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_ Current celluiose acetate (CA) fibers used in cigarette filters are made by a dry
spinning process which allows a 20-25% acetone solution of CA to be pulled or
squeezed through the bottom holes of spinerettes or jets, and slowly shrunken into final
fiber form by removing acetone solvent in a long spinning column approximately 5-10
meters long. Dried with a pressurized hot air stream in the column, the thus formed
fibers with cross-sections such as "R”, “I", “Y", and “X” depending on the shape of the
holes through whi_ch they are pulled or squeezed have é continuous core cross-section
and relatively iimited outer surface areas because of the heat involved.

Summary of the Invention
Accordingly, it is an object of the present invention to increase the outer surface
area of certain fibers made from polymer solutions by forming micro-cavities useful for
retaining solid and/for liquid reagents for selective filtration in the reduction of certain
smoke components in tobacco products such as cigarettes. |
Another object of the presehf invention is a procéss for producing high surface
| area fibers for filtration application in tobacco products such as cigarettes.
Stillanother object of the presentinvention is a process of producing high surface
area fibers from polymer solutions where micro-cavities on the fiber surface are used

to retain solid and/or liquid reagents for selective filtration in the reductlion of certain

smoke components in tebacco products.
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void volume. For cellulose acetate fibers, an evaporating temperature below 60°C in

the evaporating process is essential in order to preserve the thus formed micro-pores

in the fiber surfaces.

The process can be extended to polymer materials other than cellulose acetate

as well as solvents and so called popping agents other than acetone. Also, suitable

fibers are fibers from a melt polymer dope with air trapped in a chilled hard outer skin.

The low temperature evaporation process can be appiied in an on-line or in a batch

manner.,

In a first aspect of present the invention there is provided, a cellulose

acetate fiber having an outside surface area with a plurality of micro-porous
- cavities that extend from pores on the surface of the fibre into the core of the fiber,
the pores having diameters of between 1 and 15 micrometers and the fiber

having a partial internal void volume.

In a second aspect of the present invention there is provided, a cigarefte
filter element comprising a plurality of cellulose acetate fibers each having an outside

surface area with a plurality of micro-porous cavities that extend from pores on the




poI ymer solutions, and particularly high surface area fibers for filtration
application Wnere surface mcro-cavities are used to réP8ciwbed0Pd and/ or
liquid reagents for selective filtration to reduce certain snoke
conponents. Current cellul ose acetate (CA) fibers used in cigarette filters
are made by a dry spinning process which allows a 20-25% acetone sol ution
of CAto be pulled or squeezed through the bottom hol es of spinerettes or

j ets, andsuiface ints theiotres dfthefibémathe poras hatiag mahietérﬁﬁpb’étﬂ@eﬁQ%Tnﬂne
solvent in a long spinning colum approximtely 5-10 neters long. Dried

Wi th a_pr ¢5 ticionaslersOsnclic RN Ilqwﬂh?eéizférﬂ%ialhéé WilR. fHS WReho-T 1 Der s
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Wi th cross-sections such as " dependi ng on the shape
of the h@é\ﬁﬁiéstfdiﬂéél&*lvdﬂrétfbntdﬁ‘db %ff"srﬂHi(é ed or squeezed have a conti nuous
core cross-section and relatively limted outer surface areas because of
t he heat involved. Summary of the Invention Accordingly, it is an object -of

the present ingenyy; a%;feci Bf:@%agisséﬂ?n\%f&i% tﬁéFeflég)?OVI(?é’(ngp(?{lC ﬁ b n fibers.

~made from pol yrmer “sol ut'i ons ormng mcro-cavities usé retai ni ng
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cigarette till apother object of the present invention is a process of
pr oduci n@anﬁghd@mgf the formed dibprsde pEoduee @ giin 9ivilie audside pbie filees, @nd-
mcro-cavities on the fiber surface are used to retain solid and/or liquid
r eagent s applyinge Re¥agunen fio| theatforored diberse theduacuusm being eapplied atreoke
conponents in tobacco products. 19 Cctober 2005 WO 02/085143 PCTI US02/ 11817
I'n accor temperatire lof iéss thaaGHIC fondrem Soto, 3G nuinliieseto therely causestha | owed to
pull through the spinneret of a dry spinning process. A rapid evaporating

