Office de la Proprieté Canadian CA 2623219 C 2014/08/19

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 623 21 9
Un organisme An agency of 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2006/10/04 (51) ClLInt./Int.Cl. A24D 3/04(2006.01)

(87) Date publication PCT/PCT Publication Date: 200//05/18 | (72) Inventeurs/Inventors:

1 . RASOULI, FIROO/Z, US;
(45) Date de délivrance/lssue Date: 2014/08/19 HEARN. JOHN US

(85) Entree phase nationale/National Entry: 2008/03/19 LI PING. US

(86) N° demande PCT/PCT Application No.: IB 2006/003884 | (73) Propriétaire/Owner:

(87) N° publication PCT/PCT Publication No.: 2007/054826 PHILIP MORRIS PRODUCTS S.A., CH
(30) Priorité/Priority: 2005/10/04 (US11/241,978) (74) Agent: RIDOUT & MAYBEE LLP

(54) Titre : CIGARETTES POSSEDANT DES FIBRES CREUSES
(54) Title: CIGARETTES HAVING HOLLOW FIBERS

100 130
/————'_A——ﬁ
140 15 35

:

[
\{
~—
O
-

(57) Abréegée/Abstract:

Smoking articles, such as cigarettes and cigarette filters, methods of manufacturing smoking articles including hollow fibers, and
methods of smoking are provided. In one exemplary embodiment, a smoking article (100) contains hollow fibers (10), wherein the
hollow fibers (10) change properties of mainstream tobacco smoke (140) drawn through the hollow fibers (10).

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~

» . _
‘ l an a dH http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C
OPIC - CIPO 191




woO 2007/054826 A3 I D00 AR 0 D O R0

CA 02623219 2008-03-19

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
18 May 2007 (18.05.2007)

(51) International Patent Classification:
A24D 3/04 (2006.01)

(21) International Application Number:
PCT/IB2006/0038384

(22) International Filing Date: 4 October 2006 (04.10.2006)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

11/241,978 4 October 2005 (04.10.2005) US

(71) Applicant (for all designated States except US): PHILIP
MORRIS PRODUCTS S.A. [CH/CH]; Quai Jeanrenaud
3, CH-2000 Neuchatel (CH).

(72) Inventors: RASOULI, Firooz; 1807 Gildenborough
Court, Midlothian, Virgina 23113 (US). HEARN, John;
14204 Flag Trail Way, Midlothian, Virgina 23112 (US).
LI, Ping; 5525 Summer Creek Way, Glen Allen, Virgina
23059 (US).

(74) Agent: MILLBURN, Julie, Elizabeth; Reddie & Grose,
16 Theobalds Road, London WC1X 8PL (GB).

(54) Title: CIGARETTES HAVING HOLLOW FIBERS

140

f

110
29

(10) International Publication Number

WO 2007/054826 A3

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HN, HR, HU, ID, IL, IN, IS, JP,
KE, KG, KM, KN, KP, KR, KZ, LA, L.C, LK, LR, LS, LT,
LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY, M~Z.,
NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU,
SC, SD, SE, SG, SK, SL., SM, SV, SY, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), BEurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EL, ES, I,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BE, BJ, CF, CG, CI, CM, GA,

GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

(88) Date of publication of the international search report:
22 November 2007

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

130
e e
15 35
D S ——
20 10 30 120

(57) Abstract: Smoking articles, such as cigarettes and cigarette filters, methods of manufacturing smoking articles including hol-
low fibers, and methods of smoking are provided. In one exemplary embodiment, a smoking article (100) contains hollow fibers
(10), wherein the hollow fibers (10) change properties of mainstream tobacco smoke (140) drawn through the hollow fibers (10).
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CIGARETTES HAVING HOLLOW FIBERS

BACKGROUND
A wide variety of materials have been suggested in the art as
filters for tobacco smoke. Such filter materials 1include cotton,
paper, cellulose, and certain synthetic fibers. These filter
materials are known to remove particulates and condensable components
from tobacco smoke. They have little or no effect in removing certain
gaseous components, e.g., aldehydes, from tobacco smoke. See for

example commonly assigned U.S. Patent No. 6,209,547,

SUMMARY
Smoking articles, such as cigarettes and cigarette filters, and
methods of manufacturing smoking articles are provided. In one

exemplary embodiment, a smoking article contalins hollow fibers which

L

"fect mainstream tobacco smoke drawn through the smoking article.

a

In another exemplary embodiment, a clgarette, comprising: a
tobacco rod; a filter jolined to the tobacco rod, wherein the filter
comprises a bundle of hollow fibers, wherein the lumens of the hollow
fibers are aligned axially in parallel to one another; and an additive
material 1in extra-cellular spaces of the hollow fibers, wherein one
end of at least one of the hollow fibers 1s obstructed 1s provided.

Preferably, the hollo'w fibers comprise a polymeric material.

Preferably, the cigarette further comprises a sorbent.
Preferably, the sorbent 1is located upstream 1in the filter from the

hollow fibers.

Preferably, the lumens of the hollow fibers are aligned with one

another in a direction 1in which smoke will travel through the

cigarette.

