. accessories whichr

A . Todais
CIGARETTE SNCKE FI S M .OF THE I NVENTI ON Thi s i nvention reF%f%%
to a cigarette sno In a snoker's accessory for filtering
ci gar ety oafBie® and rly to filters as used i rPGIrGke4/00208

ally all of the particulate and gaseous
conponents of ci garette srmke for di sc1harge into the surroundings.
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snoke i s consi dered objectionable by sone persons and has | ed to no-snoking

| aws

* FIELD OF THE INVENTION
This invention relates to a cigarette smoke filter for use in a smoker’s

5 accessory for filtering cigarette smoke and more particularly to filters as

used in smoker’s accessories which remove substantially all of the particulate
and gaseous components of cigarette smoke for discharge into the
surroundings. _
BACK INVENTION

10 When a cigarette is smoked, visible smoke is produced, by
mainstream smoke spillage, exhale smoke and as well sidestream smoke
which is generated by the burning cigarette between puffs. Cigarette smoke
is consid;red objectionable by some persons and bas led to no-smoking laws
of varying degrees of strictness in certain jurisdictions and environments.

15 A number of prior proposals havé been made with respect to
structures which are designed to minimize or eliminate the formation of
visible smoke, when a cigarette is smoked. However, no device disclosed in

the art known to the applicants provides for not only the substantial

* elimination of all the visible smoke but also provides the same smoking taste

20 and quality to the smoker as if smoked in the normal way.

Several devices of various degrees of sophistication have been
developed to filter sidestream smoke and/of exhale smoke. U.S. Patent
4,052,179 discloses an example of the standard type of ashtray system which
draws sidestream smoke through a charcoal filter contained within a fine
§ B 25  wire or glass fibre mesh. A deodorant pad may be included on the exhaust
side of the syStem to_mask any remaining cigarette smoke odours not

' ~-<Temoved by the charcoal filter. S .
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of varyin ees of strictness in certain jurisdictions and environnents.

A nunberw% ‘15%!5 proposal s have been made with respect to sPFEGAIER0GN ch
are designed to'mnimze or elimnate the formation of visible snoke, when

a cigarette is snoked. However, no device gl sclosed in the art known to the
applicants provides for not onI y the substantial elimnation of all the

bl ke b I o, th
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exhal e snoke Pat ent 052,179 di scl oses an exanple of the standard

type of ashtranddyvpemativach eddavWisndhetcigaretts iis izhaled dresh air dhdrawnlin

filter contained within a fine wire or glass fibre nesh. A deodorant pad
may be i ncl udthroughtancaisyintaket The lit cigarette is positioned inside the tubular ﬁlter

5  As the cigarette continues to burn, the sidestream smoke permeates the
surrounding tubular Shaped filter. Because the burning cigarette is housed
within the filter, the filter material cannot be affected by heat and is not
readily ignited by the cigarette ember. During smoking of the cigarette, the
enclosed smoke contaminates the cigarette paper and cigarette tobacco

10 resulting in unsatisfactory taste.
U.S. Patent 4,200,114 discloses a smoker’s mask which may be
placed on the smoker’s face. The system provides for inhale and exhale
cigarette smoke where all sidestream and exhale smoke is filtered through a
single filter. A complex arrangement of check valve is provided to ensure
15 that all smoke passes through the filter or is contained within an enlarged
. smoking chamber.
U.S. Patent 4,790,332 discloses a smoker’s accessory in which the
cigarette is totally housed. Both sidestream and exhaled smoke are filtered

by the same filter. The filter usually consists of two layers. An inner filter
20 made of hepa or like material removes particulates from cigarette smoke. - , ‘
The outer layer of the filter is a polyurethane foam or like material |
impregnated with charcoal for removing-odour from the air as it passes from
the inside of the device through the filters and into the surroundings.
U.S. Patent 4,899,766 describes a smoke catcher which provides for
25  capture of both the sidestream and exhaled smoke. A fan is used in
conjunction with filters to draw the sidestream smoke and exhaled smoke
through filters before discharge into the surroundings. The filters comprise
in series two or more filter elements. The exhaust fan is located |
downstream of the filter elements. Alternatively, the exhaust fan may be
30 located to exhaust the smoke to the outside without filtration.
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by the WwHasa8d9 f er form of sidestream snokeridabiBdzoes S '
disclosed in U'S A cigarette is inserted in the device

which is tubular in pen at each end. When the cigarette is
i nhal ed fresh air is drawn In through an 3ir intake. The lit cigarette is
positioned inside the tubular filter. As the cigarette continues to burn,

the sidestream snibk8. Patent4,893/436 chscloscmmsn;pkeubchcsmp@hxchu ¢apgures
Because the burning cigarette, i s house

sidestream smoke for inhalation by the user and is provided with an exhale

side of the systerrr}cs 1 BR Ak BEBYRGABAI Ni NG Ci garette snoke odours not renoved
i

filter arrangement. Several serially arranged filter disks are provided. The
filter disk may include charcoal and the like or pressed paper material
5 having a suitable porosity for purposes of filtering the exhaled smoke.

A filter disk has also been used in a smoker’s accessory having a
powered fan within the hand-held unit. The sidestream smoke is drawn
from the lit cigarette through a filter disk before discharge to the
surroundings in the manner shown in U.S. Patent 4,637,407.

- 10 Considerable efforts have been made in the area of filters as provided
on cigarettes to effect a partial filtration to reduce the amount of tar and
nicotine inhaled by the smoker. It is appreciated that cigarette filters
however ‘are not designed to remove substantially all of the cigarette smoke
so that the smoker continues to experience the usual taste and flavour.

15 Cigarette filters for example, which are tubular in nature are designed to
filter some of the smoke particles from the smoke stream. U.S. Patent
; 3,685,523 discloses a tubular type of cigarette tip filter which partially filters
\ the cigarette smoke as it passes from the interior of the tubular filter to the
r _ . exterior thereof before inhale by the smoker. A similar type of filter is
# 20 described in U.S. Patent 3,854,384 involving a tubular filter only offset with
fespect to the central axis of the cigarette. Both filters are designed to be
inefficient to allow the various components of cigarette smoke to pass
through the filter so that the smoker realizes the desired taste and flavour.
Canadian Patent 1,057,924 as issued to the applicant describes a

25 method of produ_cing polymeric fibres of micron size which can be used in
cigarette filters. Such micfo-ﬁbre has been used in cigarette filters of the
type described in applicant’s U.S. Patent 3,882,877 and international
application W090/09741. The micro-fibres produced by the method of
Canadian Patent 1,057,924 have increased filtration efficiency compared to

30 cigarette filters of the standard cellulose acetate, charcoal and the like. In




within the filter, the filter material cannot be affected
not r¥WQIP4BSIYnited by the cigarette enber. During snoki n§CEICAM
cigarette, the enclosed snoke contam nates the cigarette paper af
cigarette tobacco resulting in unsatisfjactory taste. U S. Patent 473
di scl oses a snoker's mask which may be placed on the snmoker's face.%
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None of the devices described in this prior art provides however, in a

portable and compact structure, the significant features of substantial

experiences the same degree of smoking taste and quality as when smoking a
cigarette normally. |

In accordance with this invention, a filter is provided which may be
adapted for use in filtering cigarette smoke. The filters are intended to be
used with devices such as a compact portable smoker’s accessory which

permits a smoker to smoke a cigarette while at the same time substantially

eliminating at least the sidestream smoke and exhaled smoke. Such device
may include an enclosure in which the cigarette is located for smoking. The

smoker may draw on the cigarette located within the enclosure to smoke the

cigarette and also exhales back into the device where the appropriate filters -

process either the sidestream smoke or the exhaled smoke. \
A fan may be provided in the enclosure to ensure a powered air flow

through the enclosure so as to supply fresh air as required for proper .

burning of the cigarette and also to decrease the temperature of air

surrounding the cigarette, so as to prevent scorching of cigarette paper_ and
prevent drawing of the hot air from the enclosure by the smoker which
would result in unsatisfactory taste and flavour to the smoker. In this way,
the same degree of smoking taste and quality could be maintained as if the
cigarette were smoked normally.

Low pressure drop highly-efficient filtration material generally is oo
employed for filtering both sidestream smoke and exhale smoke. Such '
highly-efficient filtration material generally comprises a mass of micro-fine ’
fibres. Such filtration conveniently is effected in separate compartments or
the same compartments within the enclosure, by different filter elements. -
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by the sane filter. The filter usually consists of two |ayers. An inner
filter wagod4adsosepa or |like material renpves particul at es frpCr/CAg4100208 €
snmoke. The outer layer of the filter.is a polyurethane foamor |ike
material inpregnated with charcoal for rerpving odour fromthe air as it
passes fromthe inside of the device through the filters and into the

surroundi ngs. U. S._Pa , 899, 766,.descri bes, a snoke cat cher
provi des for capt uwgﬁ GMERi-OF clements. BAYahe ARSIt %hftﬁﬁ{lqns
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‘ 5 components.

The smoking apparatus is constructed so that at least the tobacco
portion of the cigarette.is enclosed within the unit during smoking to ensure
that all sidestream smoke is filtered by the unit, and also provides for
filtration of exhale smoke such that the activity of smoking is not readily

10 apparent to the casual observer. The smoking apparatus may also be
constructed or used without providing for the exhale smoke filtration. |
SUMMARY OF THE INVENTION

According to an aspect of the invention, a cigarette smoke filter for

use in a smoker’s accessory for filtering cigarette smoke derived from
15 sidestream smoke or exhale smoke, the filter comprises:

a tubular filter consisting of micro-fibres for removing particulate
material from cigarette smoke, the tubular filter having an inlet end for
cigarette smoke to enter an inner elongate chamber within the tubular filter,
the tubular filter having a closed end opposite the inlet end, the micro-fibres

- 20 having an average diameter in the range of about 0.5 to about 10 microns
| and made from a suitable fibre forming composition,
~ the tubular filter being of sufficient radial thickness to remove
substantially all particulate components from cigarette smoke passing radially
from the inner elongate chamber through said tubular filter, the micro-fibre
25 filter material baving a low pressure drop to permit an air stream to flow
through the filter with minimal resistance to such flow.
According to a further aspect of the invention, a cigarette smoke filter

cartridge for use in a smoker’s accessory for filtering sidestream smoke

~emitted from a burning cigarette comprises:
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3 U S at; 4,993, 435 discloses a snoker's accessory which capt

si dedYQ ke for inhalation by the user and is provi )0; !
filter arrangenment. Several serially arranged filter disks are pro WO 94
The filter disk may include charcoal aggd the |like or pressed paper 1
having a suitable porosity for purposes of filtering the exhal ed sno

b The" il HEESUARmS 8 ek B ighrpio et o eifaien
ci gar et t emuberbsigg at léast Iasrlodg ak abeiparettectosbdr smoked antteaving a diameter
at Jeast 1.5 times the diameter of a cigarette, the cigarette tube being non-
porous to sidestream cigarette smoke,
5 a porous low pressure drop tubular filter element at an end of the
cigarette tube for removing sidestream smoke, the filter element having an
inlet end for sidestream cigarette smoke to enter an inner elongate chamber
within the tubular filter, the tubular filter having a closed end opposite the
inlet end, |
10 means for connecting a first end of the cigarette tube to the inlet end _
of the filter element whereby sidestream smoke to be filtered flows along the ?
cigarette tube; into the inner chamber, and radially outwardly through the
tubular ﬁlter.element, and

a second end of the cigarette tube being open to permit insertion of a
15  Ilit cigarette into the cigarette tube, the second end of the cigarette tube being
adapted to be received by a holder for a lit cigarette.
In accordance with another aspect of the invention, a cigarette smoke
filter cartridge for use in filtering cigarette smoke exhaled by a cigarette

smoker comprises:
20 an inner tubular filter consisting of micro-fibres for removing
particulate material from cigarette smoke, said tubular filter having an inlet

end for cigarette smoke to enter an inner elongate chamber within the
tubular filter, the tubular filter having a closed end opposite the inlet end,
the micro-fibres having an average diameter in the range of about 0.5 to

25 about 10 microns and being made from a suitable fibre forming composition,

an outer filter shell surrounding the inner filter, the outer filter shell
consisting of activated carbon material held by a support matrix which is
porous to air flow, o .
the inner tubular filter being of sufficient radial thickness to remove
30 substantially all particulate material from cigarette smoke passing radially .
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thickness for adsorbing substantially all gaseous components of cigarette
smoke from such filtered exhaled cigarette smoke stream,

the cartridge having an end portion adjacent the inlet end, the end
portion being received by an exhale mouthpiece to facilitate a user exhaling
into the filter cartridge, and

the inner tubular filter in combination with activated carbon outer

filter providing a filtered air stream substantially free of cigarette smoke for

discharge into surroundings.
B DF N OF DRA

Preferred embodiments of the invention are described with respect to
the drawings wherein: |
Figure 1 is a perspective view of a smoker’s accessory with sections
thereof removed to show the location of filter cartridges which filter
sidestream smoke and exhale smoke;
Figure 2 is a section through a sidestream filter cartridge;
_ Figure 2A is an enlarged section of porous mesh used on the filter
cartridge of Figure 2; .
Figure 3 is another section through the filter cartridge of Figure 2
showing the assembly thereof;
Figure 4 is an end view of the filter cartridge of Figure 2;
Figure 5 is a section through an exhale cigarette smoke filter
cartridge; | -
Figure 6 is an end view of the filter cartridge of Figure 5;
- Figure 7 is a section through a sidestream cigarette smoke filter in

accordance with an alternative embodiment of the invention;
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respect to the central axis of the cigarette. Both filters are designed to
be | nef¥@84/83%9%t0 al | ow the various conponents of  ci gar et t BCE{G04/00208p a5 s
through the filter so that the snoker realizes the desired taste and
flavour. Canadi an Patent 1,057,924 as-i sgﬂued to the applicant describes a
met hod of producing polyneric fibres of T cron size which can be used in

the type descri bETS Sibreairbel §ie yeiREHohS BE st sftobakEh centaet’ 001
appl i cationg_wgg(f 7The mcro-fibres produced by the nmethod of Canadi an
Pat ent -1, 05 haVe 1 ncreased filtration efficiency conpared to cigarette-

filters of the smgiﬁergiwelsbwlmmmghaixﬁalterhaﬁwembmd@nehefdn ke. In
cigarette exhale smoke filter cartridge; and
5 Figure 10 is an enlarged view of an end of the exhale filter cartridge
of Figure 9. | '
DEFINITIONS

In order to facilitate a description of the various embodiments of the

invention, the following definitions are provided for various components and
10 other aspects as they relate to the invention.

Exhale Smoke means cigarette smoke exhaled by a smoker while
smoking a cigarette.

Gaseous Components meéns the components of cigarette smoke other
than particulate components and which, if present in an air stream, provides

15 a detectable smell of cigarette smoke.

Low Pressure Drop means that the material is sufficiently porous to
air flow that a pressure drop across the material is sufficiently low that the
size of the fan, the poWer therefor and the exhale pressure are of a nature
that the smoker’s accessory may be hand held. In order to optimize the

20  accessory design, a low pressure drop is preferably less than about 10 mm
H,0.

Micro-fibre means a fibre having an average diameter of about 10
microns or less. '

Minimal resistance to air ﬂc;w means that the filter material or the

25 like provides a very low pressure drop to air passing therethrough.

Non-Porous means that the material does not permit flow of the
designated components through the material. For example, if a material is
non-porous to smoke particles then smoke particles are prevented from
travelling through the material but for example, air could continue to travel

30 through the material. |
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4 order to take ﬁ_v nt age_of _t ecﬁééfficiency of those filters a thin

cyli ndwb?amgggl t ‘mﬁmﬂ?ﬁ the filter tip of a ci gapgticasde208

described 1 n W)QO/e]! ovides for uniformtar delivery while

snoki ng the cigar he -devi ces described in this prior art

provi des however, in a portable and conact structure, the significant

features of substantial elimnation of both sidestream and exhal e snoke and

that the SkaerP@pﬁwldtercmmhmmmemeemmpomw@i%a@éﬁte siitkequal ity as

when snmoking a cigarette normally. In accordance with this invention, a

filter is whioh exist ihpaticle:fommn andagrearsually ofsa size less thami abputigarette
snoke. The fi '

: m];érlotne;nsd gét?mil%; % %es(,jtzé ?ntt):ﬁe range of about 0.1 to about 0.6

microns. _
5 Porous means that the material is sufficiently open with holes,
channels or the like to permit air flow therethrough.

Sidestream Smoke means cigarette smoke which rises from a lit

cigarette.
Substantially All, means in respect of removal of smoke particles or
10 gaseous components from cigarette smoke, that there are substantially no
visual or gaseoﬁs components remaining which can at least be detected by
smell.

Suitdble Micro-Fibre Forming Composition includes any material

which can be formed into micro-fibres and when contacted by cigarette
15 smoke, retains its structure and functional characteristics.

Tube or Tubular means an elongate hollow article which has a
sidewall of any desired cross-sectional shape, such as, circular, rectangular,
square, triangular, oval, multisided (5 sides or greater) and the like.
DETAILED DESCRIPTION OF REFE EMBOD NTS

20 The various filter components in accordance with several preferred

embodiments of the invention have in common the use of a filter element
which is tubular in nature. The tubular filter is preferably made up of

micro-fibres of a suitable micro-fibre forming composition which includes

materials of mineral, metal, polymer or any other elemental material capable
of being formed into the micro-fibres. _

In accordance with an aspect of this invention, the filter element may
be employed in one configuration with the sidestream smoke filter cartridge
or in another configuration as a exhale smoke filter cartridge. The
sidestream smoke filter cartridge and the exhale smoke filter cartridge may
use in a smoker’s accessory particularly of the type that employs a fan to




used with devices such as a conpact portable snoker's accessory _which '
permits a WROWEBSS®Po snoke a cigarette while at the same tine £6434(00208, |,
elimnating at |east the sidestream snoke and exhal ed snoke. Such device
may i nclude an enclosure in which the ci ganptte is located for snoking. The
snoker may draw on the cigarette | ocated within the enclosure to snoke the

i Pters procesCraV sinienl CRGld gk RybBeh e MBS TARRAMICE ' 210, oy
be provided inj °§§pp y@éﬁ@éﬁﬂe%mme@emélmwm {vhéch

encl osure so asS alr as required for proper burning of the

cigarette and ghfpeitherdss paassf érhsepacatpdramuthe spiiokerts acoessorydiondiltering
cigarette, so as to prevent scorching of cigarette paper and prevent
drawi ng of t he sidestream digarettersmake:| osure by the snmoker which

]

5 A representative smoker’s accessory is shown in Figure 1, and is

described in applicant’s co-pending U.S. application Serial No.

filed , the subject matter of which is incorporated herein

by reference. The operation of the smoker’s accessory may be understood
by reference to that application, however, for purposes of describing the
10 function of the filters in accordance with this invéntion, a brief description is 4
provided of the smoker’s accessory as shown in Figure 1. .
The smoker’s accessory 10 has a central body 12 which supports and
houses a fan 14. Attached to the side of the central housing 12 is a
sidestream smoke filtering device 14 which has a housing 16 for a
15 sidestream filter cartridge 18. On the other side of the central body portion
12 is an exhale filter device 20 having a housing 22 for an exhale filter
cartridge 24. The device 20 is optionally attached to the side of the central
body portion 12. It is understood that the device for filiering sidestream
smoke may .be held in one hand and the exhale filtering device 20 may be
20 held in the other hand in its own complete housing separate and apart from {
the sidestream filtering device. | ‘
The sidestream smoke filter cartridge 18 comprises a cigarette tube 26
in which a lit cigarette 28 may be placed. The lit cigarette may be inserted
in the cigarette tube 26 by pushing the lit cigarette through a cigarette holder
25 32 which has an insert 34 having a bore 36 therein. The lit end of cigarette
26 is inserted through the bore 36. Preferably, the cigarette 28 has its filter
tip portion 38 projecting exteriorally of the cigarette holder 32 to allow the
user to inhale cigarette smoke in the direction of arrow 40. In this manner,
the user, when using the smoking acéessory 10 has the same sensation when

30 placing the cigarette filter 38 in their mouth as they would have in a'normal

This Sheet Has Been Re’ilaced




esult in unsatisfactory taste and flavour to the snoker. In this

I1909338ss9egr ee of snoking taste and quality coul d be pergsuoemsas if
parette were snoked normal ly. Low pressure drop highly-efficient

ion material generally is enployed for filtering both sidestream

origland exhal e snoke. Such highly-effi ¢lent filtration material general ly

palses a mass of micro-fine fibres. Such filtration conveni entlai/_ S
10e

@ cd i n smoking eavizommant neFe Cigaretse holdes 3isprovided withi  iplur
Pure: %% o%e%ésegi t{u'olutg%rwﬁ{c%rgggﬁs air is c?rawn. The fresh air travels in
the direction of arrows 44 along cigarette 28 and over the lit ember 46. The
fresh air is drawn through the opening 42 by the operating fan 14. The
5 sidestream smoke as picked up by the fresh air 44 as it travels through the
filter elemént 48 in the direction of arrows 50 and along interior of the
housing 16 in the direction of arrows 52 and into the inlet of the fan 14 in
! the direction of arrows 54. Since the smoke has been filtered of particulate
components and optionally of the gaseous components, the fan may exhaust
i’? 10 the filtered air through its outlet 56 and through the grill portion 58 of the
housing 20. It is understood that if the exhale filtering component 20 is not
attached to the sidestream filtering device, the fan 14 may exhaust smoke
through its outlet 56 to the surroundings. If the filter element 48 only filters

out the particulate material then a second filter element may be provided

15 which removes the gaseous components. That second filter element, which
is preferably of activated carbon, may be provided over the filter cartridge
48, at the grill 58 of the exhale filter component 20 or at the outlet 56 for
the fan 14.

