19 Cctober 2005 (12) | NTERNATI ONAL APPLI CATI ON PUBLI SHED UNDER THE PATENT

" COOPERATI ON TREATY (PCT) (19) World Intellectual Propertly Qpami0fati on

I nternational Bureau (43) International Publication Date 31 Cctober 2002
(31.10.2002) PCT (51) International Patent C assification' : A24B 15/ 00,

15/ 28, B01D_47/00, 31/ 20, DA F 2100, 2J24; 2J28, 2/30 %&é%r

“Internati oHéBl‘N‘E]BBf‘Y'%“tHASHURW%‘F”BLFS&’F?PJW/TEE&“FNT EYPERNHOY YERAY Filing

Date: 16 April 2002 (16.04 2002) (25 |I|ng Language: English (26)
Publ i catl , LnikdQ)
(59, 04 oubIyo LRGN FEREY & it o R g |

PH LIP MORR S PRODUCTS, | NC. [US/U ) ,m .A‘" Commerce Road, Ri chnond, VA
23234 (US). 3] TakerdMBNEBES iondd (75) I'nvent or $1/0)°!ﬂtll'daﬁtﬂnﬂltl‘$bl(cfu% Nu&e@nl y):

XUE, Lixin [3U8Hd5ér,20024@ﬂ?0 toomt gat e Vppgr Road, MACOOODIGBS 143 AZ3112 (US).
KOLLER, (US).
GAO, Q o@g 1dibrhakibobi Patent Classification”>  A24B 15/00, JCN/US}: 150 South Middle Neck Road, Apartment 3R,
POl 11428 golmb 47409, AR 3000 [DI01F2109, /R4 23811 || | Grbch ek, P LIPSy 1 LI T LI TTITTTT1121101
(10) Interrdfional Publication Nunmber WO 02/085143 Al

0 02/085143 Al

_{21) International Application Number:

0 O 0 0 00 0O

PCTMIS02/11817

(22) International Filing Date: 16 Apnl 2002 (16.04.2002)

(74) Agent: BECK, Richard, M.; Connolly Bove Lodge &
Huez LLP, 1220 Market Street, P.O. Box 2207, Wilmington,
DE 19899 (US).

- N — (81) Designated Siates (national); AE, AG, AL. AM, Al, AU,
(25) Filing Language: English AZ,BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
(26) Publication Language: English C7, DE, DK, DM, PZ, BC, BE, ES, FI, GB, GD), GE, GH,
GM, HR,HU, 1D, IL, IN. 1S, JP, KE, KG,KP, KR, KZ. L.C,
(30) Priority Data: LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
60/285,632 20 April 2001 (20.04.2001)  US MX, MZ, NO, NZ, OM, P11, PL, PT, RO, RU, SD, SE, 5G,
S1, 8K, SL, TI, TM, TN, TR, TT, TZ, UA, UG, US, UZ,

(71) Applicant (for all designated States except US): PHILIP YN, YU, ZA, ZM, ZW.

MORRIS PRODAICTS, INC, [US/US]; 3601 Commerce

Road, Richmond, VA 23232 (US). (84) Designated States (regional): ARIPO patent (GH, GM,

(72) Inventors; and

(75) Inventors/Applicants (for US only):  XUE, Lixin
{USAJS]; 14307 Huntgate Wood Road, Midlothian, VA
23112 (US). KOLLER, Kent, B. [US/US]; 8401 Kin-
tail Drive, Chesterfield, VA 23838 (US). GAO, Qiong

KE, 1.8, MW, MZ, 8D, SL, SZ. TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
Luropean patent (AT, BE, CH, CY, DL, BK, IS, H1, I'R,
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR}, OAPI patent
(BE, B}, CF, CG, Cl, CM, GA, GN, GQ, GW, ML, MR,
NE, SN, TD, TG).

[Continued on next page]

A) Cross Section-2.5 pm/div.

(54) Title: HIGH SURFACE AREA MICRO-POROUS FIBERS FROM POLYMER SOLUTIONS

Images of CA Fiber from an Acetone Solution
after dried w/ vac. at 60°C (CA 9598-28-3)

B) Surface view- 1 pm/div.

