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snoke. Exanples of such filter materials 1nclude
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15 This international patent application is a Paris Convention filing and claims priority to

and benefit from U.S. Patent Application Serial Number 10/842,165, filed on May 10, 2004,

currently pending.
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20 Not applicable.

FIELD OF INVENTION
This invention concerns improvements relating to tobacco smoke filters. More
particularly, the invention relates to a cigarette filter that can selectively remove undesirable

constituents from tobacco smoke.
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and for causing other reactions as the snoke passes
through filtration beds or other reactive nedia. Anong

wo b@sprwhi ens encountered with prior filters hesT/bE®Ns5/014476
the plugging or clogging with use and the consunption
or rendering ineffective of reactive filtering
surfaces and materials. Filters nade fromfil anentary

paper a6 somowiACRBRNERF THEINVERITERE o) o '

Fowch 810 g CRRGTRT ho b6 R Yles pERE SR SThdTiemyor baceo
BT Erast s Qb Reerg s yr o Pher o8 SRt W cenain
YERRAT, e L isE MERB QI By 1S BT BT Rl removal of

absorption on a sujtable surface or b hem ca
P Sors 388 RendeRahl COTIBRFE RN PACEHSRIE. A4 art s replete with a
absorbents and adsorbents include_ activated carbon, |,
myadAfdiliration feshuiques apd materialk &or zempeyingwidprable samponegs iy smoke
resins of porous structure have been found to be .
and fpisatsing @gfréacrw, as fgrsmoke passesttirorghellrgtion bedhpraailasg reactive
during snokin as does that of carbon and porous )
megipepmoas thyprablemsenerunterrd with Rries filtems 823 been e iagtg or clogging
saturated and, therefore, increasingly inactive or it
withysetsad gheeconymphen piarrdesiag rffediye pheactivs filleiing supfpces and
thermal desorption of retained substances. Resins
mefeiigh contain maj or proportions of tertiary amno or
guat er nary anmoni um groups have been found not to be
sui tEldremady frore fitamentpradrdibiigus anatdriabsuch epertlalyse acetate tow or
snoke. Chi tosan and chitosan with a maxi mum nunber of
papei are sgnayupseffeatiee ipdeeremoval df proticulate phaseddnstitténssof tobacco
Anmong t he probl ems encountered with these materials is
sthdiat Homeyerdtbeynlimive fittle\or de efiect inl remaving pertabugasecai bampangnts in the
for the continuous flow of snoke at a | ow pressure
vapof preseoftthatobarco gmaldi sech as Hltogen gyraolde aabdshydesjcarbonyls, metals
selective filtration medi as have been found. For
aeaaltphides. THeee usdsiloéonstituéms candrirentovad byl sdsomptiof asdbsabsorption on a
gl yci ne, have been found effective i'n renoving
suafable Byrtes of by ¢hehdateagivake. However, it has been
di scovered that while glycine can reduce the | evel of
f or nenttathpola sibdtanodadich Ktase®sorbdntd fhd AddorthBlihcdudenctivaged
cigarette filter manufacturing process. Mreover, the
cdibéh, pdroadhineraBCardiSio nthfe rddths! BInexGkangé re3iioNpRoOBEaicture
during storage.

have been found to be somewhat effective, but their efficiency diminishes during smoking, as
does that of carbon and porous minerals. This may be due to the material becoming saturated
and, therefore, increasingly inactive or it may be due to the release of adsorbed material by
thermal desorption of retained substances.

Resins which contain major proportions of tertiary amino or quaternary ammonium

groups have been found not to be suitable for removing aldehydes from tobacco smoke.



SUMVARY OF THE I NVENTION It has been di scovered that

chitosan can be chemcally nodified to have the
w@bysitcambl attri butes of a filter medi um and haR@T/ES2005/014476

chem cal conposition capable of effectively adsorbing

and absor bi ng undesirabl e snoke ingredients, yielding

superior performance as a cigarette filter. Thus, it
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Ira uen e vapor

ch,as_hydr.ogen.c eh net a
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SOCI rt as usl S
SR (s Pes iRt e o e W Ky orsﬁsmple the
ou r 0Ss-
5 u%m%Eggqe fé{hl zlarglia acj %&ﬁ g]ycwgﬁ'@& qug %i)lglg 6&%@‘%831 removmg aEiehydes
Ccross-1i chltos n.reactive ter[ | § havin
mrta?acso 8‘?0 JEEt ‘6%&1@ S‘%&’HH e, {}1‘?‘3385[}‘ éaeq*}&fiﬂ?g evel of
reactlve am no groups for selectlve noke
fqrﬁnﬁlf'?*a‘fi? ghtobagea srapksi it fgrohstelle fnethe pigargliafilteg magufagturing process.
resent i nvention, .a tobacco-snoke filter includes an
Flly B 1uSq of auiRn Asidsicaysss the eslense Pt ammeniziedar dutingestorage.
vol ati |l e tobacco-snoke constituents such as
hydr ogencyani de, aPYBA)BEOF THEAYNENIIONet al s and
sul phi des. Specifically, the instant invention is
10 dj r elé haschegmdigrpvered mawhlsvsa@fwn b¢ ehemiqally odiied fphave the physical
filtration conpounds of chitosan cross-linked with
aggibytes obp Gleryersivan andhave o shamiea eerapasition sepaletat eyl .
Chitosan is cross-linked with glutaral dehyde and
adgporpineAnd absoringninsigsitable smoke ingredigvisnyjeldingisepteriouperfprraance as a
area to mass ratio for the selective filtration of
cighrgthg Bltare snoke, particularly for the renoval of
undesi rabl e snoke constituents such as al dehydes,
hy dr Buyenit syaanbidet, of therpbesentlisventar tplpravids cigacktieditat arangements
Chitosan is a |inear polyglucosam ne pol yner obtai ned
15 aid, onrd peeticibaly stigdrettel fotersahatchn $elactivedy poloye andehizgabledenstituents in
- found in the exoskel eton of crustaceans. Chitin al so
theoapurphase of tbaed smaksucin ad lsissgen cysaile] dldehgddspmeralsynd sulphides
ot her ani mal and vegetabl e organisns. Chitinis a
wiitheve aife drawbacks or disadvantages associated with the prior art as previously described.

A further object is to provide a novel cigarette and smoke filter embodying a porous
resin of cross-linked chitosan.

20 An additional object is to provide cross-linked chitosan reactive materials having a
high ratio of surface-to-volume and having a reduced number of reactive amino groups for
selective smoke filtration in a smoking article.

