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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.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT
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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with use and the consunption or rendering ineffective
of reactive filtering surfaces and 10 materi al s.
Filters made fromfilanentary or fibrous material such
as cellul ose acetate tow or paper are sonewhat
effective in the renoval of particul ate phase
constituents of tobacco snoke. However, they have
little or no effect in renoving certain gaseous
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ange- resi ns of porous structure have

biGRbufall s hfdl cBideRRBR \WiRponeits A6t tobBaco Bibkel ITRE hrt is replete with a

efficiency dimnishes during snoking, as 20 does that
Ofhyr§edoP filtrafititedhBiqlésandinaefids for remidving ORdesiabledompsngnts iresmoke
mat eri al becom ng saturated and, therefore,

| andferasusingloshet Ragiohssd tdersmioke pavyss theough Glttatiorn teds oraithenmsective
of adsorbed material by thermal desorption of

r édia. nArdorgtissgroblenssencidared svithipriotfilteor as been thej plugging or clogging
proportions of tertiary am no or quaternary anmmopni um
gwithupse andthe canawmption grrgndering ineffdstivesafireagtivedil®edng suefesy anshy

al dehydes from tobacco snoke. 2 Chitosan and chitosan
wineterigls. maxi nrum nunber of ami no groups have been found

not to _be effectijve. Am)% he pr.obl ens encount er ed
wi t h Filtesamads frem flanaentasy or ueﬁ'egn%!é“%ﬁcﬂ Fetatg tow o
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er,

Feov e’use of am no aci ds causes the rel ease of

10 1t SNt el ReSHARL e sb R ind b G e

10 It osan can
CM&%& niiRIg, afdlioh ExcRante rdsinS, 18R%RdhaRPe restisof pdbiis@ucture
of a filter nmediumand have a chem cal conposition

CRiVeBLa fainded hedine Rt ¥ffective, 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 ammeonium

groups have been found not to be suitable for removing aldehydes from tobacco smoke.
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adsor bi ng and absor bi ng undesi rabl e snoke | ngredients,

yi el di ng superior performance as a cigarette filter
Thus, it is an object of the present invention to
provide cigarette filter arrangenents 15 and, nore
particularly, cigarette filters that can selectively
renove undesirable constituents in the vapor phase of

t obacco snoke such as hydrogen cyani de, aldehydes

net.al s and ,sul phides _w thout t dramba

dF@ 3@@@3@%@%{@@ pimber ?ﬁ@"mmps Ve bee found not to be
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Mt e X néikgréf¢16 vith 1.-.&'51,:@&& 3&.&%&@&@“ bodind! For BRumple, the

uced nunber 0 reactive am no groups

f Qe of SRhA Ginlin6cRETIYR ab h#&lﬁ@ﬂﬁ%ﬁ%ﬁ\d&%@ th rRinbvifg Sldehydes

According to the present Invention, a tobacco-snoke

f inltétRAEcol sihioké! Afoweddt, RRbs DodhidcoveredWb® WhikEdcideQan FeAHR\RY level of

of undesirable volatile tobacco-snoke constituents

S fofihialdehydR)ifl EDIRD smekeC iy Biotitableth R RigdRte fillh MaMifydnsring process.

netal s and sul phi des. Specifically, the instant

| Morotdrale use of shiheadiddaises theweleae wf aninyniebddor duringistorage.

t obacco snoke filtration conmpounds of chitosan
cross-linked w thSHMMARYIOFSIHEBNVENIIONI t osan
cross-linked with glyoxal. Chitosan is cross-1inked

wi t h Jgthes beenidiscdvprsd thatehitgsan candie chemitally modified teshave:the physical
having 5 a high surface area to mass ratio for the
seifributes ofa filier medivm and have & chemicet compesitinacapableof pliestively y

for the renoval of undesirabl e snoke constituents
stisproing ard abhsorhing ynderiable sgeke ingredientse yiclding supsrigy rerformance as a
sul phi des and netals. Chitosan is a |linear

pt 85ani ne pol ymer obtained fromthe

e e i ghest of e pegsént a&%x?&?h%”de e S prangepents
CEDR onhSUB T pietipte TR ol SHBelecty e Bhesiid Fonstituens n
|

tp fle YHIRF pitte 6riébR08htmoe Aoty 2Rt arile 880l AN BitFuhides

dﬂ%ﬂ{pa?ﬁg'acggaqggdﬁm gﬁﬁg&g§€gg§?€S@@%mﬁng?W@ﬁVhﬂwnhﬂ
N PO ffer ogégngf BlphdidR oS GG bfikoTited SRRUYERE porous

c It osan
resin of cross-linked chitosan.

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
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15 which contains one free am no group for each

gl ucose building unit in the polyner. It is still a
| ong chain |inear polyner but is now a highly reactive
cationic poly-electrolyte material. It wll form

salts with sinple organic acids, such as formc,
acetic, tartaric, citric, etc. and is soluble in
di | ute aqueous sol utions of such substances. Chitosan

B S S B veion
SRRt 3 iy S50k by BB n
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S larleh o B iGean Sk B W BPAPRL 701 5T b 6
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in a solution of aqueousS base to fofmwater swollen

CHhipR Stfacdkiba tb ARG Tatio fothd SRl ve Mifatidf of ipSéitel nbke sarldcular:y for

usi ng gl ut aral dehyde, and separately with 4 gl yoxal,

t the rdHUIVAIOE uildesirabR GROKY cdRdtinghts Qitl bdaldkilddsldfRed dyenide,
solubility of the beads. The wet beads are then

f captonels,Guliphidesand yietalsd a por ous cross-1|inked resin.