The exhale filter cartridge 24 has a filter element 60 with a mouth

20 piece 62 attached thereto. The user exhales in the direction of arrow 64 into
the mouth piece and the exhaled air travels through the filter in the direction
of arrows 64 and then to the surrounding 66 by passage through the grill 58.

The fan 14 may be provided with an electric motor 68. In view of the
portability of the unit the electric motor 68 may be powered by a

25 rechargeable battery pack 70. A suitable switch may be provided on the
central unit 12 for turning the fan on and off. Details of the operation of the
smoker’s accessory in respect its structure, function and operation is
described in more detail in applicant’s aforementioned U.S. patent
application. )
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The filter element or elenments may be constructed to permt filtration of
cigaret wO 94123589t 0 be effected prior to contact of such snoRETiHASH09208
pernmanent structural elenments of the snoking apparatus, so as to mnimze
contam nati on of non-di sposable el enments, ,Qf the device by tobacco snoke
conponents. The snoking apparatus is con%?ruc.t ed so that at |east the
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filtration. ENTI ON :
tubular element. The tubular filter element has an elongate chamber into

5  which the smoke is introduced. The purpose of the filter element is to
remove substantially all of the particulate material in the cigarette smoke. In
view of the compact nature of the filter elements, the filter material is of 2
highly efficient low pressure drop construction. The tubular filter element is
of sufficient cross-section thickn_ess, that is radial direction from the centre

10  of the tubular element, to achieve such particulate component removal from
the cigarette smoke as the smoke passes radially from the inner elongate
chamber through the tubular filter. Low pressure drop for the material may
be determined and measured in a variety of well known techniques such as
displacement of measured mm of H,O in a pressure sensing device.

15 Preferably, the filter material has a low pressure drop in the range of about
5 to about 10 'mm of H,O. An alternate measure of pressure drop is Corseta
units. The filters of this invention should have a Corseta rating in the range
of about 10,000 Corseta units. |

The tubular filter component may comprise a single filter material for

20 only removing particulates. The gaseous components of the cigarette smoke
can then be removed by the separate adsorptive-type filtering device located
across the entire grill portion 58 of the exhale filter cartridge housing or the
fan outlet. Alternatively, the adsorptive material for removing gaseous
components from the cigarette stream may surround the exterior of the

25 particulate filter material. The adsorption material is tubular in shape and
may contact the inner particulate component ﬁlfer or may have a larger
interior diameter and be spaced from said inner filter. Hence, in the
cigarette smoke passing through both filter elements, both the particulate and
gaseous components are substantially all removed. In addition, alternative

30 particulate filter material may be provided on the interior of the primary
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According to an aspect of the invention, a cigarette snoke filter for use
inas er ! cessory for filtering cigarette snoke derlv
sidestpgéﬁ$¥%ﬁ§g or exhal e snoke, the filter conprises: }é§EQ%¥¥%r
consi sting of mcro-fibres for renoving particul ate rraterl aI fromcigarette
snoke, the tubular filter having an inlej3end for cigarette snoke to enter
an i nner elongate chanber within the tubular filter, the tubular filter
having a cl A3t AREP Sdterill CThiY finebidst Haterl dhily fbeldcusd B ndfure”
average di arreter 1n the range of ut 0.5 to about 10 m crons and nade
from a suit ablrenfoveer theflargermarticutatesi before retheviludfuherfified partichddtes byf
sufficient radial thickness to renpve substantially all particulate
conponent s fthe mest gd]ﬂscnﬁeamlﬁi&ﬂash@gdipmmmtﬁrfromthe i nner el ongat e

chanmber through said tubular fjlter m cr
g accordance with an emb ent o) the mvennon, a suitable filter

5 component for use in the sidestream filter and the exhale filter is shown in
Figures 2 through 6. With reference to Figures 2 and 3 the sidestream
smoke filter cartridge 18 comprises a tube 70 of cardboard or similar
inexpensive material, within which is located a cigarette for smoking and a
closed-end tubular assembly 72 of cigarette smoke filter material attached to
My 10  the cardboard tube 70 in any convenient manner, such as by cigarette tipping
paper 74. |
The filter material for the filter element 72 preferably includes a
highly-eff.icient low pressure drop smoke filter material 76 which removes
substantially all particulate material from sidestream smoke from a burning
15 cigarette located in the filter cartridge 18, so that only substantially invisible
gases pass therethrough. As previously noted, such invisible gases; i.e, the
gaseous components, may be removed by an activated carbon filter located
elsewhere in the smoking accessory.
The highly-efficient low pressure drop tobacco smoke filter material
20 76 preferably comprises micro-fine material. Such fibrous material

4

generally has a uniform diameter along its length ranging from about 0.5 to
about 10 microns. The micro-fibre material is particularly useful in
capturing smoke particles of about 0.2 microns diameter and greater in size.
It is understood, however, that the ‘sidestream filter can provide a suitable

25 filtration function with a filter of coarse fibres such as the cellulose acetate
fibres. Extra thickness of the coarse filter material would be required to
achieve sﬁbstantially complete removal of the particulate components. The
important aspect of the sidestream filter is the provision of the tubular filter
on the end of the cigarette tube where the tube is of a special size as

30 described with respect to the embodiment of Figure 2.
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filter material having a | ow pressure drop to permt an air streamto flow
t hrough tweo %4r235%r with m ni mal resistance to such flow Acc@al/O§94/082e8
further aspect of the invention, a cigarette smoke filter cartridge for use
in a‘snmoker's accessory for filtering sidﬁream snoke emtted froma

bur ni n?tm gareltte corrp[ll ses: 6 a ci gar e tube |n whi ch a burning
cigarette is plac the _cigarette _tube be at le s ong.as a
cigarette to be snﬂw&&f&fﬁf%m&m&bﬁﬁ@&a@# .Sd]ﬁ&expﬁgt 76

diameter of a cl92I&! § thickNEssCo LRG3 b e Fhnt! Qﬂd a packing weight of

about 5 g/m? to about 500 g/m? for a sheet thickness in the range of about
0.1 mm to 3 about mm. Preferably the packing weight is in the range of

5 about 10 g/m?® to about 200 g/m’® and in the most preferred applications may
only range from about 10 g/m? to about 50 g/m’. The filter material 76 may
be used without any support or may be supported in any convenient manner
in the filter element 72, such as by an inner layer of coarse filter material
78, which effects an initial filtration of the sidestream smoke before the

10 micro-fine fibres are encountered. The outer surface of the micro-fine fibre e
filter element 76 may be supported by a suitable porous mesh material 79
which may be crimped or bunched up in a manner to form a seal at 80 as
shown in more detail in Figure 4. Such seal closes off the distal end 81 of
the tubular filter element 76. |

15 The porous mesh 79 may be of plastic which has sufficiently fine
openings to retain the micro-fibres. Such mesh may be of the type shown in
Figure 2A. The 6penings 81 are defined by criss-crossing plastic fibres 83.
The fibres 83 are sufficiently flexible to permit holding the filter micro-

. fibres in the desired cylindrical shape.

20 ~ The cardboard tube 70 preferably is provided with a lining 82 of &
charcoal or the like to adsorb condensates from the cigarette smoke and
.hence assist in the elimination of odour. -

The disposable sidestream smoke filter cartridge 18 is intended to be
employed for the smoking of one or more cigarettes and then to be

25 discarded. The tubular nature of the assembly ensures that sidestream
smoke is filtered before encountering any other part of the apparatus so that
the structural elements of the apparatus remain substanﬁally free from
condensates from the cigarette smoke and the apparatus can be reused with
minimal necessity for cleaning. With reference to an alternative embodiment

30 of the invention of Figures 7 to 10, an activated carbon filter is provided
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§'to sidestreamcigarette snoke, a porous |ow pressure drop tubular

‘el ement at_an end of the cigarette tube for renoving sidestream
#kc, t have p#E¥? o enent havi ng an inlet end for sidestream @F&é‘?“é’f’f“@ms
§roke to enter an inner el ongate chanber within the tubular filter, the
ubular filter having a closed end oppositgsthe inlet end, neans for _
onnecting a first end of the cigarette tube to the inlet end of the filter

[Lbes™ nroct hetoBbdtht REAf faithnla a?ﬂ‘?*‘“mr%??%P@%%ﬁ%ﬁ#ubuﬁ%@

ilter el enerit asaltﬂr(m@emérlﬁneﬂ articuldie filtegar Witle thaierdientertP el hBE T the

nsertion of a lit cigarette into the cigarette tube, the second en
“Figarette tubdheatnitis essentially eliminated because all cigarette smoke components are

| captured in the filter element.

r . 5 _The exhale filter cartridge 24 of Figures 5 and 6, comprises an
elongate assembly 84 of a tobacco smoke filter material, similar to that
described above for the filter element 72, preferably including a highly-

efficient low pressure drop smoke filter material 86 which removes

3 substantially all particulate material from exhaled smoke, so that only
? 10  substantially invisible gaseous cigarette smoke components pass
therethrough. A low pressure drop smoke filter material, such as described
above for the filter element 76 may be used. To provide support for the
filter element 84, there is provided an inner layer of coarse filter material 88
and an outer porous mesh material 87 like that of Figure 2A, providing a
15 crimped end closure 90 for the exhale smoke filter element 24. The end
closure 90 seals off the end of the filter to ensure that smoke exhaled into
the exhale filter travels radially through the filter. The tobacco smoke filter
material 88 also may be used without any support.
_ A replaceable mouth-piece 62 is provided to facilitate exhale of the
*‘ 20  smoke into the interior of the cartridge 24. A mouth piece holder 94 is
| joined to the filter structure 84 in any convenient manner, such as by
cigarette tipping paper 96. By using such low pressure di'op filtration
material, there is. little resistance to exhale, so that the exhale by the smoker
through the filter approximates a normal exhale action. The filtered exhale
25 smoke is discharged through the slots 58 in the side wall of the enclosure
20. The construction of the exhale filter cartridge 24 may be of similar

dimensions to the sidestream smoke filter cartridge 18. The construction of

the mounting element may be of similar design to the mounting element for
the sidestream filter. The dimension of the exhale smoke filter cartridge 24
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adapted to be received by a holder for a lit cigarette. In accordance with
anot her Wgs2358 the invention, a cigarette snoke filter caPCT/CA3400208 use
~in filtering cigarette snoke exhal ed by a cigarette snoker conprises: an

i nner tubular filter consisting of mcro-fibres for renoving particul ate
material fromcigarette snoke, said tubul¥ filter havi ng an inlet end for
cigarette snoke f)o ent.er tn,in er. el ongat e_chanper vm't?’ﬂn t he tubul ar.

filter, the A P& SiZed © % iheatubeodbaf theisidspaeam dilerclement, ond, the
010, 0r e chafig HRCRNFDASnE R Simhdh[ o, 2n9e Of sbout 0.5 Lo abou
O o oot 14 SR LSOt et WU nd e B
is shown in Figures 7 through 10. As shown in Figure 7 the sidestream
5 filter cartridge 18 has a tubular filter element 98 with an end cap 100 which
seals the distal end of the filter element. An elongate chamber IOQ is
provided within the filter element which has an inlet 104. As discussed with
respect to Figure 1, a lit cigarette is placed in the cigarette tube 106. The
cigarette tube 106 is connected to the inlet region of the tubular filter at 108.
10  The cigarette tube 106 has an open end 110 to permit insertion of the lit
cigarette therein. As shown in Figure 7, the cigarette tube is preferably
made up of multiple layers 112. The multiple layers may be glued together
at the end 110 to provide structural rigidity and thereby adapt the end 110
for insertion in an appropriate holder such as the cigarette holder 32 of
15 Figure 1. It is appreciated that the cigarette tube may be of a single
thickness of sheet material or of a single thickness of glass, high temperature
plastic or metal. .
As shown in Figure 8, the tubular filter element 98 comprises an
inner filter element 114 and an outer filter element 116. The inner filter
20 element 114 is made up of multiple layers of sheet material 118. The sheet
material 118 is layered to form a plurality of layers of filter material in the
radial direction, as indicted by arrow 120. The sheet material may be
formed of the micro-fibre material described in respect of the high efficiency
low pressure drop filter 76 of Figure 2. The micro-fibre material may be
25 either of a suitable fibre forming composition of mineral, metals, polymers,
or any other element capable of being formed into micro-fibres. A suitable
polymeric composition is preferably polypropylene, although it is |
appreciated that there are several other types of polymeric material which

may be spun to form the micro-fibres of the layered product. Examples of
30 such additional polymWWacrylates, polyamides, -
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porous to air flow, the inner tubular filter being of sufficient radial

thicknesggéo regﬁve substantially all particulate materi al frﬁm lgarette -
snoke pa ially 7 fromthe inner elongate chanber ‘ﬁ@*ﬁ"’m’

t ubul ar filter the mcro-fibre filter material having a | ow pressure drop
to permt an air streamto flow through thg filter with m ni mal resistance
to such flow, the activated carbon outer filter shell being of sufficient

2?8;?; : 2' ?k NgSigestets afié pobysterenedst Thel probyssofdr fopdans suetp Riefefibsedhre
as described in the aforementioned applicant’s issued Canadian Patent
1,057,924. The process by which those fibres are formed into a suitable
layer is described in Canadian Patents 1,278,659 and 1,311,889.

5 The alternative embodiments for the filter element, as described with

respect to Figure 2 and Figure 8 have somewhat different efficiencies. It
has been found that a single layer of the micro-fibre material 76 of Figure 2
is not as efficient as the multiple layers of micro-fibre material 118, of

i Figuré 8. By virtue of layering the micro-fibre sheet material, the filtering

P 10 action is substantially enhanced for a given radial thickness to remove for a

specific radial thickness substantially all of the particulate material thereby

only leaving the gaseous components to be removed by the outer filter 116.

The second filter component which surrounds the first filter

component is preferably made of activated carbon to adsorb the gaseous
15 components not trapped by the inner filter element 114. It is appreciated
that the outer filter element 116 may however be made of other types of

material for adsorbing gaseous components such as zeolite materials sold by
Union Carbide under the trade mark Silicalite and as previously used in
cigarette filters such as in U.S. Patent No. 3,327,718. When powdered

20  Silicalites, activated carbon and the like is used the outer filter 116 may be
formed by holding the powdered material around the inner ﬁltei' by a porous

mesh of Figure 2A or the like. Although the mesh is porous to air flow, it

is impervious to the powdered material to retain thereby the powdered
material in the desired shape. ] ‘
25 The preferred outer filter material is made of activated carbon fibre
which is provided in sheet form. The outer filter element 116 may be made
in the form a single sheet of a desired thickness or alternatively, the sheets
122 may be layered onto itself as shown in Figure 8 to develop the desired
thickness for the outer filter element 116. The activated carbon fibres for
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snoke fromsuch filtered exhal ed cigarette snoke stream the cartridgje
havi ng W @35%%rti on adj acent the inlet end, the end portiRrr/GaP4Ep208
recei ved by an exhal e nouthpiece to facilitate a user exhaling into the
filter cartridge, and the inner tubular fglter in conbination with
activated carbon outer filter providing a filtered air stream substantially
I
t

O THE DRANBSEr TR TieSh SRR Gob VArRU: ROUTEs O Suppl, dorSealpicy

respect to tﬂSonﬁtﬂnﬁl?t% @ﬁm:m&gﬂégoirj{%@apqﬁmctive view of a

shoker's accessory w sections thereof removed to show the |ocation of
filter cartridgesThéicigarkité ttabe 106 has its innermost end 108 secured between the

outer filter element 116 and the inner filter element 114. The layers 118 are

5 compressed to some extent in region 124 such that they can be positioned
within the inside of the inner end 108 of the tube 106. The outer filter
element 116 is then positioned on the outside 126 of the cigarette tube 106.
Preferably, adhesive is used to adhere end 108 to the inner filter element in
region 124 and the outer filter element in region 128.

10 The cigarette tube 106 is preferably formed of layers of sheet material
112. The layered tube 106 has sufficient structural rigidity such that when
the open end 110 is secured to the cigarette bolder 36 of Figure 1 the tube is
suspended within the housing of the smoker’s accessory.

