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10/ 011, 841, filed October 30, 2001. BACKGROUND OF THE | NVENTI ON The present
invention relates to a cigarette fildgigariEhat porekrdes a snoke constituent
adsor bent whi ch, when conbined with a carq?n based filteri.ng material, 10

denonstrates synergistic n [ ' ma%? i nts. G garettes
i ncl ude tobacco rods or céﬁﬁﬁﬁgT&%?éﬁg 'eﬁﬂﬁ%?ﬁg 9ﬁ§3§ uce a particul ate
and a -vapor phase. About 70 years ago, filters began to be attached to an
end of the toba s RN DNY : ﬂ @;&%ﬂlﬁéﬁwmved various
snoke conpone LROSTRENERENCE TOREL mat erial, such
as cellulose 15 acetate tow or paper, .renove_ the .parti,cul.at.e ph of

t obacco snoke by neiﬁ%ﬁﬂ%ﬁﬂ“mﬁﬁﬁﬂg?nﬂﬁﬁg9 ﬁisﬁggwg?ﬁé5@§£ﬁ®P%B?gﬁ§'are not
ef fective at renovi nég vol atile constituents, such as al dehydes, hydrogen
cyani de and sul6P388388, fitidAneastd. 2¢lnwhich appligatiopagigeorpprated herepdivcal |y, an
adsorbent or absorbent is combined with the fibrous material to inprove
renoval of t he refenence ipitacsirgpfommbis. FrovistmalApniichtion Sei. dbw 68/89,4%5, filet er s
have i ncluded activated carbon, porous mnerals such as neerschaum silica
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and U.S. Patent Application Ser. No. 10/011,841, filed October 30, 2001.

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 demonsirates syncrgisﬁc 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 partlculafe phase of tobacco smoke by mechanical
means. However, the fibrous materials are not effective at removing volatile
constituents, such as aldehydes, hydrogén 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 mxture of netallic oxides, charcoal is particularly effective in
removi ng acidi c gases. 5 Meerschaum has a | arge adsorption area with a
strong adsorption affinity for charged species, but a considerably | ow
adsorption affinity for non-polar species. Silica gel s27 @cRefiftite2@oby
regarded as weakly retentive adsorbents faor vapor-phase constituents of

t obacco snoke. g édtiontekchahdeirésinsgal afionekdhyngedesnshs al dehydes. and hydrogen
cyanide, the constituents.also readily desorb fromthe silica gel. Cation

exchange resins haVéh&&abﬁ&%h?élﬂ%&ﬁﬁ@m&ﬁ&aﬁé&ﬁdiiﬁlﬁrdle&ﬁaya&angﬁam&aemxchange

resins have been proposed for ~the renoval of snoke acids, but strongly

basi ¢ ani o exGHARORT Sl e bF B5hocd noRIITH B AREE WA AxBhéighy des.

Weakl y basic anion-e ange resins of porous structure are suitable for *

the renoval of sppke acid . : L i chency di mni shes
during snoki ng P‘e@ccpa%és:es’tcﬁg?& g@(ﬁ%ﬂﬁgﬁ p%?%%gmﬁnmﬁgiflgﬁcg?%B Two or nore
adsorbents can_be used jn conmbinatjon in cigarette fj . npl e,
s Patent 5 asrraniiud s gt iRk s wih 36 fisioh Sy o8, £
materials which "chemcally react with the hargful , honal kal i and nonaci d
conponents of thesieshyk&cqnsidegblnlew adspmtiop Afimity AornoERERr SHPREY gg?aege ing the
| atter to the filter." However, the aforesaid additives have not yi el ded
satisfactory seregenérelly regdedearoveakly extentive ndssrhskis fygivape-rhassondinegts ofs snoke
al dehydes, particularly acetal dehyde and acrolein. U S. Patent 4,300,577
descri bes the ustacafsmkuneAkiongh sititegd readilniisorbb eldehyldey and dydrogpricyseide,
constituents intermngled with a second conponent having mainly primry
am no functi onghe @h&itistsi20i rédddly A6t/ fdm e silkpeel: (aiasecchmgs rdsing ades, _
I ncl udi ng al dehydes and hydrogen cyani de from tobacco snoke. 2 27 Decenber

2005  Hovevgg, %r%ﬁds&@for RikotidAGemeval. RELE Bichhi® réis Hafehees PRMOseH For

denonstrat e adequat e consuner acceptance or commercial viability.
the removal of smoke 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, 11.S. Patent 2,815,760 describes the use of an ion exchange material with
materials which "chemically react with the harmful, nonalkaline and nonacid
coniponents of the smoke to form non«vo{aﬁle compounds, thus retaining the latter to
the filter.” .Howcvcr, the aforesaid additives have not yielded satisfactory selective

20 removal of such smoke phase compom?nts, 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 constitnents, including aldehydes and hydrogen cyanide from tobacco smoke. -
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SUMMARY COF THE | NVENTI ON The present invention relates to a cigarette
filter that includes a nultiple 5 section filter which reduces the | evel of
predet ermi ned snoke constituents. The filter consists of a fibrous filter
plug |l ocated at the nouth-end of the cigarette, a section containing a
sel ective adsorbent material, and a section containing a general adsorbent
material. The filter plug can be any filter plug knoww7 mdeBmmrt20osuch as
cellul ose acetate. 10 tow. The general adsorbent material is preferably
sel ect ed fr om Hogswergheilter of tht: (578 lpytentiiag hotdaer shown fr demomsirate ddsigtte such as
activated charcoal, which are capabl e of adsorbing a range of chem cal
conmpounds w t hg;ﬁguxﬁer%@@tag@g{r@gmﬁfemmeﬁbmbpi ty. The sel ective -adsorbent
material is chosen based on the specific snoke constituents targeted for
renoval . Pref egahinta RS S8hERTV¥RTAGROr bent material is selected froma
group of 15 surtace functionalized resins, wherein each resin consists of

w7 In an envoeeeegrephin pBeltd SRR HER R mRhEEREENED 00 5
d bent terial h .ph | - | deh . esi tri - f
et onl i 2 eb9 R DRSS U LB PR PRI GFbups.