Drying may al so be acconplished by vacuumor air

dr yi ndchitéeap &sradimgaripelygincasayinapalyméy eblainedfiom theulsacetylation of
thermal ly i nduced phase separation 5 technique. This

i chitigs 8 polysacchacdide foundda the exoskelegorf df glustdceans. Sditinalsogecurs in insects
chitosan in a suitable solvent, such as_aqueous 6
akngtin lessgrquantitien in many othstrnimed and vegetehle orpanismse Chitin is a linear
non-sol vent, such as nethanol, and cooling the

r BlymeTiof grdeqxy, A-scetyl-arming gluggse arajogasits, eellyloss in chemical gructure. It
chitosan_solution which yields frozen beads, These )
b@a&g'"ﬁ'ﬁy' %l wedfa P Bl SO ningeeligeids Hddie tofhe acetyiated amino

cross-linked wth glutaral dehyde and separately wth
gF RIS Felatiyely yreactive. e i nal properties of the chitosan
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05 SO B Bl St
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reactive amno groups, is selective in renoving

hiiedegesible; wiadik B fand uliRy PduiRRe Spplicaiohs, RRRGIME chroMkBgraphy,

It has also been surprisingly found that the
cdrag deliveryfedd cosmictidsan resin having a reduced nunber of

reactive
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 exhibits greater selective renoval
activity than that associated with the prior art
where a maxi mum nunber of reactive am no groups have
been enpl oyed. 20 The porous resin of the present

i nvention may be incorporated into a cigarette in a
variety of ways. The resin may be di sposed between
filter sections wherein these sections my be
conprised of fibrous, filamentary and pa mat eri al s

er .
Bixoxpltgiimpravathemechanieal stength andyedyice meaelglnﬁmof the ppads. o fhe wet
tow, Alternatively, the resin may be placed within a
fhads e thepdrogss drisd Piyilds Paseis cTosTISkedI oS e DPARS 'n%&’q’ﬁe
packed al.ong the filter bed. The resin may also be 5
i#ﬁ%ﬂékmﬁg%gm?W?B’%r P# of the cigarette filter such
t he tippi h d '
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way of i1llustration and not by way of limtation.

TASEyi8 IR0k Bealld) Thbidd Bedddagl theh béweutril2zbdWisa Bise and cross-linked
prepari ng chitosan beads as well as several distinct

nitthgletaraldéhyde anisepardddly with glgexatiiniodifa thelfinglpeoperties ofulic chitosan
the followi ng exanples yield porous cross-Iinked
alaéih.ORtRiTesulting beademasthérche fregzeairied thyieldia parodseroseinked chitosan
reactive 10 am no groups. EXAMPLES EXAMPLE 1: Porous
clasin.oReyingmeyialso baaccomplishaldiy veciumand byldindrying. a phase

i nversion technique. This was acconplished by .
pr e pafhecross-lifksdsrsinspsoducesidly bpthamethegs kave 8 pdysed gumber of reactive
approxi mately 20 grans 15 of chitosan fl akes e
(smineerouns The myg nymbsr ofysagtive amino.groyups ispesulfiof the press-linking

I ncreased in viscosity and gel |l ed upgn . the cowalet'on

ofFacting with gltseidehyds of Biyeal. 1ins bergsumpisingly diseoyrredhaidls i ¢
gty FrdtoRer oran0e i ormaigebs i fpec ok L hes ARG ik
Bl S abfy 2 ot Kb s it iRt Bfeactive
gﬁ)@%@ﬁ;@g&%&% SRve .%%Hﬁ L&le ﬁlkieagso@igﬁ;& With the prior art

where 4 maximum number of reactive amino groups have been employed.

The porous resin of the present invention may be incorporated into a cigarette ina
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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preci pitation bath of 2 nolar sodi um 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 approximtely 7.

6 Het erogeneous cross-linking of the chitosan beads

was then acconplished by suspending the beads for
several hours in approximtely | liter of 2.5% aqueous
solution of glutaral dehyde. After cross-linking, the
biaepmeraesintompat of the eigaretts fliprsuchees ithedipping nalwa,a ped paper insert,

deioni zed water to renpve any _excess ut ar .
Rl § SRR PYCVER ﬁ@%ﬂ%%‘%ré&“ﬁ%&%%gﬁﬂw 'r aied into

s tiﬂepagq"%éaﬁ 2418 thoRlalta o0 Wi itk SR S ineppgoraed
ﬁ%n%ﬁsﬁ{e?d to be approxi mately 120 n¥/g. The

‘mlled and sieved to retain particles
haV| ng approximately 16 to 70 nesh. A surface area