It is appreciated that the layers for the cigarette tube 106 may be

15 formed of a variety of materials. It is also appreciated that the cigarette tube
may be made from a single layer of material which may have a thickness
equivalent to the thickness of the multiple layers 112 for the cigarette tube.
The preferfed material for the cigarette tube 106 is a plurality of overlaid
sheets of carbon filled paper. The carbon filled paper may or may not

20 contain a fire retardant to inhibit ignition of the carbon paper by the glowing
cigarette. There are several suppliers of carbon paper which may or may
not include a fire retardant. The carbon paper typically has a thickness in
the range of 0.1 to 2 mm and is non-porous to the cigarette sidestream
smoke. That is, when the cigarette;. is burning within the cigarette tube

25 smoke cannot escape through the cigarette tube so that all sidestream smoke
as emitted by the burning cigarette must pass through the filter element 98.
It is appreciated that such carbon paper may be porous to air unlike the
alternate structures such as the glass tube. In accordance with a preferred
embodiment of the invention, it has been found that a marginal porosity to

30 air for the cigarette tube is beneficial. That is, the tube material is porous to
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si destream snoke and exhal e snoke; Figure 2 is a section through a o

si dest ra@adrasséer cartridge; Figure 2A is an enlarged secti earRiaddRosiss
mesh used on the filter cartridge of Figure 2; Figure 3 is another section

through the filter cartridge of Figure 2 showi ng the assenbly thereof;
Figure 4 is an end view of the filter ca®ridge of Figure 2; Figure 5is a
section through an exhale cigarette snoke filter cartridge; Figure 6 is an
end vi ew of airhender| ligh pressure dvfiichfeqiarsite ashighi pressure dropaacress then t hr ough
S rhod nent - DrteTAL (W GRRABHSS 10 be Hon-porous 1o the cigatette stoke pariediate
components and gaseous components. Although the success in a slight
porosity for the cigarette tube is not completely understood, it is thought that
5 the hot gases developed within the tube can escape to some extent while
leaving the cigarette smoke components within the tube to be drawn away by
the fan. The degree of porosity for the tube relative to the filter element is
slight; for exaniple, in Corseta units, the carbon paper cigarette tube has a
| _ porosity in the range of about 20 to about 50 Corseta units whereas the filter
y 10 element has a porosity in the range of about 10,000 Corseta units. We have
| also determined that the cigarette tube ranges in diameter from about 1.5
times the diameter of the cigarette and greater. It has been found that for
cigarette tubes having diameters less than about 1.5 times the diameter of the
cigarette, the tube material is hence to close to the lit cigarette and charring
15 or overheating of the cigarette occurs which leads to unsatisfactory smoke
taste. In view of the tube cross-section being of a variety of shapes it is
understood that diameter for the tube is iﬁtended to cover the average width
dimension of the tube interior.
* A cap 100 is provided to close the end 99 for the filter element 98.
20 The cap 100 has an annular ridge 130 which is positioned between the inner
filter element 114 and the outer filter 116. The annular portion 130 may be

secured between the inner and outer filter elements by a suitable adhesive.

Preferably the outer filter element 116 extends beyond the inner element
114, the thickness of the cap 100 so as to provide a flush end for the
25 sidestream filter cartridge.
Figure 9 shows an alte_:mative embodiment for the exhale filter 24.
The exhale filter has an inner filter element 132 and an outer filter element
134. The exhale filter element 24 has its distal end closed by a dap 136
which may fit between the inner and outer filter elements and be shaped as

30 per the cap 100 of Figure 8. The cap 136 may be glued in position where
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8 Figure 8 is an enlarged view of portions of the sidestreamcigarette .
filter wWO94r23899e 7; Figure 9 is a section through an alter rRQT/@A94z00Re3di nent
for a cigarette exhale snoke filter cartridge; and Figure 10 is an enl arged
view of an end of the exhale filter cartridge of Figure 9. DEFINITIONS In
order to facilitate a description of t he2Qari ous enbodi ments of the

the outer filter element 134 extends beyond the inner filter element 132, the
thickness of the cap to provide a flush end for the filter element 24. The
inner filter element 132 may be formed of the same micro-fibre material
used in the inner filter element of Figure 8. Similarly, the outer filter
5 material 134 may be formed from a sheet of activated carbon fibre used in
the outer filter element 116 of Figure 8. Also, the several alternatives for
the inner and outer filter materials, described with respect to Figure 8 may
also be used in the exhale filter of Figure 9. :
The inner tubular filter 132 has an inlet end 138 which extends
10  beyond the end portion 140 of the outer filter. This inlet end portion 138 is
shown in more detail in Figure 10. The layers 142 of the inner filter 132

may be adhered together or may be encased in an outer ring 144 to give that
projecting, portion 138 sufficient structural integrity such that it may be
inserted in a.suitable mouth piece such as mouth piece 62 of Figure 1. As
15 shown in Figure 10, the inner layers 142 of the micro-fibre material are
considerably thinner than the outer layers of the activated carbon fibre
material. : .
The size and packing weight of the inner filter material for the
embodiments of Figures 7 and 9 may be in the same range as with the inner
20 filter material of Figure 2; that is, a total thickness in the range of about 0.3
mm to about 6 mm and a packing weight in the range of about 5 g/m? to
about 500 g/m? based on the total thickness. The individual sheets of 4
material may have a thickness in the range of about 0.1 mm to about 3 mm. |

The preferred ranges for the packing weight is in the range of about 10 to
25  about 200 g/m? for sheet thickness of about 0.15 to about 3 mm and the
“especially preferred range of packing densities in the range of about 10 g/m?
to about 50 g/m? for sheet thickness of about 0.15 to about 0.3 mm. The
micro-fibre material as used in the inner filter is especially useful in

removing cigarette smoke particles as small as about 0.2 microns in size.
A
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i nvention, the follow ng definitions are provided for various conponents
and ot heywopspmsds as they relate to the invention. Exhal e SmpoT/oxssn208

.cigarette snoke exhal ed by a snoker while snoking a cigarette. Gaseous
‘Conmponents nmeans the conponents of cigarette snoke other than particul ate
-conponents and which, if present in an ai Rlstream provi des a detectable

smel | of cigarette snoke. Low Pressure_Drop, neans that the material is
suf fi ci ent | y The preferredasize fon the mierosfipressis the igpenfilter is;in thesrangeof al i s

Sinal ¢ pres2 okt o o s ecs stkrie B bBeRC GaLBRCES of e e
ety | Sl AR Wb nbA7 16 SR oP BB nim' YRR PR, 9P 1S

The micro-fibre material of the filter elements of the various
5 embodiments of the invention are particularly efficient in the removal of

particulates having sizes in the range of about 0.2 microns and greater. It is
appreciated that in varying the thickness of the fibre the entire range of
smoke particulates can be removed even including those having sizes less
than about 0.3 microns. Although the principle of filtration by the micro-

10 fibres is not very well understood, it is thought that the diameter of the
particles of the cigarette smoke are in the range of about 0.1 to about 0.6
microns. The small diameter micro-fibres used in the filter avoid
displacement in the direction of travel of the particles such that they collide
directly with the micro-fibres and are then held by the micro-fibres. This is

15 in contrast to the normal thicker fibres typically employed in conventional
cellulose acetate filters. Those fibre sizes are normally in range of about 10
to about 25 microns which causes a displacement in the air flow around the
fibre so that the particles are diverted from colliding directing with the

‘ fibres. This has been demonstrated by testing on several occasions where

20 filter material of the significantly thicker diameter fibres is far less effective
in removing the smaller particulates than the micro-fibre material having
diameter sizes in the range of about 0.1 to about 10 microns and preferably
less than about 5 microns. In some applications the preferred fibre size may
range from about 0.5 to about 2.5 microns.

25 A furtixer alternative for the filter embodiments of Figures 7 and 9 is

spacing the outer tubular filter element 116, for example, of activated carbon
from the inner filter element 114. The ends of the filter element 98 would
be appropriately sealed to direct all gaseous components through such

annular space and into the outer filter. Such annular space may be filled
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H[err]% :;/I -fibre means a fibre having an average di anet 10
m cron Q 4’%@%. M nimal resistance to air flow neans that P{E’f}l‘é@%&ﬁﬂﬂg@
material or the like provides a very |ow pressure drop to air passing

thereth_rough. Non-.Por ous neans that the2paterial does not permt flow of
t he desi gnated conponents through the material. For exanple, if a materi al

o o VSR citing caay o gt ek g emmporents o
travel thr chefore passimg ¢hrongh the outer carbon filter.
The alternative of a course filter element, inside the micro-filter
element as described with respect to Figure 2 may be used as well with the
5 layered micro-fibre 114. Such coarse filter element may be of standard

celluiose acetate fibres having diameters in the range of about 20 um. The

coarse filter element removes the coarse smoke particles of cigarette ash and

the like in ad.vance of the micro-fibre filter. It is, of coarse, appreciated that

the cigarette ash which remain within the filter element may be dumped out

10 of the sidestream filter element, or retained in the sidestream filter element
until time for replacement. It has been found that leaving cigarette ash in
the filter element does not detract from filter efficiency when either the
coarse fibre or micro-fibre filter elements are innermost of the inner
elongate cilamber. _

15 The sidestream and exhale filter cartridges in accordance with this
invention may be employed in various types of smoker’s accessories which
have provision for drawing the sidestream smoke through the filter element
by allowing fresh air to enter the inlet end of the cigarette tube. Similarly,
the exhale filter cartridge may be used with the smoker’s accessory which

20 filters sidestreamn smoke or may be used independently of that other
accessory. The exhale filter may be individually hand held and brought to
the mouth whenever exhale of cigarette smoke is desired. The exhale filter
cartridge is as shown in Figure 9 compared to Figure 7 is considerably
larger to provide the least amount of pressure drop so that one may exhale

25 into the filter in an almost normal manner as though they were exhaling into
the surroundings. Preferably the low pressure drop for the exhale filter is in
the range of about 0.5 mm to about 10 mm of H,0. In view of the filter
cartridges being replaceable in a smoker’s accessory or the like, it is
understood. that the filter cartridges may be sold separately of the smoker’s

30 accessory. The chkages of 5 or 10 and may be

i
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9 Particul ate Conponents neans the conponents of cigarette snoke which

exi st ivwobsgdssed € formand are usually of a size |ess than i@?ﬁi’%@ﬁé&ron

and normally of a size in the range of about 0.1 to about 0

Porous neans that the material is sufficiently open with holes, channels or
the like to permt air flow theret hr ough23 Si dest r eam Snoke nmeans cigarette
snoke which rises froma lit cigarette. Substantially All, means in respect
of renoval eéldsimkenjuaction with the gigarettes. c Preferably thé rﬁitercuag&t@eseuennke

that there ?:Qﬁaﬁg bc;sft glrt]érlxgé Ic)llga.r;'el:te smoke from up to about 20 to 25 about
cigarettes, hence only requiring replacement of the filter cartridges with
every pack of cigarettes smoked.
5 Although preferred embodiments of the invention are described herein
in detail, it will be understood by those skilled in the art that variations may
be made thereto without departing from the spirit of the invention or the

scope of the appended claims.
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vi sual or gaseous conponents renai ning which can at | east he_detected by '
snel | . W93 M cro-Fi bre Fornming Conposition includes 'a%)';r 90298 \whi ch

can be forned into micro-fibres and when contacted -hy cigarette snoke,
retains its structure and functi onal ch%acteri stics. Tube or Tubul ar neans

an el ongate hol low article which has a §i'dewal | of a”", ml" ""m .'
cross-sectlmpe, such as, circular, rectangul at's : ua"uul ar, 1

3

oval, nmulti sides or greater) and the |ike. DETA LED DESCR PTI ON OF
THE PREFERRED EMBODI MENTS The various filter conponents in accordance with

several preferred enbodi nents of the invention have in comon the use of a

fi ljt er el ?nP.nt WAl ¢igateite stavke filien foruse dn aTmokerfsiacoessoryt for fikeringf erably |
made up o

cigarette smoke, said filter comprising: 1

5 a tubular filter consisting of micro-fibres for removing particulate i‘

i

materiai from cigarette smoke, said tubular filter having an inlet end for i

cigarette smoke to enter an inner elongate chamber within said tubular filter,
said tubular filter having a closed end opposite said inlet end, said micro-
fibres having an average thickness in the range of about 0.5 to about 10

10 microns and made from a suitable fibre forming composition,

said tubular filter being of sufficient thickness to remove substantially
all particulate components from cigarette smoke passing from said inner
elongate ck.la.mber through said tubular filter, said micro-fibre filter material
having a low pressure drop to permit an air stream to flow through said
15 filter with minimal resistance to such flow.

2. A cigarette smoke filter of claim 1 wherein said filter has multiple
layers of different filtering material, |
an innermost tubular filter being provided inside said tubular filter of
20 . micro-fibre, said innermost filter comprising a coarse filter material for ' —

removing larger smoke particulate components.

3. A cigarette smoke filter of claim 1 wherein said filter has multiple
layers of different filtering material;

25 an outer filter shell surrounding said tubular filter, said outer filter
shell consisting of activated carbon material held by a support matrix which
is porous to air flow, said tubular filter of micro-fibre being an inner filter

relative to said outer filter,

-
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mcro-fibres of a

sui tabl e mc o-fibre formng conposition which includes
mat er i aM& B4/2350her II

lll" l" r or any other el errental ¢%§
capabl e of being f cro-fibres. In accordance w an aspect
of this invention, the f| ter el ement may be enpl oyed in one configuration

with the sidestream snoke filter cartridd® or in another configuration as a
exhal e snoke filter cattrlil The sidestream snoke filter cartridge and

the exhal e snoke SRId BV bapcoutey filter shnllebanglafrsuqﬁﬁeﬁemay

articul arl t he, t osa an to
P ¥nilkné st o Rt Bifly 1"gaseous components of cigarette

smoke from such filtered cigarette smoke stream,
said inner tubular filter in combination with activated carbon outer
5 filter providiné a filtered air stream substantially free of cigarette sinoke for
discharge into surroundings.

4, A cigarette smoke filter of claim 3 wherein an innermost tubular filter
is provided inside said inner tubular filter, said innermost filter comprising a

B@® 10 coarse filter material for removing larger smoke particulate components.

5. A cigarette smoke filter of claim 4 wherein said inner tubular filter

comprises several individual layets of micro-fibre material.

15 6. A cigarette smoke filter of claim 5 wherein said several layers are of
a thin sheet of micro-fibres formed from a polymeric material, said sheet
having a width which defines a length dimension of said tubular filter,
said layers of polymeric sheet material providing a stage-wise removal
i of particulates from cigarette smoke to enhance thereby filter performance.
20

7. A cigarette smoke filter of claim 3 wherein said activated carbon
material is in the form of activated carbon particles held by a mesh support,
said particles of activated carbon being held in place about said inner tubular
filter by said mesh support. |

25
8. A cigarette smoke filter of claim 3 wherein said activated carbon is in
the form of an integral matt of activated carbon fibres.’

I (1)




draw si destream cigarette snoke through the filter cartri '

i ndepdH@EARBI ha amisnoke in an exhale fil te?’%@é@{hﬁ{ﬂ%ﬂé whi ch
may either be pa:mmmlﬂulmanﬂrulll fromthe snoker's accessory for filtering
si destream ci garet't ecsnbke” A represenygti ve snoker's accessory i s shown in
Figure 1, and is described in applicant™s issued U S. Patent 5,495,859, the

subj ect myfter Rfcigg?;egdr&ygrﬁn%%/é‘gﬁEPBFQiﬁﬁl B RérRiail thif AT rbdi fibeer at i on

of the snoker's “acc e understood by reference to tha
appl i cati gg.thi}mee'tR4n siidr sufficieas thicknebssoft salid agtivdted foarisor filteof sdide filters

in accordance wth this invention, a brief description is provided of the
smoker' s apattdeing wrappedanoind Gntguitselfi to form several layess ofseisk y 10 has a i
central body 12 which supports and houses a fan 14. Attached to the side of
t he cent r ssufficient nadiab thickness. |
5 .
10. A cigarette smoke filter of claim 1 wherein said micro-fibres are of
polypropylene, said sufficient radial thickness for said inner filter being in
the range of about 0.3 mm to about 6 mm and a packing weight in the range
of about 5 g/m? to about 500 g/m? for a sheet thickness in the range of about

10 0.1 mm to about 3 mm.

11. A cigare;ie smoke filter of claim 10 wherein said packing weight is in
the range of about 10 g/m? to about 200 g/m®. '

15 12. A cigarette smoke filter of claim 11 wherein said packing weight is in
the range of about 10 g/m? to about 50 g/m?.

13. A cigarette smoke filter of claim 1 wherein said inner tubular filter
having micro-fibres of a diameter of less than about 5 microns removes
20  smoke particles of about 0.2 microns in thickness and greater from cigarette

smoke.

14. A cigarette smoke filter of claim 13 wherein said micro-fibres have a
diameter in the range of about 0.5 to about 2.5 microns.

25 |
15. A cigarette smoke filter of claim 9 wherein said sufficient radical

thickness is in the range of about 1 mm to about 7 mm.
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sidestream snoke_filtering device 14 which has a housing 16 for a
sidestreamfilter cartridge 18. On the other side of the central body

portio ' n e MHE“ ce 20 having a housing 2 r hal e

filter Q‘éé%?)r?'?s ge Ztinmtummnf . |i s optionally attached t@ﬁ@@&%ﬁéof

the central body poftibn “2" 1 i S understood that the device for filteri ng -

si destream snoke may be held in one han@7nd the exhale filtering device 20

may be held in the other hand in its own conpl ete housi ng separate and

apart from 16e siAleigarettarsmioke €ilterdcatarid h ' ﬁ{qké . | ger

cartridge 18 co.rrpri.fsgea; a cigarette tubedéegf?rnﬂ\;\%hlﬁicﬂ%a |?@c§d§§§€g@ef°;8 may

be placed. filigring: sidestzeam smoke enittedrfrom  burninghcigaiette! 8hidccar¢i8oc6 by

pushing the lit gigarette through a cigarette holder 32 which has %n i nsert
. 34 havi ng aC‘B@PéB&:t herein. The lit end of cigarette : :

a cigarette tube in which a burning cigarette is placed, said cigaretté

5 tube being at least as long as a cigarette to be smoked and having a diameter

at least 1.5 times the diameter of a cigarette, said cigarette tube being non-
porous to sidestream cigarette smoke,
a porous low pressure drop tubular filter element at an end of said
cigarette tube for removing sidestream smoke, said filter element having an
g 10 inlet end for sidestream cigarette smoke to enter an inner elongate chamber
within said tubular filter, said tubular filter having a closed end opposité said
inlet end,
means for connecting a first end of said cigarette tube to said inlet
end of said filter element whereby sidestream smoke to be filtered flows
15 along said cigarette tube, into said inner chamber, and radially outwardly
through said tubular filter element, and
a second end of said cigarette tube being open to permit insertion of a
lit cigarette into said cigarette tube, said second end of said cigarette tube

being adapted to be received by a holder for a lit cigarette.

17. A cigarette smoke filter cartridge of claim 16 wherein said cigarette
tube is a non-flammable paper impregnated with activated carbon material.

18. A cigarette smoke filter cartridge of claim 17 wherein said paper is
thinner than a desired thickness for tube wall, several layers of said paper
being layered to make up said desired tube wall thickness.

This Sheet Has Been Reililced




26 is inserted through the bore HMIEHIMWU" he cigarette 28 has its '
filterwopazsssgion 38 projectingllt ,t he ci garBET/EARHPNAE 32 to
allow the user to inhale cigarette shoke i"n fhe*direction of arrow 40. In

this manner, the user, when using t he sﬁ)ki ng accessory 10 has the sane
sensation when placing the cigarette fi“tter 38 in their nouth as they woul d

orovi dod wish a AcigARe SRS e OR BIAGRTE Sitep el et |,
The fresh ?ﬁ“eét,%@ﬁ@ﬁg"b‘?‘ﬁgﬁﬁ:d' rection of arrows 44 along cigarette 28 and

over the li esh air is drawn through the opening 42 by the"
operating fan l4np iher tubular filter consisting of micro-fibres for removing

particulate material from sidestream cigarette smoke, said inner tubular filter
5 having said inlet end, said closed end and said inner elongate chamber, said
micro-fibres having an average thickness in the range of about 0.5 to about
10 microns and being made from a suitable micro-fibre forming
composition,
an outer filter shell surrounding said inner tubular filter, said outer

10 filter shell consisting of activated carbon material held by a support matrix

which is porous to air flow,

said inner tubular filter being of sufficient thickness to remove
substantially all particulate material from cigarette smoke passing radially
from said inner elongate chamber through said tubular filter, said micro-

15 ﬁﬁre filter material having a low pressure drop to permit an air stream to

flow through said filter with minimal resistancé to such flow,

said activated carbon outer filter shell being of sufficient thickness
for adsorbing substantially all remaining traces of cigarette smoke from such
filtered sidestream cigarette smoke,

20 said inner tubular filter in combination with activated charcoal outer

filter providing a filtered air stream substantially free of cigarette smoke for

discharge into surroundings.