According to the present invention,‘ a tobacco-smoke filter includes an adsorbent /

absorbent for removal of undesirable volatile tobacco-smoke constituents such as hydrogen



pol yner of 2-deoxy, 2-acetyl-am no glucose anal ogous

to cellulose in chemcal structure. It is insoluble in
waboweat2eal | nedi a except strong m neral acids BOOUS2085/014476

to the acetylated amno group is relatively

unreactive. When chitin is deacetyl ated by treatnent

wth strong alkalis, the product is chitosan which
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in a suita ol vent, such as aqueous acid, and then

cad oy lsy SHlph ‘%@ a’i‘%mﬁ 2o ut i on of aqueous base to form
wat e smollen chitosan gel beads. The beads may be
cr os'shifosads g liear ﬁ@lyghue&%@re aebipgeobtained &am g}ealeéqegylatlon of
MAthglyoxaI to i nprove the nechanical strength and

chitiy dpelystrshasige Gfmnm the groskeietop ghgrustacepps. wlditingdsgpscgs i insects
then freeze dried to yield a porous cross-linked

10 anddgjlesser gpantitis Wnalo%r admal apg Negefablecrgamsmpa Sliitim ipg linear

air drying. A porous resin may also be prepared using

pRlymereaf Fedepyy. 2rigefyeamipn glteoss apalpgoup torcetllosein ghemicatisiracture. It
i s acconplished by dissolving flaked or powdered

isdpiolublean almpshalkmediapiceptsapraminerabanids and dagiegbuacetyiatad amino
acid, and then adding the solution to a non-solvent,

group 5 relativelst ¥nagastive. and cool i ng the resulting solution
bel ow the freezing point of the chitosan sol ution
whi cWhen diitgisis deasgiyhataddadrsatniEhewigh $ieomd slkaiiyy thelpeodubids chitosan
neutralized with a base and cross-1linked with

15 whichreantzsinglereyfibe anid geypefontash gluppsebuddipgmait intthe padytndry It is still

the final properties of the chitosan resin. The

a tomg ghdin figeab palgimemba istrioera Highly reaethve cationixdpdlpelgctedlyte material. It
porous cross-linked chitosan resin. Drying may al so be

witfoanmpalisstithcsityle wexania arids) dudhyas #rmid mydtiogrartaklegcitric, etc. and is
cross-1linked resins produced by both nethods have a

sdlwdeimediluteuaqbeius eflutions 6f dueke substances. Chitosan is nontoxic and

biodegradable, and it has found utility in numerous applications, including chromatography,
20  drug delivery, and cosmetics.
A porous chitosan resin may be formed by a phase inversion technique. This is
accomplished by dissolving flaked or powdered chitosan in a suitable solvent, such as
aqueous acid, and then coacervating in a solution of aqueous base to form water swollen

chitosan gel beads. The beads may be cross-linked using glutaraldehyde, and separately with
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am no groups. The reduced nunber of reactive am no

groups is aresult of the cross-linking reaction with
w@busarmwidehyde or gl yoxal. It has been surpriBCTghE3005/014476

di scovered that the described invention, having a

reduced nunber of reactive am no groups, is selective

in renoving hydrogen cyanide and fornaldehyde from

le f?o r‘;'néar% elgﬁe chhﬁwg% @ g?n b ﬁgduéuﬁfe] gleﬁ' cyf the n%sceT e wet

o34 B e érerzgﬁr’%\%%voeya@?" pppecs RiksdteRint B Fgf‘*‘tgﬁ Al5p b,
t he [ art wher.e,a. maxi num nunber of reactive am no
“@?%B%% ﬁé&gmBﬁgﬂr%ﬁﬁV5§ed The porous resin of the

B R
et e e e Yo

he re in may al so be, di spersed t hout filter
solvsi itaéaﬂrgprwrtrc actdhand ey rf'drﬁsy lgroaé%an% iqlﬁeﬁt guch as
f||ter bed in a filter section and the resin ma
mﬁtger'@é,dmgp%q{@gltl}eerequlltmgéplug%belqvh the fregzipg H‘H?t of thes 1tosan solution
bei ncorporated into a part of the cigarette filte
Wgﬁb pickls fogen l{epq}ﬁp Tﬁ@seﬁ)gggrmayath@}matrﬁg%wlth ﬁggs,etand gross-linked
P a space, or even a free-flow sl eeve.
WA@ g ufarqir*reélwg/andtsmerat@x wiith glypxaldo medidy the fiaplayonerties of the chitosan
cigarette filter paper, attached to the tobacco rod
regint Ahe repyiingjbeadpany den be/Beeze driest to wield eporoRstaRpss-ligked chitosan
cavity in the filter. DETAILED DESCRI PTI ON OF THE
refiREPERREMaFNBOD ENTS isEsdibypyassurn find byeaipdrgingnt
i nvention are given below by way of illustration and
not The onesy-lioked| resiist produged byTiotls metbirdaipive 8 radneddugmbenaf reactive
di stinct nmethods of preparing chitosan beads as wel |
araio geonps. al hededicemumbree bfreasive immogsaupk isrkeswdt of be cross-linking
chitosan beads. Al of the foll ow ng exanples yield
repctionwvatheglatsaldehynlk @d glybxal.oB has rees surpriegles dibavenad that the
reduced nunber of reactive am no groups. EXAVPLES
ddsipibelikvehtion, Rty esrediniet! asabero€ sdacti wamisygrolpssis z&ektive in
according to a phase inversion technique. This was
red@ Mgpily divparkcybyidp areifarmaidehadetom ibaaeamokal Itthasatsolbgen
di ssol ving approxi nately 20 grans
surprisingly found that the cross-linked chitosan resin having a reduced number of reactive

amino groups exhibits greater selective removal activity than that associated with the prior art
where a maximum number of reactive amino groups have been employed.

The porous resin of the present invention may be incorporated into a cigarette in a
variety of ways. The resin may be disposed between filter sections wherein these sections
may be comprised of fibrous, filamentary and paper materials. The resin may also be
dispersed throughout a filter tow. Alternatively, the resin may be placed within a filter bed in