222‘%2' Dt i3 pESCRETIONOE T U PR M GO s

oy 6. PSR AR B B8 are Ao b b B fkacbh i not by
Y L . 3568 bikibls WO GroARA rclleds S ipali BRI Beads
Cd's%'ﬁ -ab bevkrai Wistinbe nlcfod € 6Y chREBRKIRAREIHIHRA beadS.CAINDS thé fofi6wing

by suspendi ng the beads for several hours in a 2.5%

a6k RPleS yisla lpbrboiistiosedinked|chitrsa resifbdads having S Sedutediniumber of Ractive
beads were filtered and washed wi th warm dei oni zed
V\aﬁiﬁ@%ﬁﬁpsto renove any excess glyoxal. The beads were
then freeze dried which resulted in porous gl yoxal
cross-linked chitosan resENAMPAES. EXAMPLE [11: Porous
chitosan resin was prepared according to a thermally

| EXAMPHEhase separation procedure. A 4% chitosan

sol ution was prepared by dissolution of chitosan

powder_ (Vansen 20 Chem cal; 92% deacetyl ation)
3. 5% Zetops ehitgean gesin/wa WW&W“W InysE| °am°hmq"° This

hydrOX| d;ﬂpébggl ar) FE@Z"S tha ;)Iemv telrmgigia y?&

h dded h bat.h h.
“r!%fi‘et R0t PRt ) - efgﬁ\‘?c#"%é’r@t“ﬁ'gﬁ“g"t&ﬁ?‘t@a"y
p?"@[ﬁtet%tu%%%ﬁ ad ét:toln% ﬁwcm{osan addlti Lclajx}. IFOuHher%ﬂutlrgﬁ 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 matetials. 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.
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bat h. The precipitation bath having the chitosan
precipitate was then allowed to return to room
tenperature. The resulting beads were filtered and
washed wi th deionized water until the wash water
becane neutral, having a pH of approximtely 7.

Het er ogeneous cross-Ilinking of the cbitosan beads was
then acconplished by 5 suspendi ng approxi nately 396

E;agé of wet beadsp?gﬁfgﬁ&gﬁbﬁgg§%%U%% on?%%hé'%%féf
Cepenint b BT o B3 i A mte ol 2% A ifton of
CFRARRRY. RASER ik, B Batl e fren THASEHH Sl AR Hom

C -k I&Ith % . mﬁvq o ) d "AIE ﬁE
ﬁ?ﬁﬁgﬁ&ang gleveg t’o g%g@%ﬁ?nateﬁy&io {gﬁ?gﬁ%%ﬁﬁesh.
Tdted Rhikh %ﬁlﬁﬁ%g@éﬁilﬁdm&&&bﬁm%ﬁmﬁﬁﬂqaﬂﬂ e BET
approxi mately 210 nR/qg. MPLE |V: Porous chitosan

rﬁwﬁauMﬁifﬂkﬁﬁahﬁﬂnﬁ&ﬁﬂﬂﬁdﬂﬁmh&ﬁmmmﬁtumﬁMﬂHyebaﬂywﬁﬂﬂwn
phase separation procedure in Exanple IlIl. In this

e hifd sidvEdbto hethin partclesdaving appeckimdtély ké tofOmiesh. e surfabe area
chitosan beads was acconplished by suspending

agmalysix bfthé milled A6ih shovaedmo eppreviablelsbange ini surfeqepreax TheeBET sprface
1300 mlliliters of 2.5% aqueous gl yoxal golution for
seeaofilie sieved ssmplafvwae measyred sasbel apprickimgtelyt HE miMgads wer e
filtered and washed with both warm and col d dei oni zed
WBXAMPLEQL:r enove any excess gl yoxal. Subsequent freeze
drying resulted in porous glyoxal cross- |inked

et e il
S, e RSB e s
R AR 1 el B RRA 550001 1 2. 8¢ balRplMORAR 40
P A BLOEEOE A M0 v
b3ekHov Qﬁi‘m&%‘éhi?m Ple tehditwRFAhAETLASrRE Which hddaRalin porbus

(- : :
several hours. ter cross-l1nking, the beads were

f biybBl &ssaipfled ithiafl radfnbbads, €t hanol to renove any

excess gl utaral dehyde. Subsequent vacuum dryi ng
r EXMMPES 1N porous
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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gl ut aral dehyde cross-Iinked chitosan resin beads.
EXAMPLE VI: Porous chitosan resin was prepared
according to the thermally induced phase separation
procedure in Exanple Ill. In this exanple, the

het er ogeneous cross-linking of the 10 chitosan beads
was acconplished by suspending the beads in a solution
of glutaraldehyde and water for several hours. After

cr SS- I|nk|n t he beads were flLtered nd ed with
Do Fos precipiat ﬁﬂ%g'éf a‘g’a fo return to

31:%5 ra‘swy %@@ﬁeﬁmﬁ wgﬁ!ﬁeﬁ sgdaﬁasﬁeeffw%s oaiged vtz
R%’%’S‘n’? og&nhqgéﬁggﬁgou?gg?‘m‘ﬁ{g maki ng sever al
errbod %@Q#&e&fs c;ogselnﬁd: Pl cﬁn[b}éﬁm:h&'%vas thelaclEm ﬁ’sﬁa?b)pf

concen I ons and unts of materials may e used

sBspRidifat lyWQG%&HE of 9&%@5&5 ﬁfhppﬁﬂfma%amb EillilieR of 2.5%

crosslln?er soldution may be in a range of

QIR litarbideNyde Solwtion fir sévera?hdubs, ATREéroS0ilking tRe beads were

chitosan solution nay be in a range of concentration

dflteitd artl wizhdPwithbotwitin an@old ddishiRd Saietto remové asyéxass ON
may be in a range of about 0.1%to about 10% and the

lphasraldehlydd. | Subseqient foexze dryinf ofthe beaderendtedinpatous gliaraddolyde
5 nol ar sodi um hydr oxi de. Additionally, the range of
Fetass-kinked chitosanoresin beads.  Thg beadniwere then miljedisnd sieved toapproximately
hour to up to about 24 hours. EXAMPLES OF USE 9 A
clibge7mess. ThpBEE surfaccasen of thegesinessusguresia be gpproximately 210
t obacco-cont ai ni ng portion sonetines referred to as
gt obacco or cigarette rod, and a filter portion
which may be referred to as the filter tipping. A
EXreMELE BV:sanpl e with a cavity filter was prepared by
renmoving the existing filter on a cigarette nmade by
standard production techni ques, and replacing w,th a