20. A cigarette smoke filter cam:idge of claim 19 wherein said inner
25 tubular filter comprises:
several overlaid layers of a thin sheet of micro-fibre forming
polymeric material, said sheet having a width which defines a length

dimension of said tubular filter. _
R

i



S|de ream snoke as picked up by t

filtg 48 in the dlrectlonwkgﬂ ’ Hm al ong i the
housifhg %he direction of arro I m, he inl etp%f}’qﬁ%ﬂo an

r 44 as it travels through the

S dlrectlon of arrows 54. Since the sm)ke has been filtered of
'- ul ate conponents and optionally of2¢ he gaseous conponents, the fan

don 58 of the Bipaséts s&x@kelﬁlterscatm@gesépeﬁmhm wherbfies#id etivated t eri ng

ynent 20 I1s not attached to the sidestreamfiltering device, the fan 14
£xhaust carbokematerial g in the forh aof Jetivaredtdarbon pacticids hgid byfa teshfi | t er
ent 48 only filters oqut the particulate material then a second filter

$nt naysm:qn,osaldéumﬁps of astiveted carbon being beldoinoplase surronmding econd

er el enen grably of activated carbon, may be provided
the fif3 rmEﬁlF q? YSauXmeshsu %
5

22. A cigarette smoke filter cartridge of claim 19 wherein said activated

carbon is in the form of a mat of activated carbon fibres.

e

}
{
{

23. A cigarette smoke filter cartridge of claim 17 wherein said matt of

10  carbon fibres is thinner than said sufficient radical thickness of said activated
carbon filter, said matt is wrapped onto itself to form several layers of said
sufficient radial thickness. |

24. A cigarette smoke filter cartridge of claim 19 wherein said micro-

15 fibres are of polypropylene, said sufficient radical thickness for said inner
filter being in the range of about 0.03 mm to about 6 mm and a packing
weight in the range of about 5 g/m? to about 500 g/m? for a sheet thickness
in the range of about 0.1 mm to about 3 mm.

20 25. A 'cigarette smoke filter cartridge of claim 24 wherein said packing
'~ weight is in the range of about 10 g/m? to about 200 g/m?.

26. A cigarette smoke filter cartridge of claim 25 wherein said packing
weight is in the range of about 10 g/m?® to about 50 g/m?.

25
27. A cigarette smoke filter cartridge of claim 19 wherein said inner
tubular filter having micro-fibres of a diameter of less than about 5 microns
removes smoke particles of about 0.2 microns in the thickness and greater

from cigarette smoke.
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48, at the grill 58 of the exhale f] 0O or at the outlet ‘56
for tiwopamsssst. The exhale filter cummmﬂﬂmmﬂﬁ!ﬁ filtBETIGAAHRR08 60 with
a nouth piece 62 attached thereto. The user @xhales in the direction of
arrow 64 into the nouth piece and the @hal ed air travels through the

filter i?hthe ﬂi[ﬁCtion|Ff5arroﬁ5 64 aM¥ then to the surrounding 66 by
assage r : ' \ : '
Emor%s. dzﬁ.”%wfsa?ér's@smﬁ@ﬁ Fiof fastidgrciant moebe id Buff S, °G5 rmy
e powere chay: ' |

proei ded oﬁ&%‘@‘%&?%ﬁn@é %@g’e[ gf %ﬁ?\%@?ﬁéo?%ﬁn&gggr%w 5?@ gg{a?les of -

the operation of the snmoker's accessory in respect its structure, function
and operation is described in nore detail in applicant's aforenentioned
U S. patenpg, A cigarette smoke filter cartridge of claim 23 wherein said sufficient

5 radical thickness is in the range of about 1 mm to about 7 mm.

30. A cigarette smoke filter cartridge for use in filtering cigarette smoke
exhaled by a cigarette smoker, said cartridge comprising: '

an inner tubular filter consisting of micro-fibres for removing

10 particulate material from cigarette smoke, said tubular filter having an inlet

end for cigarette smoke to enter an inner elongate chamber within said

tubular filter, said tubular filter having a closed end opposite said inlet end,
said micro-fibres having an average diameter in the range of about 0.5 to
about 10 microns and being made from a suitable micro-fibre forming

15 composition,

an outer filter shell surrounding said inner filter, said outer filter shell
consisting of activated carbon material held by a support matrix which is
porous to air flow,
said inner tubular filter being of sufficient thickness to remove .
20 substantially all particulate material from cigarette smoke passing radially

from said inner elongate chamber through said tubular filter, said micro-
fibre filter material having a low pressure drop to permit an air stream to
flow through said filter with minimal resistance to such flow,

said activated carbon outer filter shell being of sufficient thickness

25 for adsorbing substantially all gaseous components of cigarette smoke from

such filtered exhaled cigarette smoke stream,

said cartridge having an end portion adjacent said inlet end, said end
portion being received by an exhale mouthpiece to facilitate a user exhaling
into said filter cartridge, and
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pplicati on. umﬂuwmimmmrnents for both the sidestream snoke
|Iter andth ex are tubular and are pre I
yl i ndf¥ shape. ¢T tser smaterial is annular in cr%&@é@i’?&ﬁ and
Xt ends the | ength of the tubular elenment. The tubular filter elenent has
n el ongate chanber into which the snolkg is introduced. The purpose of the

ilter elenent is to renove substantially all of the particulate materi al

n the cigarett gaidnplker nitlxe mpﬁnfcbmlﬁﬁawwmﬁheﬁm@d chttfod blite?"
| ements, the filter material is of
filter providing a filtered air stream substantially free of cigarette smoke for

discharge into surroundings.

5 31. A cigarette smoke filter cartridge of claim 30 wherein said end
portion is an extension of said inner tubular filter beyond said outer filter
shell to provide a tubular shaped end portion and means for strengthening
said end portion to facilitate receipt by- an exhale mouthpiece.

“ 10 32. A cigarette smoke filter cartridge of claim 30 wherein said inner
| tubular filter comprises:
several overlaid layers of a thin sheet of micro-fibre forming

polymeric mhaterial, said sheet having a width which defines a length
dimension of said tubular ﬁlter.

15
33. A cigarette smoke filter cartridge of claim 30 wherein said activated
carbon material is in the form of activated carbon particles held by a mesh
support, said particles of activated carbon being held in place surrounding

_ said inner tubular fiiter.

h« 20

34. A cigarette smoke filter cartridge of claim 30 wherein said activated

carbon is in the form of a mat of activated carbon fibres.

35. A cigarette smoke filter cartridge of claim 34 wherein said matt of
25 carbon fibres is thinner than said sufficient radial thickness of said activated

carbon filter, said matt is wrapped onto itself to form several layers of said

sufficient radial thickness. |
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highly efficient I construction. The tubular filter el enent i
i s of w0 barzasent ﬂmﬂﬂﬁgmg gﬂ kness, that is radi al dpCEaA002080m t he
centre of the tubd achi eve such particul ate conponent

renoval fromthe cigarette sm)ke as the irmke passes radially fromthe
I nner el ongate chanber through the tubdar filter. Low pressure drop for

t echni ques 36uch A SEATERF STKE- RIS cHEAAER 66 ClRt?0 fplTeln SEI8BIEr o sensi ng
device. Pr abl ferr & &he

range of 33{95' %(Bfﬁl’gﬁ W%@Fﬁ% sai‘h ngégﬁ f@iﬁeﬁ%sgifd ] .
Cor set  r aFhRyper HIBE rar%%“ﬁ?‘e Fifee 96 5% 03 atnf 16 AHOR 6 uc it Nave @

filter comprgkitig weightdifnhe enge of Abbw 3 gl to abbat 560 g/ar® for a sheet
5 thickness in the range of about 0.1 mm to about 3 mm.

37. A cigarette smoke filter cartridge of claim 36 wherein said packing
weight is in the range of about 10 g/m? to about 200 g/m?.

10 38. A cigarette smoke filter cartridge of claim 37 wherein said packing
weight is in the range of about 10 g/m? to about 50 g/m?.

39. A cigarette smoke filter cartridge of claim 38 wherein said inner
tubular filter having micro-fibres of a diameter of less than about 5 microns

15 removes smoke particles of about 0.2 microns in the thickness and greater
from cigarette smoke.

40. A cigarette smoke filter cartridge of claim 39 wherein said micro-
fibres have a thickness in the range of about 0.5 to about 2.5 microns.
20

41. A cigarette smoke filter cartridge of claim 30 wherein said sufficient
radial thickness is in the range of about 1 mm to about 7 mm.

42. A cigarette smoke filter cartridge of claim 30 housed in a housing,
25 said housing having a mouthpiece with said cartridge end portion fitted in
said mouthpiece, said housing having an outlet through which a filtered air
stream substantially free of cigarette smoke travels when a user exhales
. cigarette smoke through said mouthpiece into said filter cartridge.

. o



only renmoving particul ates. The gaseous conponents of the cigarette snoke
can then be renoved by the separate adsorptive-type filtering device -

| ocaWEH94EMWss the entire grill portion 58 of the exhal ePETICGAS4/00288t r i dge
housing or the fan outlet. Alternatively, the adsorptive material for
renovi ng gaseous conponents fromthe cigarette stream may surround the
exterior of the particulate filter material. The adsorption material is

t ubul ar in shape and may contact the inner particul ate conponent filter or
may have a larger interior dianmeter and be spaced fromsaid inner filter.

: Hehce, in the cigarette snoke passing through both filter elenents, both
tthe particul ate and gaseous cb nents are substantially all renoved. In

ddition, alternative particulate filter natextal gay be provided on the
ijinterior of the primary

FIG.1.

14
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13 parficulate filter material. This innernost material may be coarse in
nat ur e; to ,‘rg.gg;gve the larger particul ates before renoval ofpC¥icAH4/00208
partid y the next adjacent annul ar shaped particulate filter. In
accor cH nce w th an enbodi nent of the invention, a suitable filter conponent
for uge in the sidestreamfilter and the exhale filter is shown in Figures
2 thrqugh 6. Wth reference to Figures 2 and 3 the sidestream snoke filter
cartrgdge 18 conprises a tube 7B /&b cardboard or sinmilar inexpensive
matergal., within which is located a cigarette for snoking and a cl osed-end
tubulfr assenbl 4372 of cigarette srmke<ﬁilter material attached to
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®t he cardboard tube 70 in any conveni ent manner, such as by cigarette

iti ppi ng paper 74. The filter material for the filtePCICAIMRO2E preferab
dxaghgggg a highly-efficient |ow pressure drop snoke filter material 76

fwhi ch renmoves substantially all particulate material from sidestream snokg
tfroma burning cigarette located in the filter cartridge 18, so that only
;substantially invisible gases pass therethrough. As previously noted, suct
-invisible gases; i.e, the gaseous conponents, may be renoved by an
activated carbon filter

| ocat ed el sewhere in the snoking accessory. The
hi ghl y-efficient | ow pressure drop tobacco snoke filter material 76
preferably conprises mcro-fine material. Such fibrous naterial

o~

\Y*4

generally
has a uniformdianmeter along its length ranging fromabout 0.5 to

3/5
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10 i crons.

Si z der st ood, howevefhis
swtag)d (ﬁﬁwatlon functlon Wlt a‘lﬂﬁ W
cel Iful ose acetate fibres. Extra

he coarse filter

woulfd be required to achieve substantially conplete renoval of the

i cul ate conponents. The inportant aspect of the sidestreamfilter

t-hef provi sion of the tubular fil on the end of the cigarette tube where
[ [ [ 3 cr| bed with respect to the_enbodi nent

of [Figure 2. o5

ANOUNN NN \\g

130

The m cro- f_i_bJ'_f__nm_er—i—al——i—&—particul arly useful

I ng snoke particles of about 0.2 mcrons dianeter and greater
i reamfilter can provide. a

in

in

coarse fi br BETKIASH/00208t he

mat eri al

N\

FIG.8.
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ter materi al

'@ conveni ent manner
¥ of coarse filter

& tabl e porous nefN

mat eri al

JF destream snoke before the
 surface of the micro-fine fibre filter
mat eri al

in the filter

|
and in the nDsFASV@W@ITEd
to about 50 g/nferr]..

el ement 72,
78, which effects an initial

referred mcro-fine fibre filter material in the filter_
;'ﬁ té&ckness of about 0.3 to about 6 mm and a packi ng weigh
TH ﬁ? #? to about 500 g/nferr] for a sheet thickness in the r

Wt 0.1 Mmmto 3 about nm Preferably the packi ng wei ghtpdas~i 0 t he
af about 10 g/nferr] to about 200 g/ nferr]
tions may only range from about 10 g/nferr]

76 may be used without any support or may be supported
such as by an inner

el ener

4

filtration of

f&o-fine fibres are encountered. The
nt 76 may be supported by

79
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whi ch npy & mn@ﬁg @L— u\{lcnea, Ip- T a nmanner to
shown i nggve gotnal qure i _Sugh seal cIo;‘se
the tubl aqch ter HEP 78 5% he- ‘pQrous mesh i79
has suf [ %“e"‘, %fl r?e él’lll?lb’éf "t‘o”ret ain the mtr

of the r% “3 iH8H qur &° PR The-gpeni ngs 81 az’e‘*fdatl: nect Ib'y.,«.!ﬁ
cri ss- ciagST*HEpl ast“ﬂrfi*f Hres 8d.“Fhe fjbres 83/ are sufficiently fI exi bI e
to pernifts 1FP@I‘@H rfb«ftfl’ﬁﬂé’l‘ﬂ J.t.er..m.cr.ox.fli bres in the deS| red ﬁyl IMFth;
shape. The cardbo W ' 1
charcoal or the | b
hence assist in the elTmnatron of odour. e drsposabl'e sidest eam snoke
filter cartridge 18 is intended to be

FIELD OF INVENTION

This invention relates to a cigarette smoke filter for use in a smoker’s

.accessory for filtering cigarette smoke and more particularly to filters as
used in smoker’s accessories which remove substantially all of the particulate
and gaseous components of cigarette smoke for discharge into the
surroundings.

BACKGROUND OF INVENTION

When a cigarette is smoked, visible smoke is produced, by
mainstream smoke spillage, exhale smoke and as well sidestream smoke
which is generated by the burning cigarette between puffs. Cigarette smoke
is considered objectionable by some persons and has led to no-smoking laws
of varying degrees of strictness in certain jurisdictions and environments.

A number of prior proposals have been made with respect to
structures which are designed to minimize or eliminate the formation of
visible smoke, when a cigarette is smoked. Howev'er,' no device disclosed in
the art known to the applicants provides for not only the substantial
elimination of all the visible smoke but also provides the same smoking taste
and quality to thie smoker as if smoked .in' the normal way. |

Several devices of various degrees of sophistication have been
developed to filter sidestream smoke and/or exhale smoke. U.S. Pateﬂt

4,052,179 discloses an example of the standard type of ashtray system which
draws sidestream smoke through a charcoal filter contained within a fine
wire or glass fibre mesh. A deodorant pad may be included on the exhaust
side of the system to _maSk any remaining cigarette smoke odours not
removed by the charcoal filter.’ ‘ ' o

Thiggis the rep@ceme"t shet . .,
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" enpl oyed for the snoking of one or nore cigarettes and then to be

di scarded. The tubular nature of ‘the assenbly ensures that sidestream snoke
is filtered before encountering any other part of the apparatus so that the
structural elenents of the apparatus remain substantially free from
-condensates fromthe cigarette snoke and phe apparatus can be reused with
m ni mal necessity for cleaning. Wth reference to an alternative enbodi nent

O unsEhe' (oo AaEETG G eeaBl s it GloR! b UES, Pleff o)) ceo
whi ch 4,685,477. A cigarette is inserted in the device which is tubular in shape
and is open at each end. When the cigarette is inhaled fresh air is drawn in
through an air intake. The lit cigarette is positioned inside the tubular filter.
As the cigarette continues to burn, the sidestream smoke péermeates the
sﬁrrounding tubular shaped filter. Because the burning cigarette is housed
within the filter, the filter material ca.nndi:'i_:e affected by heat and is not
readily ignited by the cigarette ember. During smoking of the cigarette, the
enclosed smoke contaminates the cigarette paper and cigarette tobacco
resulting in unsatisfactory taste.

U.S. Patent 4,200,114 discloses a smoker’s mask which may be
placed on the smoker’s face. The system provides for inhale and exhale
cigarette smoke where all sidestream and exhale smoke is filtered through a
single filter. A complex arrangement of check valve is provided to ensure
that all smoke passes through the filter or is contained within an enlarged
smoking chamber.

U.S. Patent 4,790,332 discloses a smoker’s accessory in which the
cigarette is totally housed. Both sidestream and exhaled smoke are filtered
by the same filter. The filter usually consists of two layers. An inner filter
made of hepa or like material removes particulates from cigarette smoke.
The outer layer of the filter is a polyurethane foam or like material
impregnated with charcoal for removing-odour from the air as it passes from
the inside of the device through the filters and into the surroundings.

U.S. Patent 4,899,766 describes a smoke catcher which provides for
capture of both the sidestream and exhaled smoke. A fan is used in
conjunction with filters to draw the sidestream smoke and exhaled smoke
through filters before discharge into the surroundings. The filters comprise
in series two or more filter elements. The exhaust fan is located
downstream of the filter elements. Alternanvely, the exhaust fan may be

located to exhaust the smoke to the outside without filtration. e ey
' This is the replace"nent sheet
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- such as destCr

pass through the inner particulate filter. Wth that arrangenent, cleaning
of the unit is essentially elimnated because all cigarette snoke
conponents are captured in the filter element. The exhale filter cartridge
24 of Figures 5 and 6, conprises an elongate assenbly 84 of a tobacco snoke
filter material, simlar to that descriq§d above for the filter elenment 72,
preferably including a highly- efficient”low pressure drop snoke filter

e ne. .. g ;
exhal ed smoke, sb-SnBatan s o2THas Hiftibessh pwORE! SRt B Rt Sptr T
- conponent s %;a?%ggjﬁzrsﬁ{dwe% t eapiepfttg RieStNe? adbige provided with e ¢xiats i al |

~above for el enrent 76 may be used. To provide
support f or fiithe afrahement. e Senérab4erinlip aeranged fiteradisksaare prostidéday diheof

coarse filter materral 88
' filter disk may include charcoal and the like or pressed paper material
having a suitable porosity for purposes of filtering the exhaled smoke.

A filter disk has also been used in 2 smoker’s accessory having a
powered fan within the hand-held unit. The sidestream smoke is drawn
from the lit cigarette through a filter disk before discharge to the
surroundings in the manner shown in U.S. Patent 4,637,407.

Considerable efforts have been made in the area of filters as provided
on cigarettes to effect a partial filtration to reduce the amount of tar and
nicotine inhaled by the smoker. It is appreciated that cigarette filters
however are not designed to remove substantially all of the cigarette smoke
so that the smoker continues to experience the usual taste and flavour.
Cigarette filters for example, which are tubular in nature are designed to
filter some of the smoke particles from the smoke stream. U.S. Patent
3,685,523 discloses a tubular type of cigarette tip filter which partially filters
the cigarette smoke as it passes from the interior of the tubular filter to the
exterior thereof before inhale by the smoker. A sxmxlar type of filter is
described in U.S. Patent 3,854,384 involving a tubular filter only offset with
respect to the central axis of the éigarette. Both filters are designed to be
inefficient to allow the various components of cigarette smoke to pass
through the filter so that the smoker realizes the desired taste and flavour.