process atetone ihisiledhefornad fiders $o eiddeast pop dndesxit the fibats thestgh @le dkire i bers
after -a certain degree of drying in air-spinning colums where a dried

skin of pRhy Mérolpprduar g wmbrétksﬁnfdrélﬁbrougtaamés are“fornﬂéd drdthe d0RNY  Of -

sol vent or a bl ow ng agent |nS| de this skin explodes or pops and quickly
I eaves t gy h Egéﬁy pat hs under reduced
pressure, Igedae\t}?rtlgé Qgeﬁ %‘c%%%a%ﬂ%ﬁers Wi th m cro-porous
cavities and internal

sur

Brief Description of the Drawings

Novel features and advantages of the present invention in addition to those
mentioned above will become apparent to persons of ordinary skill in the art from a
reading of the following detailed description in conjunction with the accompanying

- drawings wherein similar reference characters refer to similar parts and in which:

Figure 1A is a microscopic surface image of a fiber produced according to
Example 1 of the present invéntion_;

Figure 1B is a microscopic crqss—seétional view of a fiber produced according to

Example 1 of the present invention;
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void volune. For cellulose acetate fibers, an evaporati ng t enper at ure bel ow
60C in the evaporating process is essential in order td&9Preba20e5the thus
formed mcro-pores in the fiber surfaces. The process can be extended to
pol yner materials other than cellul ose acetate as well as solvents and so
call ed poppi ng agents other than acetone. Al so, suitable fibers are fibers

froma nelyopdsyi®r dope with air trapped in a chill ed fayghenudser Skin.
The | ow tenperature evaporation process can be applied in an on-line or in

a batch manper. In a first aspect of.present the inyention there is
provi ded, a E@MEPoSeA “é!‘c‘:‘é’?‘éﬂpépﬁ"k%‘?e Wg‘?ﬂena Qrfgbf’fﬂtps“?%‘l?egu?qcé’ﬁ n ﬁ%a with a
plurality of -micro-porous. cavities that extend from pores on the surface
of the fPBRWIG 2Pbthemeesest BVeAliophe fiber, the pores having di ameters of
between 1 and 15 microneters and the fiber _having a partial internal void
vol une. | n aFigdteoRds & gicosepiq awigneciaage pha diber 8@4“%@9@‘?‘*‘9‘%‘?‘%\;‘? ded, a
cigarette filter element conprising a plurality of cellul ose acetate
fibers &ExampleadpHiesressot Bventionsyrface area with a plurality of
m cro-porous cavities that extend frompores on the 19 October 2005 surface
into the corEigues 4tine migsescopict sfape raagh of ianpadiplindied fbef prdugedn | and
15 mcronmeters and solid and/or liquid reagent retained within.the mcro-
- cavi t i escéardingdd Exainple 4 ¢flthe preisent invertiohacco snoke. In a third aspect of
t he present invention there is provided,a process of preparing cellul ose
acet at e. f i beFiguedhisrd mionapcopie setfapsinuged edibagdded atappromataly 68n of
cel lul-ose acetate through a spinneret to formfibers, partially drying the
for med pidaaced hecapdiag (e Examié dof the plesemtune@intien;of the fibers, and- applying
a vacuumto the forned fibers, the vacuum being applied at a tenperature
of less thanFigre 6% & miiaszopio stfface imdgesof a fber Hdedbyapmusimatdip 45acet one
I nside the fornmed fibers to explode or pop and exit the fibers through the

skin akgnypriduted assondifg RAERENPIL ardtihe [ressmt-il@ntols andvi ties are fornmed on
the outside surface of the fibers extending to the cores of the fibers.

Brief Descri m%;mrsmfs althierdSEapid Ea5s devthallviad B ths fibdhadman Faes6af the

present invention in addition to those

Figure 7A is"a microscopic sijrface image of a fiber dried at app;oximateix 59-
62°C _p_roduééd acc’ordin-g..t-o Example 4 of tﬁe present invention; and
‘Figure 78 I_S a microscopic cross sectionai_view_of.fhe fiber shown in Figure 7A.

