FTC, snpke constituents
10 exiting the filter end of each cigarette are passed through a Canbridge
filter pawposphss4vapor phase is collected in a bag and anaiCyasd2/pp4GC/ V5.
The data is nornmalized to about 10 ng tar per cigarette. Average Vapor

g BaZS Yb%ggqagg%g@g%ﬂ&%ggﬁ ﬁé ﬁl%tegid 5t 40 f4ng50f Qotivated SoeBRT G Haftbal@RP! €0 My 40

---------- ----------- 20 Filter Segnent CA/ GA CA/SA CAGN CA SA CAN &N
CA/ SA  Qighzettd BAVEA aBputdA). Smedta peasttitidehyde 330. 9 333.7 380.7 346. 2

320.3 310.9 Isoprene 231.4 240.4 252.1 246.1 227.4 227.2 25 Acetone 144.1

163.5 ;56: 0 16@Xa§1p1¢4§;. Ciddrdtted ardvpropandbs ih(Rixaenpl@2 ecepl thabalionp 68 111.7 98.5
Acetonitrile 59.8 72.0 67.0 77.4 62.8 57.3 Acrolein 29.6 31.4 33.6 32.2

Eg:r Eraiéeé‘?égg/? %g‘%{%eré%%gi éﬁq\ig‘?g i ?Qrfpszegg%&t%%%i BB Zﬁ‘fy)iél 02274 203
5 general ads%rbe’ng se%!clltor? %(? Pneste% '0?48 ?riggo a?:tiéatezé <':0500r2n§f c%agc%ap The
cigarette delivers about 10.2 mg tar per cigarette.
Example 9: Representative cigarettes of Examples 1 - 6 are smoked to a
butt length of about 4 mm from the tipping using a Borgwalt RM-20 smoking
machine. Following the procedures set forth by the FTC, smoke constituents
10 exiting the filter end of each cigarette are passed through a Cambridge filter pad,
the vapor phase is collected in a bag and analyzed by GC/MS. The data is

normalized to about 10 mg tar per cigarette.

Average Vapor Phase Yields (pg/cig)

Cigarettes 1 2 3 4 5 6
15 | Prepared by
Example:
mg 40 20 60
Duolite/cigarett
e
20 | Filter Segment CA/GA CA/SA/ CA/GA/ CA/SA/ CA/GA/ CA/SA/
Order /SA GA SA GA SA GA
Acetaldehyde 330.9 333.7 380.7 346.2 320.3 3109
Isoprene 2314 2404 252.1 246.1 227.4 227.2
25 | Acetone 144.1 163.5 156.0 160.5 148.0 151.4
Methanol 104.9 127.6 114.5 142.8 111.7 98.5
Acetonitrile 59.8 72.0 67.0 77.4 62.8 57.3
Acrolein 29.6 314 33.6 322 28.5 29.9
Methyl ethyl 29.3 359 30.9 38.5 30.1 31.6
30 |Kketone
Formaldehyde 235 25.8 25.5 25.0 22.1 24.5
Propionaldehyd 25.7 27.4 29.3 28.5 25.3 25.0
e
1,3-Butadiene 25.5 25.9 27.5 25.5 25.8 25.0
35 | Toluene 225 253 22.0 27.5 23.9 22.5
Benzene 20.6 23.6 21.6 24.1 211 214

13



35 Toluene 22.5 25.3 22.0 27.5 23.9 22.5 Benzene 20.6 23.6 21.6 24.1 21.1
21.4 13 WO 03/015544 PCT/ US02/ 24240 Acrylonitrile 16.8 17.7 18.0 18.0
17.0 16. Swomaness446.2 17.0 17.3 16.4 16.4 16.2 Hydrogen PETISAH2424®0. 7

19.6 13.6 14.8

Pr opi oni
Met hyl pr
2.7 2.6
1.9 1.9
adsor ben
Repr esén
of about
Fol | ow n
the filt
t he V3Ro