In another exemplary embodiment, a cigarette filter, comprising:
hollow fibers; an outer layer covering an outer region of the hollow
fibers; and cellulose acetate, wherein the hollow fibers and the outer
layer are embedded within the cellulose acetate 1s provided.

In another exemplary embodiment, a method of manufacturing a

cigarette filter, comprising: preparing hollow fibers with a smoke
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impermeable material covering one end of at least one of the hollow

fibers:; at least partially filling extra-cellular spaces within the

hollow fibers with an additive material; and placing the hollow fibers

with the smoke impermeable material and the additive material in a

cigarette filter is provided.

Preferably, at least partially filling the extra—-cellular spaces

within the hollow fibers with the additive material comprises soaking

the hollow fibers in the additive material for a time effective to at

least partially f£ill the extra-cellular spaces with the additive

material.

Also provided 1is a method of treating mainstream smoke,

comprising: drawing tobacco smoke axially through hollow fibers,

wherein the mainstream tobacco smoke is drawn into an open upstream

end into lumens of the hollow fibers and is drawn through permeable

walls of the hollow fibers to a downstream end of a smoking articile.

Also provided is a cigarette filter, comprising: a hollow fiber

membrane, wherein the hollow fiber membrane comprises: hollow fibers;

and a smoke impermeable material, wherein the smoke Iimpermeable

material obstructs a downstream end of a lumen of the hollow fiber.

Preferably, the cigarette filter further comprises an additive

material in extra-cellular spaces of the hollow fibers. The additive

material may comprise a flavorant, a reagent which chemically reacts

with and selectively separates a gaseous component of a smoke stream,

a surfactant, a solvent, or mixtures thereof.

BRIEF DESCRIPTION OF THE DRAWING FIGURES

Figure 1 illustrates an exemplary embodiment cigarette including

2 hollow fiber membrane containing filter, and a path of fluid flow

through the cigarette;

Figure 2 illustrates a cross-section of a Dbundle of aligned

hollow fibers with open upstream ends and 1mpermeable oOr semi. -

permeable material filling gaps between the hollow fibers;

Figure 3 illustrates a cross-section of a bundle of aligned

hollow fibers with closed downstream ends and permeable material

filling gaps between the hollow fibers;
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Figure 4 1llustrates another exemplary embodiment cigarette

0

|

including a hollow fiber membrane containing filter, and a path o:

fluid flow through the cigarette;

Figure 5 1s an exemplary illustration of a cross-section of a

hollow fiber;

‘)

Figure 6 1s photomicrograph of extra-cellular spaces of an

’

exemplary hollow fiber; and

Figure 7 1llustrates an exemplary embodiment cigarette including

a hollow fiber membrane and a sorbent in a filter, and a path of fluid

flow through the cigarette.

DETAILED DESCRIPTION

Smoking articles are provided that include hollow fibers therein,

wherelin the hollow fibers are obstructed on one end to force a fluid

through the walls of the hollow fibers.

As used herein, the term “feed” i1s used to indicate a material or

fluid which 1s fed into the hollow fibers. Also as used herein, the

term “retentate” 1is used to indicate the portion of the feed which

does not pass through the walls of the hollow fibers and is trapped

—

within or on an outer surface of the lumens of the hollow fibers.

Additionally, the term “filtrate” is used to indicate the portion of

the feed which passes through the walls of the hollow fibers.

The term “obstruct” 1s intended to include blocking, partial

blocking, filtering, or any other means of reducing flow through an

area. For example, an impermeable or semi-permeable material can be

used to obstruct the downstream end of the hollow fibers by blocking

filtrate or feed from passing through a downstream end of the hollow

fibers, or by merely increasing the resistance to flow for filtrate or

=

‘eed passing through the downstream end of the hollow fibers.

el

=

An exemplary use of a cigarette 100 with hollow fibers 1s

illustrated in Figure 1, wherein the hollow fibers are utilized as

hollow fiber membranes. As illustrated in Figure 1, upon lighting a

ey

cigarette 100 at an upstream end 110 of the cigarette 100 and applying

a drawing action to the downstream end 120, a smoke feed 140 (a flow

of mainstream tobacco smoke) would travel in a downstream direction.

The smoke feed 140 would pass from the upstream end 110 through a
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tobacco rod 50, then through a filter section 130, then through the

downstream end 120 of the cigarette 100.

Upon entry into the filter section 130, the smoke feed 140 is

forced into lumens, or inner diameters, 15 of hollow fibers 10 within
the filter section 130. In Figure 1, the lumens 15 are unobstructed
on the upstream ends 25 of the hollow fibers 10, but obstructed on the
downstream ends 35. The smoke feed 140 passing into the filter is

directed into the upstream ends 25 of the lumens 10 by a first

“smoke

filtrate obstructing or smoke impermeable material 20 (hereinafter

impermeable material” generally), which obstructs smoke feed

n

140 flow between the outer circumference of the bundle of fibers 10

P

and the inner diameter of the cigarette, as illustrated in Figure 1.