 Detailed Description of the Invention

The foliowing are specifics and examples of the present invention.,

A. - Preparation of CAfacetone éoluti;)n. ‘To a 100-m! three-necked round
bottom flask equipped with mechanical sﬁning and glass plugs;:‘_SO—ml of acetone
{Fisher Scientific, 99.6%) is added and then 11.88g of CA tow fiber under medium
stirring.  After the addition, the bottle was plugged, and the added fiber was slowly
-dissolved into the solvent forming a homogenous white.viscous solution oﬁemight.

B. Dry spinning_proces's to form fiber. About 10-ml o.f above solution was
slowly transferred into a 10-m! extrusion barre! via a plastic syringe equipped with
plastic tubes. The barrel was then installed onto a DACA 9-mm Piston Extruder Model
40000 with a round single hole 0.75-mm die and extruded at room temperature with a
piston speed of 20 mrﬁlmin’u-te- The extruded fiber V\lfas.collected in an aluminum tréy

after dropping vertically in a 21-cm solvent venting distance created by the combination
' 3




menti oned above will becone apparent to persons of ordinary skill in the
art froma reading of the followi ng detail ed descri pti off @atobeo?joGinct i on

wi th the acconpanying drawi ngs wherein simlar reference characters refer
to simlar parts and in which: Figure 1A is a mcroscopic surface image of
a fiber pry@ee¥i4ccording to Exanple 1 of the present PCRYSROIYA; Figure 1
Bis a mcroscopic cross-sectional view of a fiber produced according to

Exanmpl e d 1@b airfowing 78ftled BNEBhieRRaustYeflaigoherd. 2Ha5re¥BUALIARS E4i9ent
PCTIUS0241 S |7 Figure 2 is a mcroscopic surface inmage of a fiber produced

accor di ngad RrthEXapiyeevapsiatdd\aitridy 8% Aigh vaBYERIH £PacuihBoVed of hidh ArfidivCr 0Scopi ¢
surface image of a fiber produced according to Exanple 3 of the present

inventigRaHdogure 4 is a mcroscopic surface image of a partially dried
fi ber produced according to Exanple 4 of the present invention; Figure 5
is a mcroscopic surface image of a fiber dried at approxi mately 65C
produced according to Exanple 4 of the present invention; Figure 6Ais a

m croscopi c suré%ﬁ?%_q@gmn%}‘%ﬁﬁfn%?g{ﬂﬁgbb&&&ts@_@m@ék vakgly 45- 55C

produced according ent 1 nvention; and Figure 6B is

2, 0T 95601 o BEOSHMTENOUBLHENES R dd BEE b IFhaNEG i FLoure

7A is-a mcroscopic r'face | mage dri approxi mat 59- 62C
Droduced, BRa LI & B Rkl oS oRESHRE LAl o © 7S 1S
otk Yo R A R A
o o o BSOS s DRSS SO RS ATy o
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into the solvent form ng a honbgenous white viscous solution overnight. B.
Dry spi dHP figar habeerss mttge figmaterswéabokddnicrometal Wese fapsdke TH6FePPEE was
| are so smail that they can only be observed in a 1000X images (1 micrometer/division) “
not in a 400X images (2.5 micro meters/division). The porous structure was also found
stable in storage for more than 3 months. |
The fiber samples in this example did not maintain their round cross section as
shown in Figures 1A and 1B because they are collected and dried in horizontal
.positions. They shrink anisotropically into flat dog bone—shapes' with éross sectional
dimensions from 25-150 micrometers. It is possible to shrink the ﬁ_bers into the round
cross sections by handling them vertically without touch in the pro'ééss. This example
. and the following examples are only used to demonstrate the spirit of modifying the

surface porosity of the cellulose acetate fiber and is not used to limit the scope of the

invention. The resultant porous fiber can be of any cross sectional shape.