Structurally, the selective adsorbent material may be adjacent to a tobacco
rod 20 and t heongisiseof afibwys Eitesens leasied at te moydraod ok thg cipatelieerictioB sel ecti ve
adsorbent section and the filter plug. Alternatively, the general

adsor bent nmat ecomtdiningy séhectipoaisoibontahterialjaad & sectieroconatimgrheencrs! adserbentd t he
sel ective adsorbent material between the general adsorbent section and the
filter plug. Pratedsi nary data indicates that the forner orientation
produces a synergistic effect in snoke constituent reductions relative to

the 3 27 Decenber 2pQ5itet ﬁh%eénwdn?mtatﬂlﬁgﬂmoﬁmﬁ henrt, subleassceliglcdel acttate
adsor bent and general adsorbent may be interspersed in a traditional filter

plug materi ?‘Li %U%F%e ne@ﬁlahégr&%?mﬁa‘ﬁl?éﬁefe&ﬂygsl@ﬁcte@ﬂ%%%ﬂfl?xb%fiﬂ’dﬁv@l? packed

as abed or ayer sections wthin filter ug material.
~ 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, where_in 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
} o : invention, the selective adsorbent material has a phenol-formaldehyde resin matrix
surface-functionalized with mainly primarg and secondary amine functional gtoups.
Structurally, the selective adsorbent material may be adjacent to a tobacco rod
20 and the general adsorbent material positlioncd between the selective adsorbent section
" and the filter plug. Alternatively, the general adsosbent 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

otientation produces a synergistic effect in smoke constituent reductions relative to the
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BRI EF DESCRI PTI ON OF THE DRAWNGS 5 Figure 1 is a perspective view of a
prior art filter-tipped cigarette; Figure 2 is a perspective view of a
filter for a cigarette nade in accordance wth the present invention
wherein the adsorbents are di spersed throughout a filter plug material,
and the general adsorbent section is positioned between the filter plug
and the selective adsorbent section; 10 Figure 3 is a PrDwpeniber2006ew of a
filter for ac na ntion

3o Exitgtlon h, e 56 Cﬁ&?ﬁr frort bt at dgéi%%q%&%ﬁ:@ﬁ i

wherei n the ad$orBents are sberse ter ug materi a

and the sel ectjve ads nt...secgtion .is s|t|o el ween h | ter plug

and the . gener af®t e%%‘ﬁ?‘ﬁ‘&ﬁt%a%'@?ﬁ@nw ﬁP%ﬁ’ nﬂ? ? f)ee%cf:tra%:egrvdrfl‘%aw of a

filter for arette made jn accordance 15 wi.th t esent invention
wherein the ad%gWEQMﬁgth%P%%%%ﬁé- @H%hﬂ?ﬁﬁ?ﬁmamgﬁﬁ HPREGRERS, | ¢ o .
plug material; Froure 51s a cross sectlonal vi ew of an enbodi nent of the

pr esent |nvent BRI DESCRIETIC I THE DRAVINGS 4 bet ween t he gener al

adsor bent section and t he sel ective adsorbent section; 20 Figure 6 is a .
cross-secti @dnal vi emgmélmmndpechvmuwwﬁamioearpﬁb@&wed%%md;on with the
filter plug adjacent one end of a tobacco rod; Figure 7 is a

cross-sectional vi giget2da pedpediverivw 6iffa fillkefop n eiyertte inadecintacaindanvd t h t he
adsorbents being sectionalized in a single length of fibrous filter

material; and, yfh thé phR6R HARhtAMRrdth HalaBsBbehts afe difpefied fedighonalfile ew of an

enbodi ment of the resent |nvent|on absent a filter plug section. DETAILED

DESCRI PTI ON OF F
%ﬁf 2R T M RIEN Tl RF L okideh B e bl P esen

i nvention |ncIB

and the selective adsorbent section;

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 g::neral adsorbent section and the selective
adsorbent secﬁon;

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 preseat invention

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

and,




5 which reduces the levels of predeterm ned snoke constituents. The filter
consists of a fibrous filter plug |located at the nouth-end of the
cigarette, a section containing a selective adsorbent material, and a
section containing a general adsorbent material. As shown in Figure |I and
as is knowmn in the art, a typical filter-tipped cigarette 10 has a filter
30 attached to a tobacco rod 20. The tobacco rod 20 caqpidDeicembler20060se 10
t obacco-containing nmixture 22 wapped in a cigarette paper 24, and the
filter 30 includes ﬁg@mlsu:eaclp%tagcmahmapp%@qmbodmwh thwmﬁeam‘mﬂ%eet of

ti pping paper 36 joins the filter 30 to the tobacco rod 20. In the present
i nvention, as abwewys filter Plugsectio, a cigarette 110 has a nultiple section
filter 130 attached to the tobacco rod 20 The fllter 130 includes a filter
plug 15 132, »FIALEDDESORET , IVRODBMENTH a section
contai ning a sel ective adsorbent 136 The fllter plug 132 is adjacent a

first or nouth end 'ﬁ;@]cl%ﬁeﬁe'i‘ﬁtmf of tﬁceﬁteseﬁﬁgvenﬁb& inBRllesf mﬁlﬁge s&iee finte

adsorbent 136 is adjacent a second or tobacco-rod end 7 of the filter

L S i ey, |
appear ance. at  ABRHD G Ao e Rl ARl A Bt 350 o

retains a firmess at_the nmouth_ en 131 as the ci 10 is cpnsumed.
As is known i feleqtixe aisproeqtapaterfal, apd a sacfign qoptaining,a g"é"’ﬁgﬁg '%F‘Br?? riety of
materi als, anong the nost common being cellul ose, cellul ose acetate tow,
paper, cotton, pol yHssheymdnEiggredanbas shmayn inbe \ﬁéﬁ’i"a&ﬂtﬁfﬂi@ﬁ@ﬁ’éﬁéﬁ? ow,
pol yester web, polyester tow or conbinations thereof. Optionally,
pl asti.ci zer nayl0bas 4 filtsr Adleighchettto ag@ambda@s'ﬂldiewméﬂpmlsmfﬁMGldes a
general adsorbent material 144 dispersed throughout a filter plug materi al
142, such as0 i mobaccociontaintiny niltura2? wiappddan a cighrelteipapear 24pandibe filier. 30The gener al
adsorbent material 144 is preferably selected froma

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 hvenﬁon, as shown in Figure 2, a cigarette 110 has a multiple
section filter 130 attached to the fobacco rod 20, The filter 130 includes a filter plug

15 132, a section containing a general adsorbent 134 and 2 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 finmness 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