15

20

25

30

35

40

cyanide 5 Hydrogen 12.9 13.0 14.0 12.9 13.1 12.7

sul fide

rile 9 15,0 5 15. 3.6 1 2- 647 7.0 g6 64

p%{ﬁ'é{ w7 }g’i dehyd?;'s(?)l %33 5 6. 3§§5f1 Z;g Car begi, 2. % 2.6

H‘B'r'éeS dISU|fI§§ St Msne2é3.8 %9 92]I 7 Py;gdre 1.9

chlig§18 l:ellul Seaetaefllter = gener al

5? 8T|on SA|= selective, adsorbepg sectﬁp@ anng@ 10: 127

¥lci gar etft es”Of Exarrp es|7 and 8 are snoked to a butt |ength

o xomelQ mthe tipping usihg & Besgwalt R\ 20 |smakieng 2@2.8mchi ne.
TR rocedures_ gt forth, by|the; FTC, srpke ¢onskist uent sggxi tli ng
ﬁ‘@ fnSach C|gare;te are Wassed t hrough a|Canbridge filtern pad,

1P 3Se s colll ected in a bagjand anal yzed by |GC/M5. The datalis

Crotonaldehyd 5.1 59 5.5 6.3 53 5.0

[

Carbon 2.5 2.6 2.7 2.6 2.6 2.5

disulfide

Styrene 2.0 1.8 2.2 1.9 2.1 1.7

Pyridine 1.9 1.9 1.9 1.8 1.9 1.8

CA = cellulose acetate filter plug; GA = general adsorbent section; SA = selective adsorbent section

Example 10: Representative cigarettes of Examples 7 and 8 are smoked to

a butt length of about 4 mm from the tipping using a Borgwalt RM-20 smoking

machine. Following the procedures set forth by the FTC, smoke constituents

exiting the filter end of each cigarette are passed through a Cambridge filter pad,

the vapor phase is collected in a bag and analyzed by GC/MS. The data is

normalized to about 10 mg tar per cigarette.

Average Vapor Phase Yields (ug/cig)

Cigarettes Prepared
by Example: 7 8
mg Duolite/cigarette 40
Filter Segment Order CA/GA/S CA/SA/
A GA
Acetaldehyde 343.4 364.2
Isoprene 225.0 268.9
Acetone 138.6 162.3
Methanol 95.1 134.7
Acetonitrile 61.4 84.6
Acrolein 9.8 35.3
Methyl ethyl ketone 28.3 39.8
Propionaldehyde 26.4 30.2
1,3-Butadiene 25.4 27.7
Toluene 18.7 24.2
Benzene 21.3 27.3
Acrylonitrile 7.5 9.0

14




normal i zed to about 10 ng tar per cigarette. Average Vapor Phase Yields
(g/cig) 25 Cgarettes Prepared by Exanple: 7 8 ng Duolite/cigarette 40
--------- WO-03/015544 - - - ---- ------------- Filter Segment Oraem/uSAH/B4E CA SA/
A GA Acetal dehyde 343.4 364.2 30 |soprene 225.0 268. 9 Acetone 138.6 162.3
Met hanol 95.1 134.Y_. Acetonitrile 6134 82§§) Acrol g 35.3 35 Met hyl

et hyl ketone 28.3 Bmgzngro al dehyde 26,4 30.2 ﬁ Btadl ene 25.4 27.7
Bl P

Tol uene 18.7 24.2 27. 3|40 lonitril 9.0 14 WO
03/ 015544 PCT/ US02/ Hadvgen pfide 17. 0| 18. 44% dr ogen léylam e 16.7 19.5

Hydr ogen sul fi de 14Piopiehittile Propi oni{ril el515. 7 20. 2
5 2-Methylpropanal 13.0 14 8
Crotonaldehyde 33 5.1
Carbon disulfide 2.8 2.8
Styrene 1.8 2.1
Pyridine 1.3 1.4

10  CA = cellulose acetate filter plug; GA = general adsorbent section; SA = selective adsorbent section

From a production perspective, there are some advantages to dispersing the
selective adsorbent material 146 and the general adsorbent material 144 throughout
the filter tow 142. Specifically, when the adsorbents 144, 146 are dispersed within
the tow 142, the adsorbents are easier to handle than they are as loose particles.