A

dditionally, the first smoke impermeable material 20 can also be

provided between the individual fibers 10 in the bundle, as

illustrated in Figure 2, to obstruct fluid flow between the fibers 10

in the

bundle. An exemplary cross-section illustration of the first

smoke 1mpermeable material 20 surrounding the hollow fibers 10 in the

bundle, while not obstructing the upstream end 25 of the lumens 15, 1is

illustrated in Figure 2.

N

forced

a SeCO

ext, also as illustrated in Figure 1, the smoke feed 140 is

from the lumens 15 through the walls of the hollow fibers 10 by

nd smoke i1mpermeable material, whilich obstructs the downstream

p—

ends 35 of lumens 15 of the hollow fibers 10. Figure 3 1s an

exemplary cross-—section illustration of the second smoke impermeable

material obstructing the downstream ends 35 of the lumens 15 of the

hollow

35 of

fibers 10.

It is noted that as i1llustrated in Figure 3, the downstream ends

the hollow fibers 10 can include a filtrate permeable material

30 between the hollow fibers 10, as well as between the outer

clrcumi

"erence of the bundle of fibers 10 and the inner diameter of the

cigarette filter 130, if desired. As provided herein, the filtrate

permeable material 30 can be any material that allows filtrate to pass

through the filtrate permeable material 30 for ejection out of the

e

downstream end 120 of the cigarette 100.

T
hollow

he filtrate permeable material 30 can be provided to hold the

fibers 10 1in place in relation to one another, as well as 1in
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relation to the filter 130. Alternatively, a ring, an adhesive, or

other physically containing material can be used, as long as it does

not substantially obstruct filtrate flow through the filter 130. An

exemplary embodiment of the filtrate permeable material 30 is a

porous, filtrate permeable material, such as cellulose acetate.

By obstructing the downstream ends 35 of the hollow fibers 10,

smoke 140 is forced through the walls of the hollow fibers 10 because

Of the pressure exerted by the smoker on the downstream end 120. By

forcing smoke 140 through the hollow fibers 10, the walls of the

hollow fibers 10 can be used to filter smoke 140 therethrough. Thus,

the walls of the hollow fibers 10 behave as a membrane in that the

walls of the hollow fibers 10 allow the filtrate 150 from the smoke

140 to pass, while the retentate (not shown) 1is trapped within the

lumens 15.

It 1s noted that in another exemplary embodﬁiment, illustrated in

Figure 4, which is similar to Figure 1, the filter 130 can be

reversed. In other words, the first smoke impermeable material 20 can

y—

be formed to obstruct an upstream end 25 of the lumens 15 so as to not

allow smoke to enter the lumens 15 on the upstream end 25 of the

hollow fibers 10. It 1s noted that the first smoke impermeable

material 20 in Figure 4 is formed in a similar fashion to the second

smoke 1impermeable material 35 illustrated in Figure 3, wherein the

first impermeable material is formed within the lumens 15 of the

upstream end 25 of the hollow fibers. Additionally, similar to Figure

3, a filtrate permeable material 30 can also be provided between

hollow fibers 10 for the same reasons as discussed above with respect

to Figure 3.

Additionally, as also illustrated in Figure 4, a second smoke

impermeable material 30 can be used to obstruct fluid flow between the

outer circumference of the bundle of hollow fibers 10 and the inner

diameter of the cigarette filter 130, as well as between the hollow

fibers 10, similar to the first smoke impermeable material 20 of the

embodiment illustrated in Figure 1.

By providing the two smoke impermeable materials 20, 30, smoke

feed 140 can be routed between an outer circumference of the bundle of

fibers 10 and the inner diameter of the cigarette filter 130 at an
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upstream end 25, through the walls of the hollow fibers 10 and out the

downstream end 35. By passing the smoke filtrate 150 through the

walls of the hollow fibers 10, the hollow fibers 10 behave as a hollow

fiber membrane 1in that the smoke 1is separated into retentate and

filtrate 150, wherein the retentate (not shown) can be trapped on the

outer surfaces of the hollow fibers 10. After passing through the

walls of the hollow fibers 10, the filtrate 150 can then be passed

through the downstream end 35 of the hollow fibers 10.

The hollow fibers 10 used herein are preferably embodied, as

1llustrated in Figure 5, by porous or semi-porous fibers 10 with

lumens 15 (hollow inner diameters) with a wall 18 thickness with at

least some porosity 19. The hollow fibers can be made of any porous

or semi-porous material, wherein the porosity levels can be tailored

to provide predetermined levels of permeability and also to contain

extra~cellular spaces therein. For example, hollow fibers can be made

e

of polymers. Preferably, the hollow fibers comprise cellulose,

modified cellulose, cellulose acetate, polypropylene, polysulfone,

acrylic compounds, silicone «rubber or mixtures or combinations

p—

thereof. Further discussion of hollow fiber materials can be found 1n

U.S. Patent No. 3,708,071, which is hereby incorporated herein in its

entirety by reference for all purposes.

It 1s noted that the material used for the hollow fibers 10 can

be chosen to have a predetermined pore size by determining the

materials used for the walls. For example, 1f the hollow fibers 10

are made of larger pore materials, larger constituent filtrates are

allowed to pass through. Thus, the material used for the hollow

fibers 10 can be chosen to selectively restrain passage to only

ey
= )

certain ranges of filtrates, if desired.