5



group of relatively high surface area materials which are capabl e of
adsor bi ng snoke constituents without a high degree of specificity. For
exanpl e, the general adsorbent can be selected from activated charcoal,
activated coconut carbon, activated coal - based carbon, zeolite, silica
gel, nmeerschaum al um num oxi de, or conbining thereof:, 10 as well as a

m ner al - based charcoal nmade from sem -anthracite coal 3% Decamien2008 about
50% greater than coconut-based charcoal (avail able from Cal gon Carbon

Pi t t sbur gh, -PAyeb, sabpiospets mwopdyesisnveb. solyssteadew cncqatinpioat@siel r esin
derived fromthe pyrolysis of sulfonated styrene-divinyl benzene avail abl e
from Rohm and Optamslly, a(dBtiérammybd itludedt , Phi | adel phia, PA 19137), other
materials having simlar 15 particle sizes, surface area and bi ndi ng
affinities, or contegshadsdidisnesttionB4findudeep generdh adrotbephmateriflilédcy of

t he general adsorbent, netal oxides or other netal -based conplexes may be
incl uded in thgisgeaakabuAda0 fiRRplug Getdiahl42] inh seinactialeamsian iy, section
136 includes a selective adsorbent nmaterial 146 dispersed throughout a

filter plug gmig?crvhﬁhtﬂe% T Ghhefs aliddriRnt Hhtalial d4 ARtdfaRbly salbkidd Ad@h, known

in the art. The selective adsorbent material 146 is preferably selected

based on the material, . S i fici ; idRRA6 '1{‘5‘390

chem cal conpg{?ﬁagfre]ﬁchgglgﬁrpQﬁ%%cg%%Léh\séte g{szﬁa]\l/c% adsgsri{%ée%l mar§e ?%PPJMG may
be an ion- exchange resin, such as Duplite A7 (avail able fro ohm and _
aas, 5000 R CRBHECES DA BB dpooobigpeinl 1o PPl Sl sBRUBE37) o -
a material:having simlar functional groups and binding affinities. The

Duol ite A7 hascan hsiselacicd fremnsetivated pharcoadjaptiveiadroosomybearhog, activated coal-
surface-functionalized with primary and secondary am no groups, thereby
enhanci ng t hebaised caban, sqodits, filica gej, meswehainy, Alsmigutednidie or combiniygitheryeh

cyani de found in tobacco 5 snoke. Further, the selective adsorbent nateri al
146 nust beypehewbiest dalttabbised charcd@NBidddiont seani-atithatitd dval witina dadsitgondi ti ons
bet ween the tobacco snoke and the

about 50% greater than coconut-based charcoal (available from Calgon Carbon,

Pittsburgh, PA), Ambersorb 572 or Ambersorb 563 (a carbonaceous resin der_ived
from the pyrolysis of sulfonated styrene-divinylbenzene available from Rohm and
Haas, 5000 Richmond Street, Philadelpbia, 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 adsorbeant section.
| The_selecﬁve adsorbent section 136 includes a selective adsorbent material
146 dispersed throughout a filter plug material 142, such asin a "dual-dalmatian"
20 filter, known in the art. The se]ecﬁfe 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 maieﬁal 146 may be an ion-

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




adsorbent 146 are dependent on a nunber of variables, including how
strongly the snoker pulls the snoke through the filter as the cigarette is
bei ng snoked and how 10 much of the tobacco rod has been consuned prior to
each puff. Thus, it is advantageous that the selective adsorbent 146 have
a surface area of greater than about 35 n2 / g so that there is m ninal

di ffusional resistance and the surface area functiona7 Betembar068sily
accessible. Materials with greater surface areas al so denonstrate |ess
not i ceabl e per Sueetypbhiladetihid, PAd il 37)paratmatéiial hayirg sirhiday duriconad geupgantl5-wi t h a
pl asticizer, as m ght occur when the adsorbent 146 is dispersed in the
filter plug 13RdinYbERitieBeThd Daclté AP hissa ghenclutitkldehyd ki bestrboarsiioke is.
puffed by the snmoker - through the fiIter 130. The snoke initially passes
over the sel eClige ARSRINARR wilhGfin dﬁﬁﬁgemsﬂ&eg& 6 ARy Efltletny

constituents are adsorbed on the surface t he seIectrve adsorbent
material 146 a he filter
pl ug materi al ﬁ%égﬁ{f %ﬁg@ﬂ%ﬂ%ﬂ% Irg}giﬁggee{sl é%aé/lgfreq? eqléteég’é(rcg
adsorbent s troq§134 mhere ot her constituents nmay be retained by the

adsor bent ? 144 and additional particulate natter I's retai ned by
the filter plug material 7 27 Decenber 2005 142. Finally,_ the [emar ni ng
snoke then passes, Y‘H&é‘u&ﬁSﬁlﬁ"e‘l“ieraﬁﬂroéremﬁfpﬁﬁ‘@é‘i‘sWﬁgﬁéselﬁdﬂtﬁ*’ﬁ

particulate matter can be renoved. The filtered snoke is then delivered to
t he snoker. | ncensideraion Gatthptantashtoaditinprhebwden thedobpcesumpkeiand et i on, as
showmn in Fig. 2, 5 the nmultiple section filter 110 is nmade having a filter
plug 132 nade Qdéoﬁﬁhﬂlﬂb@&&icpﬁﬂeﬁtahammwdu%hﬁgnﬂhﬁngh&ﬂm,glyithc| engt h,
and having a general adsorbent section 134 consisting of 40 ng; of

activated cocogybkes patsGRddmold thrdhshiiBs S04 ok (e C168RAG beiBkhbkASAIAGHt at e tow

142 out to deliver a section 134 about 10 nmin length wherein the

cel lul ose aget afen LANE foBadeh SRS b¥nlcBndinRl 856016 bé R pur@Rflu) 2 NO 2

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 -
thror_xgh 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 matier is retained by the filter plug material