15 However, when the adsorbents 144, 146 are dispersed within the tow 142, there isa
risk that any plasticizer which is used on the tow 142 will affect the surface of the
adsorbents 144, 146, thereby reducing the adsorption capacity. Thus, as shown in
Figure 4, the adsorbents 144, 146 may be packed within the filter plug material 142
as thin layer sections of general adsorbent 344 and selective adsorbent 346.

20 Because the layer packed adsorbents would not be exposed to the same level of
plasticizer as the tow-dispersed adsorbents, the adsorbents would retain more
available surface area for interacting with smoke constituents.

From a reading of the above, one with ordinary skill in the art should be

* able to devise variations to the inventive features. For example, the filter plug, the

25 general adsorbent section, and the selective adsorbent section may vary in length
and diameter, relative to any dimensions specified herein and relative to each other.
Further, the various section dimensions may be optimized for a particular tobacco

blend or for particular tobacco rod dimensions. These and other variations are

15



5 2-Met hyl propanal 13.0 14.8 Crotonal dehyde 3.3 5.1 Carbon disulfide 2.8
2.8 Styrene 1.8 2.1 Pyridine 1.3 1.4 10 CA = cellul ose acetate filter

pl ug; GA wOoganersad adsorbent section; SA = sel ective adsoPb@niSoyzLsé on
From a production perspective, there are sone advantages to dispersing the
sel ective adsorbent material. 146 and t?ﬁﬁ%}ne&%L ad%orbent material 144

t hr oughoubelievedtoriall pathin thy sPAD andSAPFO; %VC MH™he adsorbents 144, 146
are dispersed within the tow 142, the adsorbents are easier to handl e than
they are as | oose particles. 15 However, when the adsorbents 144, 146 are
di spersed within the tow 142, there is a risk that any plasticizer which
is used on the tow 142 will affect the surface of the adsorbents 144, 146,
t hereby reducing the adsorption capacity. Thus, as shown in Figure 4, the
adsorbents 144, 146 may be packed within the filter plug material 142 as
thin |l ayer sections of general adsorbent 344 and sel ective adsorbent 346.
20 Because the | ayer packed adsorbents woul d not be exposed to the sane

| evel of plasticizer as the tow di spersed adsorbents, the adsorbents woul d
retain nore available surface area for interacting with snoke
constituents. Froma reading of the above, one with ordinary skill in the
art should be able to devise variations to the inventive features. For
exanple, the filter plug, the 25 general adsorbent section, and the

sel ective adsorbent section may vary in length and dianeter, relative to
any di nensions specified herein and relative to each other. Further, the
various section dinmensions may be optim zed for a particular tobacco blend
or for particular tobacco rod di nensions. These and other variations are 15
WD 03/ 015544 PCT/ US02/ 24240
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believed to fall wthin the spirit and scope of the attached clains. 16 WD
03/ 015544 PCT/ US02/ 24240 CLAIMS 1. A nultiple section cigarette filter
conpri si MNyO 03@)55a4 sel ecti ve adsorbent section conprising &Csalsertize 5
adsorbent material having an affinity for a predeterm ned class of chem cal
conpounds giagﬁésed t hroughout a fibrous material; and (b) a general

adsor bent €Ll n conprising a general adsorbent material having a high
surface area and bei ng capabl e of adsorbing 10, snoke constituents w thout
a high degree bf spAchpltiplespctiomsigarstie BHet CPEIPEEES bent section, and said
general adsorbent section being co-axially aligned in tandem 2. The
cigarette filter of (gl ai msdlemheradsorbasisectial contprismeadstacient material 15
i's an igon-exchange h@gient3. The cigarette filter of Claim2 wherein said
sel ective adsorbent material has a surface area sufficient to ensure that

the surface functional ?I{iazilltagf?lg%flgl.ffﬁ@j %%?9&1‘3&%{}%&&&5 8r Simksconsti tuent.