In a preferred smoking article, hollow fibers 10 are oriented in
a direction in which smoke will travel through the smoking article.

By providing such alignment, smoke can travel through lumens of the

hollow fibers 1n a direction approximately parallel to the suction or

vacuum force applied at the downstream end of the smoking article

drawing smoke from the upstream or 1lit end.

Additionally, the hollow fibers 10 are approximately parallel to

one another in order to allow smoke feed 140 to evenly penetrate the
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hollow fibers 10, pass through the walls of the hollow fibers evenly,
and for fitting bundles of hollow fibers 1nto the axis of a cilgarette.
For example, as illustrated 1n Figure 1, the axes of the lumens 15 are
preferably aligned parallel to one another (as well as parallel to the
axis of the cigarette), wherein such alignment allows smoke feed 140
to flow through the multiple lumens directly (i.e., without detour or
indirect routing) while smoking of the cigarette.

These hollow fibers 10 can be used within any smoking article,
like a traditional or non-traditional cigarette, e.g., 1n a cigarette
filter. Preferred embodiments provide hollow fibers for wuse 1in
smoking articles, such as cilgarettes and non-traditional cigarettes.
Non-traditional cigarettes 1include, by way of example, cigarettes for
electrical smoking systems as described 1n commonly-assigned U.S.
Patent Nos. 6,026,820; 5,988,176; 5,915,387; 5,692,526; 5,0692,525;
5,666,976; and 5,499,636.

Hollow fibers are preferably sized to a length less than the
length of a filter so that the entire length of the flber can fit

within the area of the filter as the hollow fibers are aligned 1in the

direction of smoke flow. Also, the diameters of the lumens of the
hollow fibers (in combination with the material used to make the
hollow fibers and the density of any bundle of hollow fibers) control
the amount of flow possible, as well as the force required to pull the
tobacco smoke through the hollow fibers (hereinafter, resistance to

draw (RTD)).

In addition to using hollow fibers as hollow fiber membranes to

filter materials, such as smoke, therethrough, the hollow fibers can
also be used to provide additives. For example, as 1llustrated 1in
Figure 6, hollow fibers can include porosities (i.e., extra-cellular
spaces) in the walls of the hollow fibers. Within these extra-
cellular spaces, additive materials can be stored, wherein the
additive materials can be contacted by fluids, such as smoke, passing
through the walls of the hollow fibers and thus through the extra-

cellular spaces.

The outer diameter and wall thickness of the hollow fibers are

preferably sized to optimize the hollow fibers’ ability to hold
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additive materials and to control filtrate flow through the walls and

retentate trapping on the walls. It is noted that additive materials

tend not to be absorbed in the lumen of tuhe hollow fibers due to

capillary forces, thus the holding of additive materials 1is primarily
carried out by the extra-cellular spaces within the walls. As the

p—

outer diameter of the hollow fibers increases, and/or the number of

hollow fibers provided increases, the amount of the porous spaces

within walls of a hollow fiber (i.e., extra-cellular spaces, such as

crack or crevices in walls of hollow fibers) would tend to increase.

By increasing +the amount of extra-cellular spaces, more additive

materials can be absorbed. On the other hand, narrower lumens, and/or

fewer hollow fibers can cause the hollow fibers to hold less additive

materials due to their lesser total outer surface wall areas.

Preferred embodiment hollow fibers 10 are used to releasably hold

additive materials within the extra-cellular spaces of the hollow

fibers 10. Thus, because of the releasable hold, additive materials

in the hollow fibers 10 can be sufficiently contained to substantially

avoid or minimize unwanted migration of the additive materials, such

as, for example, during storage of the smoking articles with the

additive materials therein.

In order to provide additive materials in hollow fibers, the

additive materials are provided for absorption or adsorption within

the extra-cellular spaces of the hollow fibers 10. For example,

additive materials can be provided by soaking the hollow fibers 10 1in
a bath of additive materials, wherein the additive material can be

absorbed into the extra-cellular spaces.

Therefore, in an average sized cigarette (e.g., a cigarette with

a length between 65-100 mm, a diameter of 6-9 mm and a filter length

of 15-30 mm), the hollow fibers can have a lumen (i.e., 1Lnner)

diameter of approximately 50 microns to approximately 1500 microns

(e.g., 50-100, 100-150, 150-250, 350-500, 500-1000, or 1000-1500

microns), preferably approximately 90 microns to approximately 450

microns. Additionally, the hollow fibers can have a highly porous

wall with a thickness of approximately 10 microns to 100 microns,

preferably approximately 10 to approximately 50 microns, and an outer
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diameter of approximately 100 microns to approximately 2100 microns,
preferably 100 to approximately 500 microns.

For example, an exemplary embodiment cigarette can be designed to
include a bundle of 10 to 15 hollow fibers, wherein each hollow fiber
has a lumen diameter of approximately 200 microns, a wall thickness of
approximately 50 microns with an outer diameter of approximately 350
microns.