{57y Abstract: A cellulose aceatate Fiber (fig 2) having a outside surf'ice area with a plurality of micro porous cavities or voids (fig

3) and a method of making the same.
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Abst r act filtratioe [d 1eiduee certaiasaoke Epmgpngits.g 2) havi ng a outsi de surface area
with a plurality of mcro porous cavities or voids (fig

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 énd/or liguid reagents for selective filtration in the reduction of certain

smoke components in tebacco products.




3) and a method of neking the sane. 19 Cctober 2005 WO 02/ 085143
PCT/ EJS02/ 31817 111G d SURFACE AREA M CRO- POROUS FI BERS? PROMIROLSYVER
SOLUTI ONS Background of the Invention The present invention relates to high

~surface ar e gxogsigs porous fibers made from polynmer sol uidiaRsa8d
particularly high surface area fibers for filtration application where

surface mcrq-cavities are.use retain solid an roli UId reagents for
sel ective 1 ERHaRcs B M EseR oL Rav st Sohtin & e aRBHEol | ul ose
acetate fibers used arette filters are, made by a dr i nni ng
BT ocess %m@ BB el 35y SPnberrobetR | anasr SATResSINS pisobeR Shr
‘squeezed through the bottom hol es of s rettes or jets, and slomg

shr unkenreIdH?‘%fju Pressitre ipapeled r W"?*éﬁ&%Pﬁ&]‘%ﬁ%ﬁ%ﬁ@%él%ﬁtﬂ degree Pbng

spi nning col utm approximately 5-10 neters long. Dried with a pressurlzed
hot air SVNGdmairsPIENG 6PIUMAS wheee ﬁrﬁj@df%meapolvmswssf%ﬁnﬁﬂ oprte dibekct i ons
such as "R', '"I", "Y', and "X' depending on the shape of the holes through
whi ch t hedffasee Agesidual aspouy gbsolwention adlawing opnUBsIde Hys skipexplodeset i on  and
relatively limted outer surface areas because of the heat involved.

Summary Repstang quigkdniepves ihedibetthngigh various sniene-paipes paibs under redeeasht
invention to increase the outer surface area of certain fibers nmade from
pol yner messwe,deryvingbehatdtiigigsuniace areadibersiveth roises-porofipcavitiestaadinitergab ol i d
and/or |iquid reagents for selective filtration in the reduction of certain
snoke comixbyeurne. iFor telhiwesemcptabel fibers, avevaposatiigdampetatere by 6@1C bj ect  of
the present invention is a process for producing high surface area fibers
for fil tthaevaporalpyy proedssis ebseritiabiaocderpo prisetve thethusforoed amictpess Sti | |
anot her object of . the present invention is a process of producing high

sur f ace iattesfitier Barfscdst om pol yner sol uti ons where micro-cavities on the
fiber surface are used to retain solid and/or |liquid reagents for

sel ective fi IThe pidceBs tan b exteAdetttol pdiyntdr re&telialk dthes RUfEcalioBe BSsthR 1 N
t obacco products.
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




19 COctober 2005 WO 02/085143 PCTI US02/ 11817 In accor dance wi th the present
invention, a polymer solution is allowed to pull through?QswbeZ0fheret of a
dry spinning process. A rapid evaporating process at reduced pressure is

applied to the initial formof the fibers after a certain degree of drying
in air-spinning colums where a dried skin of polynmer is forned on the _
fiber surface. A residual anmount of solvent or a blow ng agent inside this

skin expl sudaceinto frupeoras df dhe filsbns, teaperes hadng dRGTetdrd CPLERYRA IS
m cro- porous paths under reduced pressure, |eaving behind high surface

area fibelS mictometerer anddedldsarkiPon ligeR Askbdrtt RiAAbd Withifl MR WiBro-For
cellul ose acetate fibers, an evaporating tenperature below 60C 1 n the