Example-2 Porous Fibers Obtained from Lower Temperature Evaporating Process




slowy transferred into a 10-m extrusion barrel via a plastic syringe

equi pped with plastic tubes. The barrel was then installf &dtobat2605a DACA
9-nm Pi ston Extruder Moddel 40000 with a round single hole 0.75-mmdie and
extruded at roomtenperature with a piston speed of 20 nm m nute- The
extruded. WPBHMSHds collected in an aluminumtray aftePCHPHEHiIHY .
vertically in a 21-cm sol vent venting di stance created by the conbination 3

19 Cctober 209his4pd183hd 460V3hub$Bal sahidids @hs futheptifiedatimdrBedtivgz| es and
an exhaust -venting hood. The residual of the solvent was further rapidly

evapor atggcdist 18& rdiual sHverdwHs fBridved b wm@ymg.rwvéﬂuqm@bhw.tﬁw ina
hood. Exanpl e-1 Fi bers Obtai ned After ying at 60C under VacuumlIn this

exanmpl e,hda6r iR Y \é;@alﬁﬁé?%dﬁ&%a@&idn@@%rﬁﬂreﬁoﬁ%ﬁlnu%ﬂ TRed dikiesurice into  a

vacuum oven at 6 A mechani cal punp generated a high vacuuminside this

oven  tNiBgDoANDISNER shnBRs R hdWrARPRArSS! LABbApAER Wi aMABRTBt ed and

formed mc pores on the fiber surfaces- Figures 1A and 1 show t he

m cr 050‘18'32:8% %&% &e%%eﬁﬁev@%fdm uﬁéﬁ‘é"’slt@oﬁﬂﬁxs“ ﬁ{eﬁé% pbiddGe af ter

dryi ng at er vacuum 0 m nutes. i's clear that pores in the

di anet era%d‘lf\ %Bé%.‘éh fe-ark ﬁ@ﬁﬁ@ggﬁ.iaé%wéemg ﬁp%ﬂ%ﬁ@ P Bof }tygﬁ%éﬁb&”&” that

‘they can on I mages Ivision) not in
a 400X |%nﬁ%§ (2.5 micro neters/divisi on) The porous structure was al so

found € in storage for nore than 3 nonths. The fiber sanmples in this
- exanple did not nmaintain their round cross section as shown in Figures 1A
and 1B because they are collected and dried in horizontal positions. They

i mensi OBl Eﬁﬁ' Boiielip Wbl ARG BREH o= (R HBRbT T e
into the rou Cr.os ection g mverti aII wi t hout touch in
the process. @*wiﬁﬁw@enawﬁov%ls?@@%&» ﬁ%@%m%b G¥BY 3aFY DA 1 o
denonstrate the spirit of nodif the a r osi e cellul ose
acet at e PIBEICIARP er%ﬂ%&% 1t deoorpopes #a b%%cgtpgﬂwfyﬁ?ﬁw&ﬂliaaﬁ The
resul tant porous fiber can be of an cross sectjonal shape. nmpl e- 2-

Porous Hi:ferl8 thipexamela EFF@Mfeme?th'ﬁé}%&'aflé%t@@%dﬁfa? PRGS B} tt@é”@@r

The setup of preparation and spinning of fiber is the same as Example 1. The
experiments started with mixing 2.0g of solid AHC powder {Aldrich, 99%) with 40 m!
cellulose acetate acetone solution, as described for example 1. After mechanically
sti'rring overnight, all the solid particles were mixed into the solution. 10mi of this
mixture was then spun in the DACA piston extruder. Whena 1.25 mm‘dies was used,
no continuous filament could be drawn. When a 0.5-mm round cross section die was
used at a speed of 30.4 mm/minutes, the formed contiguous fiber ﬁiéinent was collected
by manually winding on a 80-mm bobbin after a 130 cm long dropping distance.
However, there are large solid particles found deposit on the bottom of the barrel before
passing through die. [t may be that only a small amount of the agent was actually
passed through the die to be incorporated into the fiber in this case. After decomposing

the regents and removing the residual solvents under vacuum at a temperature of about




4 19 Cctober 2005 WO 02/085143 PCT/ US02/ 11817 In this exanple, the above
spun fiber sanples was further dried at a no-heating pi®Egiober2§0fe resi dual
sol vent was renoved by rapid punping in a vacuum oven wi thout heat or in a
hi ghly vented hood at roomtenperature for 25 mnutes. The ta/ i cal surface
i mages of WHA&M8EYIted sanples are shown in Figure 2. LEFHEF2A8HEs with
dianeters up to 3 mcroneters are visible in even in a 400 X inmage. It is

obvi ous,60 bot Z5R@1LAES) heresatith difiteRF£aS 1 B5 afieropiciors 2ge Sbamdd @amne roles in
the final formof porosity on the fiber surface. Exanple-3 Experinents