Ikgtsgggf:rﬁgﬁggt?d?iﬁﬁ terrgpbgghcel uI%Zeg%EEE§Z?;
e et Pl i do s f rlr,.tfef SO g o
?t?sen? SR s eapa Bl e B PPy 2 CRAE s e i
' AP BNR 5 RTiahE bt Aper
§ ?ésé, D R 0 S R
Rl B SR AP o b2 PRy R B8 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:
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gl yoxal (Ex. 1V), chitosan resin synthesized by the
thermal |y i nduced phase separation procedure and
cross-linked with glutaral dehyde in ethanol, washed
wi th ethanol, and vacuum dried (Ex. V), and chitosan
resin synthesized by the thermally induced phase
separation procedure and cross-linked with

gl ut ar al dehyde in water, washed wi th ethanol, and

b o b B i e ™

ssPAY Pt SRt 38 i Rl B g o i o e

filt f. th ' ' L

U b e o e it e B 5 doll ARGy and

e e . . .
eve?l:\fﬁ'ls_tg‘gsr?go%r@%%ct eg! tgb%ggt‘gérffnﬁne the abi | ."i“f/‘

OfthdnBio feonfbPt SlyleRedsd stinlaldtifydt.nGubseaBen VARRER ryirpedditediA porous

to renove undesirable constituents from tobacco snpke

ErobsQlinkEehiteak rdindeaddeVi ces. The tests
arrgggsureg t :

he amount of undesirable constituents
rEXAMPOE VIir om t he mai nstream snoke after the cigarette
was fully snoked. The follow ng data sets illustrate
the performance achieved in the filtration of volatile
const iPoweschitosih resisbees prepuadiccording fo thehprmadly induced phase
preferred enbodi ments as conpared to the control
nsepasation|procediveiniExample H1. An his eewale, thebetsreaencoug crpssrlipking of the
on the vapor phase and whol e snpke anal

. ] es a
| Sk e s acperepliskd by AFspepding hecisadsiis falion pLegfarm|dshyde and
S e o AP i bl Bl A
T R AR PPl S ol e g RS
SHBSROR S o RS, D50, b P
0 B e A s
11]nakﬂ §e%r§li eﬂlbgsélmts of the present invention, & wide range of concentrations and
amounts of materials may be used to practice the present invention. For example, the
crosslinker solution may be in a range of concentration of about 0.1% to about 50%, the
chitosan solution may be in a range of concentration of about 0.1% to about 20%, the acetic
acid solution may be in a range 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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Propi onal dehyde 11 Acetone 7 Methyl Ethyl

Ket one+But yr al dehyde 16 Crotonal dehyde 13 10 Wol e
Snoke Hydrogen Cyani de Anal ysis for Chitosan Resin
Prepared by Phase I nversion Technique [Ex. Il Percent
Reduction (Ye) |lye Chitosan cross-linked with

gl ut aral dehyde Ana Ex. | Hydrogen Cyani de 41 Wol e
Snoke Carbonyl Analysis for Chitosan Resin Prenared by
Phase | nversion Technj que ’LF 11 Per,cent

Reducficifarefiatypicglfy copfains, t‘@r%ggm inbacgo-ppatRining portion sometimes

Rl dﬁh?ég?%? o ot N B R ) SR 13 s e

ﬁﬁ%f (e § FUAR B RADE s prbald by [ S
%P&f&jcl /@%agﬁlﬁ)f osan %deﬁ%?&ﬁ M%@h&%ﬁ,ﬁa flter

CppaR hhvisH e I bde hcetdlh ScAdnP: i Roba&o 8hd/ SPIRY 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-finked with glutaraldehyde (Ex. I0I), chitosan resin
synthesized by the thermally induced phase separation procedure and cross-linked with
glyoxal (Ex. IV), 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.
Fach 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 tobawo 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 fltration of volatile constituents of tobacco smoke

for each of the preferred embodiments as compared to the control material, semolina.
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15

Ex. 11l Ex IV Acetal dehyde 13 31 Acetone 21 30
Acetonitrile 18 26 Acrolein 29 36 Acrylonitrile 21
29 Crotonal dehyde 7 42 Hydrogen cyani de 60 45

Met hyl et hyl ketone 21 29 Propional dehyde 23 36

I - Butyral dehyde 27 35 n-Butyral dehyde 27 40 Whole
Snoke Hvdroeen Cyani de Analysis for Chitosan Resin
Pnmared by Thernally 5 I nduced Phase Sepirdon IExs

Id?ﬂaily\é P%@gmt i W‘F%? Pbgﬁﬂ'lg}vg&a %énﬂﬁ%
ge‘fsh?‘ %hlgﬁ %ﬂ%@%’g g’r@iﬁa nm%fhigpar & amount of

'IF;Eer eI Bgu F%?ﬁ&e osan cr"%égws“luﬁégfw&mmg
@*‘?M‘F@%ﬂ?ﬁ%ﬁ“ *‘*“‘ZLZL 3§2ygeog' y.°xa' |