20 4. The ci garetterf“i1t el'n sald i on-exchange resin has a
phenol - f or mal dehyde resin matrix and is surface-functionalized with

primary and secondaropmpernds ¢srsaisd thugugheyd aéi%ﬁ%ﬂsé’fl{‘]‘@n?li M%r of daim?2
wherein said selective adsorbent section conprises said selective
adsorbent material @)speagenerhhudsorhatsection @Bnrisingugeneeal @dsaabent6. The
cigarette filter of Claim2 wherein said sel ective adsorbent
material having a high surface area and being capable of adsorbing
10 smoke constituents without a high degree of specificity, said
selective adsorbent section, and said general adsorbent section being
co-axially aligned in tandem.
2. The cigarette filter of claim 1 wherein said selective adsorbent material
15 is an ion-exchange resin.
3. The cigarette filter of Claim 2 wherein said selective adsorbent
material has a surface area sufficient to ensure that the surface functional
sites are easily accessible to a smoke constituent.
20 4. The cigarette filter of claim 2 wherein said ion-exchange resin has a
phenol-formaldehyde resin matrix and is surface-functionalized with
primary and secondary amine groups.
5. The cigarette filter of Claim 2 wherein said selective adsorbent
section comprises said selective adsorbent material dispersed throughout a
25 fibrous material.

6. The cigarette filter of Claim 2 wherein said selective adsorbent

section comprises a close-packed bed of said selective adsorbent material.

17



section conprises a cl ose-packed bed of said selective adsorbent material .
17 WO 03/ 015544 PCT/ US02/ 24240 7. The cigarette filter of claim1l wherein
sai d genewealosatses bent nmaterial is selected fromthe groupcCrarsst/sing of

activated charcoal, activat ed coconut carbon, activated coal -based carbon,

zeolite, silica ge meerse um _oxi ar coal
made from seni 5 a %?IE%IFF% rPClaémcLﬁaWB%rﬁlélcsgb(fé eng %% ?‘?1)3% ee?]?;ﬁ/ﬂegar%ir.'om t he
pyrolysis of sulfonated styrene di vi nyl benzene, or conbi natjons thereof.
8. The ci gar et tiesdlédtedfromfthe groumernsisimeaitactivites derrophPCtist bent section
conprises said general adsorbent material dispersed throughout a fibrous

material . 10 9.cofhfuit ch®aheictieatbd béabasdd cattminpredlind)silieh gekai d gener al
adsorbent section conprises a close- packed bed of said general adsorbent
material . 10. THE GhaRhehbfidic bEitef cdl-BA EnitEH Thate TRl s er A

adsor bent sectlng) her rreta oxl de or ot her met al - based

conplex. 11. The cigarette filter of cl nc n afl rous filter
plug wherein Enthyagie qopl aCATHONRLFOPSTS HV?%#P H Y‘% ctgl | ul ose acetate

tow, paper, cotton, polypropylene web, pg@% propyl ene tow pol yester web,
pol yester tow cnulfanatedmﬂyrama{dmnylbblmeagfoxc thatipir tbergof.i | ter plug being
co-axially aligned in tandemw th said selective adsorbent section and

sai d general adgor hROtigaRae HleFof Aliml2ZwhiRe Slidpartd @dsorbéresedionc| ai m 11
wherein said filter pl ug further includes a plasticizer, a liquid

ddi fl
PO vey 2 ) A POF Rl RO AL BT landh G gt

material.

10 9. The cigarette filter of claim 7 wherein said general adsorbent section
comprises a close-packed bed of said general adsorbent material.
10. The cigarette filter of claim 7 wherein said general adsorbent section
further includes a metal oxide or other metal-based complex.
11. The cigarette filter of claim 1 including a fibrous filter plug wherein

15 said filter plug is made from cellulose, cellulose acetate tow, paper, cotton,
polypropylene web, polypropylene tow, polyester web, polyester tow or a
combination thereof, said fibrous filter plug being co-axially aligned in
tandem with said selective adsorbent section and said general adsorbent
section.