a filter section and the resin may be packed along the filter bed. The resin may also be
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of chitosan flakes (practical grade) in 3.5% acetic
acid. The m xture increased in viscosity and gell ed
waip@s/11dse1 conpl eti on of the chitosan additi on. PEUS10e5/014476
dilution with acetic acid resulted in a solution
havi ng approxi mately 3% chitosan flake. This provided
for a chitosan solution having a nore nanageable
vi scosity. The nt of acetjc,acid us
ingOrRSBIRY 0 AESE AN B QAR S S H)551PB I8 PARE1 35 Ry beper insrt
milliliters lution was then filtered to
a pluga SREcS %rrﬁye‘ﬂﬁng"s ﬁaw@avqm%démoaﬁléy theyfpsin Ry pgimgepporated into
solution was then added dropwi se to . a precipitation
cigaiete flfer panep|airchedin tb?ﬁql?w%% Widh tiRping RAPEF Qg @y incorporated
swol | en gel beads. The gel beads were then filtered
wihig a\ﬁé‘é‘ﬁ’e‘d thg flter.dei oni zed water until neutral, pH of
t he wash water being approxi mately 7. Heterogeneous
cross-linking of the chitosan beads was then
acconpPESAHEILDESUREAGNQF THE PREHEBRREDY EMBOENMENISUTr S
in approximately 1 liter of 2.5% aqueous sol ution of
gl utBwaalptbs lof the preéért drventionsise givenkbetogy by Wey bfH oksratier and not by
then filtered and washed with warm dei oni zed water to
waeoflitsitaioy. Ehase ssangllastisrladedwb didtinct Siekindsofrépaying thimsan beads
beads were freeze dried which resulted in porous
aDWvell srsay etk lystect eretisds bf srbdinking tleschitosar beads b AHAS the Thldowing
BET surface area of the resin was nmeasured to be
exapipled yicdlbparbys ciadbliikddhitddan rddmatdadsiRring hheduced nunetdr afidactive
sieved to retain particles having approximately 16 to
antogesPs. A surface area analysis of the mlled resin
showed no appreci abl e-change in surface area. The BET
surface area of the sieveksoappEe was neasured to be
approximately 117 n2/g. EXAMPLE |1: Porous chitosan
EXAMPLIMBS synt hesi zed according to the phase inversion
technique in Exanple 1. In this exanple the
het er ogeneous cross-1inking of the chitosan beads was

ac c opRbuisThR6kah Yeshusde 8 itthdigzel A& oRids afpliseSB\easich tedh@lgas. This
in a 2.5% aqueous solution of glyoxal. After

was &26mplishkd Pgprepdimg Rgesishito®inSolutibt By Giskoitk é@s@ﬁﬁﬁﬁ’atéﬂ& Qb" grams

war m dei oni zed water to renove any excess gl yoxal.
oPERPSan WRKE (bl'ﬁ@t'ﬂ:af% &% e 3159.Qdetidhicrh T%@%ﬂkthﬁdndréhs&%@%@oslty
e

gl yoxal cross-| d chitosan resin beads. EXAMPLE
and ée'lled upon the completion of the chitosan addition. Further dilution with acetic acid
resulted in a solution having approximately 3% chitosan flake. This provided for a chitosan
solution having a more manageable viscosity. The total amount of acetic acid used to
dissolve the chitosan flake was approximately 665 milliliters. The solution was then filtered
to separate any undissolved materials. This chitosan solution was then added dropwise to a
precipitation bath of 2 molar sodium hydroxide to yield water swollen gel beads. The gel

beads were then filtered and washed with deionized water until neutral, pH of the wash water

being approximately 7.



10

15

20

Porous chitosan resin was prepared according to a
thermal |y i nduced phase separation procedure. A 4%
wa@hiosmsam sol uti on was prepared by di ssol uti onP@f/US2005/014476
chitosan powder (Vansen Chem cal; 92% deacetyl ati on)
in 3.5%acetic acid. A precipitation bath of sodium
hydroxide (2 nolar) in 20:80 nethanol / water sol ution
was .prepared and oled.10 .0 0C.  The chitosan sol ution
vas PR AR SR hEoTaepedl i e el et O

e st [ Pr eci.pi t ati.on chit occurr

oRGF e &eawf%ﬁi%%gwﬁ *ﬁwsa? e igge b %f%?’%:*ﬂ aieb s;ﬁgon of
el B” AR PR dneo B e Rl e B A T Syl rm
SEPAGHBE GOK i3S By D abreatiFul, e eaa e freeze

becane neutral, havin H of approxi.mately 7.
dr lﬂgt‘@\’n%‘déﬁi%g’ RAYS §i“|“fcg ﬂﬂ?*fa’(ae BPSSTHEC ﬁ‘i“{"é%‘h’ﬁg% gsﬂg WBGBET
t hen acconpl i shed by suspendi ng appr oxi el 96
Sugfl;%eaocff teresipaay gle%/we&ﬁg besnrrti 5y 148 ol e g?*’tdé pgre then
of 2.5% aqueous gl utaral dehyde sol utjion for severa
mijlsd pad sigyed & refgimpagtiglesfiaving aPRrardmaiehgkd QP eneph.| A syrdage area
and washed with both warm and col d dei oni zed water to
analygis 9Ethg myjilledresin shayved g papradsheichangs B sudars greas The BET surface
drying of the beads resulted in porous glytaral dehyde
areg fghe sigveH semplpvedmassuredde be apprxymatliid 1henEs were t hen
mlled and sieved to approximately 16 to 70 nesh. The
EX&VPLlrf:ace area of the resin was neasured to be
approximately 210 n2 /g. EXAMPLE |V: Porous chitosan
resin was prepared according to the thermally induced
phadioraus shitesan essinyas exnipsizeq seeesdigde thephpse inyeraigy tschnique in
exanpl e, the heterogeneous cross-|inking of the
Exaniniobaln this sxpmpigthe Aetewggricputraesshipking gﬁglﬁ @hifgsan beads was
approxi mately 261 grans of wet beads in approxinately
act@oplishizd by suspandingdhie admpnspueralhoursliy 81" aayeousisohytipnef
several hours. After cross-linking, the beads were
glyonal.epBet coosetlinkindle headhwere filterad and wastied withl waen deipnizad water
water to renove any excess gl yoxal. Subsequent freeze
todemoveany @xeess gyorah Trerboads vgdry thrmfreeze dued whikl cesulitddtin genqus
resin beads. The beads were then mlled and sieved to
glappt oobsatirtked yhitoBart resiiBealesh. The BET surface area of
the cross-linked resin was nmeasured to be
EXAMRLE It el vy

Porous chitosan resin was prepared according to a thermally induced phase separation
procedure. A 4% chitosan solution was prepared by dissolution of chitosan powder (Vansen
Chemical; 92% deacetylation) in 3.5% acetic acid. A precipitation bath of sodium hydroxide
(2 molar) in 20:80 methanol / water solution was prepared and cooled to 0 °C. The chitosan
solution was then added dropwise to the precipitation bath with moderate stirring.