Wi t h Solfindr AIFERBIABhbWEHIPBRINrCEr PREBbes (B INBRNbampPERNnUBh Rygkrogen

carbonate (NH4AHCO3, AHC) is known bl owi ng agent in the nmanufacture of

por ous- Rha$iHoss in EkarﬂFl_@OIW?;e ot tieRitte RBGF sthallianoupk bf BleRingMdgengnd  H20,
. In this exanple, a solid formof this agent is used to formlarge pores in

the fibefy hayEgn S6ENRarGEr ORERdHitRBI BIBHiIngPAGEH: PusDpabt BRbudS tHdGieSame as
Exanple 1. The experiitents started wth mxing 2.y of solid AHC powder

(Aldri Cmi‘hgjgfi@re%(ib ruﬁ’@mg{. Tm?éﬁHy@éﬁca@%m&@bg%ﬁ.g%wﬁgggé@ﬁan _descri bed

“for exanp nmechani ca stirring avernight, e solid
particl es; 1 xed i | it : ' 1L ure was then spun
in the DA pe?%'{géjrﬁg )?}['tfrad%é%fb?%%grﬁﬁgasbf%%g&%lr&?@g%%ex&m ., no continuous

filament could be drawn. When a 0.5-mmround cross section die was used at
a speed of 30.4 mm m nutes, the fornmed contiguous fiber filament was

col lected. b Ly wi.ndi.ng.on,.a 80-mm bobhin after .a 130 |l ong

dr oppi ng. & RREh ERbeayE M B b B BloBhn Car Rt A 0 e posi «
on the g%%t m of the barrel before passing through die. It nmay be that
only a > anobunt of the agent was actually passed through the die to be

O or ot e L e e Dl A T S MR s ebeOSEL:
i armot SPEH G o kaaAE FOREnie! G1 6 Pl weiRs ot room temparate °% ™"
under magnetic stirring. After the solid particles were dissolved, the formed solution

was stored at a low temperature in a closed vial.

B. Preparation of CA/acetone solution containing NH,HCO./H,0. Toa
100-ml three-necked round bottom ﬂ;sk equipped with mechanical stirring and giass
plugs, 50-ml of acetone (Fisher Scientific 99.6%) was added and then 12.5g of CA tow
fiber under medium stirring. After the addition, the bottle was plugged, and the added
fiber was slowly dissolved into the solvent and a homogeneous wgite viscous solution
formed overnight. Then, 1-ml of the above prepared AHC solutiolh was added to the
solution under vigorous mechanical stirring. After the addition, the mixiure was
cbntinued to be stirred moderately for at least 1h before use.

C. Dry spinning process to form fiber with large pores. About 10-m| of

above solution was transferred into a 10-ml extrusion barre! by plastic syringe through

a plastic tube. The barrel was then installed onto the DACA 9-mm  Piston Extruder




fi ber surface as shown in figure 3. The pores fornmed in this exanple are
much larger than those in Exanple 1 because of the exi 9P&kskober005 gl |
anount of bl ow ng agent. To have an even | arger effect, additional blow ng
agent nust pass through the die w thout breaking the fiber. This can be

I ncor porated by using blow ng agents in sub- mcroneter solid particulate
formor div@8reEst3iforns in foll owi ng exanple. Exanpl e- 4PEREER2AIEHAL s with