evaporatlGé]ntlé%@@reéiekdl%ﬁﬁétﬁﬁutdf?dbab& des. to preserve the thus forned

mcro-pores in the fiber surfaces. e process can be extended to pol yner
materi al s ot her than ceI I uI ose acetate as well as solvents and so called
poppi ng agents ; SHI P I ' rs froma.
~melt pol yner d{)rgéehf/ﬁ\n al r ??s%erﬁlﬁﬁ%nél Hﬂlt'&% 'ﬁg}%\hou §P‘?6§ éé B{E‘The | ow

t enper at o] n.b d|n -l ne nabatch
sl RGN %%SE% S "G BBP LG D skt ?%SSb'?%\ﬁrbe
cel | ul ose cetate fibe an, qut urface ar I ural i ty of
ni cr o- por§t necag 'PEsotﬂQf\i &?&tqtﬁo "859@53 @H"’crﬁ‘éegg? mea @?éerhe fibre
iirnto the cor the fiber, the pores having dianeters of_ between 1 and 15
mi cr onet aaglaﬁshgm cthe fasmed Tingrsi ta rosdusa 2 skip of meequtade%m fpsrsied- 1 n a
second aspect of the present invention there is provided, a cigarette
filter elAeRWiNG EoNpeuusn g thepifermed fiperst thel Vacwie beieg aapplietbat @ each
having an outside surface area with a plurality of mcro-porous cavities
that ext ¢erdpérature pdies thant6EClfer Gonobeto 200%instes] tc tharelhyo catse twr es of t he
fibers, the pores having dianeters of between | and 15 m croneters and
sol i d andtstond Ingidiedhe foanied fibere taéxpistamrtgoprand it Mecfters 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.

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;

2a




cavities for selective filtration of tobacco snoke. In a third aspect of
the present invention there is provided, a process of pl2paioberdodel | ul ose
acetate fibers conprising the steps of passing an acetone sol ution of

cel lul ose acetate through a spinneret to formfibers, partially drying the
formed fibers to produce a skin on the outside of the fibers, and- applying

a vacuum Wgo bhi@sf9r nmed fibers, the vacuum bei ng appl i edpcEfysazfgeiper ature
of less than 65C for from5 to 30 m nutes, to thereby cause the acetone

inside the formed fibers to explode or pop and.exit the fibers through the
skin al ong 98 2p'SrdHRcRs M ?%W?H%Pgﬁgf&%fé%ﬁ?%@?% formed on
the outside -surface of the fibers extending to the cores of the fibers.

Bri ef DE@RPIa 2 8hthgrreseat BveRliclgs Novel features and advant ages of the
present invention in addition to those mentioned above will becone
apparent to Pépepasisc misapeopic swiaqe imager plea Jiber PFHcsd ICHING 1Of - t he
following detailed description in conjunction with the acconpanying

dr awi ng&Exarmpleed af e presant ingetioBhce characters refer to simlar parts and in
which: Figure 1A is a mcroscopic surface image of a fiber produced

accor di ng t oFigmseafts @ migsescopie sutase dmape ém pafially-fded dber prqdgced

m croscopi ¢ cross-sectional view of a. fiber produced according to Exanple
-1 of thaceordwgie Examplet4 ofithe p@santtioyrntiorn05 WO 021085143 PCTI US0241S | 7
Figure 2 is a microscopic surface inmage of a fiber produced according to .
Exanpl e 2 of Fighe Disesmroscopie suiface infigguf @ fer dried atiappovdoptaly 831G ace i mage
of a fiber produced according to Exanple 3 of the present invention;

Fi gur e froduced atcordiag GpExarsple #ad ¢hd pregentodventipmrtial [y dried fiber produced
according to Exanple 4 of the present invention; Figure 5 is a mcroscopic
“surface i mageigade 6A i Dmilcrebicbgid saifacpipiagel ofai fitley di&Cat approximately 45-

55°C produced according to Example 4 of the present invention; and
Figure 6B is a microscopic cross sectional view of the fiber shown in Figure 6A.