10 sel ective adsorbent section 136 consisting of 40 rag of Duolite, A7

di spersed throughout cellul ose acetate tow 142 cut to deliver a section
136 about 10 nifn in length wherein the cellul ose acetate towis treated
with a plasticizer. Wienthe tobacco rod is burned with a normal puff /
rest cycle, analysis of the snoke vapor exiting at the nouth end 131 of
the cigarette 110 shows statistically significant 15 regpetkRibari2005

t hel evel s: of hydrogen cyani de, faran, propional dehyde, acetone, nethyl
et hyl ket one- /-1 tRisially @b yaleunitipysicke thien padsts thepgliths filtetphell Bleyhets -
met hyl propanal , isoprene, styrene, pyridine, toluene and benzene as
compared to  cl &ﬁﬁ&éﬁﬁﬁc\i kd\Batll Binl HRrerh@RHN TREiNeréd dotoke §s thith@livére®

t ob=coT od is burne 1th a normal puff / rest cycle, analysis of the
snoke vapor ex'&&gg?ﬁ&xthe mouth end 131 20 of the cigarette I 10 shows
statistically Sighifticant reductions in the levels of pyridine, hydrogen

cyani de, hydrogen suffide, styrene, 2- hyl “

pr opi onal dehyde, fiﬁ-aa{iﬁ}#%ﬂggﬂg?wﬁggthfélﬁéﬁ@%d&%ﬁsgﬁ‘glgﬁry%‘é',z-’acetone,
acrylonitrile, acetal dehyde, toluene, carbon_disulfide, .nefhyl. ethyl ketone
8 27 Decenbdt mamutiple sephion fliss ) 41s madg ?‘6’?\%‘?‘3&5? ,13gl§°§“fi%f’r€‘i°ﬁ?lf’§, and

met hanol as conpared to cigarettes using charcoal-only filters. As shown in
Figure 2, the ousds owendbeing eouf 7 mein lagth, pedshaving argengraladpnrpeat segtion 54j acent
the mouth end 131, the selective adsorbent section 136 adjacent the 5

t obacco-rod end3d&hsisiipthfiddengysfactiatedadonntuhatos dd4 disperse84hrpagivtti oned
between the filter plug 132 and the selective adsorbent section 136. In an

al ternative e BleatSteo 42 Suh Q¥iivet Asckli@iT33 Boutao@irgat letgte 210 has a
mul tiple section filter 230 wherein the filter plug 132 is positioned at

the mouth end gy, fDEARIPLELAGSY b WiEGHHAHI st aCENt the

t obacco-rod en ective sorbent section 136 is

Saa chen. B S afeoroehsEhich 198 reppand A0 Wi BRI didplclent section
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 bumed with a normal puff/ rest cycle, analysis of the smoke vapor
exiting at the mouth end 131 of the cigarette 110 shows staﬁsticaﬂy significant

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

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

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




pug the snoke first passes through the general adsorbent section 134, then
through the sel ective adsorbent section 136, and finally through the
filter plug 132. Moreover, the nultiple section filter 230 is essentially
identical to the filter 130 15 (Fig. 2) of the first exanpl e enbodi nent
except that the general adsorbent section 134 is adjacent to the tobacco
rod 20 and the selective adsorbent section 136 is samEnDebeghbeetopsn the
filter plug 132 and the general adsorbent section 134. Wen the tobacco
rod i s burned. r}g@é— : 8 meBARAAS | gjmgtbe srioke vapor
exiting at them ultdﬁh%g’ 113&%@53%/4]@65%?%1%%2%10 (Dlé?gén ) shows 20 '
statistically si ggtjffi cant, redfjcrhi c?rsi n the | evel s of propi onal dehyde,

&tR lf DUty

acet one, net hy?lg }‘fmﬁe She T yral dehyde, crotonal dehyde, hydrogen

sul fide, 2-nethyl pnpapal, . pyridipge, acroleLn, 1o ne tal d de,
acrylonitrile, net ﬂ%ﬁ&rﬂa lﬁ‘é‘ﬁgeﬁ@mﬂm %ﬁ?ﬁ%ﬁég‘r Mﬁ@F &gﬁtﬁf@gg E@/ng
simlar resin-only filters. Wien the tobacco rod js 9 27 Decenber 2005
burned with a adisceplitheympnth epdl3l, By selectivg adsothentsegiiond A adjprspths anor  exi ti ng
at the - nmouth end 131 of the cigarette 210 shows statistically significaut
reductions i5n tobacco@leidd 33fang yhechersraltadshrbrpbsecigral v desitioned betwsen the
propionitrile, crotonal dehyk acetone, acrylonitrile, acetal dehyde, tol uene,
carbon di sul fi gRer plipt13g kn@itbytledtiot adsorbefit stetlantigé.al dehyde, propi onal dehyde,
acetonitrile, and nethanol as conpared to cigarettes using charcoal-only

filters. As shown i a00ihaive SHBAHER Much Bs Sib@h Fidure B dgdfttdd1pl € section
filter 330 of a cigarette 3 10, the absorbents 144, 146 are p~cked within

the filt I 180l . ' [ ' s bent 344
and sel ect i ve. BSRRRENs o ol ds) RhEHRARERMERRR T ARERN0808 T

absorbents are expos tq | ess | ast|cizer .than.the t di spersed
absor bent's and™°¥ ﬁP‘ﬁ%h]D %Wé‘@@%a‘?fcéﬁlmil &é@g@ﬁeﬂé\smﬁﬁs ke
constituents. Moreover, as shown in Figure 7, a,nul% section {i lter 630
for a ci garkht &% 2w the sglestize adsprbeny sordipn 13 Qig sendished bedweenthe Hla plug

132 and 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 bumed 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 snlfide, 2-methylpropanal,
pyridine, acrolein, toluene, acetaldehyde, acfylonitrilc, methanol and benzene as

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



sel ective adsorbent 346 dispersed in separate sections within a single
| ength of 15 fibrous filter material 342. An advantage of the enbodi nent
110 of Figure 2 is that the snoke passes over the sel ective adsorbent
mat eri al 146 before passing over the general adsorbent 144. This allows
the sel ective adsorbent 146 to renove sonme specific snoke constituents
before the general adsorbent 144 is exposed to the snokepekBRIbRRY0ES
all owi ng the general, adsorbent 144 tq be mure.effective in.re ing the rem
i i 19 snokeb@BskYith %%‘?Ff”éfp LFEst cy gl apalysts gtﬁ?%‘ﬁ@i‘@?’&’“@f‘gg@# ogserv‘ed-‘
for the adsorbents in the cellulose acetate / general adsorbent / specific
adsor bent or i emonthicod 1 3lsof thorigretite R I0shewestatistically sigpifigantweduations anibe £ j ¢
adsorbent / general adsorbent 10 27 Decenber 2005 orientation. As shown in
Figs. 5 and 6, levels af pywidinepiyerapes tyanilef banzeme, pt@iionifrie, 580omidehydgar et t es 410
and 510, respectively, .the filter plug 132: is disposed between the

gener al adsor bggtons aetyiiitile3 4caildelivie, tslebRrdaibin daidfichnahyleasl keomel 36 in
Fig. 5 and 5 is adjacent one end of the tobacco rod 20 in Fig. 6. In Fig.