Hollow fibers can be made by spinning or other fiber making

techniques. For example, methods of making hollow fibers have been

described in U.S. Patent Nos. 2,999,296 and 4,234,431.

In order to use the hollow fibers 10 1n a smoking article, the
hollow fibers 10 are cut or otherwise made to a specific length. The
hollow fibers 10 can preferably be used i1n a circumferentially spaced
relation in a filter section of a smoking article or can pbe gathered
into a bundle prior to insertion into a final product. If the hollow
fibers are bundled, the hollow fibers 10 can be held together using a
permeable, semi-permeable or impermeable material, as mentioned above,
an enclosure, such as a ring, or an adhesive, such as triacetin,
epoxy, and silicone rubber. '

Additionally, Dbecause of the releasable hold, the additive
materials are preferably mobile enough within the extra-cellular
spaces of the hollow fibers to be released therefrom upon demand. For
example, the additive material can preferably be released from the

hollow fibers upon application of a wvacuum force or drawing action as

mentioned above.

Hollow fibers 10 can also be incorporated into a cigarette filter
to provide a means for controlling a resistance to draw (RTD) 1in a
cigarette. In a preferred embodiment, a cigarette filter would

include hollow fibers 10 therein. By providing hollow fibers 1n a

cigarette, a cigarette can be provided with as 1little or as much

resistance to draw as desired.

Additionally, hollow fibers 10 can be used to supplement or

replace multi-section filter assemblies, which are often more

difficult to manufacture than hollow fibers 10. Thus, hollow fibers
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10 in cigarette filters could be used to simplify the ma

.
=

facturing

g

process while still providing tailored levels of RTD.

2. Potting Materials

As mentioned above, first and second filtrate obstructing or

smoke impermeable materials can be used to obstruct smoke flow through

a smoking article as illustrated in Figures 1 and 4. These filtrate
obstructing or smoke impermeable materials along with semi-permeable

or permeable material used to hold the hollow fibers can be generally

referred to as “potting material.”

As used herein, '"potting material” 1s 1intended to include

materials that can be used to hold hollow fibers in place, as well as

materials that can direct feed, filtrate, and retentate flow in,

around and through lumens of the hollow fibers. As such, the potting

material can be made of any non-toxic, permeable, semi-permeable or

impermeable material that can hold the hollow fibers in a fixed

positional relationship with one another (i.e., in parallel to one

another) . Further discussion of hollow fiber membranes in potting

material can be found in U.S. Patent Nos. 3,228,887, 3,528,553 and

6,685,832, which are hereby incorporated herein in their entireties by

reference.

Preferably, the pottiﬁg material 1is a polymer or a composite,

wherein the material can be selected depending upon the degree of

permeability desired. For potting material used to obstruct airflow

through an end of a hollow fiber, a filtrate impermeable or semil-

permeable potting material may be desired. For example, epoxy 1s a
filtrate impermeable potting material. On the other hand, for potting
material used to hold the fibers in place, wherein filtrate

obstruction 1s not desired, a permeable potting material may be

desired. For example, cellulose acetate 1s a permeable potting

material.

The potting material can be formed on any portion of the hollow

fibers 10. For example, the potting material can be formed on a

portion or the entirety of the length, the circumference of the

fibers, and/or on ends of the hollow fibers. However, if the potting

material 1is chosen to obstruct airflow, the potting material 1is
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preferably formed on less than the entire surface of the hollow
fibers, as to allow for at least some filtrate to pass through walls
18 of the hollow fibers 10.

Additionally, less than full coverage of the walls 18 of the
hollow fibers 10 can be desired to not completely enclose and possibly
lsolate the extra-cellular spaces and additive materials that can be
contained therein. As such, coverage by the potting material on the
hollow fibers 10 is preferably less than 90% of the wall surface of
the hollow fibers 10, and even more preferably, less than 60% of the
wall surface of the hollow fibers 10 (e.g., 100-90%, 90-80%, 80-70%,
70-60%, ©0-50%, 50-40%, 40-30%, 30-20%, 20-10% or 10-0%).

The potting material can be formed on the hollow fibers in any
manner that provides the airflow controlling properties desired by the
embodiment. For example, methods o¢f forming potting material on

hollow fibers have been discussed 1in U.S. Patent Nos. 6,702,561,
6,063,745, 6,023,637 and 5,480,553.

As mentioned above, the potting material can be made of any
material that can obstruct smoke passage. As such, the potting
material can be made of an impermeable, semi-permeable or permeable
material. If the potting material 1s a semi-permeable or permeable
material, then the potting material can be used as permeable barrier
and can increase the resistance to airflow therethrough.

Therefore, a smoking article can be provided with hollow fibers
in a conformation such that the structure and orientation for the

hollow fibers 10 allows for at least some 0f the extra-cellular spaces

of hollow fibers 10 to be accessible to hollow fibers. Additionally,
as provided herein, the smoke flow can still be at least partially
directed through the lumens 15 and the walls 18 of the hollow fibers
10, wherein additive materials 1n the extra-cellular spaces can

interact with the airflow as it passes through the walls 18 of the

hollow fibers 10.