Percent Reduction (%)
Chitosan cross-linked with glutaraldehyde
Analyte Ex. I
Hydrogen Cyanide 49
Acetaldehyde 10
Acetonitrile 11
Acrolein 15
Propionakiehyde 11
Acetone 7
Methy! Ethyl Ketone + Butyraldehyde 16
Crotonaldehyde 13
Whole Smoke Hydrogen i alysis for Chito sin by Phase Inversi
Technique [Ex. 1]
Percent Reduction (%)

Chitosan cross-linked with glutaraldehyde
Analyte Ex. 1
Hydrogen Cyanide 41
Whole Smoke Carbonyl Analysis for Chitosan Resin Pre Inversion Technique
[Ex. I

Percent Reduction (%)
Chitosan cross-linked with glutaraldehyde
Bx.1

Formaldehyde ‘ 36
Acetaldehyde 13
Acetone 5
Acrolein i1
Propionaldehyde 16
Crotonakiehyde 9
Butyraldehyde 17
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Acrolein 10 3 Butyral dehyde 14 8 Crotonal dehyde 20 9
For mal dehyde 50 46 Propi onal dehyde 17 19 Whol e Snoke
Trace Metals Analysis for Chitosan Resin Prenared by
Thermal |y I nduced 15 Phase Separation | Exs. 1I11-1Vi 12
Percent Reduction (% Chitosan cross-linked with
Chitosan cross-linked with gl utaral dehyde gl yoxal

Ex. Il Ex IV Cadmi um 32 38 Vapor Phase Snoke

Anal ysis for Chitosan Resin Prepared by Thermally

| nduced Phase Separation | Ex, Pe{c { Reduction

(%9 Chitosan crosg-linked wt "ggﬁide . .

Acet al dehyde 9 grogs-linked Wity ¢ i | ¢ Eg‘(/'lf?\‘{f@ﬂ’
I

Cr ot onal dehyde 7 Hy#8 ‘ﬁ'&' ani de 36 Met hyl®
1

Kitoaﬁsehgde Pr opi onal dehy i - Butyral dehydeF‘gl

Acetone 21 30
Acetonitrile 18 26
Acrolein 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
lysi hitosan Resin all
Induc S i -
. Percent Reduction (%)
Chitosan cross-linked with Chitosan cross-linked with
glutaraldehyde glyoxal
Ex. HI ExIV
Hydrogen cyanide 54 29
Whole Smoke Carbonyl Analysis for Chitosan Resin Prepared by Thermally Induced Phase
tion M-
Percent Reduction (%)
Chitosan cross-linked with Chitosan cross-linked with
glutaraldehyde glyoxal
Ex. Il 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 M Analysis for Chi in Thermally Indu
Phase Se i LT
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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. VI Percent Reduction (%
Chitosan cross-linked with glutaral dehyde Ex.V

Hydr ogen Cyani de 27 10 Whol e Snoke Carbonyl Anal ysis
for Chitosan Resin Prepared by Thernmally | nduced Phase
Separation | Ex. Vi Percent Reduction (@@ Chi t osan
cross-linked with glutaral deh Ex etonltrlle 3
Acet al dehyde 27 Acetone 24

de
But yr al dehyde 41 #g@ 30 F?é'ﬂﬁf‘ﬂ‘éﬁza" with
Propi onal dehyde 33 1 ‘%Sﬁ moke Trace Met &Sy

A(?Palﬂ%si s for Chitosan R Prepared by :Ther sy
I ¥y Phase Separatiof“[Ex. VI Percent Reduéfion

(% Chitosan cross l'inked vvlth gl utaral dehyde Ex \%

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
le Smoke Hyd ide Analysis for Chi Resin 1
uced tion [Ex.
Percent Reduction (%)
Chitosan cross-linked with glutaraldehyde
Bx.V
Hydrogen Cyanide 27

Percent Reduction (%)
Chitosan cross-linked with glutaraldehyde

Ex. V
Acetonitrile 3 -
Acetaldehyde 27
Acetone 24
Acrolein 32
Butyraldehyde 41
Crotonaldehyde 30
Formaldehyde 58
Propionaldchyde i3
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5 Separation [Ex. Vii Percent Reduction (% Chitosan
cross-linked with glutaral dehyde Ex. VI Acetal dehyde
3 Acetone 4 Acrolein 9 Crotonal dehyde 11 Hydrogen
Cyanide 30 Methyl Ethyl Ketone 11 Propional dehyde 6
I -Butyral dehyde 7 n-Butyral dehyde 11 \Whol e Snoke
Hydr ogen Cyani de Anal ysis for Chitosan Resin Prepared
by Thernally Induced Phase Separation | Ex. VII Percent
Rdl.]ICtI on % Chi tosan Cross- I | nked vv| th

A aI ysi s for Ctosan Resi n Prepared by

Thermal I y Induced Phase Sep tn YP Per cent
Reduction (% Chitosan '%?gi;!& g é‘(km?

gl utaral dehyde Ex. VI cﬁ{ \ }ﬁa ce g gdf)
AgL@hinh O Butanone |

Vapor Phase Smoke Analysj i Resin red ly In¢ Ph
5  Separation [Ex. VI]
Percent Reduction (%)
Chitosan cross-linked with glutaraldehyde
Ex. VI
Acetaldehyde 3
Acetone 4
Acrolein 9
Crotonaldehyde 11
Hydrogen Cyanide 30
Methyl Ethyl Ketone 11
Propionaldehyde _ 6
i-Butyraldehyde 7
n-Butyraldehyde 11
ko rogen Cyanid alysis for Chi i by Thermall
In tati
Percent Reduction (%)
Chitosan cross-linked with glutaraldehyde
Ex. VI
Hydrogen Cyanide 30