5 the sel ecty veLASRERAR preRsTaldRyde3 felohitdle, AdagndRitblusebiipataiche filter 430

and in Fig. 6 the genéral adsorbent ™ section 134 is at the nmouth end of the

filter 530. Moreover.,. a ' Lg. 8 a multiple section filter 730 of
a cigarette 716‘3?Iﬁ§‘{3&8‘8§°§%?°\@ﬁ%’!‘18§§§’%a| absorbent section 134 and a

sel ective absorbent sectiqn 136. 10 The f.oll] ow ex es_ ar .
representative of t‘ﬁ%ﬁ@ﬁ‘ﬁ&&lﬁ‘wg}?ﬁm ﬁ“t&%#'g“’i?éﬂ %‘B@gﬂfsﬁ‘?‘%&tﬁr dance with
the present invention and the snoke constituent renpval performnce of

t hose enbodi neAdGof amigaretieiddtithaabserbente bt | #ara packed withigdesfltesplugy anpl e

purposes only and are not intended to be limting in scope. Exanple 1: A
cigarette 110 wiateriakasiiiin laytrsedimns phHgential absorbaB 044 sndrelsptivectisabent

10 346. Inthis embodiment, the layer packed absorbents are exposed to less
plasticizer than the tow-dispersed absorbents and retain more surface are.a 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 a_llows 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 / spéciﬁc adsorbent / general adsorbent

10



15 shown in Figure 2 wherein a filter plug 132 is nmade of cellul ose acetate
tow and is about 7 mmin length, a general adsorbent section 134 consists
of about 40 ng of activated coconut charcoal 144 dispersed throughout

pl asticizer-treated cellul ose acetate tow 142 cut to deliver a section
134 about 10 mmin length, and a selective adsorbent section 136 consists
of about 40 ng of Duolite A7 dispersed throughout 20 @aBeceimber2008at ed
cellul ose acetate tow 142 cut to-deliver a section 136 about 10 mmin

| ength. The fi btientatios. att ached to a tobacco:rod having a | ength of about
56.5 nmm and contai ni ng about 617 ng of a typical non-nenthol cigarette

bl end wrapped in aA5thoGarieFiga SmngérthIMdpmcnmﬁﬂherdbemdﬁ?O@% citrate. The -
cigarette delivers about 11 27 Decenber 2005 10.3 ng tar per cigarette.

Exanpl e 21 A Cigare@ésta02dds W, tebpeativly, i fittes plag 1 30is dispésed b@eer the pr epared
with the section orientations as shown in Figure 3 wherein the filter plug

132, the geneg@x{fmﬁ%‘a RBI5A %tﬁééelecﬁ%ds&ﬁeﬁg&ﬁsﬁ 136EnP6E 9 aRent

section 136 ar essentially identical to the filter plug 132, the general

adsor bent Sectlon é%%gbﬁ 0 og HdTorpEL B DY BRSO TR RY aﬁ%%hg&%;%%% Exanpl e

1. The filt acco rod~ havi ength about 56.5

nm and cont ai ni ng about 6 n ment.hol ci te bl end
wrapped in a 58‘*’%8? %‘%@EP%F@%&B%%?%&%“@BE{& E?l ?%Q?% ?The
cigarette delivers about 10.0 tar per cigarette. 10 Exa | e

Cigarettes aresﬁﬁﬂe@ﬁ%aﬁbemﬁu@%&%ﬁt@eﬁmﬁﬁé ptM?%‘feréBE‘EHWZBF‘ aDuol ite A7
Is used in the selective adsorbent section 136 instead of 40 ny. The
cigarette del i wedtipladeotion flGr 230f atcigargtfe 71 inglndestonty. a gereraisbeorbient G gar et t es
are prepared as in Exanple 2 except that about- 20 ng Duolite A7 is used in
the sel ective ggtioh pRNindagekiivs aBsdtbennettadiof 40 ng. The 15 cigarette
delivers about 10.9 ng tar per cigarette. Exanple 5: Cigarettes are

prepared asygn Examphepfoking 8Rimpldiate réftesthtalil of the embodiments which can

be prépared 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 witha 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 mum in length, a general adsorbent section 134 consists of about 40 mg of
) activated coconut charcoal 144 dispersed throughout plasticizer-treated cellulose
acetéte tov}_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 ceflulose 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% cifrate. The cigaretic delivers zbout

11




ng Duolite A7 is used in the selective adsorbent section 136 instead of 40
ng. The <cigarette delivers about 10.0 ng tar per cigarette. Exanple 6:
Cigarettes are prepared as in Exanple 2 except that about 60 20 ng Duolite
A7 is used in the selective adsorbent section 136 instead of 40 ng. The
cigarette delivers about 10.3 ng tar per cigarette. Exanple 7: C garettes
are prepared as in Exarrpl e 1 except that about 69 ny of Dacsimber abobased
charcoal made from sem -anthracite coal is used in the 12 27 Decenber 2005
general adsor H@dxmg e persigarede. | nst ead of 40 rrg of act.ivated coconut .
charcoal . The cigarette delivers about 10.1 tar per cCi gar ette. Exanple
8: Cigarettes are mg:ppieédAamgaretteBxQWh@I@lmgwﬁon 230swreresd ng of a

m neral based charcoal made from sem -anthracite coal is used in the 5

gener al adsor bg the estibisrichBfotssshaeh nfFigife Syhabindid filteaplng 183dbmut ,
charcoal. The cigarette delivers about 10.2 ng tar per cigarette. Exanple

9: Repr esent alogaCisfiaeh s@RoP{34EHATRL Seckive Suabarsedsetidaea butt |ength
of about 4 mMmTromthe tipping using a Borgwalt RM 20 snoki ng nmachi ne.

exi 1 ng et 1 Sr B e L 1 e S e L cge
The aath 15 ribf MGRTCeODR AN 1t g eaplede R SR RERATC O apor
Phase Vel ds (t%{)a%lcg zodll15avnz:lg a %eigt%%f about 56.5 mm and contammg about 617 mgofa
typical non-menthot cigarette blend wrapped in a 50 Coresta cigarette paper with
g about 1.8% citrate. The cigarette delivers about 10.0 mg tar per cigarette.
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
cigafette de!ivers about 10.0 mg tar per cigga:ette.
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 cigareite.
Example 7: Cigareites a.re prepared as in Bxample 1 except that about 69