Canadian Patent 1,057,024 as issued to the applicant describes a
method of producing polymeric fibres of micron size which can be used in
cigarette filters. Such micro-fibre has been used in cigarette filters of the
type described in applicant’s U.S. Patent 3,882,877 and international
application W090/09741. The micro-fibres produced by the method of
Canadian Patent 1,057,924 have increased filtration efficiency compared to

cigarette filters of the standard cellulose acetate, charcoal and the like. In
This is the replecement sheet
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and an outer porous nesh material 87 |ike that of Figure 2A, providing a
crinped end closure 90 for the exhale snoke filter elenment 24. The end
closure 90 seals off the end of the filter to ensure that snoke exhal ed
into the exhale filter travels radially through the filter. The tobacco
snoke filter material 88 also may be useg w thout any support. A

repl aceabl e nout h-piece 62 is provided t0 facilitate exhal e of the snoke

into the interi t ' <A ' (s.j 0i ned t
thetilter Sfdertyake sdvafih oraBE vy B bR A hiig ekl 0 0 1
Lo o ue . ol
there Us' 1 EhieL s PRAHELT che Flkek B B £ XlrR o e g P O e
t hrough t he whith @rovides ot nnifern aandelivéryewhilé smkingthe digarétie.t ered exhal e

snoke is discharged through the slots 58 in the side wall of the enclosure
one of the devices described in this prior art provides however, in a
portable and compact structure, the significant features of substantial
elimination of both sidestream and exhale smoke and that the smoker
experiences the same degree of smoking taste and quality as when smoking a
cigarette normally.

In accordance with this invention, a filter is provided which may be
adapted for use in filtering cigarette smoke. The filters are intended to be
used with devices such as a compact portable smoker’s accessory which
permits a smoker to smoke a cigarette while at the same time substantially
eliminating at least the sidestream smoke and exhaled smoke. Such device
may include an enclosure in which the cigarette is located for smoking. The
smoker may draw on the cigaretté located within the enclosure to smoke the
cigarette and also exhales back into the device where the appropriate filters
process either the sidestream smoke or the exhaled smoke.

| A fan may be provided in the enclosure to ensure a powered air flow
through the enclosure so as to supply fresh air as required for proper
burning of the cigarette and also to decrease the temperature of air
surrounding the cigarette, so as to prevent scorching of cigarette paper and
prevent drawing of the hot air from the enclosure by the smoker which
would result in unsatisfactory taste and flavour to the smoker. In this way,
the same degree of smoking taste and quality could be maintained as if the
cigarette were smoked normally. \

Low pressure drop highly-efficient filtration material _gener'ally is
employed for filtering both sidestream smoke and exhale smoke. Such
highly-efficient filtration material generally comprises a mass of micro-fine
fibres. Such filtration conveniently is éffected in separate compartments or
the same compartments within the enclosure, by different filter elements.
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20. The construction of the exhale filter cartridge 24 may be of simlar
di mensions to the sidestream snoke filter cartridge 18. The construction of
the nounting el ement nay be of simlar design to the nounting el enent for
the sidestreamfilter. The di nmension of the exhale snoke filter cartridge
24 16 may be sized to fit inside the tube 70 of the sidestreamfilter
elenment, to facilitate effici ent packi ngsof the el emrents. A second
alternative errbodimert]ﬁ he smipstreama exhale filters 151% (evvn in
ration

Fi gures 7 throughlh®filtes %‘\‘ o1, eﬁlﬁi&‘i‘ 1g permit fi

of cigarette smoke to be effected prior to contact of such smoke with the
permanent structural elements of the smoking apparatus, so as to minimize
contamination of non-disposable elements of the device by tobacco smoke
components. _

_ The smoking apparatus is constructed so that at least the tobacco
portion of the cigarette is enclosed within the unit during smoking to ensure
that all sidestream smoke is filtered by the'unit, and also provides for
filtration of exhale smoke such that the activity of smoking is not readily
apparent to the casual observer. The smoking apparatus may also be
constructed or used without providing for the exhale smoke filtration.
SUMMARY OF THE INVENTION

According to an aspect of the invention, a cigarette smoke filter for
use in a smoker’s accessory for filtering cigarette smoke derived from
sidestream smoke or exhale smoke, the filter comprises:

a tubular filter consisting of micro-fibres for removing particulate
material from cigarette smoke, the tubular filter having an inlet end for
cigarette smoke to enter an inner elongate chamber within the tubular filter,
the tubular filter having a closed end opposite the inlet end, the micro-fibres

- having an average diameter in the range of about 0.5 to about 10 microns
and made from a suitable fibre forming composition,

the tubular filter being of sufficient radial thickness to remove
substantially all particulate components from cigarette smoke passing radially
from the inner elongate chamber through said tubular filter, the micro-fibre
filter material having a low pressure drop to permit an air stream to ﬂow'
through the filter with minimal resistance to such flow.

According to a further aspect of the invention, a cigarette smoke filter
cartridge for use in a smoker’s accessory for filtering sidestream smoke

emitted from a burning cigarette comprises:
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filter cartridge 18 has a tubular filter element 98 with an end cap 100
which seals the distal end of the filter el ement. An elongate chanber 102
is provided within the filter elenent which has an inlet 104. As discussed
with respect to Figure 1, a lit cigarette is placed in the cigarette tube
106. The cigarette tube 106 is connected to the inlet region of the tubular
filter at 108. The cigarette tube 106 hal an open end 110 to permt
insertion of the lit cigarette therein. As shown ipn Figure 7, .the cigarette

e L o e A er Lot e vl (Y Flers oy
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a porous low pressure drop tubular filter element at an end of the

cigarette tube for removing sidestream smoke, the filter element having an
inlet end for sidestream cigarette smoke to enter an inner elongate chamber
within the tubular filter, the tubular filter having a closed end opposite the
inlet end, . |

means for connecting a first end of the cigarette tube to the inlet end
of the filter element whereby sidestream smoke to be filtered flows along the
cigarette tube, into the inner chamber, and radially outwardly through the
tubular filter element, and ' '

a second end of the cigarette tube being open to permit insertion of a
lit cigarette into the cigarette tﬁbe, the second end of the cigarette tube being
adapted to be received by a holder for a lit cigarette.

In accordance with another aspect of the invéntion, a cigarette smoke
filter cartridge for use in filtering cigarette smoke exhaled by a cigarette
smoker comprises:

' an inper tubular filter consisting of micro-fibres for removing
particulate material from cigarette smoke, said tubular filter having an inlet
end for cigarette smoke to enter an inner elongate chamber within the
tubular filter, the tubular filter having a closed end opposite the inlet end,
the micro-fibres having an average diameter in the range of about 0.5 to
about 10 microns and b_eing made from a suitable fibre forming composition,

an outer filter shell surrounding the inner filter, the outer filter shell
consisting of activated carbon material held by a support matrix which is
porous to air flow, |

the inner tubular filter being of sufficient radial thickness to remove
‘substantially all particulate material from cigarette smoke passing radially
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plastic or netal. As shown in Figure 8, the tubular filter elenent 98
conprises an inner filter elenent 114 and an outer filter elenent 116. The
inner filter element 114 is nmade up of multiple |ayers of sheet nmaterial
118. The sheet material 118 is layered to forma plurality of |ayers of
filter material in the radial direction,, 6 as indicted by arrow 120. The
sheet material may be forned of the mcrlo-fibre material described in
respect of the high efficiency | ow pressure dr 6 of Figure 2. The

mi cro- i br efrome thei nerglongatechamberothraugh the, By I‘H hgrr’f HOCHHSosi ti on
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the activated carbon outer filter shell being of sufficient radial
thickness for adsorbing substantially all gaseous components of cigarette
smoke from such filtered exhaled cigarette smoke stream,

 the cartridge having an end portion adjacent the inlet end, the end
portion being received by an exhale mouthpiece to facilitate a user exhaling
into the filter cartridge, and

the inner tubular filter in combination with activated carbon outer
filter providing a filtered air stream substantially free of cigarette smoke for
discharge into surroundings. |
BRIEF DES ON OF THE DRAWING

Preferred embodiments of the invention are described with respect to
the drawings wherein:

Figure 1 is a perspective view of a smoker’s accessory with sections
thereof removed to show the location of filter cartridges' which filter
sidestream smoke and exhale smoke;

Figure 2 is a section through a sidestream' filter cartridge;

Figure 2A is an enlarged section of porous mesh used on the filter
cartridge of Figure 2;

Figure 3 is another section through the filter cartridge of Figure 2
showing the assembly thereof;

Figure 4 is an end view of the filter cartridge of Figure 2;

Figure 5 is a section through an exhale cigarette smoke filter
cartridge;

Figure 6 is an end view of the filter cartridge of Figure 5;

Figure 7 is a section through a sidestream cigarette smoke filter in
accordance with an alternative embodiment of the invention;
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may be spun to formthe mcro-fibres of the |ayered product. Exanpl es of
such additional polyneric materials include polyacrylates, polyam des,

17 pol yesters and pol ystyrenes. The process for form ng such mcro-fibres
are as described in the aforenmentioned applicant's issued Canadi an Pat ent
1, 057,924. The process by which those fibres are fornmed into a suitable

| ayer is described in Canadi an Patents 18278, 659 and 1,311, 889. The
alternative enbodiments for the filter el ement, as described with respect
to Figure 2 and fFiguree8 s an\ealargedwmiew ofi parsioss of ghe sidestieamscigarete

filter of Figure 7, _

Figure 9 is a section through an alternative embodiment for a
cigarette exhale smoke filter cartridge; and

Figure 10 is an enlarged view of an end of the exhale filter cartridge
of Figure 9. '

DE N _

In order to facilitate a description of the various embodiments of the
invention, the following definitions are provided for various components and
other aspects as they relate to the invention. |

Exhale Smoke meanS cigarette smoke exhaled by a smoker while
smoking a cigarette. |

Gaseous Components means the components of cigarette smoke other
than particulate components and which, if present in an air stream, provides
a detectable smell of cigarette smoke.

Low Pressure Drop means that the material is sufficiently porous to
air flow that a pressure drop across the material is sufficiently low that the
size of the fan the power therefor and the exhale pressure are of a nature
that the smoker’s accessory may be hand held. In order to optimize the
accessory design, a low pressure drop is preferably less than about 10 mm
H,0.

Micro-fibre means a fibre having an average diameter of about 10

 microns or less. _

Minimal resistance to air ﬂc;w means that the filter material or the
like provides a very low pressure dfop to air passing therethrough.

Non-Porous means that the material does not permit flow of the
designated components through the material. For example, if a material is
non-porous to smoke particles then smoke particles are prevented from
travelling through the material but for example, air could continue to travel
through the material.
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has been found that a single |layer of the mcro-fibre material 76 of Figure
2°is not as efficient as the multiple layers of mcro-fibre material 118,

of Figure 8. By virtue of layering the mcro-fibre sheet material, the
filtering actionis substantially enhanced for a given radial thickness to
renove for a specific radial thickness sgbstantially all of the particulate
mat eri al thereby only | eaving the gaseouS conponents to be renoved by the

Pl ter component PARpAESCAMPORERS mES M HriiHents DELIONRNE shidke | | ("
gaseous CO’TWQ?E?EE% gthféu;’dléq'énhywd"ﬁei wRlly dfl 4 SizeqksyRIAL abht 1t 1S

appreci at ed filter elenment 116 may however be nmade of ot her

types of nansicied ahdnostally wfrgsigedndhe rangepofiabost Bucto atowmdhbit e
materials sold by Union Carbide under the trade mark Silicalite and as
previ ousl y omdlerpnsn

Porous means that the material is sufficiently open with holes,
channels or the like to permit air flow therethrough.

Sidestream Smoke means cigarette smoke which rises from a lit

cigarette.

Substantially All, means in respect of removal of smoke particles or
gaseous components from cigarette smoke, that there are substantially no
.visual or gaseous components remaining which can at least be detected by
smell.

Suitable Micro-Fibre Forming Composition includes any material
which can be formed into micro-fibres and when contacted by cigarette
smoke, retains its structure and functional characteristics.

Tube or Tubular means an elongate hollow article which has a
sidewall of any desired cross-sectional shape, such as, circular, rectangular,
square, triangular, oval, multisided (5 sides or greater) and the like.

" DETAILED D N OF PRE] MBODIMENTS

The various filter components in accordance with several preferred
embodiments of the invention have in common the use of a filter element

- which is tubular in pature. The tubular filter is preferably made up of
micro-fibres of a suitable micro-fibre forming composition which includes
materials of mineral, metal, polymer or any other elemental material capable
of being formed into the micro-fibres.

In accordance with an aspect of this invention, the filter element may
be employed in one configuration with the sidestream smoke filter cartridge
or in another configuration as a exhale smoke filter cartridge. The
sidestream smoke filter cartridge and the exhale smoke filter cartridge may
use in a smoker’s accessory particularly of the type that employs a fan to
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cigarette filters such as in U S. Patent No. 3,327,718. Wen powdered

Silicalites, activated carbon and the like is used tThi Sb&srtléasBMan

be formed by hol ding the powdered material around the “ ﬁ
ere

porous nesh of Figure 2A or the like. A though the rre o a|r '

flow, it is inpervious to the powdered gpterial to retaint
powdered material in the desired shape. “The preferred outer fllter rraterlal
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filter el empgily diltfer bEpart ®fi dtaédpdratéllffmﬂ thé kirskefBraccessory for filtering
sidestream cigarette smoke.
A representative smoker’s accessory is shown in Figure 1, and is

described in applicant’s co-pending U.S. application Serial No.

filed , the subject matter of which is incorporated herein

by reference. The operation of the smoker’s accessory may be understood
by reference to that application, however, for purposes of describing the
function of the filters in accordance with this invention, a brief description is
provided of the smoker’s accessory as shown in Figure 1.

The smoker’s accessory 10 has a central body 12 which supports and
houses a fan 14. Attached to the side of the central housing 12 is a
sidestream smoke filtering device 14 which has a housing 16 for a
sidestream filter cartridge 18. On the other side of the central body portion
12 is an exhale filter device 20 having a housing 22 for an exhale filter
cartridge 24. The device 20 is optionally attached to the side of the central
body portion 12. It is understood that the device for filtering sidestream
smoke may be held in one hand and the exhale filtering device 20 may be
held in the other hand in its own complete housing separate and apart from
the sidestream filtering device.

The sidestream smoke filter cartridge 18 comprises a cigarette tube 26
in which a iit cigarette 28 may be placed. The lit cigarette may be inserted
in the cigarette tube 26 by pushing the lit cigarette through a cigarette holder
32 which has an insert 34 having a bore 36 therein. The lit end of cigarette |
26 is inserted through the bore 36. Preferably, the cigarette 28 has its filter
tip portion 38 projecting exteriorally of the cigarette holder 32 to allow the
user to inhale cigarette smoke in the direction of arrow 40. In this manner,
the user, when using the smoking accessory 10 has the same sensation when
placing the cigarette filter 38 in their mouth as they would have in a normal
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18 the sheets 122 may be obtained fromvarious sources of supply, for
exanpl e, from Futanura Chemical Industries of Nagoya, Japan. The cigarette
tube 106 has its innernpst end 108 secured between the outer filter el enent
116 and the inner filter element 114. The | ayers 118 are conpressed to sone
extent in region 124 such that they can be positioned within the inside of
the inner end 108 of the tube 106. The diter filter elenent 116 is then
positioned on the outside 126 of the cigarette tube 106. Preferably,
adhesi ve i sshokihg enadbmnenEnd‘htaﬂgamtteHmldeméz if iprovided Ivette at pluralitggi on
124 and the outer filter elenment, in region 128.
of openings 42 through which fresh-air is drawn. The fresh air travels in
the direction of arrows 44 along cigarette 28 and over the lit ember 46. The
fresh air is drawn through the opening 42 by the operating fan 14. The
sidestream smoke as picked up by the fresh air 44 as it travels through the
filter element 48 in the direction of arrows 50 and along interior of the
| housing 16 in the direction of arrows 52 and into the inlet of the fan 14 in
the direction of arrows 54. Since the smoke has been filtered of particulate
components and optionally of the gaseous components, the fan may exhaust
the filtered air through its outlet 56 and through the grill portion 58 of the
housing 20. It is understood that if the exhale filtering component 20 is not
attached to the sidestream filtering device, the fan 14 may exhaust smoke
through its outlet 56 to the surroundings. If the filter element 48 only filters
out the particulate material then a second filter element may be provided
which removes the gaseous components. That second filter element, which
is preferably of activated carbon, may be provided over the filter cartridge
48, at the grill 58 of the exhale filter component 20 or at the outlet 56 for
the fan 14.
The exhale filter cartridge 24 has a filter element 60 with a mouth
piece 62 attached thereto. The user exhales in the direction of arrow 64 into
. the mouth piece and the exhaled air travels through the filter in the direction
of arrows 64 and then to the surrounding 66 by passage through the grill 58.
The fan 14 may be provided with an electric motor 68. In view of the
portability of the unit the electric motor 68 may be powered by a
rechargeable battery pack 70. A suitable switch may be provided on the
central unit 12 for turning the fan on and off. Details of the operation of the
smoker’s accessory in respect its structure, function and operation is
described in more detail in applicant’s aforementioned U.S. patent

application.
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The cigarette tube 106 is preferably formed of |ayers of sheet material

112. The | ayered tube 106 has sufficient structural rigidity such that when
the open end 110 is secured to the cigarette holder 36 of Figure 1 the tube
i s suspended within the housing of the snoker's accessory. It is

appreci ated that the layers for the cigag?tte tube 106 may be forned of a
variety of materials. It is also apprecialed that the cigarette tube may be

o the ni ckness T FEF sBimABReRs & 44th i SksABHE dnokh BIRERR A ¥ﬁ£:”t
Chects of cavba PpRE IR b St nd 28 prPferdly EylndriRal i shiped The ™

contain a fifiker iateriikdis ahnulaniin kirbss-spetionendoéxteids dry leagtipepdie by t he
glowing cigarette. There are several suppliers of carbon paper which may or
may- tubular element. The tubular filter element has an elongate chamber into

which the smoke is introduced. The purpose of the filter element is to
remove substantially all of the particulate material in the cigarette smoke. In
view of the compact nature of the filter elements, the filter material is of a
highly efficient low pressure drop construction. The tubular filter element is
of sufficient cross-section thickness, that is radial direction from the centre
of the tubular element, to achieve such particulate component removal from
the cigarette smoke as the smoke passes radially from the inner elongate
chamber through the tubular filter. Low pressure drop for the material may
be determined and measured in a variety of Well known techniques such as
displacement of measured mm of H,O in a pressure sensing device. |
Preferably, the filter material has a low pressure drop in the range of about
5 to about 10 mm of H,O. An alternate measure of pressure drop is Corseta
units. The filters of this invention should have a Corseta rating in the range
of about 10,000 Corseté units.