Figure 7A is"a microscopic sijrface image of a fiber dried at app;oximateix 59-

62°C _p_roducéd according to Example 4 of the present invention, and

Figure 78 is a microscopic cross sectional view of the 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




produced according to Exanple 4 of the present invention; Figure 6Ais a

m croscopi ¢ surface image of a fiber dried at approxi matléQetekss 25C
produced according to Exanple 4 of the present invention; and Figure 6B is
a mcroscopi c cross sectional view of the fiber shown in Figure 6A. Figure
7A is-a mVYPIYeB3c surface image of a fiber dried at appFoxi2dlély 59- 62C
produced according to Exanple 4 of the present invention; and Figure 7S is

a m cr osgraRb Gird6Giig FREHESBAY ak ieknamst-vERthd hdR TeowBiduBl &fitBe BIvért
Det ai | ed Description of the Invention The follow ng are specifics and

exanpl esy&f fukther BpRIFRNVapbRAYEIEitHRP by RighRaBRM # 4 Pitudin SirGPigNAMmeA uti on.
To a 100-m three-necked round bottom flask equi pped with nechani cal

stirring,anbodl ass plugs. 50-m of acetone (Fisher Scientific, 99.6% is .
added ana then 11.88g of CA tow fiber under medium stimmg. After the
addition, the bottle was plugged, and the added fiber was slowy dissolved
into the solvent form ng a honbgenous white viscous solution overnight. B.

Dry spi nni ng. p?g@ﬁﬁlé—ﬁ ﬁg&%d_%&%f'n%%ﬂeﬁé%goéf%d*b HlaePA¥Gumol uti on was

slowy transfer nto extrusi arrel” via a plastic syringe
o pi st on BT ASig gt EBq 5 iRbiSledaloh Akt e futn® g
ot e, e U ST A S BB S HEh B MR T
1o ot olPuaB s O Bred 18a bt e anE raR bGP RG IOy ez e and
SPGB R AR RN X CRES N R
hood. EXS%C |c|>n%_l \1rie\|r:vist<)3 ghsé fg)n%gé ieéjr a’?‘t&eg Srryinge;{iﬁagc %tndgsp \.%cﬂﬂ:gne{or ¥8 (r:nLi’rl#urpes.
It is clear that pores in the diameters of about 1-micrometer were formed. These pores
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




In this exanple, the above fiber was collected on a netal pan and then put
into a vacuumoven at 60C. A nechanical punp gener at ed12O0hiobdr 208fcuum
inside this oven through a dry-ice trap- The trapped solvents rapidly
evaporated and formed mcro- pores on the fiber surfaces- Figures 1A and 1
B show t heWRi¥P8L8opi ¢ surface and cross sectional vi eRETEFOHIKRTf or med
fiber after drying at 60C under vacuumfor 20 mnutes. It is clear that

pores in the |giny@ieisie Ahe aboid splnToer UMRII6S wis iethepEndyat alMeRSatipgr es are
so small that they can only be observed in a 1000X i nmages (1

i cr ometgpéehisV Thé RIRldualeivdrtwas AP ed B afid p¥mpingirtd Padihvehditdbgi on) . The
porous structure was also found stable in storage for nore than 3 nonths.

The fi bafea381RhL&RHYVeniPh ARt BinthePRlird¥8i 28 Rinditdd &he tyiSurfdc@ss ,
section as showi i'n Figures 1A and 1B because they are collected and dried

in hori 4%§ééwoft tﬁ@?ééuit@@%am%ﬁ@@)érefﬁ{dmﬁﬁn 2RYUROD T ORgEAbdrEs inith Biahieddrs P9

‘bone- shape Cross sectiona di mensi ons from25-150 mcroneters. It is

possi bl E{ota%ﬁt{/rh&grsté}ﬁ e TPeldiif 410 X RHAG. §IOSVIARE HHeABMpBiniaNd! | ng

them vertica W thout touch 1n the proce hi s exanp e

ol ol nghSaTRLRSAB Silidk YAAcAR HBURIRRIALPOLA S BBy ofind ekl Ying the

surface porosi 0ose acetate e is not used to limt

t he scopﬁ%”g ethe invention. The resultant porous fiber can be of any cross
sectiondl Shdpe. Exanpl e-2 Porous Fibers Cbtained from Lower Tenperature