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

12




Cigarettesl123456 Prepared by Exanple: ng4020.60 Duolitelcigarett e Filter
Segnent CA/ GA_ CA/ GA/ CA/ SA/ CA/ GA/ CA/ SA/ CAI SA/ O der / SAGASAGASAGA

Acet al dehyde330. 9333. 7380. 7346. 2320. 3310. 9

| soprene23L4240. 4252. 1246. 1227A227. 2 Acetonel44.1163. 5156. 01605148. 0151. 4
Met hanol 104. 9127. 6114.5142.8111. 798.5 Acetonifril e59.872.067.077. 462. 8573
Acr ol ei n29. 631. 433. 632. 228. 529. 9 Met hyl et hyl 29. 335. 9327 D&8efib@r PBO56

ket one For mal dehyde23525. 825. 525. 022. 124. 5

Pr opi onal debydg&nera Zdsént32&ionA36 dRfradoR40 mg of activated coconut charcoal. The

1, 3- But adi ene25. 525. 927. 525525. 825. 0 Tol uene22. 525. 322. 027. 523.9. 22. 5

Benzene20. 623, 6iAreRP ol afictit 1611 ik 1Br peb cigarette.
Example‘ 8: Cigareties are prepared as in Example 2 except that about 69
mg of a mineral-based charcoal made from semi-anthracite coal is used in the
5 general adsorbent section 136 instead of 40 mg of activated coconut charcoal. The
cigarette delivers about 10.2 mg tar per cigarette.
Example 9: Representaﬁve.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 éach cigarette are passed through 2 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 1 2 3 4 5 6

15 |Prepared by
Example:
mg 40 20 . 60
Duolite/cigarett
€
20 ({Filter Segment CAJGA CA/SAJ CA/GA/! CAJSAS CA/GA/S CA/SA/
: Order’ : ISA . GA SA GA SA GA
Acetaldehyde 330.9 3337 380.7 346.2 3203 310.9
Isoprene 2314 2404 252.1 246.1 2274 2272
25 |Acetone 144.1 163.5 156.0 160.5 148.0 1514
Methanol 1049 127.6 114.5 1428 1117 98.5
Acetonitrile 59.8 72.0 67.0 714 62.8 57.3
Acrolein 29.6 314 7 33.6 322 28.5 29.9
Methyl ethyl 293 359 309 385 30.1 31.6
30 ]ketone
Formaldehyde 235 25.8 25.5 25.0 221 24.5
Propionaldehyd 25.7 274 293 285 253 250
£
1,3-Butadiene 25.5 259 275 - 255 258 25.0
35 |Toluene ' 2.5 253 22.0 275 239 225
Benzene 20.6 23.6 21.6 24.1 21.1 21.4

13



15 27 Decenber 2005 Acrylonitrilel6.817.718.013.017.016.5

Furanl6. 217.017. 316. 416. 416. 2 Hydrogenl5. 116. 420. 719. 613. 614. 3 cyani de
12.913.014.012.913. 112. 7 Hydrogen sul fide 12.915.013.5 -15.913.612.8

Propionitrile 2-6.46.77.07.06.66.4 Methyl propana
Crot onal dehyd e 2.52.62.72.62. 625 Carbon disulfide 2.01.822192.11.7 Styrene
Pyridinel. 91.91.91.8191.8 CA= cellul ose acetate filter2pbegenbbr 2008¢et

adsor bed sect
cigarettes of

fromthe tipp{Hy

5

10

15

| 5.15.95.56.35.35.0

L on; SA=x] ecqve_ adsorbent section Exanple -10: pres atirve
ks 7 jndl%s are kedq t 8'é;la- b*ugg'{)l ergt rﬁjﬁgf abgﬁﬁ- 4tmm -
aysing a Eor%;%’alt 30 4mo 1319 164 -

Hydrogen , 5.1 16. T 196 13.6 14.8
cyamide N
Hydrogen 129 12.0 14.0 129 13.1 12.7

* Isulfide ‘ : .

~ | Propionitrile 12.9 15.0 135 159 13.6 128
2 6.4 6.7 7.0 1.0 66 64
Methylpropana
1 .
Crotonaldehyd 5.1 5.9 5.5 63 53 5.0
e
Carbon 2.5 2.6 2.7 26 2.6 25
disulfide
Styrene 2.0 1.8 22 L9 2.1 1.7
Pyridine 1.9 1.9 1.9 1.8 19 1.8

20

25

30

35

40

T = cellulose acetats filter plug; GA = general adsorbent scolion; SA = selective adsorbeat section

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

a butt Iength 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 abag and analyzed by GC/MS. The data is

normalized to about 10 mg tar per cigarette.

Average Vapor Phase Yields (pg/cig)

14

Cigarettes Prepared

by Example: 7 8
mg Duolite/cigarette 40

Filter Segment Order CA/GA/S CA/SA/

' A GA
Acetaldehyde 343.4 3642
Isoprene 225.0 268.9
Acetone 138.6 162.3
Methanol 95.1 134.7
Acetonitrile 61.4 84.6
Acrolein 9.8 353
Methyl ethyl ketone 283 39.8
Propionaldehyde 264 30.2
1,3-Butadiene 254 277
Toluene 187 242
Benzene 213 273"
Acrylonitrile 1.5 9.0




20 machi ne.

constituents
Canbridge filter pad,
by GC/MS. The data is

Vapor

5

10

15

20

25

ket one28. 339. 8 Propi ona

Foll owi ng the procedures set forth by the FTC, snoke
exiting the filter end of each cigarette are passed through a
t he vapor phase is collected in a bag and anal yzed

Aver age
Phase Yields (pg/cig) 25 30 35 40 G garettes Prepared by Exanple: 78

nmg Duolite/cigaretted40----
Acet al dehyde343. 4364. 2

normal i zed to about 10 ng tar per cigarette.

Filter Segnment O der CA GA SEAHRAEMBeA2005
soprene225. 0268. 9 Acet onel38. 6162. 3

Met hanol 95: 1134. 7 Acet ofifurati | e61. 484. 6 Acr ol €7.89. 835. 38Kkt Hyl et hyl
Behygta2@andB0. 2 1} 3- Bli.adi ene259427 7

Tol uenel8. 724. 2 BenzenepHydedgen3ulfideyl onifri | 8£759. 0 144.1

: Propionitrile 15.7 203

2-Methylpropanal 13.0 -14.8
Crotonaldehyde 33 .51
Carbon disulfide 2.8 2.8
Styrene 1.8 2.1
Pyridine 1.3 1.4

CA = cellufose acetate filter plug; GA = general adsorbent section; SA = selective adsoxbcnt 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.
However, when the adsorbents 144, 146 axe dispersed within the tow 142, thereisa
risk that any plasticizer which is used on the tow 142 will affect the surface of the
gdsorbents 144, 146, thereby reducing the adsoxptioﬁ 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.
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.