The tubular filter component may comprise a single filter material for
only removing particulates. The gaseous components of the cigarette smoke
can then be removed by the separate adsorptive-type filtering device located
across the entire grill portion 58 of the exhale filter cartridge housing or the
fan outlet. Alternatively, the adsorptive material for removing gaseous
components from the cigarette stream may surround the exterior of the
particulate filter material. The adsorption material is tubular in shape and
may contact the inner particulate component filter or may have a larger
interior diameter and be spaced from said inner fiiter. Hence, in the
cigarette smoke passing through both filter elements, lboth the particulate and
gaseous components are substantially all removed. In addition, alternative
particulate filter material may be provided on the interior of the primary
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not include a fire retardant. The carbon paper typically has a thickness in
tthe range of 0.1 to 2 mMmmand is non-porous to the cigarette sidestream
snmoke. That is, when the cigarette is burning within the cigarette tube
snoke cannot escape through the cigarette tube so that all sidestream snoke
as emtted by the burning cigarette nust ,gass through the filter el enment

98. It is appreciated that such carbon p&@er may be porous to air unlike

br of or  od orBBRIGHRE H1FeT, RIS S iehdtitos: dhBeunl mRS T ERUSE IMpaly?
| ﬁg{ gf: ; Iy It g g% r&%%go? gﬁtemgsﬁpshicmdtwaef&e keRRvaCbfthe finet phﬁigum‘és bybe
the next adjacent annular shaped particuiate filter.

In accordance with an embodiment of the invention, a suitable filter
component for use in the sidestream filter and the exhale filter is shown in
Figures 2 through 6. With reference to Figures 2 and 3 the sidestream
smoke filter cartridge 18 comprises a tube 70 of cardboard or similar
inexpensive material, within which is located a cigarette for smoking and a
closed-end tubular assembly 72 of cigarette smoke filter material attached to
the cardboard tube 70 in any convenient manner, such as by cigarette tipping
paper 74.

The filter material for the filter element 72 preferably inéludes a
highly-efﬁciént low pressure drop smoke filter material 76 which removes
substantially all particulate material from sidestream smoke from a burning
cigarette located in the filter cartridge 18, so that only substantially invisible
gases pass therethrough. As previously noted, such invisible gases; i.e, the
gaseous components, may be removed by an activated cafbon filter located
‘elsewhere in the smoking accessory. |
| The highly-efficient low pressure drop tobacco smoke filter material
76 preferably comprises micro-fine material. Such fibrous material N
generally has a uniform diameter along its length ranging froﬁ about 0.5 to
about 10 microns. The micro-fibre material is particularly uSeful in
capturing smoke particles of about 0.2 microns diameter and greater in size.
It is understood, however, that the 'sidestream filter can provide a suitable
filtration function with a filter of coarse fibres such as the cellulose acetate
fibres. Extra thickness of the coarse filter material would be required to
achieve substantially complete removal of the particulate components. The
important aspect of the sidestream filter is the provision of the tubular filter
on the end of the cigarette tube where the tube is .of a special size as
described with respect to the embodiment of Figure 2.
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19 air under high pressure which equates to a high pressure drop across the
material, but continues to be non-porous to the cigarette snoke particul ate
conponents and gaseous conponents. Although the success in a slight
porosity for the cigarette tube is not conpletely understood, it is thought
that the hot gases devel oped within the fgibe can escape to sone extent
whil e | eaving the cigarette snoke conponents within the tube to be drawn

avay by the fan. Thecprdedree nitroinesfibre filtér haferi4lifl the fifdr\detngnd b6 11t er

el enent is slight; for exanple, in Corseta units, e carbon paper
cigarette tuhsy have a thivknesst ¢f aboutiG:3rterabouo® mie uhd 20picking weightlofCor set a
units whereas the filter el enent hqs a porosity in the range of about

10, 000 Cor s@baut$ig/m’ toabeut 800 8/m” for arsheat thicknass iihdhe iraage-of aboutbe
ranges in diO‘ffliTE xﬁrﬁrtdfi g%&b&%. ]PrSeferably the packing weight is in the range of
L about 10 g/m? to about 200 g/m’ and in the most preferred applications may

only range from about 10 g/m? to about 50 g/m?. The filter material 76 may
be used without any support or may be supported in any convenient manner
in the filter element 72, such as by an inner -layer of coarse filter material
78, which effects an initial filtration of the sidestream smoke before the
micro-fine fibres are encountered. The outer surface of the micro-fine fibre
filter element 76 may be supported by a suitable porous mesh material 79
which may be crimped or bunched up in a manner to form a seal at 80 as
shown in more detail in Figure 4. Such seal closes off the distal end 81 of
the tubular filter element 76. '

The porous mesh 79 may be of plastic which has sufficiently fine
openings to retain the micro-fibres. Such mesh may be of the type shown in
Figure 2A. The openings 81 are defined by criss-crossing plastic fibres 83.
The fibres 83 are sufficiently flexible to permit holding the filter inicro-
fibres in the desired cylindrical shape.

The cardboard tube 70 preferably is provided with a lining 82 of
charcoal or the like to adsorb condensates from the cigarette smoke and
hence assist in the elimination of odour.

The disposable sidestream smoke filter cartridge 18 is intended to be
employed for the smoking of one or more cigarettes and then to be |
discarded. The tubular nature of the assembly ensures that sidestream
smoke is filtered before encountering any other part of the apparatus so that
the structural elements of the apparatus remain substantially free from
condensates from the cigarette smoke and the apparatus can be reused with
minimal necessity for cleaning. With reference to an alternative embodiment

of the invention of Figures 7 to 10, an activated carbon filter is provided
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times the diameter of the cigarette and greater. It has been found that for
Gigarette tubes having dianeters |l ess than about 1.5 tines the dianeter of
the cigarette, the tube material is hence to close to the |lit cigarette and
charring or overheating of the cigarette occurs which |leads to
unsatisfactory snoke taste. In view of the tube cross-section being of a
variety of shapes it is understood that g%aneter for the tube is intended
to cover the average wi dth dinension of the tube interior. A cap 100 is

rovided to itht :has an
gnnul ar ri dgﬁb%tﬂﬁ@?ﬁﬁ&ﬁ%’é@ﬂﬁ%@?égtr\’é,vfepéﬁle ?ﬁgrglaﬁﬁéeifs gé}ﬁp gl?&g%&%r}g? 114

and the out epas§ ithroagh thé indérepartioulace fiter ! | With1Gat arsanpemeac,usleshiagtoreen
the inner and outer filter el ements by a suitable adhesive. Preferably the
outer filtertheuaidstessemsiatly: elimpinaged beeausnall eigaretts smoke components are

captured in the filter element.

The exhale filter cartridge 24 of Figures 5 and 6, comprises an
elongate assembly 84 of a tobacco smoke filter material, similar to that
described above for the filter element 72, preferably 'including a highly-
efficient low pressure drop smoke filter material 86 which removes
substantially all particulate material from exhaled smoke, so that only
substantially- invisible gaseous cigarette smoke components pass
therethrough. A low pressure drop smoke filter material, such as described
above for the filter element 76 may be used. To provide support for the
filter element 84, there is provided an inner layer of coarse filter material 88
and an outer porous mesh material 87 like that of Figure 2A, providing a
crimped end closure 90 for the exhale smoke filter element 24. The end
closure 90 seals off the end of the filter to ensure that smoke exhaled into

_the exhale filter travels radialiy through the filter. The tobacco smoke filter
material 88 also may be used without any support.

A replaceable mouth-piece 62 is provided to facilitate exhale of the
smoke into the interior of the cartridge 24. A mouth piece holder 94 is
joined to the filter structure 84 in any convenient manner, such as by
cigarette tipping paper 96. By using such low pressure drop filtration
material, there is little resistance to exhale, so that the exhale by the smoker
through the filter approximates a normal exhale action. The filtered exhale

‘smoke is discharged through the slots 58 in the side wall of the enclosure
20. The construction of the exhale filter cartridge 24 may be of similar
dimensions to the sidestream smoke filter cartridge 18. The construction of
the mounting element may be of similar design to the mounting elemenf for

the sidestream filter. The dimension of the exhale smoke filter cartridge 24
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114, the thickness of the cap 100 so as to provide a flush end for the
sidestreamfilter cartridge. Figure 9 shows an alternative enbodi nent for
the exhale filter 24. The exhale filter has an inner filter elenment 132 and
an outer filter elenment 134. The exhale filter elenment 24 has its distal
end cl osed by a dap 136 which may fit bet%Fen the inner and outer filter

el enrents and be shaped as per the cap 100*f Figure 8. The cap 136 nay be

gl ued i n poSilof, aghS e Bidd e Wb 0 of 1 iGhEIER! a2t eRihETSo PV O

the inner fi 3% 28
facilitate efficient packing of the elements.

A second alternative embodiment for the sidestream and exhale filters
is shown in Figures 7 through 10. As shown in Figure 7 the sidestream
filter cartridge 18 has a tubular filter element 98 with an end cap 100 which
seals the distal end of the filter element. An elongate chamber 102 is
provided within the filter element which has an inlet- 104. As discussed with
respect to Figure 1, a lit cigarette is placed in the cigarette tube 106. The
cigarette tube 106 is connected to the inlet region of the tubular filter at 108.
The cigarette tube 106 has an open end 110 to permit insertion of the lit
cigarette therein. As shown in Figure 7, the cigarette tube is preferably
made up of multiple layers 112. The multiple layers may be glued together
at the end 110 to provide structural rigidity and thereby adapt the end 110
for insertion in an appropriate holder such as the cigarette holder 32 of
Figure 1. It is appreciated that the cigarette tube may be of a single
thickness of sheet material or of a single thickness of glass, high temperature
plastic or metal.

As shown in Figure 8, the tubular filter element 98 comprises an
inner filter element 114 and an outer filter element 116. The inner filter
element 114 is made up of multiple léyers of sheet material 118. The sheet
material 118 is layered to form a plurality of layers of filter material in the
radial direction, as indicted by arrow 120. The sheet material may be
formed of the micro-fibre material described in respect of the high efficiency
low pressure drop filter 76 of Figure 2. The micro-fibre material may be
either of a suitable fibre forming composition of mineral, metals, polymers,
or any other element capable of being formed into micro-fibres. A suitable
polymeric composition is preferably polypropylene, although it is
appreciated that there are several other types of polymeric material which
may be spun to form the micro-fibres of the layered product. Examples of

such additional polymeric materials include polyacrylates, polyamides,
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t hi ckness of the cap to provide a flush end for the filter elenment 24. The
i-nner filter elenment 132 may be formed of the sane mcro-fibre nmaterial
used in the inner filter elenment of Figure 8. Simlarly, the outer filter
material 134 may be fornmed froma sheet of activated carbon fibre used in
the outer filter elenment 116 of Figure 8. Al so, the several alternatives
for the inner and outer filter materials, described with respect to Figure

iltor 132 naRolafiteisiad Boljgagfies. | IRE pRocest o Bthing e iiroldt e,
the outer fildsedescriBed ih thehferethedfiohe@appRdants Koo Cafad@h PRI | 1N
Figure 10. The layers 142 of the inner filter 132 may be adhered toget her
or may be ench©6d,924. afheprocessibyywhich thosgifibres laa¢ formed: ntorgsyitatle on 138
suttierent st er &' described ta 'Canadian Patents 1,278,659 and 1,311,889.
The alternative embodiments for the filter element, as described with
respect to I-"-‘igure 2 and Figure 8 have somewhat different efficiencies. It
has been found that a single layer of the micro-fibre material 76 of Figure 2
is not as efficient as the multiple layers of micro-fibre material 118, of
Figure 8. By virtue of layering the micro-fibre sheet material, the filtering
action is substantially enhanced for a given radial thickness to remove for a
specific radial thickness substantially all of the particulate material thereby
only leaving the gaseous components to be removed by the outer filter 116.
The second filter component which surrounds the first filter
component is preferably made of activated carbon to adsorb the gaseous
co’mpdnents not trapped by the inner filter element 114. It is appreciated
that the outer filter element 116 may however be made of other types of
material for adsorbing gaseous components such as zeolite materials sold by
Union Carbide under the trade mark Silicalite and as previously used in
cigarette filters such as in U.S. Patent No. 3,327,718. When powdered
Silicalites, activated carbon and the like is used the outer filter 116 may be
formed by holding the powdered material around the inner filter by a porous
mesh of Figure 2A or the like. Although the mesh is porous to air ﬂov;/, it
is impervious to the powdered material to retain thereby the powdered
material in the desired shape. _
The preferred outer filter material is made of activated carbon fibre
which is provided in sheet form. The outer filter element 116 may be made
 in the form a single sheet of a desired thickness or alternatively, the sheets
122 may be layered onto itself as shown in Figure 8 to deveiop the desired
thickness for the outer filter element 116. The activated carbon fibres for
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inserted in a suitable nouth piece such as nouth piece 62 of Figure 1. As
shown in Figure 10, the inner layers 142 of the mcro-fibre material are
considerably thinner than the outer |ayers of the activated carbon fibre
material. The size and packing weight of the inner filter material for the
embodi ments of Figures 7 and 9 may be img he sanme range as with the inner
filter material of Figure 2; that is, a total thickness in the range of

about 0.3 : j ' ' e 5.

i nierr] t o b ShEEE G2 dpaY e Voufined ROy MA@ Noues OEUEHI: (6t RBAME. D e
sheets of nNeemi Phtafiitira lChegnidal Mdusariessof Nagbya, Japag. of about 0.1 mmto
about 3 mm The preferred ranges for the packing weight is in the range of
about 10 to aboutThEOCiggretfectubg K06 hasthise inndrmoshend 108 seourad betvwendhabout 3

h
mm and t he outer filter element 116 and the inner filter element 114. The layers 118 are

compressed to some extent in region 124 such that they can be positioned
within the inside of the inner end 108 of the tube 106. The outer filter
element 116 is then positioned on the outside 126 of the cigarette tube 106.
Preferably, adhesive is used to adhere end 108 to the inner filter element in
region 124 and the outer filter element in region 128.

. The cigarette tube 106 is preferably formed of layers of sheet material
112. The layered tube 106 has sufficient structural rigidity such that when
the open end 110 is secured to the cigarette holder 36 of Figure 1 the tube is
suspénded within the housing of the smoker’s accessory.

It is appreciated that the layers for the cigarette tube 106 may be
formed of a variety of materials; It is also appreciated that the cigarette tube
may be made from a single layer of material which may have a thickness
equivalent to the thickness of the multiple layers 112 for the'cigarette tube.
The preferred material for the cigarette tube 106 is a plurality of overlaid
sheets of carbon filled paper. The carbon filled paper may or may not
contain a fire retardant to inhibit ignition of the carbon paper by the glowing
cigarette. There are several suppliers of carbon paper which may or may
not include a fire retardant. The carbon paper typically has a thickness in
the range of 0.1 to 2 mm and is non-porous to the cigarette sidestream
smoke. That is, when the cigaretté is burning within the cigarette tube
smoke cannot escape through the cigarette tube so that all sidestream smoke
as emitted by the burning cigarette must pass through the filter element 98.
It is appreciated that such carbon paper may be porous to air unlike the
alternate structures such as the glass tube. In accordance with a preferred
embodiment of the invention, it has been found that a marginal poi'osity to

air for the cigarette tube is beneficial. That is, the tube material is porous to
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especially preferred range of packing densities in the range of about 10
g/merr] to about 50 g/nferr] for sheet thickness of about 0.15 to about
0.3 mm The micro-fibre material as used in the inner filter is especially
useful in renoving cigarette snoke particles as small as about 0.2 m crons
in size. 21 The preferred size for thegmcro-fibres in the inner filter
Is in the range of about 0.5 to about 2.5 mcrons. The sufficient radial

thickness ofgt 'ﬁ‘flﬁgﬁﬁﬁf‘gfﬂﬁ% wdhee da'ied“&f FRfigly kéksﬁf@df%ﬁ&o@.@ tli’@OUt 1 mm

to about 7 re mater of the filter nts of the
various matenal, but continues to be non-porous to the cigarette smoke particulate

components and gaseous components. 'Although the success in a slight
porosity for the cigarette tube is not completely understood, it is thought that
the hot gases developed within the tube can escape to some extent while
leaving the cigarette smoke components within the tube to be drawn away by - - .
the fan. The degree of porosity for the tube relative to the filter element is
slight; for example, in Corseta units, the carbon paper cigarette tube has a
porosity in the range of about 20 to about 50 Corseta units whereas the filter
element has a porosity in the range of about 10,000 Corseta units. We have
also determined that the cigarette tube rangés in diameter from about 1.5
times the diameter of the cigarette and greater. It has been found that for
cigarette tubes having diameters less than about 1.5 times the diameter of the
cigarette, the tube material is hence to close to the lit cigarette and charring
or overheating of the cigarette occurs which leads to unsatisfactory smoke
taste. In view of the tube cross-section being of a variety of shapes it is

understood that diameter for the tube is intended to cover the average width
dimension of the tube iﬁterior.

A cap 100 is provided to close the end 99 for the filter element 98.
The cap 100 has an annular ridge 130 which is positioned between the inner
filter element 114 and the outer filter 116. The annular portion 130 may be
secured between the inner and outer filter elements by a suitable adhesive.
Preferably the outer filter element 116 extends beyond the inner element
114, the thickness of the cap 100 sb as to provide a flush end for the
sidestream filter cartridge.

Figure 9 Shows an alternative embodiment for the exhale filter 24.
The exhale filter has an inner filter .'element 132 and an outer filter element .
134. The exhale filter element 24 has its distal end closed by a dap 136
which may fit between the inner and outer filter elements and be shaped as

pér the cap 100 of Figure 8. The cap 136 may be glued in position where
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enbodi nents of the invention are particularly efficient in the renoval of
Jparticul ates having sizes in the range of about 0.2 mcrons and greater. It
is appreciated that in varying the thickness of the fibre the entire range
of snoke particul ates can be renoved even including those having sizes |ess
than about 0.3 microns. Al though the prin@ ple of filtration by the mcro-
fibres is not very well understood, it is thought that the dianeter of the

particles of mé1©u&tgﬂf&td&nﬁwk@4 2xetends beond ahg énmvr filerutletheht tiG2akeit 0. 6
m crons. The snmall diameter mcro-fibres used in the filter avoid

di spl acement thicknéss ofithecapda provideaw flushfendtfer ghe ffilter clemanh24 halhe hey

by ek ke RenT S St B oot e R BB cal 1

el oved [0 Gony Sk éfgtén@asn@e;ﬂ:?g.ﬁefg.' ‘Shfart] 85 olidh Resl €5 are
material 134 may be formed from a sheet of activated carbon fibre used in
the outer filter element 116 of Figure 8. Also, the several alternatives for
the inner and outer filter materials, described with respect to Figure 8 may
also be used in the exhale filter of Figure 9, |

The inner tubular filter 132 has an inlet end 138 which extends
beyond the end portion 140 of the outer filter. This inlet end portion 138 is
shown in more detail in Figure 10. The layers 142 of the inner filter 132
may be adhered together or may be encased in an outer ring 144 to give that
projecting' portion 138 sufficient structural integrity such that it may be
inserted in a suitable mouth piece such as mouth piece 62 of Figure 1. As
shown in Figure 10, the inner layers 142 of the micro-fibre material are
considerably thinner than the outer layers of the activated carbon fibre
material.
The size and packing weight of the inner filter material for the

embodiments of Figures 7 and 9 may be in the same range as with the inner
filter material of Figure 2; that is, a total thickness in the range of about 0.3
mm to about 6 mm and a packing weight in the range of about 5 g/m? to
about 500 g/m? based on the total thickness. The individual sheets of
material may have a thickness in the range of about 0.1 mm to about 3 mm.
The preferred ranges for the packing weight is in the range of about 10 to
about 200 g/m? for sheet thickness of about 0.15 to about 3 mm and the
especiallﬁ preferred range of packing densities in the range of about 10 g/m®
to about 50 g/m? for sheet thickness of about 0.15 to about 0.3 mm. The
micro-fibre material as used in the inner filter is especially useful in

removing cigarette smoke particles as small as about 0.2 microns in size.
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to about 25 microns which causes a di spl acement in the air flow around the
fibre so that the particles are diverted fromcolliding directing with the
fibres. This has been denonstrated by testing on several occasions where
filter material of the significantly thicker diameter fibres is far |ess
effective in renoving the smaller particulates than the mcro-fibre
materi al having diameter sizes in the rangé of about 0.1 to about 10
mcrons and preferably |ess than about 5 microns. In sone gppllcatlons t he
preferred fi bFke prefernedysizefioyether micratfdhnes Gn 3he enmdrofilter?isSinher range of

further alternative for the fjlter enbgdinents of Figures 7 and 9 is
spacing the cﬁ&oélﬁot-@%lagf’“ff 2 EPC’@Dérreﬁle sugicieny radied thickness ofithe canbeu

woul'd be. apprige 8 5 Aoy hE B farkh o 5% 358 % a8 &St hr ough such

The micro-fibre material of the filter elements of the various
embodiments of the invention are particularly efficient in the removal of
particulates having sizes in the range of about 0.2 microns and greater. It is
appreciated that in varying the thickness of the fibre the entire range of

- smoke particulates can be removed even including those having sizes less
than about 0.3 microns. Although the principle of filtration by the micro-
fibres is not very well understood, it is thought that the diameter of the
particles of the cigarette smoke are in the range of about 0.1 toh about 0.6
microns. The small diameter micro-fibres used in the filter avoid
displacement in the direction of travel of the particles such that they collide
directly with the micro-fibres and are then held by the micro-fibres. This is
in contrast to the normal thicker fibres typically employed in conventional
cellulose acetate filters. Those fibre sizes are normally in range of about 10
to about 25 microns which causes a displacement in the air flow around the
fibre so that the particles are diverted from colliding directing with the
fibres. This has been demonstrated by testing on several occasions where
filter material of the significantly thicker diameter fibres is far less effective
in removing the smaller particulates than the micro-fibre material having
diameter sizes in the range of about 0.1 to about 10 microns and preferably
less than about 5 microns. In some applications the preferred fibre size may
range from about 0.5 to about 2.5 microns.