Di ssol ved Anmoni um Hydrogen Carbonate (AHC) Agents A. Preparation of
NHAHCOB Wéfe1 40000 wilia rotind sihgf hold P 6amiiHlfie Sad btritRY at Bdditempstdree bt o a
beaker containing 10. Qg of gl stilled water at roomtenperature under
nmagnet i G gistbh 5pEEH ofA0h/nliRG@eS The ExPaddd filef Wa¥Rbifoctdhin An\Whshminkifrdyor med
solution was stored at a |low tenperature in a closed vial. B. Préparation
of CA a%ﬁbp&%PPﬂb%h{éQuﬁﬁBt@b!iﬁn'i‘hﬁr g dRtiR: crdRed bym%cfsmbmﬁ@rﬁ-mec ked

round bottom tlaSk equi'pped with mechanical stirring and glass plugs,

50- M Ofwd&RUARRIng Tio2hIes arﬁfl?iaﬁ@xhéﬁ&—v%ﬁti%gggggiﬁg%%@Hﬁ%&ﬂﬁ&ilﬁ& g9 of A

~tow fiber under lumstirring. After tion, t ottle wa

Pomboentbie hP FRRUE frac PORE fSuiSm P Wit BDIERae e e eNeg T ©

honbgeneous I'te VIsco
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mechani c i on, € WasS' continued to be

. stirred ar for at.le 1 h fare use. pi nnin rocess to
 Form 11 MBS rBleediss S i Boreted TS HALG VBt Ve Bt RS ane or e
into a 10: XLI usi barrel b | astic sypinge,throu a astic tube.
e’ bar PP SEGHE WA SHIPE porh B SoWRABAF g0 2rAL oAk BhEom” 10"

- Cctober, 2005 WO 0 %10 5 1 43 PCTI US02111817 Model 40000 with a round
singl e IFRETQtUE ALAYFOSPES PESTSMifded at room tenperature at a piston speed

of 20 m m nute. The extruded fiber was collected in an alum numtray

after dr oppiﬁb&%ﬁme‘éﬂ g regidual phgolvant, 182899 Abakrve: calleeted fbgf WaSpy  t he

conbination of two air blow ng nozzles and an exhaust-venti ng hood. Due to

t he dectipecireatadingrvacumeroyen altpdempriatiice fronyeQES Ho fu SOpinuteg9GMars up to
5-10 m croneters are observed on the surface this partially dry sanple as

shown i ¢f dey gmréﬂaﬁ oqt{_@jmg:{,@ﬁe,r abauid% of rgstdypksolvent was removed. The surface

of the fiber is shown in Figure 5. Due to heating, the portion of the original big pores
were destroyed by the polymer chain-motion and relaxed back to smaller pores with
diameters of about 1 micrometer similar to that in Example 1. Interestingly, some of the
super large pores with diameter of 10-15 micrometers survived the process.

To preserve the formed porous structure, the fiber should be treated at a lower
temperature with shorter time under high vacuum. Residual solven'ig(about 5-7%) can
be effectively removed in a $ minutes high vacuum oven treatment at a temperature
about 50°C. For example, 1.7580g of the above partially dried fiber was treated in the

.- vacuum oven only for 5 minutes at 45-55°C, resulting in 1.6333g of dried fiber. As
-shown in Figures 6A and 6B, large pores with diameters from 3-5 micrometers were
formed in the dry. fiber surface. This porous étwcture was also found to be stable at

room temperature for long time storage.

Figures 7A and 7B shows the fiber after complete drying at 59-62°C in a vacuum
oven. - . e - : i - i




was not stabl e because of the existence of residual solvent. It rel axed
back to a nore stable structure with smaller pores as $hBwrbirg0®S gure 2
"after storage at room tenperature at atnospheric pressure. To fully renove
~the residual of solvent, 105.6 ng of above collected fiber was further
treated i "V &R/Em oven at a tenperature from 60-65C f 8FTABOHIt es 99. 6
nmg of dry fiber was obtained after about 6% of residual sol vent-was
removed- Thelssurhmesy, tief abdve dxalpies derabiasirate thaFpgiesavith diwetdrofroat i ng,
the portion of the original big pores were destroyed by the pol yner chain

not i on ank fridresmetbrd Aty BeOoRBd b evasdraingMablitly fispial sdlver?é oRbRWiIngl

mcronmeter simlar to that in Exanple 1. Interestingly, sonme of the super

| arge pefa8SesMhrdligh tAEBLEF s@factQkkPdifiry QB aSdiy & mnx@dprba@sg@r@ﬁ@s‘és- To