Precipitation of chitosan occurred shortly after addition of the solution to the precipitation
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145 m 2 1g. EXAMPLE V: Porous chitosan resin was
prepared according to the thermally induced phase
wa@epanateron procedure in Exanple I11. In this PXEDPL085/014476
t he het erogeneous cross-|inking of the chitosan beads
was acconplished by suspending the beads in a solution
of glutaral dehyde and ethanol for several hours. After
baftl. THe ; I‘éc[yl(t%trl]cgf bahpl?avB] %‘esch\ﬂggaﬁ Féciptitg{e%%ls ﬁ{ég a\’i@»%!lﬁg ré%llhl?o
et handl to T enbve any excess 6 utaral dehyde.
Subsequent cuum.drving r I i n I .
rog (et B SOk Rl B e REL PR peianjeed water unc
EXANMPL | ;. Porous chitos esi n. r epar ed
e R AT A E e PRIART R R eLe separ at i on
procedure in

EX | || .0 thi l e, the..
Pt SFirgRATElS CRRGULaRS ohhs o R S FsS ar oBLaed ks
SoFG0 PTG A EREAGH oo Peage Pap B s T fer or 2.5%
SoBE A AU D Bt oady ERaULeTs| ST P, e besds Were

Subsequent vacuum drying resulted in porous
filipreskag &a&aﬂm@%%%m aeald detonized Ak @aPRo BRI geoR en
thoggh t hese exangles specify anmpunts or
glutaraldehvdea Spbssquent frenze diving of thedsadsirsultpkingraue gRiasaldehyde
enmbodi nents of the present invention, a w de range of
cressrlioker shitorap Aesimbrads s beadsgrers,hermiller andraigvegddo apnseximately
ractice the present invention. For exanple, the
1<§ng #ephKEre %%T shrfagharpmgf theerepin was meagyeedde be approximately 210
concentration of about 0.1%to about 50% the chitosan
m3/gl ution may be in a range of concentration of about
0.1%to about 20% the acetic acid solution may be in
ExAMPLgdavef about 0.1%to about 10% and the base
solution may be in a range of about 1 to about 5 nolar
sodi um hydroxi de. Additionally, the range of hours for
cr oPorduks kkitasgn regiacias preparay adzerdingamtielihernally mdueedtpbasep
to about 24 hours. EXAMPLES OF USEA cigarette
sebarpiichairboedoe i Bkanspld 1D Iaeles exanmple, thetheteaugemeoaoerbsstlinking of the
portion sonetines referred to as the tobacco or
chifogareidsavas ackompliched bl ishsperdinpoappioaiimarly 26l grams bEwet beads in
referred to as the filter tipping. A cigarette sanple
apprdximatel9 2800 Milfiliteis@F 2 SeXSaqRERI glyetal Byluti@oy baverat ieurs. After
exi sting .
cross-linking, the beads were filtered and washed with both warm and cold deionized water

to remove any excess glyoxal. Subsequent freeze drying resulted in porous glyoxal cross-
linked chitosan resin beads. The beads were then milled and sieved to approximately 16 to
70 mesh. The BET surface area of the cross-linked resin was measured to be approximately
145 m 2/g.

EXAMPLE V:



10

15

20

filter on a cigarette made by standard production

techni ques, and replacing with a filter tipping having
w@2mselilipse acetate section at the tobacco enPCDiS1008014476

filter and a cellul ose acetate section at the nouth

end of the filter leaving a mddle cavity. Sanple sets

of senolina (an inert filler material), chitosan resin

ot o NI ARE T %‘HF“?&? PR B HRAENY il e phace
segaratlon aqrg etdur%slrll qg . tlfl:lh%‘){a ple, e! M‘ls ha%yog?%eo‘as cross-lmkmg of the

roce re an 55S
B R e ) hrHEED Y B s
etﬁw f?régﬁsvf’zré%ﬁws et TS ﬂrerP&ﬁdée%ﬁV%ﬁ%%fsé SR BT
d | d
cr B OO (SN S50 Sl SOLRs i PL A AP B epled in porous
, d chit t h d by th th [

gl;‘??fi’tf@glﬁdefﬂ‘i‘é% ‘“E&p%&géagé%y"gl? Sldﬁ?e aﬁd c?osselrlrrﬁkeé

with glutaral dehyde in water, washed with ethanol, and
E ¥ied (Ex. VI), were prepared using a 50 ng

sanple load in the mddle cavity of the filter
| oadi n

tippj Thi s S ,consj.ste ac S | e

: op?waﬁsaalt%swawaw%ﬁ%@a AeeDrding 6 e thSmafif fnfeATRast

filter of the res venti on be in a range, of.
seppatien l?fec%fet% XHBRIF Iéo'@ thig ex &?%A}ﬁﬂr%%ems &Pg%lgfﬂw of the

drop selected to mnimze s el ivery variances
chijoganybepdsveasagcqpplished Dy dipe & g%idé A $90tioR @?ghmamwyde and
of the cigarette filter of the present invention
WRSFISY 6 VGRS Ao CERS U B R hs oot PR "B ethanol
conpared to conventional devices. The tests neasured
torRIBOYEARY K CeST Slutarpkdenyden |Subseavrat YacuwR IS IngiBEd it pasays
t he mai nstream snmoke after the cigarette was fully
glyteptdehyderpesstlipkebiitagndesimbesdts i Ilustrate the
performance achieved in the filtration of volatile
constven thavek these examalss spesitnimoungyor ¢aragnistionsef materials used in
preferred enbodi nents as conpared to the contro
making s4vatal emeadirneminioiAhaprysentiaventies @l wide mange efeqoneentratians and
t he vapor phase and whol e snoke anal yses as i ndi cat ed
amountsef niatériatarhagpetused @praches the present iyentionn Foedxamglet e
the difference, in % between the anount of the
crassdinker eolniersmay bk inra rarige of apwoentptiors ef abouthidh ¢o about 50%, the
mai nstream snoke of cigarettes having filter tipping
cldtsdnasohitiog meig e Ini n@ngenaf cotnienhtma@mn of awiun0.1%ap abouPR@écthe acetic
Snoke Analysis for Chitosan Resin Prepared by Phase
adidh sedutiinomayThedh airapge of about 0.1% to about 10%, and the base solution may be in

a range of about 1 to about 5 molar sodium hydroxide. Additionally, the range of hours for

cross-linking reaction may be from about 1 hour to up to about 24 hours.

EXAMPLES OF USE
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TEx. Il Percent Reduction (% . . . Chitosan
cross-linked with glutaral dehyde Anal yte E ¢ Hydrogen
wa@ymnie749 Acet al dehyde 10 Acetonitrile 11 Acr@li/e$2003614476
Propi onal dehyde 11 Acetone 7 Methyl Ethyl Ketone +
But yr al dehyde 16 Crotonal dehyde 13 \Wol e Snoke
Hydrogen Cyani de Anal ysis for Chi tosan Resin Prepared
Phase Inveré on Techni Percent Reduct

(¥ A OB e pprt iy > et fobpegp aP%tP'arna@ﬁgwe Somelnes
reéﬁrgg %j/)sa}séheftgga rtcd%aé %%:g d p,g'g étg)ngv éhlg e rePe¥red to as the
et b St e P
ﬁlfécr: %}1 %lc:jggrla'/tg %agl'e?’ b)'/o\ sciz?l}dgrrc]ieproductlon techniques, and replacing with a filter
tipping having a cellulose acetate section at the tobacco end of the filter and a cellulose
acetate section at the mouth end of the filter leaving a middle cavity. Sample sets of semolina
(an inert filler material), chitosan resin synthesized by phase inversion technique and cross-
linked with glutaraldehyde (Ex. I), chitosan resin synthesized by the thermally induced phase
separation procedure and cross-linked with glutaraldehyde (Ex. III), chitosan resin
synthesized by the thermally induced phase separation procedure and cross-linked with
glyoxal (Ex. 1V), chitosan resin synthesized by the thermally induced phase separation
procedure and cross-linked with glutaraldehyde in ethanol, washed with ethanol, and vacuum-
dried (Ex. V), and chitosan resin synthesized by the thermally induced phase separation
procedure and cross-linked with glutaraldehyde in water, washed with ethanol, and vacuum
dried (Ex. VI), were prepared using a 50 mg sample load in the middle cavity of the filter
tipping. This loading was consistent for each sample to provide comparable results. Resin
loading in a filter of the present invention may be in a range of about 10 mg to about 200 mg.
Each sample was pressure drop selected to minimize smoke delivery variances.