20 12.  The cigarette filter of claim 11 wherein said filter plug further
includes a plasticizer, a liquid additive, a flavoring agent or a combination
thereof.

13. The cigarette filter of claim 11 wherein said general adsorbent section

18



18 WD 03/ 015544 PCT/ US02/ 24240 is positioned between said fibrous filter
plug and said sel ective adsorbent section. 14. The cigarette filter of
clai m 11 wbes®iis4sai d sel ective adsorbent section is posiPCirarsez242¢¢ ween
said fibrous filter plug and said general 5 adsorbent section. 15. The
cigarette filter of . Caim1l, said fibrous . filter. pl .bei sitioned
bet ween sai d séf B?ﬁﬂtilwgé’ﬁg’?ﬁeﬁéﬁ‘g f@é&%%‘ﬁf&% aélgisaldgsgt‘j?gP% acg’gﬁ’ggfbent
section. 16. The cigarette filter of daim1l, including a plug wap
circunscri bi ng sedfnsai d general adsorbent section and said selective
adsorbent section. 17. The cigarette filter of claim1, said selective

absor bent mat erjisal T8 Vigagkttedilfel bf @atn A1 GheMULRIECENan addopbint 35 n2/g. 15
18. A multiple section cigarette filter conprising: (a) a fibrous filter

pl ug selected fromt.he gr.oup .c I SLi I : .l ose acetate
tow, paper, cotsf"%}?,n 158?%%?%%%6%%%\/\%@%%{5 f&%’?&’%‘% %ﬁigsa%(g ,ne%gl yester web,
pol yester tow or a conbination thereof; 20 (b) a sel ective adsorbent

secti ond conpr i Sidpybe spgexchange resin having a surface area sufficient
to ensure that the surface functional sites are easily accessible to a
smoke constit uelst ; Thadigafatde fAtegefi€iah 1ddsnd Hbrous idtet plog beiwgpr i si ng a
general adsorbent material selected fromthe group consisting of activated

Chalr .C,?al ’ 2|5 aGlos¥Rhefb&ReOMHid SAEARE adffbdny 8étidn GA@kaiA@sRGalcar bon,
zeolite, silic

adsorbent section.

16. The cigarette filter of Claim 1, including a plug wrap circumscribing
10 said

general adsorbent section and said selective adsorbent section.
17. The cigarette filter of claim 1, said selective absorbent material having
a  surface area greater than about 35 m%g.

15 18. A multiple section cigarette filter comprising:

(2) a fibrous filter plug selected from the group consisting of
cellulose, cellulose acetate tow, paper, cotton, polypropylene web,
polypropylene tow, polyester web, polyester tow or a combination
thereof}

20 (b) a selective adsorbent section comprising an ion-exchange
resin having a surface area sufficient to ensure that the surface
functional sites are easily accessible to a smoke constituent; and
(c) a general adsorbent section comprising a general adsorbent
material selected from the group consisting of activated charcoal,

25 activated coconut carbon, activated coal-based carbon, zeolite, silica

19



19 WO 03/015544 PCT/ US02/ 24240 gel, neerschaum al um num oxi de, a

coal -based charcoal nade from sem -anthracite coal, a carbonaceous resin
derived fwomBwohas4pyrol ysis of sul fonated styrene-divinyl b@azarse2/242m0

conbi nations thereof, said fibrous filter plug, said selective adsorbent

section, and 5 said general adsqrbent secgtion i n o-axially aligned in
tandem 19. The ci gagegtm@rqthglg*ﬁgml@php & %ﬁgﬁéﬁeﬁcggf%a)ii%aﬁl-e&?&agge
resin has a phenol -formal dehyde resin matrix and is surface-functionalized
with 10 primary anceséothdaitg caali aearjomagpens regn detieedciroarteéte filter of
claim 18 wherein said selective adsorbent 15 section conprises said