A further alternative for the filter embodiments of Figures 7 and 9 is
spacing the outer tubular filter element 116, for example, of activated carbon
from the inner filter element 114. The ends of the filter element 98 would
be appropriately sealed to direct all gaseous componénts through such

annular space and into the outer filter. Such annular space may be filled
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annul ar space and into the outer filter. Such annul ar space may be filled
22 with suitable oxidizing catal ysts to degrade the snoke gaseous
conponent s before passing through the outer carbon filter. The alternative
of a course filter elenent, inside the mcro-filter elenent as described
with respect to Figure 2 may be used as Il with the ayered mcro-fibre
114. Such coarse filter elenent may be of“standard cellul ose acetate fibres

Famoves. 1 he Wi suuableoRudRaE RRbBIIO dPgarls the Smokecgmzects Componeis ©
before passing through the outer carbon filter. :

The alternative of a course filter element, inside the micro-filter
element as described with respect to Figure 2 may be used as well with the
layered micro-fibre 114. Such coarse filter element may be of standard
cellulose acetate fibres having diameters in the range of about 20 um. The
coarse filter element removes the coarse smoke particles of cigarette ash and
the like in advance of the micro-fibre filter. It is, of coarse, appreciated that
the cigarette ash which remain within the filter element may be dumped out
of the sidestream filter element, or retained in the sidestream filter element
until time for replacement. It has been found that leaving cigarette ash in
the filter element does not detract from filter efficiency when either the
coarse fibre or micro-fibre filter elements are innermost of the inner
elongate chamber. ‘

The sidestream and exhale filter cartridges in accordance with this
invention niay be eniployed in various types of smoker’s accessories which
have provision for drawing the sidestream smoke through the filter element
by allowing fresh air to enter the inlet end of the cigarette tube. Similarly,
the exhale filter cartridge may be used with the smoker’s accessory which
filters sidestream smoke or may be used independently of that other
accessory. The exhale filter may be individually hand held and brought to
the mouth whenever exhale of cigarette smoke is desired. The exhale filter
cartridge is as shown in Figure 9 compared to Figure 7 is considerably
larger to provide the least amount of pressure drop so that one may exhale
into the filter in an almost normal manner as though they were exhaling into
the surroundings. Preferably the low pressure drop for the exhale filter is in
the range of about 0.5 mm to about 10 mm of H,O. In view of the filter
cartridges being replaceable in a smoker’s accessory or the like, it is
understood that the filter cartridges may be sold separately of the smoker’s

accessory. The cartridges may be sold in packages of 5 or 10 and may be
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the like in advance of the micro-fibre filter. It is, of coarse,

appreci ated that the cigarette ash which remain within the filter el enent
may be dunped out of the sidestreamfilter elenent, or.retained in the
sidestreamfilter element until tine for replacenent. It has been found
that leaving cigarette ash in the filter element does not detract from
filter efficiency when either the coarseyfibre or mcro-fibre filter

el enents are i nnernost of the inner elongate chanber. The sidestream and

exhale filter i ; it L3 14 | | oyed
T var i ous. S Bp ol B R e B e T e aB i n

the si destr qaphblensfefiltéring ¢lparbne tirlokerfroieupné abvupl0 epi23cabowtsh air to
enter the inlet end of the cigarette tube. Simlarly, the exhale filter
cartridge nmjgirettes,chencetanly irequiningereplacement ofrthe ftiestcartridges with
every pack of cigarettes smoked.
Although preferred embodiments of the invention are described herein
in detail, it will be understood by those skilled in the art that variations may
be made thereto without departing from the spirit of the invention or the

scope of the appended claims.
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filters sidestream snoke or may be used independently of that other
accessory. The exhale filter may be individually hand held and brought to

t he nout h whenever exhal e of cigarette snoke is desired—TFheexhale filter
cartridge is as shown in Figure 9 conpared to Figure 7, i ¢ sﬁggﬁ

| arger to provide the | east anount of pressure drop so% thal e
into the filter in an al nost normal mann2¢ as though tH G ng
into the surroundings. Preferably the | ow pressure dro e

filter is inCLAMSnhge of about 0.5 mmto about 10 mMmmof Herr]QO In view
~of the filter cartridges being replaceable in a snoker's accessory or the
~like, it is understood that the filter cartridges nay be sold separately of

' ;ES ?rangkgre' 51.2¢¢¢ Sc%gr'ettzhs?n&aer Klibf 36Pudih £ Smivkess'ade s""s%%‘;’1 for fi?t];ri?lgor 10
cigarette smoke, said filter comprising:

a tubular filter consisting of micro-fibres for removing particulate
material from cigarette smoke, said tubular filter having an inlet end for
cigarette smoke to enter an inner elongate chamber within said tubular filter,
said tubular filter having a closed non-porous end opposite said inlet end,
said end being non-porous to cigarette smoke, said micro-fibres having an
average thickness in the range of about 0.5 to about 10 microns and made
from a suitable ﬁbre forming composition,

said tubular filter being of sufficient thickness to remove substantially
all particulate components from cigarette smoke passing from said inner
elongate chamber outwardly through said tubular filter, said micro-fibre
filter material having a low pressure drop to permit an air stream to flow
through said filter with minimal resistance to such flow.

2. A cigarette smoke filter of claim 1 wherein said filter has multiple
layers of different filtering material,

an innermost tubular filter being provided inside said tubular filter of
micro-fibre, said innermost filter comprising a coarse filter material for

removing larger smoke particulate components.

3. A cigarette smoke filter of claim 1 wherein said filter has multiple
layers of different filtering material;

an outer filter shell surrounding said tubular filter, said outer filter
shell consisting of activated carbon material held by a support matrix which
is porous to air flow, said tubular filter of micro-fibre being an inner filter

relative to said outer filter,

T
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23 sold in conjunction with the cigarettes. Preferably the filter
cartridges are capable of filtering cigarette snoke from UhisSEeeﬂMlBBenZQ{ilh&d

25 about cigarettes, hence only requiring replacenent of th I
cartridges wth every pack of cigarettes snoked. Although p

enbodi nents of the invention are described herein in detail,

understood by those skilled in the art tipg variations may be nade thereto

wi t hout departing fromthe spirit of the invention or the scope of the
appended cl ai ms. said activated carbon outer filter shell being of sufficient radial

thickness for adsorbing substantially all gaseous components of cigarette
smoke from such filtered cigarette smoke stream,

said inner tubular filter in combination with activated carbon outer
filter providing a filtered air stream substantially free of cigarette smoke for

discharge into surroundings.

4. A cigarette smoke filter of claim 3 wherein an innermost tubular filter
is provided inside said inner tubular filter, said innermost filter comprising a

coarse filter material for removing larger smoke particulate components.

5. A cigarette smoke filter of claim 4 wherein said inner tubular filter

comprises several individual layers of micro-fibre material.

6. A cigarette smoke filter of claim 5 wherein said several layers are of
a thin sheet of micro-fibres formed from a polymeric material, said sheet
having a width which defines a length dimension of said tubular filter,

said layers of polymeric sheet material providihg a stage-wise removal

of particulates from cigarette smoke to enhance thereby filter performance.

7. A cigarette smoke filter of claim 3 wherein said activated carbon
material is in the form of activated carbon particles held by a mesh support,
said particles of activated carbon being held in place about said inner tubular

filter by said mesh support.

8. A cigarette smoke filter of claim 3 wherein said activated carbon is in

the form of an integral matt of activated carbon fibres.
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24 - dainms 1. A cigarette srmkeTllter for use in a snoker's acces- sory

(1 0) for filteri sShe HaeBéeR REFIRKL, said filter conprising: a tubular
filter (48; 72; 98) mcro- fibres for renoving particul ate
mat eri al frommga mﬂ id tubular filter having an inlet end
(104) for cigarette srm r an |nner el ongate chanmber (102) wi thin
sai d tubu-

9. A cigarette smoke filter of claim 8 wherein said matt of carbon fibres
is thinner than said sufficient thickness of said activated carbon filter, said
matt being wrapped around onto itself to form several layers of said
sufficient radial thickness.

10. A cigarette smoke filter of claim 1 wherein said micro-fibres are of
polypropylene, said sufficient radial thickness for said inner filter being in
the range of about 0.3 mm to about 6 mm and a packing weight in the range
of about 5 g/m? to about 500 g/m? for a sheet thickness in the range of about

0.1 mm to about 3 mm.

11. A cigarette smoke filter of claim 10 wherein said packing weight is in
the range of about 10 g/m? to about 200 g/m?.

12. A cigarette smoke filter of claim 11 wherein said packing weight is in
the range of about 10 g/m? to about 50 g/m?.

13. A cigarette smoke filter of claim 1 wherein said inner tubular filter
having micro-fibres of a diameter of less than about 5 microns removes
smoke particles of about 0.2 microns in thickness and greater from cigarette

smoke.

14. A cigarette smoke filter of claim 13 wherein said micro-fibres have a
diameter in the range of about 0.5 to about 2.5 microns.

15. A cigarette smoke filter of claim 9 wherein said sufficient radical

thickness is in the range of about 1 mm to about 7 mm.
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Iar'filter, said tubular filter having a closed end (80;_100) opposite said.

knlet end, said mcro- fibres having an average thickness in the range of
about 0.5 to about 10 microns and nmade froma suitable fib nRe laced
conposition. said tubular filter being of suff icient thick
substantially all particulate conpo- nents fromcigarette s
fromsaid i nner el ongate chamnber outwar J7y t hrough said tubular fil ter
said mcro-fibre filter material (76, 7 79; 1 14, 116) havi ng a | ow
pressure drop to permt an all(r tream to ftJ ow throu h said f
: lg. A cigarette smoke ﬁ ter cartridge for use in a oker’s accessory for
filtering sidestream smoke emitted from a burning cigarette, said cartridge
comprising:

a cigarette tube in which a burning cigarette is placed, said cigarette
tube being at least as long as a cigarette to be smoked and having a diameter
at least 1.5 times the diameter of a cigarette, said cigarette tube being non-
porous to sidestream cigarette smoke,

a porous low pressure drop tubular filter element at an end of said
cigarette tube for removing sidestream smoke, said filter element having an
inlet end for sidestream cigarette smoke to enter an inner elongate chamber
within said tubular filter, said tubular filter having a closed end opposite said
inlet end,

means for connecting a first end of said cigarette tube to said inlet
end of said filter element whereby sidestream smoke to be filtered flows
along said cigarette tube, into said inner chamber, and radially outwardly
through said tubular filter element, and '

a second end of said cigarette tube being open to permit insertion of a
lit cigarette into said cigarette tube, said second end of said cigarette tube

being adapted to be received by a holder for a lit cigarette.

. 17. A cigarette smoke filter cz_mridge of claim 16 wherein said cigarette
“tube is a non-flammable paper impregnated with activated carbon material.

18. A cigarette smoke filter cartridge of claim 17 wherein said paper is
thinner than a desired thickness for tube wall, several layers of said paper
being layered to make up said desired tube wall thickness.

I
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Wi th mniml resi w. 2. Acigarette snmoke filter of claim
1 wherein said fllter has multiple;layers of different filtering material,
an i nner nost tubu‘hlaSheéﬂHatBeenthagdp ovided inside said tubular filter of

m cro-fibre,

sai d
renoving | arger s

r conprising a coarse filter mate- rial for
e com ponents -25 -

19. A cigarette smoke filter cartridge of claim 16 wherein said tubular
filter element comprises:

an inner tubular filter consisting of micro-fibres for removing
particulate material from sidestream cigarette smoke, said inner tubular filter
ﬁaving said inlet end, said closed end and said inner elongate chamber, said
micro-fibres having an average thickness in the range of about 0.5 to about
10 microns and being made from a suitable ‘micro-fibre forming
composition,

an outer filter shell surrounding said inner tubular filter, said outer
filter shell consisting of activated carbon material held by a support matrix
which is porous to air flow,

said inner tubular filter being of sufficient thickness to remove
substantially all particulate material from cigarette smoke passing radially
. from said inner elongate chamber through said tubular filter, said micro-
fibre filter material having a low pressure drop to permit an air stream to
flow through said filter with minimal resistance to such flow,

said activated carbon outer filter shell being of sufficient thickness
for adsorbing substantially all remaining traces of cigarette smoke from such
filtered sidestream cigarette smoke,

said inner tubular filter in combination with activated charcoal outer
filter providing a filtered air stream substantially free of cigarette smoke for
discharge into surroundings. |

20. A cigarette smoke filter cam;idge of claim 19 wherein said inner
tubular filter comprises:

séveral overlaid layers of a thin sheet of micro-fibre forming
polymeric material, said sheet having a width which defines a length

dimension of said tubular filter.
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_ _ sai ter has nultiple
llayers of different filtering naterial; an out %lsgﬁegtt}ﬁgggehg lacedir r oundi ng

said tubular fil- ter, said outer filter shell ctivated
carbon material held by a support matrix which | r flow, said
tubular filter of mcro- fibre being an inner f| to said outer

filter, said activated carbon outer filt shel | bei ng o,f suffl cient radial
t hi ckness for adsor bi ng sub- stantially all gaseous conponents of cigarette

smoke from sych f4 | fehefe chidkediitér Siftfdge of claim 19 wherein said activated
carbon material is in the form of activated carbon particles held by a mesh
support, said particles of activated carbon being held in place surrounding

said inner tubular filter by said mesh support.

22. A cigarette smoke filter cartridge of claim 19 wherein said activated

carbon is in the form of a mat of activated carbon fibres.

23. A cigarette smoke filter cartridge of claim 17 wherein said matt of
carbon fibres is thinner than said sufficient radical thickness of said activated
carbon filter, said matt is wrapped onto itself to form several layers of said
sufficient radial thickness.

24. A cigarette smoke filter cartridge of claim 19 wherein said micro-
fibres are of polypropylene, said sufficient radical thickness for said inner
filter being in the range of about 0.03 mm to about 6 mm and a packing
weight in the range of about 5 g/m? to about 500 g/m? for a sheet thickness

in the range of about 0.1 mm to about 3 mm.

25. A cigarette smoke filter cartridge of claim 24 wherein said packing
weight is in the range of about 10 g/m? to about 200 g/m’.

26. A cigarette smoke filter cartridge of claim 25 wherein said packing
‘weight is in the range of about 10 g/m’ to about 50 g/m?.

27. A cigarette smoke filter cartridge of claim 19 wherein said inner
tubular filter having micro-fibres of a diameter of less than about 5 microns
removes smoke 'particles of about 0.2 microns in the thickness and greater

from cigarette smoke.
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stream said inner tubular filter in conbination with acti- vated carbon
outer filter provi dhis h&tflésmeéhr lageqr. Stream substantially free of
cigarette snoke for surroundi ngs. 4. A ci garette snoke
filter of claim3 wh M!w nost tubular filter is provided inside
said inner tubu- |ar |nnernDst filter conprising a coarse
filter material for renovi ng | ar ger snok3® particul ate conponents. 5. A
cigarette snmoke filter of claim 4 wherein said inner tubular filter

conpri ses s@8er alA icigiirettel smokefjiter of cartridge claim 27 wherein said micro-

fibres have a diameter in the range of about 0.5 to about 2.5 microns.

29. A cigarette smoke filter cartridge of claim 23 wherein said sufficient
radical thickness is in the range of about 1 mm to about 7 mm.

30. A cigarette smoke filter cartridge for use in filtering cigarette smoké
exhaled by a cigarette smoker, said cartridge comprising:

an inner tubular filter consisting of micro-fibres for removing
particulate material from cigarette smoke, said tubular filter having an inlet
end for cigarette smoke to enter an inner elongate chamber within said
tubular filter, said tubular filter having a closed end opposite said inlet end,
said micro-fibres having an average diameter in the range of about 0.5 to
about 10 microns and being made from a suitable micro-fibre forming
composition,

an outer filter shelllsurrounding said inner filter, said outer filter shell
consisting of activated carbon material held by a support matrix which is
porous to air flow,

said inner tubular filter being of sufficient thickness to remove _
substantially all particulate material from cigarette smoke passing radially
from said inner elongate chamber through said tubular filter, said micro-
fibre filter material having a low pressure drop to permit an air stream to
flow through said filter with minimal resistance to such flow,

said activated carbon outer filter shell being of sufficient thickness
for adsorbing substantially' all gaseous components of cigarette smoke from
such filtered exhaled cigarette smoke stream, .

said cartridge having an end'portion adjacent said inlet end, said end
portioxi being received by an exhale mouthpiece to facilitate a user exhaling

into said filter cartridge, and
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ers of mcro-fibre mterial. 6. A cigarette snoke filter of claimb5 wherein
said sev- eral layers are of a thin sheet of mcro-fibres fo

HasBedn Replaced
polynmeric material, said sheet having a width which defines a
di rension of said tubular filter, - 26 - said layers of po
material provid- ing a stage-w se rermval3f)f particul ates from _
said inner tubular filter in combination with activated carbon outer
filter providing a filtered air stream substantially free of cigarette smoke for

discharge into surroundings.

31. A cigarette smoke filter cartridge of claim 30 wherein said end
portion is an extension of said inner tubular filter beyond said outer filter
shell to provide a tubular shaped end portion and means for strengthening
said end portion to facilitate receipt by an exhale mouthpiece.

32. A cigarette smoke filter cartridge of claim 30 wherein said inner
tubular filter comprises:

several overlaid layers of a thin sheet of micro-fibre forming
polymeric material, said sheet having a width which defines a length
dimension of said tubular ﬁlter.

33. A cigarette smoke filter cartridge of claim 30 wherein said activated
carbon material is in the form of activated carbon particles held by a mesh
support, said particles of activated carbon being held in place surrounding

said inner tubular filter.