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
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But yral dehyde 14 Crotonal dehyde 36 Fornmal dehyde 37
Pr opi onal dehyde 0 14 Wol e Snoke Trace Metals

Anal ysis for Chitosan Resin Prepared by Thermally

I nduced Phase Separation rEx. vii Percent Reduction
(%9 Chitosan cross-linked with glutaral dehyde Ex. VI
Cadm um 26 5 The data surprisingly showed the
cross-linked chitosan resin described in this
invention is selective in renoving al dehydes and
hydrogen cyanide in cigarette snoke conpared to the

ogen cyani de by 60% versus a contro

san‘pl e (Ex. 10 [11). In a sepéatakRedubidn (%)

non- cr ossl i nked gr ound Chibsheros-1Rked widi ghstaraldetwdel no

ef fect on the vapor phase hydrogesiMyani de delivery.
Tipedmunt ar al dehyde cross-1inked ch2éosan resin al so
decreased whol e snoke hydrogen cyani de delivery by
54% and mai nstream whol e snoke formal dehyde delivery
was decreased by 50% conpared to the control sanple
(Ex. 111). Waile the invention has been descrjbed wth
r ef er Thedats syrpsisioglyshaveed Seistgs- h@wﬂshmww%ndq@b%mﬁ@s
understood that variations and nodificatjQns

rigentiensis selestivein ppmaqving aldshydes aod hydrpgen cyppide %R‘Wé

t he artmgu%%lﬁgﬁuﬁvmlfl%g?ﬁr léotsgmlgsem

EERR P pies dolles e e SO R g skmpi o

. Bt @ﬁ%@wﬁ@g%@sﬁmgﬁsﬁg&% e

%%r%@e%%ge% c%%e%ﬁwl'fhe Eﬁbgaldehyde 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. ITI).

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.
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cross-linked chitosan resin having a BET surface area
of at least 5 n2/g. 2. Afilter according to Caim1l,
wherein said resin is cross-linked with
gl ut aral dehyde. 3. A filter according to Claim1l,
wherein said resin is cross-linked with glyoxal. 4. A
filter according to any one of the precedi ng clains,
wherein said resinis in particulate formwthin a
size range of approximately 17 mesh to approxi mately
wédksh. 5. Afilter according to any one of the
precedi ng clains, wherein said resin conprises nmlled
particles. 6. Afilter according to any one of the

1.Pr e%mbggc&érﬁbﬁﬂsﬁlte%hﬁhﬁné gl d?lntﬁﬁﬁ%glﬁ ha%ﬁﬁ ‘iﬁttééént c.%ss—lmked

has sald resin present I na range from about
witth® e@nszb@nh@elec:ed fromithe group ceRs wna &f swtaaﬂyefyﬁs ae# giméa' said
cridsfrREd BRitoshA B haWity £BET Saffsbe’ 084 B dtJedsP5 m?g.
particulate formand 1s disposed between filter
sections, said filter sections having materials
2.5el ext g BEUOrdIRG ©F @lEINCONS ivhblelry) 2id frebihOis, cross-linked  with
fil n ary, paper, and conmbi nations thereof. 8. A
alytar; cording to any one of Clains 1 to 6, wherein
sald resin is in particulate formand is dispersed in
r_tow. 9 hod ofs ketlltr
mfh i 6108 9 Q¥ o WherS BTESn L rbh IS win gl

fllter havi ng chitosan resin cross-linked with a

«SETAW R ALy S o et e

pagticutaté farmavithinsmsize ramgesaﬁawpmmwebm s meslntOraw@rQXIMelu ﬁ@ mesh.
a BET surface area of at least 5 n2/g. 16 10. A nethod
of fluid-flow filtration that conprises the steps of

5.pr oA diltayy agcartlingrtat Boyh onpeef ey Pregeding sgaimsniwherein said resin

coﬁﬂn%@éﬁﬂleﬁ%ﬁhﬁlebn said bed by packl ng sai d chitosan

resin wt sai d bed, and passing fluid containing
constituents through sald filtration bed, said cross-

lin Vbinthe2prabdd rcfaﬂﬁ@@ﬁé?éloé@ttb
6I ealssf qgémngémb_lw%n?re({iﬁo ag lc):I ai rlrlzgj ;goa' opaceo

smahed’#e@,%ascﬁawb@ﬁﬁ presentinp rage frem akewt 1r°dF9&°
size of about 16 mesh. 12. A method as cl ai ned |n

Clal 0 or aim1ll and ich said cro ed
A filter according to any one o* tri'ne preceding claims, wsnerem sald resin is in

particulate form and is disposed between filter sections, said filter sections having
materials selected from the group consisting of fibrous, filamentary, paper, and
combinations thereof.

8. A filter according to any one of Claims 1 to 6, wherein said resin is in particulate
form and is dispersed in a filter tow.