3. Outer Layer

The hollow fibers 10 can also include an outer layer covering or

encapsulating the hollow fibers 10 (with additive material therein, 1f



CA 02623219 2008-03-19
WO 2007/054826 PCT/IB2006/003884

- 12 =

desired). Preferably, the outer layer 1is a solid wall or film,

wherein the solid wall or film can be used to temporarily seal or

encapsulate the hollow fibers 10 (and anything encapsulated within the

hollow fibers 10) away from the surrounding environment.

Preferably, the outer layer is applied around the outer surfaces

of the hollow fibers 10 such that additive materials added to the
hollow fibers 10 can be sealed within the hollow fibers 10, and/or

within their extra-cellular spaces. Further, the outer layer 1is

preferably easlly frangible and can be ruptured to allow additive

materials to be released from the hollow fibers 10.

The outer layer can be any frangible material, such as a polymer,

gr—

which 1is capable of both sealing the hollow fibers, as well as

breaking, rupturing or perforating on demand. Preferably, the outer

layer 1s made of sugar or pectin, which can also be provided to flavor

[~

filtrate, such as smoke filtrate, contacting the outer layer if

desired. The outer layer is preferably used to immobilize additive

materials within the hollow fibers 10, and thus preferably reduces

"

dissipation of the additive material until the outer layer is broken,

ruptured or perforated.

Preferably, the outer layer is a frangible thin film. By

P
pa

providing a frangible thin film, a difference in fluid pressure on

o

elther side of the outer layer and the hollow fiber walls (i.e.,

-—‘-1

drawing on a cigarette with hollow fibers and the outer layer therein)

can be sufficient to cause the outer layer to break to release the

additive materials therefrom.

For example, 1n a cigarette, an outer layer can be designed to

break when smoke 1is drawn through the walls of the hollow fibers,

wherein the wvacuum pressure of drawing the smoke can cause the outer

layer to break. In other words, when a smoker can puff on a cigarette

causing the outer layer to be broken by the smoke being drawn through

the walls of the hollow fibers and additive materials can be released

into the smoke as it passed through the walls of the hollow fibers.

The outer layer can be formed by any method capable of applying a

film that is sufficiently thin to allow vacuum pressure to rupture the

film. Preferably, the outer layer is applied by spraying a film

forming material onto the outer surfaces of hollow fibers and allowing
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for the film forming material to solidify into a film to provide an
outer laver.
For example, the forming of the outer layer may comprise spraying

a layer of pectin or sugar on the outer surface of the hollow fibers.

4. Smoking Articles

In a preferred embodiment, the hollow fibers 10 are used 1in
smoking articles, along with sorbents, such as microporous materials,
to filter or remove gas phase constituents from cigarette smoke.
Sorbents (i.e., microporous sorbents) such as an activated carbon
and/or a zeolite sorbent can be used.

While any suitable material can be used as a sorbent, a preferred
embodiment includes activated carbon. However, sorbents can hinder a
cigarette designer's ability to add materials, such as volatile flavor
components like menthol, as the sorbents can adsorb and/or absorb

migrating volatile compounds during the time between cigarette

manufacture and i1ts being smoked.

Two problems occur when additive materials, such as volatile
flavor components, are included in smoking articles with sorbents:
first, the additive materials can migrate throughout the smoking
article; and second, the additive materials can be adsorbed or
absorbed by the sorbents. These problems have previously been
addressed by using centrally located flavor elements 1n commonly
assigned U.S. Patent Application No. 2003/0224918, as well as filters

for a smoking article containing a flavored hollow fiber 1in U.S.

Patent No. 4,971,078.

When additive materials are sorbed by .sorbents, not only can
additive materials be lost, but also the additive materials can also
occupy active sites in the sorbent. If the additive materials occupy

active sites 1in the sorbent, the ability of the sorbent to remove
targeted gases or constituents from smoke <can be compromised.
However, hollow fibers 10 can be used to overcome this problem by
containing and isolating the additive materials from the sorbent prior

to smoking, and therefore avoiding interaction between the additive

materials and the sorbent during storage.
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In a cigarette filter, in addition to the hollow fibers 10 and
the sorbent, a molecular sieve material can also be present.

Preferably, the molecular sieve material can be present in monolithic

or particle form sized at about 0.1 mm to 1 mm, and more preferably
0.3 mm to about 0.9 mm (e.g., 0.3 mm to 0.4 mm, 0.4 mm to 0.5 mm, 0.5

mm to 0.6 mm, 0.7 mm to 0.8 mm or 0.8 mm to 0.9 mm) to facilitate

processing into cigarette filters so as to achieve a desirable filter

pressure drop or RTD (reslistance to draw).

Various filter constructions known in the art can be used, in

which hollow fibers 10 can be 1incorporated. Exemplary £filter

structures that can be used include, but are not limited to, a mono

filter, a dual filter, a triple filter, a single or multi cavity

.

filter, a recessed

filter, a free-flow filter, combinations thereof

and the like. Filter elements are typically constructed from

cellulose acetate tow or cellulose paper materials.