i on-exchange resin diysp§sis 88 silfmateaRBuéneaditingTbetsene G @hibihatiodd . The
cigarette filter of '¢claim 18 wherein said selective adsorbent section

conprises a close-packed.bedq of sai.d ipn-exchan r.esi . Th igarette
filter of claim18 %ﬁ%ﬁﬁ@f’ ﬁalga’{ﬁﬁmﬁzj}'}%? Bﬁlgaﬁi %?%%‘%’?’efg&gg%rfti%%cﬁlogb%lp(irci ses said
general adsorbent material dispersed throughout a fibrous material. 23.
The cighrette filt ersaaf gaesml aidfbenhsrctipn beiag dogsisdly aligneibivrtbadem. secti on
further includes an additive selected froma netal oxide or other

net al - based conpl ex. TiRbigdtettd HRer@f@tiimt 8oy idréih eiiddbn-eketiangd fesintiesei n sai d
general adsorbent section conprises a close-packed bed of said general
adsorbent material. 25. The cigarette filter of claim 24 wherein said

general adsor beBltlenol-formaldehyde resin matrix and is surface-functionalized with

10 primary
and secondary amine groups.
20.  The cigarette filter of claim 18 wherein said selective adsorbent
15 section comprises said ion-exchange resin dispersed throughout a fibrous
material.
21.  The cigarette filter of claim 18 wherein said selective adsorbent
section comprises a close-packed bed of said ion-exchange resin.
22.  The cigarette filter of claim 18 wherein said general adsorbent
20 section comprises said general adsorbent material dispersed throughout a
fibrous material.
23. The cigarette filter of claim 22 wherein said general adsorbent
section further includes an additive selected from a metal oxide or other
metal-based complex.
25 24,  The cigarette filter of claim 18 wherein said general adsorbent
section comprises a close-packed bed of said general adsorbent material.

25. The cigarette filter of claim 24 wherein said general adsorbent

20



20 WD 03/ 015544 PCT/ US02/ 24240 section further includes an additive
selected froma netal oxide or a netal- based conplex. 26. The cigarette
filter ofwoloaionisd8 wherein said filter plug is made from pecalusat/oeeo acet at e
tow 5 27. The cigarette filter of claim 18 wherein said filter plug

further includes,. ti.chzer, L.qul Lilve . I gent or a
conbi nation t hgercgg %’l@%’.r mlcll%%&é iaagcrlégbtggégﬁ?%dgﬁé%fa I{:lftgll #1@%8{/\%}@?@%} sai d
general adsorbent _section is positioned between said fibrous filter plug
and sai d sel ect P#8d complg¥sor bent section. 29. The cigarette filter of claim
18 wherein said selective adsorbent section is positioned between said
fibrous filter pbug a&hdcarettediteroidlainatdohbent sagkfiltergriug B0nadeifeormi garette
filter of claim18, said fibrous filter plug being 15 positioned between
sai d sel ection ghfgsdentiaf8ss on and said general absorbent section. 31.
The cigarette filter of claim 18, said selective absorbent material 20

having g sur f acgyareqyd Eﬁg%;[e?tlé ﬂtlt%i"st or az%mn% gzherelznlsaid filter plug further

includes a plasticizer, a liquid additive, a flavoring agent or a combination
thereof.
28.  The cigarette filter of claim 18 wherein said general adsorbent
section is positioned between said fibrous filter plug and said selective

10 adsorbent section.
29.  The cigarette filter of claim 18 wherein said selective adsorbent
section is positioned between said fibrous filter plug and said general
adsorbent section.

30. The cigarette filter of claim 18, said fibrous filter plug being
15 positioned

between said selection absorbent section and said general absorbent section.
31. The cigarette filter of claim 18, said selective absorbent material

20 having a surface area greater than 35 m%/g.
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