Several tests were conducted to determine the ability of the cigarette filter of the
present invention to remove undesirable constituents from fobacco smoke as compared to
conventional devices. The tests measured the amount of undesirable constituents removed
from the mainstream smoke after the cigarette was fully smoked. The following data sets
illustrate the performance achieved in the filtration of volatile constituents of tobacco smoke

for each of the preferred embodiments as compared to the control material, semolina.

10
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Acrol ein 11 Propional dehyde 16 Crotonal dehyde 9
But yr al dehyde 17 Vapor Phase Snoke Anal ysis for
w@hkiososmm Resi n Prepared by Thermal |y | nduced RTEES82005/014476

Separation TExs. II1-1V1Percent Reduction (% Chitosan
cross-linked with Chitosan cross-linked with
gl ut aral dehyde glyoxal Ex. Ill Ex IV Acetal dehyde 13 3

1 Acet 2 1 30 Ace It

A%@W?‘a‘ﬁ’?@ﬁ Fredeedd SE R gt 81%@0'9 Sl&%kwa\yaeaéa faicated i

t hyl ket
thepr ilmv aﬁﬁgeésh ?ag:e%é/%g?n Pékﬂsyﬁ% él?eggﬁg)‘arécezl-? "/3,5between the amount of
| d 27 40, Whol k
AR Esh i Teshe ¥t e o1 ?fh ?m B R Hb o Ry having

Induced Phase Se [ | H1VI Percent

filige fpRpS Scf?t"('%‘g @‘1‘?‘3{9 é?fio it %aé'rTslnhked wi th Chitosan
cross-|inked wt

th
Vapor Phase Smoke Analysis for Chitosan Resin Prepared by Phase Inversion Technigue

[Ex. 1]

Percent Reduction (%)

Chitosan cross-linked with glutaraldehyde

Analyte Ex. 1
Hydrogen Cyanide 49
Acetaldehyde 10
Acetonitrile 11
Acrolein 15
Propionaldehyde 11
Acetone 7
Methyl Ethyl Ketone + Butyraldehyde 16
Crotonaldehyde 13

Whole Smoke Hydrogen Cyanide Analysis for Chitosan Resin Prepared by Phase Inversion
Technique [Ex. I]

Percent Reduction (%)
Chitosan cross-linked with glutaraldehyde
Ex. 1
Hydrogen Cyanide 41

Analyte

Whole Smoke Carbonyl Analysis for Chitosan Resin Prepared by Phase Inversion Technique

[Ex.T]

Percent Reduction (%)
Chitosan cross-linked with glutaraldehyde

Ex.I
Formaldehyde 36
Acetaldehyde ‘ 13
Acetone 5
Acrolein 11
Propionaldehyde 16
Crotonaldehyde 9
Butyraldehyde 17

Vapor Phase Smoke Analysis for Chitosan Resin Prepared by Thermally Induced Phase
Separation [Exs. ITI-IV]

11
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gl ut aral dehyde glyoxal Ex. Ill Ex IV Hydrogen cyani de
54 29 Whol e Snoke Carbonyl Analysis for Chitosan Resin

wae@parswdl by Thermal |y | nduced Phase Separ ati oPCT/ES®05/014476

[11-1V] Percent Reduction (% Chitosan cross-Ilinked
with Chitosan cross-linked with glutaral dehyde gl yoxal
Ex. Ill Ex IV Acetal dehyde 1 2 Acetone 5 0 Acrolein 10
3 Butyral dehyde 14 8 Crotonal dehyde 20 9 Fornal dehyde
50 46 Propional dehyde 17 19 oI e SH‘D 1 ce Metals
Anal ysis for Chitosan Res REg i rmal |y, )
| nduced Phase S ° g“" H 1 VI Pe?@@ﬁ?“%ﬁd ?%W‘th

(9% Chitosan cross-f % h Chitosan cross&}?

ut ar al dehyde gl | Ex. 11l Ex IV Cadk¥d 32

Aﬁ%‘a‘g%@ Phase Snoke Ang] ysis for Chitosan Resiof
%fa red by Thermal |y Ifiduced Phase Separation ZQEX V]

0 18

Acrolem ? Reduction (% 29 36
Acrylonitrile 21 29
Crotonaldehyde 7 42
Hydrogen cyanide 60 45
Methyl ethyl

ketone 21 29
Propionaldehyde 23 ' 36
i-Butyraldehyde 27 35
n-Butyraldehyde 27 40

Whole Smoke Hydrogen Cyanide Analysis for Chitosan Resin Prepared by Thermally
Induced Phase Separation [Exs. III-IV]

Percent Reduction (%)

Chitosan cross-linked with Chitosan cross-linked with
glutaraldehyde glyoxal
Ex. I ExIV
Hydrogen cyanide 54 29

Whole Smoke Carbonyl Analysis for Chitosan Resin Prepared by Thermally Induced Phase
Separation [Exs. ITI-IV]

Percent Reduction (%)

Chitosan cross-linked with Chitosan cross-linked with

glutaraldehyde glyoxal

Ex. III ExIV
Acetaldehyde 1 2
Acetone 5 0
Acrolein 10 3
Butyraldehyde 14 8
Crotonaldehyde 20 9
Formaldehyde 50 46
Propionaldehyde 17 19

Whole Smoke Trace Metals Analysis for Chitosan Resin Prepared by Thermally Induced
Phase Separation [Exs. ITI-IV]

12



Chitosan cross-linked with glutaral dehyde Ex. V

Acet al dehyde 9 Acetone 6 Acetonitrile 3 Acrolein 13
w@emsomardehyde 7 Hydrogen Cyani de 36 Met hyl Beduyi1S2005/014476