- Evaporating Process 4 19 October 2005 WO 02/085143 PCT/ US02/ 11817 In this
exanpl e, the above spun fiber sanples was further dried at a no-heating

it R R e e e ey
LRI N N A U R 1 o,
ol ayi ng TOAHRGtHE S poRS Bl THRECPTRPST B0t o br GO ABSer  —

H,0O. In this example, a solid form of this agent is used to form large pores in the fiber. "

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




surface. Exanple-3 Experinents with Solid Ammoni um Hydrogen Car bonate (AHC)
Agents Ammoni um hydr ogen car bonate (NH4HCO3, AHC) is kAd@atobirgd®ng agent
in the manufacture of porous plastics. It deconposes at about 60C to give
off CO2, NH3 and H2O In this exanple, a solid formof this agent is used
to form| aVg&4BHds in the fiber. The setup of prepar afFENSBASFEpi nni ng of
fiber is the sanme as Exanple 1. The experinents started with mxing 2. Qg

of sol i boASGoPED\RRiutds\pdrdsolith @abterd U5 Microfrlidrd labs ebagedddrethacet one
solution, as described for exanple 1. After mechanically stirring

over ni ghber brfack shiolvhth PRUEE 8. BB E@r@@ foFeadn tHid Oxdrisie 3Rt MULIPRIrgekOM  of
this mxture was then spun in the DACA piston extruder. Wen a 1.25 nmm

di es waghaip@se iMexaRAplel Nbuasisé bf MERNdstértal o shial dnint oV BIBRiIng &4eat."m round
. cross section die was used at a speed of 30.4 nm m nutes, the Torned

cont i guoShdjedss ebéh UFBA e ARlitcR@l BBwiIrdY agEHt Waldt Yol Mstoligh Bk §ie80- M

bobbin after a 130 ¢ ong droppi ng di stance. However, thefe are |arge

solid p%ﬁﬁgﬁl ‘?’?‘""E‘r‘&”, ’&%Jﬁ?‘eﬁ?%*h‘is %I/h Eé‘ﬁxc&‘b}b?a@@a B u&fﬂg b?%&éiﬁglsgél%% Sub-Passi ng

"~ t hrough at on a small anmount o nt was actually

¥ e Ny ¢ ! ‘ S _
passe tnﬁ'iEs%H%H?ertégbﬂd?:ﬁgscp%éé;ﬁ;tr@’bg%&%%@& Rlhrrlslh ?osiblr}bgnsql %%gfplé nthis case

After deconposi n renovi ng the sol vent s under
vacuum at a tenperature of about 5 19 Cctober 2005 WO 02/085143
PCTI US02/ 11817 60C for 25 minutes, pores with dianeters up to 2.5

m cromet ers_ar ry n. fibe rfac h in,fi e 3. The
pores for Fé(a%fj%"?Eﬁgergﬁ%ﬁ%Iwéth;tﬁ%somgir{{qq%ga%'ﬁ' ﬁY%éﬂé? ﬁ\(%gbeon?tne %(a le 1
because ,0of the existence of small amount of blowi ng agent. To have an even
larger &98Et, additional blowing agent nust pass through the die without

A B SN N YRl T
(eiﬁ?}f' © @Eﬁfgﬁé\&& G SPEaaKer Gontaiming 10:05 of cistifed Water af Toom femperinge Ponat e
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




A. Preparation of NH4AHCOB1H20 sol ution. 2.0 g of above AHC solid was

slowy added into a beaker containing 10.0Og of distill ed9®stober 2805 r oom
tenperature under nagnetic stirring. After the solid particles were

di ssol ved, the forned solution was stored at a | ow tenperature in a cl osed
vial. B. Preparation of CA/acetone solution containing NHAHCO31H20. To a
100- ml t hr@8He8sKad round bottom fl ask equi pped w th meBGENPGHESIZt i rring
and glass plugs, 50-m of acetone (Fisher Scientific 99.6% was added and