Froin a reading of the above, one w1th ordinary skill in the art should be

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

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

16



5 27 Decenber 2005 Furanl7.0 18.4 Hydrogen cyani del6.7 19.5 Hydrogen
sulfideld.7 14.1 Propionitrilel5. 7 20.3 2- Met hyl propanal 13.0 14.8

Crot onal dehyde3.3 5.1 Carbon disulfide2.8 2.8 Styrenel.8 2.1 Pyridinel.3
1.4 10 CA= cellulose acetate filter plug; GA = general adsorbent section;
SA = sel ective adsorbent section Froma production perspective, there are
some advantages to dispersing the sel ective adsorbent smbeckiibet2608nd t he
general adsorbent material 144 throughout the filter tow 142.

Specifical ly, benedthdalheition tespyit audiscoppofshantiashsfeladod within the tow
142, the adsorbents are easier to handle than they are as | oose particles.
15 However, when the adsorbents 144, 146 are dispersed within the tow 142,
there is-a risk that any plasticizer which is used on the tow 142 w ||
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 |ayer sections
of general adsorbent 344 and sel ective adsorbent 346. 20 Because the | ayer
packed adsorbents woul d not be exposed to the same | evel of plasticizer as
the tow di spersed adsorbents, the adsorbents would retain nore available
surface area for interacting with snoke cqonstituents. 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 selective adsorbent section may vary in
| engt h ) :

16




and diameter, relative to any di nensions specified herein and relative to
each other. Further, the various section dinensions nmay be optim zed for a
particul ar tobacco blend or for particular tobacco rod di nensions. These
and other variations are 15 27 Decenber 2005 believed to fall within the
spirit and scope of the attached clainms. 16 27 Decenber 2005 CLAIMS 1. A

multiple section cigarette filter conprising: (a) a setepecsmbadopgent
section conprising a selective adsorbent material having an affinity for a
predeterm ned class of chem cal conpounds dispersed throughout a fibrous
material; and (b) a general adsorbent section conprising a general
adsorbent material having a high surface area and bei ng capabl e of
adsorbing snoke cgnstituents without a high degree of specificity, said
sel ective adsorbe§ﬁ¢§35iion, and sai d general adsorbent section being
axially aligned in tandem 2. The cigarette filter of claim1 wherein said
sel ective adsor bent t er fdrutple septignajpmeite fltargemprisiign. 3. The cigarette
filter of Claim2 wherein f id selective adsorbent material has a surface
area sufficient to ensure ‘(’Ea%”t iy pdsarbent segfien ¢oowaring sselegtivear e easi |y
accessible to a snoke constFPUeHht. 4. The cigarette filter of claim?2

wherei n said i on-exchange | a henol - f oy mal.dehyde resi,n. matri x and
i s surface-functionalized v;]\fa?cﬁlglhg%ﬁga“fgmtyr}ompm efetimined class of chermical

compounds dispersed theoughout a fibrous material; and
(b)  a general adsorbent section comprising a general adsorbent
matetial having a high surface arca and being capable of adsorbing
smoke constituents without a high degree of specificity, said
selective adsorbent section, and said general adsorbent section being
axially aligned in tandem.
2. Ths cigaretic filter of claim 1 wherein said selective adsorbent
material is an ion-exchange resin,
3. The cigarette filter of Claimt 2 wherein said selective adsorbent
material has a surface area sufficient to ensure that the surface fanctional
sites are easily aceessible to a smoke constituent.
4.  The cigarette filter of claim 2 wherein said fon-exchange resin has a
phenol-formaldehyde resin matrix and is surface-functionalized with
primary and sccondary amine groups.
5. The cigarette filter of Claim 2 wherein said selective adsorbent
section comprises said selective adsorbent material dispersed throughout a
fibrous material. . |
6.  The cigatette filter of Claim 2 wherein said selective adsorbent

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

17



primary and secondary am ne groups. 5. The cigarette filter of daim?2
wherein said sel ective adsorbent section conprises said selective
adsorbent material dispersed throughout a fibrous material. 6. The
cigarette filter of Caim2 wherein said selective adsorbent section
conprises a close-packed bed of said selective adsorbent material. 17 27
Decenber 2005 7. The cigarette filter of claiml V\:hel’Zﬂ De&gmﬂ)egeoeﬁal

adsorbent material is selected from up.consi st i L vat ed
charcoal , activated 7" 'ﬁ%‘}rﬂﬂ""' nﬁﬁfﬁ'h"ft E?E‘Pq\fgl E%Q% Dr%en% v, ajzeol ite,
silica gel meer schaum al um num oxi de, a coal -based charcoal . made from
sem 5 anthracite cdarelecteddenmyin groun gGensisiag #%EY%‘W&@P%@H@%WOI ysi s of
sul f onat ed styr.ene-divi nyl benzene, or conbi nations thereof. 8. The
cigarette filter of wbmumﬁbummamdswﬂﬂasgén@b@, zepliteosibieagel.sect i on
conprises said general adsorbent material dispersed throughout a fibrous
material. 10 9. The MtegRhaini, aluinining bxidé, acbalitused chivesat imadsfom sgaier al
adsorbent section conprises a close-packed bed of said general adsorbent

material. 10.5 The ciggaf&htt@odld daffoneotd rédiiticfivell fbMithe Hablgsigener al

adsorbent section further includes a netal oxide or ot her metal based
o erain 18 SolBiGldd s‘s‘r&f&%"@@bgﬂﬂ%‘%gh@?e fiftistbrbe! | OO L et ate
tow, paper, cotton, _po . I.O ene I er web,
pol yester tow or a nﬁ%&ﬁ“%%‘?ﬁﬁ%‘%g%’mppﬁ P%*%eﬁgm#aﬁ?rg%p cgiéﬁbel ng

co-axially aligned in tandemwth said sel ective adsorbent s t| on and
sai d general adsor b egpmpeisasspig general adsorbent matenal dispersed throughout a

material.