The length and pressure drop of the segments in a dual filter can

be adjusted to provide optimal sorption, while maintaining acceptable

draw resistance. Triple filters <can include mouth and smoking

material or tobacco side segments, and a middle segment comprising

paper. Cavity filters include two spaced-apart filter plugs. The

filters can also be ventilated and/or comprise additional sorbents

(such as activated carbon), catalysts or other additives suitable for

use in a cigarette filter.

Additionally, in an exemplary embodiment, a cigarette 100 with a

bundle of hollow fibers 10 in the filter 130 can also i1nclude a

sorbent 60. For example, as illustrated in Figure 7, a cigarette 100

can be provided with a filter 130 which includes hollow fibers 10 with

an additive material, such as a flavorant, therein and a sorbent 60

upstream (away from the smoker and toward the tobacco portion 50). As

sorbents are typically effective for adsorbing or absorbing material

added, such as a flavorant, placing the sorbent 60 upstream from the

flavorant in the hollow fibers 10 can reduce the level of absorption

or adsorption of the flavorant by the sorbent 60.

Preferably, the hollow fibers 10 can be located in a portion of

the filter 130 downstream from the sorbent 60 with a section of filter

'

material 70, such as cellulose acetate, between the two, as




CA 02623219 2008-03-19
WO 2007/054826 PCT/IB2006/003884

_15_.

illustrated in Figure 7. Preferably, the hollow fibers 10 and the

sorbent 60, if provided, would be placed in cavities within a filter

assembly 40. However, both the hollow fibers 10 and the sorbent 60,

pl—

1T provided, can be placed anywhere within a filter 130 of a smoking

article.

While a preferred filter includes a sorbent and hollow fibers 10,

the hollow fibers 10 can also be used in smoking articles without a

sorbent in the filter, as illustrated in Figures 1 and 4. Regardless

O0f the type of article in which the hollow fibers 10 is incorporated,

the hollow fibers 10 can be used to provide effective containment and

delivery of materials, such as volatile flavors or other smoking

related chemicals.

5. Additives

Hollow fibers can desirably be used to encapsulate additives in a

smoking article, as mentioned above, wherein additives can be

encapsulated within extra-cellular spaces of the hollow fibers. By

such encapsulation, additives can both be protected from loss and can

be mixed with entrainment air as air passes through the walls of the

hollow fibers.

In order to immobilize or encapsulate additives within hollow

fibers 10, hollow fibers 10 are preferably soaked in additives.

Soaking allows the additives to be absorbed into extra-cellular spaces

35 of hollow fibers 10, where the additives can remain due to

capillary forces, thus preventing dissipation of the additives.

The hollow fibers 10 can preferably be placed in a smoking

article, more preferably a cigarette filter, where the hollow fibers

10 are aligned in a cigarette for airflow. For example, the long axes

pr—r
o =

the hollow fibers 10 can be aligned with the long axis of the

O

clgarette for airflow purposes. Also, a downstream potting material

30 can be used to obstruct fluid flow through the downstream end of

the hollow fibers 10.

Additionally, an outer layer can be formed on the hollow fibers

10 in order to prevent dissipation and to further encapsulate additive

materials in extra-cellular spaces of the hollow fibers, as mentioned

above.
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The additives can be flavors, which can be selected from any
number of known artificial and natural materials, such as, for
example, peppermint, spearmint, wintergreen, menthol, cinnamon,
chocolate, coffee, tobacco, vanillin, licorice, clove, anise,
sandalwood, geranium, rose o0il, vanilla, lemon o0il, cassla, spearmint,
fennel, ginger, ethylacetate, 1soamylacetate, propylisobutyrate,
isobutylbutyrate, ethylbutyrate, ethylvalerate, benzylformate,
limonene, cymene, pinene, linalool, geraniol, <citronellol, citral,
peppermint oil, orange o0il, coriander o0il, borneol, fruit extract and
the like. Illustrative of such tobacco flavorants are those described
in U.S. Patent Nos. 3,580,259; 3,625,224; 3,722,516; 3,750,074;
3,879,425; 3,881,025; 3,884,247; 3,8%90,981; 3,903,900, 3,914,451;
3,915,175; 3,920,027; 3,924,644; 3,966,989; 4,318,417; and the like.

For example, cigarettes according to the invention may comprise
an additive material comprising menthol.

The additives can also be chemicals, wherein the chemicals can be
used to attract or repel aerosols, or react with smoke constituents to
remove or chemically extract smoke constituents.

For example, chemicals which can be used to attract or repel
aerosols include surfactants containing distinct hydrophobic (apolar)
and hydrophilic (polar) regions. For example, polar surfactants can
be used to attract or repel selected tobacco smoke constituents 1like
polar tobacco constituents due to intrinsic attractive polarity
properties. For example, by attracting tobacco smoke constituents,

these tobacco smoke constituents can be trapped and held within the
hollow fibers chemically (in addition to mechanically being

selectively separated by pore size of the walls of the hollow fibers,

as mentioned above).