Ket one 6 Propi onal dehyde 11 i-Butyral dehyde 9

n- But yr al dehyde 10 Whol e Snoke Hydrogen Cyani de

Anal ysis for Chitosan Resin Prepared by Thermally

I nduced Phase Separation [Ex er\&m G&R duction (%
Chi tosan cross- ltglll;o XVI Esq (?:&'ﬂ }feg ‘ﬁ élé crgss lm]ked with
Hydr ogen Cyani de v f;d rbony éSI
Chitosan Resin Prepa% Ee[ ermal |y | nduced
C Fgaratlon [ Ex. VI Perc%g Reduction (% Chi t 0%
r

8. 1inked with gl ut ardl dehyde Ex. V Acetonltrl le 3
Acet al dehyde 27

Vapor Phase Smoke Analysis for Chitosan Resin Prepared by Thermally Induced Phase
Separation [Ex. V]

Percent Reduction (%)
Chitosan cross-linked with glutaraldehyde

Ex. V
Acetaldehyde 9
Acetone 6
Acetonitrile 3
Acrolein 13
Crotonaldehyde 7
Hydrogen Cyanide 36
Methyl Ethyl Ketone 6
Propionaldehyde 11
i-Butyraldehyde 9
n-Butyraldehyde 10

Whole Smoke Hydrogen Cyanide Analysis for Chitosan Resin Prepared by Thermally
Induced Phase Separation [Ex. V]

Percent Reduction (%)
Chitosan cross-linked with glutaraldehyde
Ex. V
Hydrogen Cyanide 27

10  Whole Smoke Carbonyl Analysis for Chitosan Resin Prepared by Thermally Induced Phase
Separation [Ex. V]

Percent Reduction (%)
Chitosan cross-linked with glutaraldehyde

Ex.V

Acetonitrile 3

Acetaldehyde 27
Acetone 24
Acrolein 32
Butyraldehyde 41
Crotonaldehyde 30
Formaldehyde 58
Propionaldehyde 33

13
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Acetone 24 Acrolein 32 Butyral dehyde 4 1
Cr ot onal dehyde 30 Fornmal dehyde 58 Propi onal dehyde
w@3holw76moke Trace Metal s Anal ysis for Chit oBemUR®es/0M4476
Prepared by Thermally Induced Phase Separation [Ex. V
Percent Reduction (% Chitosan cross-linked with
gl utaral dehyde Ex. V Cadm um 38 Vapor Phase Snoke
LS+f ' .

alP Induced

S0 B X+t 0Ss- Ilnked W|th gl utaral dehyde Ex. W
Acet al dehyde 3 Acetone 4 Acr, E t“r% g,[ogt(gial dehyde 11

Hydr ogen Cyani de 30
Pr opi onal dehyde 6 i - I\B/%{ht}%% {ﬁ%u'%tyralgf%yeeyde 11

Cadmium 38

Vapor Phase Smpke Analysis for Chitosan Resin Prepared by Thermally Induced Phase
Separation [Ex. VI]

Percent Reduction (%)
Chitosan cross-linked with glutaraldehyde

Ex. VI

Acetaldehyde 3
Acetone 4
Acrolein

Crotonaldehyde 11
Hydrogen Cyanide 30
Methyl Ethyl Ketone 11
Propionaldehyde

i-Butyraldehyde 7
n-Butyraldehyde 11

Whole Smoke Hydrogen Cyanide Analysis for Chitosan Resin Prepared by Thermally
Induced Phase Separation [Ex. VI

Percent Reduction (%)
Chitosan cross-linked with glutaraldehyde
Ex. VI
Hydrogen Cyanide 30

Whole Smoke Carbonyl Analysis for Chitosan Resin Prepared by Thermally Induced Phase
Separation [Ex. VI]

Percent Reduction (%)
Chitosan cross-linked with glutaraldehyde

Ex. VI
Acetaldehyde 0
Acetone 0
Acrolein 0
Butanone 1
Butyraldehyde 14
Crotonaldehyde 36
Formaldehyde 37
Propionaldehyde 0

14
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Whol e Snoke Hydrogen Cyani de Anal ysis for Chitosan
Resin Prepared by Thermally | nduced Phase Separation

WO Bdo5/116l71 Per cent Reduction (% Chitosan crossPCT/nEk®ds/014476
wi th gl utaral dehyde Ex. VI Hydrogen Cyani de 30 Whol e
Smoke Car bonyl Analysis for Chitosan Resin Prepared by
Thermal Iy I nduced Phase Separation [Ex. VII Percent
Reduction (% Chitosan cross-linked with
gl ut aral dehyde Ex. VI Acetal dehyde 0 Acetone O

L&@@Egr}fékgirp BM A0 ls%lrI Hi l ex@é’ 91eP 4arg‘$8é%%§[ﬁ9$}| m&i&ed
P Q

t-2RarAPTL ySi s for Chitosan Resin Prepared by
Thermal 'y I nduced Phase Sepalakj (g[lgﬁ%n yl)] Per cent

Reduction (%9 Chi tosa%&gg&ﬁ%r “méla utaraldehyde

gl ut aral dehyde Ex. VI m um a surprisingly
Ctsda W the cross-1inked chltosan r§6S| n described in

v
tg)
1
>
=
o
.

The data surprisingly showed the cross-linked chitosan resin described in this
invention is selective in removing aldehydes and hydrogen cyanide in cigarette smoke
compared to the inert semolina control. The glutaraldehyde cross-linked chitosan resin
reduced the vapor phase delivery of hydrogen cyanide by 60% versus a control sample (Ex.
IIT). In a separate test, non-crosslinked ground chitosan particles showed no effect on the
vapor phase hydrogen cyanide delivery. The glutaraldehyde cross-linked chitosan resin also
decreased whole smoke hydrogen cyanide delivery by 54%, and mainstream whole smoke
formaldehyde delivery was decreased by 50% compared to the control sample (Ex. III).

While the invention has been described with reference to preferred embodiments, it is
to be understood that variations and modifications may be resorted to as will be apparent to
those skilled in the art. Such variations and modifications are to be considered within the

purview and scope of the invention as defined by the claims appended hereto.