10 9. The cigarette filter of clatm 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
finther includes a metal oxide or other metal-based comglex.
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 ora
combination thereof, said fibrous filter plug being co-axially atigned 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




20 12. The cigarette filter of claim 1l wherein said filter plug further

I ncl udes a plasticizer, aliquid additive, a flavoring agent or a
conbination thereof. 13. The cigarette filter of claim 11l wherein said
general adsorbent section 18 27 Decenber 2005 is positioned between said
fibrous filter plug and said selective adsorbent section. 14. The
cigarette filter of claim 1l wherein said sel ective adspDesinbes@QDboN IS
positioned between said fibrous filter plug and said general 5 adsorbent
section. 15. The ci gapetticaed betweqn saxd fibrays Aalterplugandsaitseleative adsorbent pl ug

being positioned between said sel ective adsorbent section and said general

adsor bent section. Is8ctichhe cigarette filter of Claiml, including a plug
wrap circunscribing 10 said general adsorbent section and said sel ective

adsorbent section. 1j4, Thecigiats ftek 6f dlhikd BIrwitkeis baid sdcbiiveaissibat! ecti ve

absorbent material having a surface area greater than about 35 InVg is 18.

A mul tiple section GeaRhelfctiohbd Biw e TR BIoAS ik Plugtbnll bt QUi 1| Ler Pl ug

sel ect.ed fromthe group consisting of <cellulose, "c€llulosé acetate tow,

| i aper, cotta@n, poly b, polypropyl ene tow, polyester web,
pol yest er to&?or a é%%%gﬁggggﬁfethereof; 20 (b) a selective adsorbent

section conprising I Qn-exch e i n_havi a rface area sufficient
to ensure that the gﬁrf%%mga{m[& %ﬂg&agq}ggalg%gmgglgﬁ?r)p? B&sible to a
snoke constituent; and . o . . .

positioned between said selective adsorbent section and said general

et

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 arca greater than about 35 m%/g.

15 18. A multiple section cigarette filter comprising:

(a)  afibrous filter plug selected from the group consisting of
cellulose, cellulose acetate tovi;, paper, cotton, polypropylene web,
polypropylene tow, polyester web, polyester tow or a combination
thereof;

20 ‘ (b)  aselective adsorb c;t section comprising an ion-exchange
resin having a surface area sufficient to ensure that the surface
functional sites are easﬂy accessible to a smoke constituent; and
(©)  ageneral adsorbent section comprising a general adsorbent
mateﬁai selected from the group consisting of activated charcoal,

25 activated coconut carbon, activated coal-based carbon, zeolite, silica
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(C) a general adsorbent section conprising a general adsorbent materi al

sel ected fromthe group consisting of activated charcoal, 25 activated
coconut carbon, activated coal -based carbon, zeolite, silica 19 27 Decenber
2005 gel, neerschaum al um num oxi de, a coal -based charcoal nade from

sem -anthracite coal, a carbonaceous resin derived fromthe pyrolysis of
sul fonat ed styrene-di vinyl benzene, or conbinations thgreekentrir@obpbr ous
filter plug, said selective adsorbent section, and said general adsorbent
section being axially aligned in tandem 19. The cigarette filter of claim
18 wherein said ion-exchange resin has a phenol -fonnal dehyde resin matrix
and is surface-functionali'zed with- prinmary and secondary am ne groups. -20.
The cigarette filter of claim 18 wherein said selective adsorbent section
conprises said ion-exchange resin dispersed throughout a fibrous material.-
21. The cigarette filter of claim18 wherein said selective adsorbent
section conprises a close-packed bed of said ion-exchange resin. 22. The

cigarette filter -of clai m 1&Wprerdrym slmipumarided coslcbassd Brarspal madet | on
conpri ses said general adso;bent.pa erial dispersed throughout a fibrous
material . 23. The cigarette 11 ter  ofeeFeftesbonfrorersn ddrd fgefer al _
or other motal -based compl BUE AR PN brRERE TR 16 wher el n
Zglng _general adsorbent . seGhl o RRRLLHIR: fus WP LB SBe0 bolln, S ¢
said general adsarbent section being axially aligned in taudem.
19.  The cigarette filter of claim 18 wherein said ion-cxchange resin has
2 phenol-formaldehyde resin matrix and is surface-functionalized with
primary and secondary amine groups.
20.  The cigarette filier of claim 18 wherein said selective adsorbent
section comprises said jon-oxchangs resin dispersed throughout a fibrous
material,
21.  The cigarette filter of claim 18 whetein said selective adsorbent
seotion comprises a close-packed bed of said jon-exchange resin.
22.  The cigarette filter of claim 18 wherein said general adsorbent
section comprises said gencral adsorbent material dispersed throughout a
ﬁbmus material,
23.  The cigarette filter of olaim 22 wherein said general adsorbent
scction further includes an additive selected from a metal oxide or other
metal-based complex,
24.  The cigatette filter of claim 18 wherein said general adsorbent
section comptises a close-packed bed of said general adsorbent material,

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

20



25. The cigarette filter of claim24 wherein said general adsorbent 20 27
Decenber 2005 section finther includes an additive selected froma

nmet at oxi de or a netal based conpl ex. 26. The cigarette filter of claim 18
wherein said .filter plug is made from cellul ose acetate tow. 5 27. The
cigarette filter of claim18 wherein said filter plug further includes a
plasticizer, aliquid additive, a flavoring agent or a2 0#eRfddr@005t her eof

28. The cigarette filter of .claim. 18 r.ein_sai eneral adsorbent

section is positi one&e‘ﬁ“@{l%é'&?f?sf‘?ae%@gﬁ -ngﬁqﬂieé%%nwe%lﬁaﬂ%an@bﬂhecu ve
10 adsorbent section. 29. The cigarette filter of claim 18 wherein said

sel ective adsorbent bDa®ECPBRlets positioned between said fibrous filter plug
and said general adsorbent section. 30. The cigarette filter of claim 18,
said fibrous filter @bug Bb¢ vigareticshlien of ¢laioniSdvlivedimedhiiltaipthsdeadd fan
absorbent section and said general absorbent section. 31. The cigarette
filter of claim18, seldossatssttione absorbent material 20 having a surface
area greater than 35 n2/g. 21

5 27.  The cigarette filter of claim 18 wherein said filter plug further

inchudes a plasticizer, a liquid additive, a flavoring agent or a combination
thereof,
28.  The cigareite filter of claim 18 wherein said general adsorbent

N section is positioned between said fibrous filter plag 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 pogitioned

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

20 . having a surface area greater than 35 m¥g.

L3

21