.preservée the formed porous structure, the fiber should be treated at a

| over t PoREY By RINHEE highbh aSdMREbRY cdritaBind N c@ia(a&svcﬁ%é MoeRRsbatatt Rl vents

a
(about can .be effectively renmbved in a m nut es hi gh vacuum oven

treatnme r : g - - above
par 1 al Pyas PaepARE] AhdaRo ;AR o iRG: f0eR opBte I e o ae gl O e at
45- 55C, ' ] j i S | and 6B
| ar ge pg?ﬁ?ﬁ%ﬁ%sﬂgﬁ%%{ogﬁlgg??@%ﬁp@? étﬁﬁ% f(.:rlr0 g’%ﬁeﬁth\%‘r e q‘%r‘?r%%ﬂeﬁﬁ}aﬁé dry
fiber syrface- | S 1 t room

t enper st BT O BRI o HE ke WD B IR B AR BB, LT ey
conpl ete dr%jnﬂxﬁt 59-62C in a vacuumoven. 7 19 Cctober 2005 WO 02/085143
pcT/ Uso &k i “In sunmary, the above exanpl es denonstrate that pores with
di ameters from 1-15 microneters may be fornmed by evaporating rapidly.

resi dual solvents or blowing gasses through the fiber surface skin during
or after a dry spinning process. These pores render higher accessible
contacting surface area for the fiber to contact gas phase adsorbates, and
al so provide a inner fiber space to acconmopdate additi onal
adsorbents/reagents for filtration application. To preserve the forned
pores larger than 1 mcronmeterin dianeter, a |ow tenperature evaporating
process Wwth reduced pressure are preferred..




19 October 2005 9 CLAIMS 1. A cellul ose acetate fiber having an outside
surface area with a plurality of mcro-porous cavities PKkfobesd08hd from
pores on the surface of the fibre into the core of the fiber, the pores
havi ng di aneters of between 1 and 15 mnicroneters and the fi ber havi ng a
partial internal void .volunme. 2. Acigarette filter elenment conprising a
plurality of cellulose acetate fibers each having an outside surface area
with a plurality of mcro-porous cavities that extend from pores on the.
surface into the cores .of the fibers, the pores having dianeters of
between 1 and 15 mcroneters and solid and/or -liquid reagent retained
Wwithin the mcro- cavities for selective filtration of tobacco snoke. 3. A
process of preparing cellulose acetate fibers conprising the steps of '
passing an acetgpgqg®! ution of cellulose acetate through a spinneret to
formfibers, partla ly drying the fornmed fibers to produce a skin on the
out si de of the fibers, and applying a vacuumto the formed fibers, the

vacuum bei ng .apgl,i edAaEe@lﬁﬁS@eera?éel‘f:ra%e()fflbggeh?ﬁwor > d&fglbcfer QL 3.Lo 30

mnutes, to thereby cause the acetone insi ers 1o expl ode
or pop and exit 2Tehet¥ih@r ®1parbligh ath@iskpnPer iy Ve Ebepdihnls ophend
wher eby micro- pesmUysreavohi % e rheenet @ ttherouisidensusdAc@Ofne t he

fibers extendlng Ber}hghcorg§egfhgggnél%ﬁgmeters of between 1 and 15

micrometers and the fiber having a partial internal void

.volume,

2, A cigarette filter element comprising a plurality of
cellulose acetate fibers each having an outside surface area
- with a plurality of micro-porous cavities that extend from
pores on the surface into the cores of the fibers, the
pores having diameters of between 1 and 15 micrometers and
solid and/or liquid reagent retained within the micro-

cavities for selective filtration of tobacco smoke.

3. A process of preparing cellulose acetate fibers
comprising the steps of passing an acetone solution of
cellulose acetate through a spinneret to form fibers,
partially drying the formed fibers to produce a skin on the
outside of the fibers, and-applying a vacuum to the formed
fibers, the vacuum being applied at a téﬁperature of less
than 65°C for from 5 to 30 minutes, to thereby cause the
-acetone inside the formed fibers to explode or pop and exit
the fibers through the skin along micro-porous paths whereby
micro-porous cavities are formed on the outside surface of

the fibers extending to the cores of the fibers.