15



invention is selective in renoving al dehydes and
hydr ogen cyanide in cigarette snoke conpared to the

wo pmstiizsenol i na control. The gl utaral dehyde  PCT/US2005/014476
cross-linked chitosan resin reduced the vapor phase
delivery of hydrogen cyani de by 60% versus a contro
sanple (Ex. I1l). In a separate test, non-crosslinked

“gr und chitosan particles showed no effect on the
g&%W'phase hydrogen cyani de delivery. The

ol LB BT AT R oy s
am whol e snmpke

R B SE R, P eGP OB 8 Of RBAEONV N AR,

Ex I.1). While the invention has, heen descri bed wth
C'ﬁl@r W ﬁhéf g fet i LetisEdn tlhiesin it %rO?ngisé yyeh glutaraldehyde.
under stood that varjations and_ nodjfications may be
Claiga 74 Slienascardingq laise | "B}fé‘“i“éf'ﬁ'd s G- ked Ml elyaral.
the art. Such variations and npdifjcations are to be .
Clapmd; A Slterpcepring fp Claun buvherensaigheesigdpipdapculaigdorm within a size
invention as defined by the clai ns appended hereto. W
raggeqfigpproxigmaaly 17 meshdp aprreximatske’kmesher conpri sing a
chitosan resin having chitosan cross-|linked with a
Cleism 814 rigarstte §itrasqasding todplaithb Wieesimpsaidigsin spmprises milled
gl utaral dehyde and glyoxal. Caim2. A filter
paséadesr ding to aim 1, wherein said resinis
cross-linked with glutaral dehyde. Claim3. Afilter
Claize 6+ Al filter acoording i trim hveresdim saichfolfagee sinpke Blter has said resin
cross-linked with glyoxal. Caim4. Afilter according
presgnGinai range, fromhahoet 1) matokbeeid0Amg in particul ate form
within a size range of approximately 17 nmesh to
Chapp 7 o ifiltert astgrding tom@khm 1. Gvizirgin Said rsiniigjmrpatticelafel fomeand is
according to Claim1l1, wherein said resin conprises
dispdsédlobtywerntfiliet estions] sidnil&r sedtibns haeing amteniakiiselgetedfrah sliengroup
1, wherein said tobacco snoke filter has said resin
cqnsisendf fibrowa, filangearfpaperabduwbmbihatiopsttieredfout 200 ny.
Caim7. Afilter according to Claim1, wherein said
Cha@ts BNA iftitert avc@ding it Qlaith ¢, Witer¢in adidirdsih islingakattefoimveahis
filter sections, said filter sections having materials
disgrdtiegfifiérasovt he group consisting of fibrous,
filanmentary, paper, and conbinations thereof. Caim8.
CRirh ] AehetAc e stioR@fift@tiéd enpribing prvidinga Soking #6¢18 fiiteér having
in particulate formand is
chitosan resin cross-linked with a constituent selected from the group consisting of

glutaraldehyde and glyoxal, and passing smoke through said filter.

Claim 10. A method of fluid-flow filtration that comprises providing a filtration bed having
cross-linked chitosan resin in said bed and passing fluid containing constituents reactive with
said resin through said filtration bed.

Claim 11. A method as claimed in Claim 10 and in which the providing step comprisés

packing said chitosan resin within said bed.
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dispersed in a filter tow Caim9. A nethod of snoke
filtration conprising providing a snoking article

wo Rdosar2éhavi ng chitosan resin cross-1inked w t PCHUS2005/014476
constituent selected fromthe group consisting of
gl ut ar al dehyde and gl yoxal, and passi ng snoke t hrough
said filter. Caim10. A nethod of fluid-flow

f|| ti ri,ses pro a.filtrati.on bed
C‘ﬁ‘&b 8 el stngelh iR e ubh Sedish i s Bt iyg
assin I ui ontai ning constituents reactive with
BEA SIS ?Pot“h}q‘;rﬂﬁﬁai‘ said filtration bed. CI a| m 11. A
net hod as cl ained i aim 10 .an n which
Claithid- d mgfhed wlacfaﬁ%m @@@ B)aa@vé.lw%.w efﬂth&ga%ePrfegh%
within said bed.daim12. A nethod as, clained in Caim
comprisgs Rﬂfﬁ‘%saéda‘freﬁsrl@ﬁqwchltgsaﬁes&’ *H%H& %aE’utregt e form havi ng
a size of about 16 nesh A nethod as cl ai ned
Claim H. 4 methed ayfdpimed {laim k“a‘i"'&F"EiP é‘W dridgs cisupits smaksapd said
conpri ses packing said cross-Ilinked chitosan resin
°Oa$t6\*@“5§é’mﬂﬁf‘éd’yr sipi predpgts ofcigyretionatgdaly| ai med in O aim
10 wherein said fluid is cigarette snmoke and said
Claion 3. iA methed olrempying Eamigarsitty smekqpyselvisis Rroducteefgigatstte o
materials. Caim15. A nethod of renoving from oo
maiprigls exmpsisingwkey idiyg dfilyratien fegion heving epssdinged ehitogan resin disposed
materials conprising providing a filtration region
thteaghauy theregien dndpkesingohidtpydysisrpeeduats diropahssed filmatongesion.
the region and passing said pyrolysis products through
Clgim 46.f A ltabaedtol sovoke Elyiabon m&fiaobtainéd byrthe stopcefo snoke
filtration nedia obtained by the steps of: dissolving
dissolvirgschitosan iraa fifst sfutmohatingacetiaedih in areegs of abait 8. 1Pntoabout
range of about 0.1%to about 10% form ng a second
1086 Fartningra seconidsglutdn kayggrchitosam i anagge dfaball Oule ©.abestt20%,;
about 20% filtering said second solution; adding said
filseein@Rald sabohd sabutioddy op- Wi se to a precipitation bath,
wherein said precipitation bath has sodi um hydroxi de
addthgaaidas@ad eblutidnalidp-Visewd aipretipitaion bhthowhaetiasaid prcipitaipn bath
gel beads; rinsing said gel beads; suspending said gel
hdsgadismihfddxide @sdrahgadfiabeut 3 @holirite@Bbduos nivld fornding gelbedds;
about 24 hours
rinsing said gel beads;

suspending said gel beads in a cross-linking solution for about 1 hour to about 24 hours
forming cross-linked beads, wherein said cross-linking solution has approximately 0.1% to
approximately 50% of a cross-linking compound selected from the group consisting of
glutaraldehyde and glyoxal;

rinsing said cross-linked beads; and

drying said cross-linked beads forming a porous chitosan crossed-linked resin bead.

Claim 17. The smoke filtration media of Claim 16 wherein said cross-linking compound is

glutaraldehyde.

17



form ng cross-1linked beads, wherein said cross-|inking

sol ution has approxinmately 0.1%to approxi mately 50%
w@booa/1cxwoss- | | nki ng conpound sel ected from t hePQr/osgmo5/014476

consi sting of glutaral dehyde and gl yoxal; rinsing said

cross-1linked beads; and drying said cross-linked beads

form ng a porous chitosan crossed-Ilinked resin bead.