9. A method of smoke filtration comprising the steps of providing a smoking article
fiter having chitosan resin cross-linked with a constituent selected from the group
consisting of glutaraldehyde and glyoxal, and passing smoke through said filter, said
cross-linked chitosan resin having a BET surface area of at least 5 m%/g.
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chitosan resin is packed along said bed. 13. A nethod
as clainmed in any one of Clains 10 to 12 wherein said
fluid is cigarette snoke and said constituents
conprises pyrolysis products of cigarette material s.
14. A nmethod of renoving fromcigarette snoke

pyrol ysis products of cigarette materials conprising
the steps of providing a filtration regi on having
cross-linked chitosan resin disposed throughout the

10 eg'@ﬁeﬂ{b‘é RS- ﬁlﬁh@o%&?k&ﬁbr&eg rtﬁ’é’H Bé gﬁbFHvWa filtration

sai d ['tration r egi on, sal d cross-11nke It osan

bedchavinglesessriigked enitpsan resincia saidhed bir pagkingesaist chitopar) gesin within
sai’aEbedAaﬁ@ passiiy fﬁ.ﬁ@.‘&tglhlhﬁ E&ﬁétnﬁ%n{ﬁﬁ'ﬂoﬁgl‘i’ Bhig fiatlorPled, B8id cross-

ps of: dissolving chitosan in a first solutlon
""h%q/FWQs%@ﬂ"d‘aé(E‘B& Taurfagﬁgéeao? a&!?@atﬁm /9% to about

10% form ng a second sol uti on having chitosan in a

range of about 0.1%t 0% filtering said,.
Msecdhmethnd es giimed; i ﬁl?"% aldn ‘é&%&a'goff-‘ﬁ‘{‘u‘ﬁﬁ" & Bticylate form
havihga sitecsfiapoltals mesthat h, wherein said precipitation

bat h has sodi um hydr oxi de in a range of about 1 nol ar

to about 5 nolar, form ng gel beads; rinsing said gel
12b e ads methosipas diaingedsimi Claipe [10bgraClaim N1 aandrinwhidh s4id regoss-linked

tion.for u . to about 24 hours form ng
Chﬁé)%a% re?up h%%&"%‘gg'aé? %ﬂzﬁggél n said cross-Iinking
solution has approximately 0.1%to approxi mately 50%
f L ESi QQ&‘Q P
130| n?f 'ﬁ%&s%ga% CEross Mg kgg'&ggﬁ@?ﬁg?}%@%éﬁeﬁ %"‘ga(@%{‘.’bs cigarette
smnke @od [saidicotstiventscdnprises gyralypis praductsof cigeeette materials.
crossed-linked resin bead. 16. A tobacco snoke

filtration nedia obtained by the steps of., dissolving
14¢ hj o snathadh of flemeing dromy icigaratieusmeke PRivSl§ produsts of cgigarette

matBridls rd&ﬁﬂﬁsﬁ& théb@ch‘bs nylp(%@lei b8 UiitrakigfO fegloml H&nﬁg cross-linked

chitosan sol Uti on havi ng pprOX| mately 0.1% ¢t
chifesanorasifa disposedotiyoughpylsthe: region and passing saud pyro!y5|s products

through said filtration region, said cross-linked chitosan resin having a BET surface area
of at least 5 m*/g.

15.  Atobacco smoke filtration media obtained by the steps of:

dissolving chitosan in a first solution having acetic acid in a range of about 0.1%
to about 10% forming a second solution having chitosan in a range of about 0.1% to
about 20%;

filtering said second solution;

adding said second solution drop-wise to a precipitation bath, wherein said
precipitation bath has sodium hydroxide in a range of about 1 molar to about 5 molar,
forming gel beads;

rinsing said gel beads;

suspending said ge! 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 consisting of glyoxal;
rinsing said cross-linked beads; and
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cooling a precipitation bath bel ow anbi ent room
tenperature, wherein said precipitation bath has

sodi um hydr oxi de, water, and methanol; adding said
chitosan solution drop-wise to said precipitation bath
formng gel beads; warm ng said precipitation bath
havi ng said gel beads to about anbient room
tenperature; rinsing said gel beads; suspending said
gel beads for about 1 hour to about 24 hours in a

cr Of&?&h%gghr@oﬁl k& 'b‘éQdéWd{' RS dHRbSARY crgséeé’ lirRed resin

app tely Cross- I'ng conpound
nS|st|ng of glyoxal forn1ng cross | i nked beads;

rinsing said cross-1linked beads; and drying said

cross-1inked beads form ng a porous chitosan

16: 1 o Astobacqofmake fiteatign mediapbtained by thesieps S snoke filter
corrmsslvrhg dtosAILin anatetf a@id @ufutid® hBling @catitosdid 3@ aBige of

SS-1i chitosan.resin, said resin havi
atgyt, § 150 & et 5% g SiBEAN SauiabainG, SppEReRY 0.1% to
apphidimatelfi20% ¢Hitosarflavi ng a BET surface area of at Ieast
5 ne/ 18. Afijlter cording to Claim?17 f
2 cigaing: feplegipton bl beigw  ahusient o Yerppsgature, Wherdin said
précifsitation bathmabysodlummydg:xmpwater Hod nfethariot,er accor di ng

f/\zer gghan %ﬁ %F\I}Oggﬁ ns'@ill.élg p or e aa?d #&%@{é&ﬁ bath formmg gel

beadgjarette filter parts sel ected fromthe group

CONSY,. Skt A0 .

ol ué’?&g“r@p%égée p"éoﬂaghﬂg} : ee r%h?aﬁ@ g g%ﬂ.l%anﬁlent room
tempenature;according to Caim 17 or daimi18 for use in a

ci gfi‘fn%l&;%alfd\’qéﬁﬁé‘édg said resin is incorporated in

ci garet ter paper. 21. A nethod of manufacturing

a fisuseending s ol heads for abevt 1 bewntp Agodt 2faRee i a cross-linking

soRMBR BEGRS aﬁﬁmﬁnﬁ?éiy 0194 W Sppr&XamBielyS50% of aed?dssAlinking compound
preparin | ter” nedi a having a‘cross-|inking

°°68ﬁ*ﬁ1&ﬁf@%§é¢'é ‘F’Pﬁﬂﬂkﬁébgﬁ‘!ﬁup consi sting of

gl utrineink daidyFessanrkedbedissand Wher ei n sai d cross-1linking
corr%%{gg sémsi cCrchs?s-hnked beads forming a porous chitosan crossed-linked resin

bead.