As mentioned above, chemicals or chemical systems can also be

used to react with smoke constituents to remove smoke constituents.
For example, chemicél systems such as aminopropylsilyl (APS),
aminoethyl aminopropylsilyl (AEAPS) and aminoethylaminoethyl
aminopropylsilyl (AEAEAPS) can be used. See commonly assigned U.S.
Patent Nos. 6,595,218 and 6,209,547.
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As mentioned above, chemicals can also be used to react with
smoke constituents to extract smoke constituents. The term "chemical
extractive smoking”™ is intended to mean providing predetermined

tobacco smoke constituents to a smoker without any combustion of

tobacco (i.e., smokeless smoking).

Chemical extractive smoking provides a chemical or reagent, such

as water or alcohol, for interaction with tobacco 1in a tobacco

product. By allowing the chemical or reagent to interact with

tobacco, a tobacco enriched chemical or reagent can be formed, which

in turn can be 1inhaled as a wvapor or aerosol. For example, the

chemical or reagent can be solvents, such as water or alcohol, such as

ethyl alcohol. Preferably, the chemical extractive smoking occurs at

lower than combustion temperatures; however heat can be utilized to

promote vaporization (or volatilization) of the tobacco enriched

chemical or reagent.

However, it 1s noted that heat can be used to increase the wvapor

and the solubility of the tobacco constituents for “smoking.” By

using heat, the tobacco enriched chemical or reagent can be heat

—

vaporized and the mobilization of the tobacco properties within the

vapor can potentially be increased.

As an exemplary embodiment of a chemical extractive smoking
article, a ciligarette can be made with hollow fibers including

immobilized chemicals therein. When “smoked,” the drawing action on

one side of the hollow fibers 10 releases chemicals into the tobacco,

whereupon the chemicals cause extractive release of a tobacco aerosol.

While the invention has been described in detail with reference

to specific embodiments thereof, it will be apparent to those skilled

in the art that wvarious changes and modifications can be made, and

equivalents employed, without departing from the scope of the appended

claims.
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CLAIMS:

1 A cigarette, comprising:
a tobacco rod;
a filter operative with the tobacco rod, wherein the filter comprises a bundle of hollow
fibers, wherein the lumens of the hollow fibers are aligned axially in parallel to one another; and
an additive material in extra-cellular spaces of the hollow fibers, wherein one end of at

least one of the hollow fibers Is obstructed.

2. A cigarette according to claim 1, wherein the filter further comprises a plug of fibrous
filter material, wherein the plug is located upstream and/or downstream from the hollow fibers in
the filter.

3. A cigarette according to claim 1, wherein the hollow fibers are located in a cavity of the
filter.
4. A cigarette according to claim 1, wherein the obstructed end of the at least one of the

hollow fibers comprises a first smoke impermeable material located within the lumen of the at
least one of the hollow fibers, wherein the impermeable material obstructs airflow through the

obstructed end of the at least one of the hollow fibers.

5. A cigarette according to claim 1, further comprising a second smoke impermeable
material surrounding an upstream or a downstream end of the bundle of hollow fibers, wherein
the second smoke impermeable material obstructs airflow around the bundle of hollow fibers

and directs airflow into lumens of the bundle of hollow fibers.

6. A cigarette according to claim 1, further comprising an outer layer on the hollow fibers,

wherein the outer layer and the hollow fibers comprise different materials.

/. A cigarette according to claim 1, wherein the additive material comprises a flavorant, a
reagent which chemically reacts with and selectively separates a gaseous component of a

smoke stream, a surfactant, a solvent, or mixtures or combinations thereof.

8. A cigarette according to claim 1, wherein the hollow fibers comprise a bundle of fibers,

and wherein the cigarette further comprises a ring, wherein the ring surrounds the bundle of
fibers.
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9. A cigarette according to claim 1, wherein the holiow fibers comprises a bundle of fibers,
and wherein the cigarette further comprises an adhesive, wherein the adhesive bonds walls of

the bundie of fibers to other walls of the bundle of fibers.

10. A cigarette according to claim 1, wherein the filter further comprises:
an outer layer covering an outer region of the hollow fibers; and

cellulose acetate, wherein the hollow fibers and the outer layer are embedded within the

cellulose acetate.

1. A method of manufacturing a cigarette filter, comprising:

preparing hollow fibers with a smoke impermeable material covering one end of at least
one of the hollow fibers;

at least partially filling extra-cellular spaces within the hollow fibers with an additive
matenal; and

placing the hollow fibers with the smoke impermeable material and the additive material

In a cigarette filter.

12. A method according to claim 11, further comprising forming an outer layer on an outer

surface of the hollow fibers before placing the hollow fibers in the cigarette filter.

13. A cigarette filter comprising a hollow fiber membrane, wherein the hollow fiber
membrane comprises.

hollow fibers; and

a smoke impermeable material, wherein the smoke impermeable material obstructs a

downstream end of a lumen of the hollow fiber.

14, A cigarette filter according to claim 13, wherein the hollow fiber membrane comprises
more than one hollow fiber bundled and aligned in a direction parallel to one another and
parallel to an axial direction of the cigarette filter, and/or wherein the hollow fiber comprises a

porous, permeable material.
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