C\%ﬁ‘gilgi ﬁ?e'ssg}-ggg @ftglggx? ‘nlghllﬁltoﬁgfaklg gfﬁ%lal%l sglfd c%sg-ilim(i%gﬁ compound is

quaraldehyde.Clain118. The snoke filtration nmedia of
glf9%al- m 16 wherein said cross-1linking conpound is
J al. Caim19._ A tobacco snoke filtratjon nedia
CBist 3 e iptBpra oke FBEOLEaia PUEBrY bytge kP o | 1 an
.acetic acid,solutLon_having aqetic,ach,in a ange 8f°
disygbifte ditesnn nanAsstic akOWUIOR B HES apetinpgio inArargn Qiapa 0-1% to
havi ng approxi mately 0.1% to approximately 20% . .
aboH ko(%/gmm@&cﬂhr%n olptiqachaying apRreHmBisiyH)- béitoapPadnalRly 20%
roomtenperature, wherein said precipitation bath has
chitesinum hydr oxi de, water, and nethanol ; addi ng said
chitosan solution drop-wi se to said precipitation bath
coplingr prgeigiatiop badidelowantiien oot lgmperairg whaseingaidpagaipitation bath
havi ng said gel beads to about anbient room
has sodiem iy drioxide.rwater; #nd maghagolgel beads; suspendi ng said
gel beads for about 1 hour to about 24 hours in a
adglingssaid| chitksam spletisinudroowish éndaidgpregipitation bath &rping, gedbaads;
approxi mately 50% of a cross-|inking conmpound sel ected
wémung saivkprgeipitation bath havinggpichde! béads torablodteimbiknt epomh temperature;
gl yoxal form ng cross-linked beads; rinsing said
rimsingsssidl gehbeads;beads; and drying said cross-linked beads
form ng a porous chitosan crossed-1li nked resin bead.
suShemdimg 28id gdlhteadsnfokabofiti 1 hquatd abautrdddioarsof a Gtoas-limkigg solution
wherein said cross-linking compound is glutaral dehyde.
hdvlirg @pp2dximdthly 0si¥e koeapprdximadly 6006 dicavsofinkthgaéampb8nd selected
wherein said cross-Ilinking conmpound is
from the group consisting of glutaraldehyde and glyoxal forming cross-linked beads;

rinsing said cross-linked beads; and

drying said cross-linked beads forming a porous chitosan crossed-linked resin bead.

Claim 20. The smoke filtration media of Claim 19 wherein said cross-linking compound is
glutaraldehyde.

Claim 21. The smoke filtration media of Claim 19 wherein said cross-linking compound is
glyoxal.

Claim 22. A tobacco-smoke filter comprising in the range of about 10 mg to about 200 mg of
a cross-linked chitosan resin, said resin having a size within the range of about 16 mesh to
about 70 mesh.

Claim 23. The cigarette filter according to Claim 22, wherein said filter is attached to a

18



gl yoxal . Caim22. A tobacco-snoke filter conprising

in the range of about 10 ng to about 200 ng of a
wa@emsdidernked chitosan resin, said resin havi nBCHUS1088014476

within the range of about 16 nesh to about 70 nesh.

Caim23. The cigarette filter according to O aim 22,

wherein said filter is attached to atobacco rod by

i PPI aper. Claim24. The cigarette filter
toéaé:g&(;rrogg)ﬁg'p?gg&%r'm 22, wherein said resinis

d . Cl fil . .
ity B85 St B SGreblng Bl Kot sidgping iapreced none

shaped [ insert, I a space, and. a. free-fl ow
o B Gert Rl enpdd Selerisd eBpf e fus FeStnd QlinBpipag - hibee
Claim?22, wherein said resin is incorporated in
Pag RIREL 1 BV A PR, HEAre T 86 | A ot hod of

nan turin filter. which is useful for renmoving a, .
C'g%@%ﬁ‘ °E'§ﬁ’6&%@‘ﬁ‘if aggor "@@s&mfw ereiA{g PSR [gn ed in
,of . preparing a filter nedia having a cross-Iinking
cigageHsdLisEPET-ect ed from the group consisting of

| ut ar al dehyde and gl yoxal, wherein said cross-1linkin

Cgaé‘ﬁﬁéu‘h aﬂe@%@f Blggufrl&w{w filfgr which dsugeful f35 gemoving a gaseous )

incorporating said filter media in a filter wherein
cogrpopent pf 3 g3s IYrea COBRANESIEREPH gaseous conponent of

said gas m xture. Caim_27. The nethod according to |
prepagingp fifer media havingaonpssiliaking cempeind isplectechirem the| greup copsisting

a tobacco rod with tipping paper. Caim28. The method
ofghutwraldeivge red glyenatnwhereingaid aspss-linking compeound ingrassdinked to

i ncorporated in one or nore cigarette filter parts
chitesaatandd from the group consisting of tipping paper,

shaped paper insert, a plug, a space, and a free-flow
ingdrpeyating s@ldfilter @@dia Thefilestvherimsishfilehir mgdiager@bves said gaseous

wherein said cross-linking compound is glutaral dehyde.
cofipmnent 80saidlges mietuteod according to C aim 26, wherein

said cross-Ilinking conmpound is
Claim 27. The method according to Claim 26, further comprising attaching said filter to a

tobacco rod with tipping paper.

Claim 28. The method according to Claim 26, wherein said filter media is incorporated in one
or more cigarette filter parts selected from the group consisting of tipping paper, shaped
paper insert, a plug, a space, and a free-flow sleeve.

Claim 29. The method according to Claim 26, wherein said cross-linking compound is
glutaraldehyde.

Claim 30. The method according to Claim 26, wherein said cross-linking compound is
glyoxal.

Claim 31. The method according to Claim 26, wherein said cross-lipking compound is

incorporated in a cavity of said filter.
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gl yoxal. Caim31l. The nethod according to C aim 26,

wherein said cross-1inking conpound is incorporated in
w@2@anileyl of said filter.Caim32. A nethod of PEEIB005Q14476

a gaseous conponent of a gas m xture conpri sing

passing said gas m xture in contact with a filter,

wherein said filter has a reagent consisting

essent.i al of at .least one reactjve functional group .
CIgR L A Pethet e Revng B ssro8 GeRPotinat ol B 4o Mg g it Fassing

chemcally reacts. w sa| d gaseaqus conponent of said
sofEa v it vichp Dle: Shere SR8 QR e o B

sai.d gas mxture, wherein said functional group is )
essealiallstalat pss AR etlyF Singtiensheious srag-keg o shdpsan dustyns said
and (gll yoxal . Claim 3;;. The met hod accor di ng to claim .
reaggnt qhginicalky reagiiyith s3ih gassous;sompenegeofsidigan BINIuE gngytemoves said

m xture and directing a gas stream containing, sajd gas
gapg0oRs conapanpRt fipghsaihgag MixtpEeeWherpip said fypctiangl aroyp hﬁ)‘ﬁﬁ@ﬁg from the

of said gas m xture to be renoved is chemcally
growponagting of glutassldely dagpd 2lyoxald prevented from

reentering said gas stream C aim 34. A tobacco-snmoke
Clpin 3% The sephorl asqerfing toislaim 3arfurtees icompasingFiens of eengradige said gas

nunber of reactive am no_groups. .
mixture and directing a gas stream containing said gas mixture through said filter such that

said component of said gas mixture to be removed is chemically reacted with said reagent
and prevented from reentering said gas stream.
Claim 34. A tobacco-smoke filter comprising a chitosan resin having a reduced number of

reactive amino groups.
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