then 12.nNagHePH0GHS Wity rdund 8inglé bR 1 586N Shd extrtbd abfdoth tddseradled &0 on, the
bottl e was plugged, and the added fiber was slowy dissolved into the

sol vent a%ﬂﬁoﬁsbé@@&%@ﬂﬁﬁmﬁ&bt Thi eREGIEY Rl Whk ehitectdd iNRe AM¥RHONGRy Then,
1-m of 'the above prepared AHC sol ution was added to the solution under
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~surface,this art| | e as shown in Figure 4 However, this

st r uct ulePSHA “zhﬁlt g‘meé'\élﬁ’é%sgﬁ?e of the existence of residual solvent. It

rel axed back_tp a nore stahle structure with spall pores as shown in
Figure 2 aft®® 8‘%‘@’6?’8@‘@ the r?%@ﬁ‘ﬁloféﬂlﬁ%‘?taﬂwgf‘&go%??ﬂi’wg?‘@ rfﬁbéég’ﬁﬁe To
fully renpve the residual of solvent, 105.6 of above collected fiber was

fusther treated in a vacuum oven at a temperature from 60-65°C for 30 minutes 99.6 mg
of dry fiber was obtemed after about 6% of residual solvent 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 etmcture 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




further treated in a vacuum oven at a tenperature from 60-65C for 30
mnutes 99.6 ng of dry fiber was obtained after about &% @Pbar@didual

"sol vent -was renoved- The surface of the fiber is shown in Figure 5. Due to
- heating, the Eortion of the original big pores were destroxsled by the
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partiall'y dried fiber was treated in the vacuumoven only for 5 m-nutes at
45- 55C, gofsiitcniBe hzgneﬂa&%%éguwéoﬂéétﬁa_ Jurfage -ard fo"'rr}ﬂé‘”ﬁb]lng‘ t&b&ﬂéas%a@f\ .and 6B,

| arge pores with diranmeters from 3-5 i croneters were ornmed 1nthe dry

fiber St;b'h%é&?gs rP%%SPfQ&PHEo%GHgé ‘ériﬁpéé\l'i@eez'sﬁc% %Q%&n@n%atétcﬁ}gh@ t room

tenperature r I me storage. ows t er after
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or after,_a drf%/ e;@i nni ng process. These pores render higher accessible

cont act Fﬁ%p?u 'T4te area for the fiber to contact gas phase adsorbates, and
al so provide a inner fiber space to acconmopdate additional :
adsorbents/reagents for filtration application. To preserve the forne

pores larger than 1 mcronmeterin dianeter, a |ow tenperature evaporating
process with reduced pressure are preferred. 19 COctober 2005




9 CLAIMS 1. A cellulose acetate fiber having an outside surface area with
a plurality of micro-porous cavities that extend from p8Qstber?0he surface
of the fibre into the core of the fiber, the pores having dianmeters of
between 1 and 15 micronmeters and the fiber having a partial internal void
.volunme. 2. Acigarette filter element conprising a plurality of cellulose
acetate fibers each having an outside surfgce area with a plurality of

m cro-porous cavities that extend from pores on the surface into the cores
.of the fibers, the pores having dianeters of between 1 and 15 microneters
and solid and/or liquid reagent retained wwthin the mcro- cavities for
‘selective filtration of tobacco snoke. 3. A process of preparing cellul ose
acetate fibers conprising the steps of passing an acetone sol ution of

cel lul ose acet atgafps ough a spinneret to formfibers, partially drying the
formed fibers to produce a skin on the outside of the fibers, and applying
a vacuumto the formed fibers, the vacuum being applied at a tenperature

of less than GSC fof CEoMdd ALUERULSRer! A5 1T By SRSG NG, aget one

inside the forned fibers to_explode or pop and exi he fibers rough the
skin al ong m cr BXpRdroid gaPhirshireRf MicepoPgmususavavies cshadr exterdred on
the outside surfaae mirest be fidens raxtesdi tie: r@pkhei e eheObotd@ff LRET S.

fiber, the pores having diameters of between 1 and 15
nmicrometers 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.