17. 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, said resin having a BET surface area of at least 5 m*/g.

18.  Afilter according to Claim 17 for use in a cigarette, wherein said filter is attached
to a tobacco rod by tipping paper.

18. A filter according to Claim 17 or Claim 18 for use in a cigarette, wherein said
resin 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.




l'inked to chitosan form ng a bead having a BET surface

area of at least 5 nR/g; incorporating said filter

nmedia in a filter wherein said filter media renoves

said gaseous conponent of said gas m xture; and

attaching said filter to a tobacco rod with tipping

paper. 22. A nethod according to Claim2l, wherein

said filter nedia is incorporated in one or nore

cigarette filter parts selected fromthe group

ONS4 i .1 i [P : i t . .
2P ok Thdr e B RINF Gl 138w B gy whdrein sai
resio ioingerperatey iccigrrette filterpagpti m 22, wherein said

cross-linking conpound is incorporated in a cavity of

said filter. 24. A tobacco-snoke filter conprising
211 oo methack @f emanufachiming ea ififen whieh issugefil Jph samoying, gegaseous

cofPoh@wh a'gas infixtiR2esmprsirig Weps sfeduced number of
reactive amno groups than said  chitosan resin Pea S
zorn the group

pri drerasing aditec medigihaying accrosg-linking cpmpgtind selecied
cdnﬁiﬁiéﬂgjbffzyg.lthﬁﬁf&}n’:é @rﬁo% g6, ditiegein ??argossﬁmgmg o@hﬁbw is cross-
.to,8. ..26. i r r.ac rette inc in €, .
inked fusnieGRangPaning 2 Bsac Rayifa 8 BET Shirace 2138 ot BIS RIS Ya:
fil tindorporbtiigosdid filtérymedia live acfiiter dberein baid filtert inedia removes said
ref erence to%n¥. one .)(&f t_hed embodi nents of the
IFEROEHTARONEMY I & 'P@Fé&'". Hrey A acconpanyi ng draw ngs
and/attaching asip fiker.to d%olfeco Aodweitthtippirgl papeoke filtrati on
substantially as herein described with reference to
any one of the enbodi nents of the invention
22.| | s methtodcaccordingdo Ldaitnddawperein shid filkergaediaisdnearporated in one

or G EaFeneifter GartESclcPtiorh th Grolp Bt iof ipfifly paper, shape
papeyingerd agilug, laspans @id adraesfiow slegue. | nvent i on

illustrated in the acconpanyi ng drawi ngs and/ or
exanpl es. 30. A nethod of renmoving fromcigarette

2% npide msthed i ageardifido tru GlaimoR1 cpig &ty 82, whieein aid cross-linking

cofpdshd Rlihdrporated iMg cavity o sasfitered with reference to
any one of the enbodinments of the invention

illustrated in the acconpanyi ng draw ngs and/ or

2£ X atddacco-siokeHilfeP BAREMHITYEsSs-firket Ichitdsan resinibeads, said cross-

ubst anti al as, herein described with reference .
Iinﬁe chitosan res!ny beads IPma\nng a recFuced numger of reactive amiho groups than said

chitosan resin beads prior to cross-linking.

25.  Afilter for a cigarette including the filter according to any one of claims 1 to 8.

26.  Afilter for a cigarette including the filter according to claim 24.

27. A tobacco-smoke filter substantially as herein described with reference to any

one of the embodiments of the invention illustrated in the accompanying drawings and/or
examples.
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to any one of the enbodi nents of the invention
illustrated in the acconpanyi ng draw ngs and/ or

exanpl es. 32. A nethod of manufacturing a filter which
is useful for renoving a gaseous conponent of a gas
m xture substantially as herein described with
reference to any one of the enbodi nents of the
invention illustrated in the acconpanyi ng draw ngs
and/ or exanples. 33. Afilter for a cigarette

285 UDSL AHatodl A%Hf&e t?iﬁfagbﬁ‘ sgﬁ‘sigﬁt#ai%e ﬁs Wotdh E?Jc%&cf‘ Whth rSerence to

any one I nents o e 1 nventi on . .
any|ang<af ithe embpﬂment- efdbe inyentjiamilusiietest inghe anehnapanying drawings
arRIor BRarRBIes.20

29. A method of fluid-flow filtration substantially as herein described with reference to
any one of the embodiments of the invention illustrated in the accompanying drawings
and/or examples.

30. A method of removing from cigarette smoke pyrolisis products of cigarette
materials substantially as herein described with reference to any one of the
embodiments of the invention illustrated in the accompanying drawings and/or examples.

31.  Atobacco smoke filtration media substantially as herein described with reference
to any one of the embodiments of the invention illustrated in the accompanying drawings
and/or examples.

32. A method of manufacturing a filter which is useful for removing a gaseous
component of a gas mixture substantially as herein described with reference to any one
of the embodiments of the invention illustrated in the accompanying drawings and/or
examples.

33.  Afilter for a cigarette substantially as herein described with reference to any one

of the embodiments of the invention illustrated in the accompanying drawings and/or
examples.
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