34. A cigarette smoke filter cartridge of claim 30 wherein said activated

carbon is in the form of a mat of activated carbon fibres.

35. A cigarette smoke filter cartridge of claim 34 wherein said matt of
carbon fibres is thinner than said sufficient radial thickness of said activated
carbon filter, said matt is wrapped onto itself to form several layers of said

sufficient radial thickness.

M e
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cigarette smoke to enhance thereby filter per=—formance. 7. A Cigarette

snoke filter of claim3 wherein said acti- vat %ISWHQQB ugﬁlhéh is in the

formof activated car- bon particles held by a ald particles
of activated carbon being held in place about sa ar filter by
said mesh support. 8. A cigarette snoke filter c for use in a
snoker's accessory (10) for filtering sidgstream sm)ke emtted froma
burning cigarette (28), said cartridge conprising: a cigarette tube (70;

106) in whichyg bupniipgrette smoke filter cartridge of claim 30 wherein said micro-
fibres are of fibre forming polypropylene, said sufficient radial thickness for
said inner filter being in the range of about 0.03 mm to about 6 mm and a
pacﬁng weight in the range of about 5 g/m’ to about 500 g/m? for a sheet
~ thickness in the range of about 0.1 mm to about 3 mm.

37. A cigarette smoke filter cartridge of claim 36 wherein said packing
weight is in the range of about 10 g/m? to about 200 g/m?.

38. A cigarette smoke filter cartridge of claim 37 wherein said packmg
| weight is in the range of about 10 g/m? to about 50 g/m?.

39. A cigarette smoke filter cartridge of claim 38 wherein said inner
tubular filter having micro-fibres of a diameter of less than about 5 microns
removes smoke particles of about 0.2 microns in the thickness and greater

from cigarette smoke.

40. A cigarette smoke filter cartridge of claim 39 wherein said micro-
fibres have a thickness in the range of about 0.5 to about 2.5 microns.

41. A cigarette smoke filter cartridge of claim 30 wherein said sufficient

radial thickness is in the range of about 1 mm to about 7 mm.

42. A cigarette smoke filter cartridge of claim 30 housed in a housing,
said housing having a mouthpiece with said cartridge end portion fitted in
said mouthpiece, said housing having an outlet through which a filtered air
stream substantially free of cigarette smoke travels when a user exhales

cigarette smoke through said mouthpiece into said filter cartridge.
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cigarette is placed, said cigarette tube being at least as long as a
cigarette to be snoked and having a diameter at least 1.5 tines the diane-
ter of a cigarette, said cigarette tube being non- porous to sidestream
cigarette snoke, a porous |ow pressure drop tubular filter ele- nment (48;
72; 98) at an end of said cigarette tubg for renoving sidestream snoke,
said filter element having an inlet end ?164) for side- streamcigarette
snoke to enter an inner elon- gate chanber 102 within said tubular filter,

said tubular filter havi ngfsGeses Qiskd 8P 80 sysTEM

ABSTRACT

A cigarette smoke filter is provided for use in
a smokers’s accessory for filtering cigarette smoke,
the filter comprises: a tubular filter normally of
micro-fibres for removing particulate material from
cigarette smoke and optionally an outer filter layer
of activatgd carbon material or the like for adsorbing
gaseous components from the cigarette smoke. The
efficiencies of the tubular filters is such to remove
substantially all of the particulate and gaseuos
components from the cigarette smoke so that the
filtered smoke stream can be discharged into the

surroundings free of any cigarette smoke smell.

FIGURE 1
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oppésite said inlet end. means for connecting (74; 128) a first end of said

cigarette tube to said inlet end of said filter el enent whereby sidestream
snoke (44) to be - 27 - filtered flows along said cigarette tube, into

said inner chanber, and radially outwardly (50) through said tubular filter
el ement, and a second end (110) of said cigarette tube being

14
16+~
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open to permt insertion of a lit cigarette (28) into said cigarette tube,
said second end of said cigarette tube being adapted to be received by a
hol der (32) for a lit cigarette. 9. A cigarette snoke filter cartridge of
claim8 wherein said cigarette tube is a non-flamuabl e paper inpregnated
Wi th activated carbon material. 10. A cigarette snoke filter cartridge of
claim9 wherein said paper is thinner thHan a desired thickness for tube
wal |, several |ayers of said paper being |ayered to make up said desired

tube wal |l thickness. 11. A cigarette snoke fllter cartridge of claim8
wher ein
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said tubular filter element conprises: an inner tubular filter consisting
of mcro-fibres for renoving particulate material fromside- stream
cigarette snoke, said inner tubular filter having said inlet end, said

cl osed end and said inner elongate chanber, said mcro-fibres hav- ing an
average thickness in the range of about Q.5 to about 10 microns and being
made froma suitable mcro-fibre form ng conposition, an outer filter shel
surroundi ng said inner tubu- lar filter, said outer filter shell consisting
of acti- vated carbon material held by a support matrix
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which is porous to air flow, said inner tubular filter being of sufficient
thick- ness to renpbve substantially all particul ate - 28 - material from
cigarette snoke passing radially fromsaid i nner el ongate chanber through
said tubular filter, said mcro-fibre filter material hav- ing a | ow
pressure drop to permt an air stream;o,lflowthrough said filter with

m ni mal resist-
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ance to such flow, said activated carbon outer filter shell being of
sufficient thickness for adsorbing substantially all remaining traces of
cigarette snoke fromsuch filtered sidestreamcigarette snoke, said inner
tubular filter in conmbination with acti- vated charcoal outer filter
providing a filtered air strean1substqm§egly free of cigarette snoke for
di scharge into surroundings. 12. A cigarette snoke filter cartridge of
claim1l wherein said inner tubular filter conprises: several overlaid

| ayers of a thin sheet of mcro- :
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fibre*formng polymeric material, said sheet having a width which d

| Engt h di men- sion of said tubular filter. 13. A cigarette snoke filter
cartridge of claim 11 wherein said activated carbaon.Jmterial_is in the
formof activated carbon particles held by a nesh suppﬂ}’ft ArsarEbrpantieles " an”
of activated carbon being held in place sggroundi ng sé‘},.,d A-phar:

filter by said nmesh support. i LA :

Claims

1. A cigarette smoke filter for use in a smoker's acces-
sory (10) for filtering cigarefte smoke, said filter
comprising:

a tubular filter (48; 72; 98) consisting of micro-
fibres for removing particulate material from
cigarette smoke, said tubular filter having an
inlet end (104) for cigarette smoke to enter an
inner elongate chamber {102) within said tubu-
lar filter, said tubular filter having a closed end
(80; 100) opposite said inlet end, said micro-
fibres having an average thickness in the range
of about 0.5 to about 10 microns and made
from a suitable fibre forming composition.
said tubular filter being of sufficient thickness to
remove substantially all particulate compo-
nents from cigarette smoke passing from said
inner elongate chamber outwardly through said
tubular filter, said micro-fibre filter material (76,
78, 79; 114, 116) having a low pressure drop to
permit an air stream to flow through said filter
with minimal resistance to such flow.

2. A cigarette smoke filter of claim 1 wherein said filter
has multiple layers of different filtering material,

an innermost tubular fiter being provided
inside said tubular filter of micro-fibre, said
innermost filter comprising a coarse filter mate-
rial for removmg larger smoke particulate com-
ponents.
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- 29 -"14. Acigarette snoke filter cartridge (24) for use in fil- tering
cigarette snoke (64*) exhaled by a cigarette snoker, said cartridge
conprising: an inner tubular filter (60; 132) consisting of mcro-fibres

for renoving particulate materi al

fromcigarette snoke, said tubular filter

having an inlet end (138) for cigarette.ske to enter an inner elongate

chamber within said tubular filter

said tubular filter having a closed end

(136) opposite said inlet end, said micro-fibres having an average di aneter

in the range of

3.

A cigarette smoke filter of claim 1 wherein said filter
has muitiple layers of different filtering material:

an outer filter shell surrounding said tubular fil-
ter, said outer filter shell consisting of activated
carbon material held by a support matrix which
~ is porous to air flow, said tubular filter of micro-
fibre being an inner filter relative to said outer
- filter, _ _ -
said activated carbon outer filter shell being of
sufficient radial thickness for adsorbing sub-
stantially all gaseous components of cigarette .
smoke from such filtered cigarette smoke
stream,

said inner tubular filter in combi\nation with acti-
vated carbon outer filter providing a filtered air
stream substantially free of cigarette smoke for
discharge into surroundings.

A cigarette smoke filter of claim 3 wherein an inner-
most tubular filter is provided inside said inner tubu-
lar filter, said innermost filter comprising a coarse
filter material for removing larger smoke particulate
components.

A cigarette smoke filter of claim 4 wherein said
inner tubular filter comprises several individual lay-
ers of micro-fibre material.

A cigarette smoke filter of claim 5 wherein said sev-
eral layers are of a thin sheet of micro-fibres formed
from a polymeric material, said sheet having a
width which defines a length dimension of said

tubular filter,
R

AR LA
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about 0.5 to about 10 microns and being nmade froma suitable micro-fibre
form ng conposi- tion, an outer filter shell (134) surrounding said inner
filter, said outer filter shell consisting of acti- vated carbon nateri al
hel d by a support matrix which is porous to air flow, said inner tubular
filter being of sufficient thick- ness t@grenove substantially all
particulate material fromcigarette snoke passing radially (64) fromsaid

i nner el ongate chanber through said tubular filter, said mcro-fibre filter

mat eri al -

said layers of polymeric sheet material provid-
ing a stage-wise removal of particulates from
cigarette smoke to enhance thereby filter per-
formance.

A cigarette smoke filter of claim 3 wherein said acti-
vated carbon material is in the form of activated car-
bon particles held by a mesh support, said particles
of activated carbon being held in place about said
inner tubular filter by said miesh support.

A cigarette smoke filter cartridge (18) for use in a
smoker's accessory (10) for filtering sidestream
smoke emitted from a burning cigarette (28), said
cartridge comprising:

a cigarette tube (70; 106) in which a burning
cigarette is placed, said cigarette tube being at
least as long as a cigarette to be smoked and
having a diameter at least 1.5 times the diame-
ter of a cigarette, said cigarette tube being non-
porous {o sidestream cigarette smoke,
a porous low pressure drop tubular filter ele-
ment (48; 72; 98) at an end of said cigarette
tube for removing sidestream smoke, said filter
‘element having an inlet end (104) for side-
stream cigarette smoke to enter an inner elon-
gate chamber 102 within said tubular filter, said
tubular filter having a closed end (80; 100)
opposite said inlet end,
means for connecting (74; 128) a first end of
‘said cigarette tube to said inlet end of said filter
element whereby sidestream smoke (44) to be
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having a | ow pressure drop to permt an air streamto flow through said
filter wth mnimal resistance to such flow, said activated carbon outer
filter shell being of sufficient thickness for adsorbing substantially all
gaseous conponents of cigarette snoke fromsuch filtered exhaled cigarette

snoke stream said cartridge having an engh portion (140) adjacent said
inlet end, said end portion being received by an exhal e nout hpi ece (62) to

facil- itate a user exhaling into said filter cartridge,

filtered flows along said cigarette tube, into said
inner chamber, and radially outwardly (50)
through said tubular filter element, and

a second end (110) of said cigarette tube being
open to permit insertion of a lit cigarette (28)
into said cigarette tube, said second end of
said cigarette tube being adapted to be
received by a holder (32) for a lit cigarette.

9. A cigarette smoke filter cartridge of claim 8 wherein
said cigarette ‘tube is a non-flammable paper
impregnated with activated carbon material.

10. A cigarette smoke filter cartridge of claim 9 wherein
said paper is thinner than a desired thickness for
tube wall, several layers of said paper being layered
to make up said desired tube wall thickness.

1. Acigarette smoke filter cartridge of claim 8 wherein
said tubular filter element comprises:

an inner tubular filter consisting of micro-fibres
for removing particulate material from side-
stream cigarette smoke, said inner tubular filter
having said inlet end, said closed end and said
inner elongate chamber, said micro-fibres hav-
ing an average thickness in the range of about
0.5 to about 10 microns and being made from a
suitable micro-fibre forming composition,

an outer filter shell surrounding said inner tubu-
lar filter, said outer filter shell consisting of acti-
vated carbon material held by a support matrix
which is porous to air flow,

said inner tubular filter being of sufficient thick-
ness to remove substantially all particulate
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and . - 30 - said inner tubular filter in conbination with acti- vated
carbon outer filter providing a filtered air strewn substantially free of
cigarette snoke for discharge into surroundings. 15. A cigarette snoke
filter cartridge of claim 14 wherein said end portion is an extension of
said inner tubular filter -beyond said augr filter shell in

material from cigarette smoke passing radially
from said inner elongate chamber through said
tubular filter, said micro-fibre filter material hav-
ing a low pressure drop to permit an air stream
to flow through said filter with minimal resist-
ance to such flow,

said activated carbon outer filter shell being of
-sufficient thickness for adsorbing substantially
all.-remaining traces of cigarette smoke from
such filtered sidestream cigarette smoke,

said inner tubular filter in combination with acti-
vated charcoal outer filter providing a filtered
air stream substantially free of cigarette smoke
for discharge into surroundings.

12. A cigarette smoke filter cartridge of claim 11
- wherein said inner tubular filter comprises:

several overlaid layers of a thin sheet of micro-

fibre forming polymeric material, said sheet
having a width which defines a length dimen-
sion of said tubular filter.

' 13. A cigarette smoke filter cartridge of claim 11
wherein said activated carbon material is in the
form of activated carbon particles held by a mesh
support, said particles of activated carbon being
held in place surrounding said inner tubular filter by
said mesh support. |
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provide a tubular shaped end portion and nmeans for strengthening said end
portion to facilitate recei pt by an exhal e nout hpi ece. 16. A cigarette
snoke filter cartridge of claim 14 wherein said inner tubular filter
conprises: several overlaid-layers of a thin sheet of mcro- fibre formng
polymeric material, said sheet having a.wgdth which defines a | ength dinen--
sion of said tubular filter. 17. A cigarette snoke filter cartridge of
claim 14 wherein said activated carbon material is in the formof activated
carbon particles held by a nesh

14. A cigarette smoke filter cartridge (24) for use in fil-
tering cigarette smoke (64*) exhaled by a cigarette
smoker, said cartridge comprising:

an inner tubular filter (60; 132) consisting of
micro-fibres for removing particulate material
from cigarette smoke, said tubular fiiter having
an inlet end (138) for cigarette smoke to enter
an inner elongate chamber within said tubular
filter, said tubular filter having a closed end
(136) opposite said iniet end, said micro-fibres
having an average diameter in the range of
about 0.5 to about 10 microns and being made
from a suitable micro-fibre forming composi-
-~ tion, | | -
an outer filter shell (134) surrounding said inner
filter, said outer filter shell consisting of acti-
- vated carbon material held by a support matrix
which is porous to air flow,
said inner tubular fiiter being of sufficient thick-
ness to remove substantially all particulate
material from cigarette smoke passing radially_
(64) from said inner elongate chamber through
said tubular filter, said micro-fibre filter material
_having a low pressure drop to permit an air
~ stream to flow through said filter with minimal
' resistance to such flow,
said activated carbon outer filter shell being of
sufficient thickness for adsorbing substantiaily
all gaseous components of cigarette smoke
from such filtered exhaled cigarette smoke
stream,
said cartridge having an end portion (140) .
adjacent said inlet end, said end portion being
received by an exhale mouthpiece (62) to facil-
itate a user exhaling into said filter cartridge,

and
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support, said particles of activated carbon being held in place surrounding :
said inner tubular filter. 18. A cigarette snoke filter cartridge of claim
14 housed in a housing, said housing having a nouth- piece with said
cartridge end portion fitted in said nouthpiece, said housing having an

outl et through which a filtered air streaggsubstantially free of ciga-

rette snoke travels when a user exhales cigarette snoke through said

nout -hpi ece into said filter car- tridge. '

said inner tubular filter in combination with acti-
vated carbon outer filter providing a filtered air
strewn substantially free of cigarette smoke for
discharge into surroundings.

15. A cigarette smoke filter cartridge of claim 14

wherein said end portion is an extension of said
. inner tubular filter beyond said outer filter shell in

provide a tubular shaped end portion and means for

strengthening said end portion to facilitate receipt
~ by an exhale mouthpiece.

16. A cigarette smoke filter cartridge of claim 14
- wherein said inner tubular filter comprises:

“several overlaid layers of a thin sheet of micro-
fibre forming polymeric material, said sheet '
having a width which defines a length dlmen-
sion of said tubular filter.

17. A cigarette smoke filter cartridge of claim 14
wherein said activated carbon material is in the
form of activated carbon particies held by a mesh
support, said particles of activated carbon being
held in place surrounding said inner tubular filter.

18. A cigarette smoke filter cartridge of claim 14
housed in a housing, said housing having a mouth-
piece with said cartridge end portion fitted in said
mouthpiece, said housing having an outlet through
which a filtered air stream substantially free of ciga-
rette smoke travels when a user exhales cigarette
smoke through said mouthpiece into said filter car-
tridge.
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- 31.- 19. Acigarette snoke filter cartridge of any one of the preceding
c¢lainms 9-18 wherein said activated car- bon is in the formof a mat of
activated carbon fibres. 20. A cigarette snoke filter cartridge of claim 19
wherein said mat of carbon fibres is -thinner than said sufficient radial
thi ckness of said activated car- bon fillgjer, said mat is wapped onto
itself to formseveral |ayers of said sufficient radial thickness. 21. A
cigarette snoke filter cartridge of any one of the

19. A cigarette smoke filter cartridge of any one of the
preceding claims 9-18 wherein said activated car-
bon is in the form of a mat of activated carbon
fibres.

20. A cigarette smoke filter cartridge of claim 19
wherein said mat of carbon fibres is thinner than
said sufficient radial thickness of said activated car-
bon filter, said mat is wrapped onto itself to form
several layers of said sufficient radial thickness.

21. A cigarette smoke filter cartridge of any one of the
preceding claims 8-20 wherein said micro-fibres
are of fibre forming polypropylene, said sufficient
radial thickness for said inner filter being in the
range of about 0.03 mm to about 6 mm and a pack-
ing weight in the range of about 5 g/m? to about 500
o/m2 for a sheet thickness in the range of about 0.1
mm to about 3 mm. |

22. A cigarette smoke fi&er cartridge of claim 21
wherein said packing weight is in the range of about
10 g/m? to about 200 g/m2.

23. A cigarette smoke filter cartridge.-of - “claim 22
wherein said packing weight is in the range of about
10 g/m? to about 50 g/m?.

24. A cigarette smoke filter cartridge of claim 23
wherein said inner tubular filter having micro-fibres
of a diameter of less than about 5 microns removes
smoke particles of about 0.2 microns in the thick-
ness anWe smoke.
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precedi ng clains 8-20 wherein said mcro-fibres are of fibre formng

-pol ypropyl ene, said sufficient radial thickness for said inner filter being
in the range of about 0.03 mmto about 6 mmand a pack- ing weight in the
range of about 5 g/nferr] to about 500 g/nferr] for a sheet thickness in
the range of about 0.1 mmto about 3 mMa3®2. A cigarette snoke filter
cartridge of claim2l1 wherein said packing weight is in the range of about
10 g/nmerr] to about 200 g/nmferr]. 23. Acigarette snoke filter cartridge
of claim 22 wherein said packing weight is in the range of about

| 25, A cigarette smoke filter cartridge of clai{n 24
wherein said micro-fibres have a thickness in the
range of about 0.5 to about 2.5 microns.

26. A cigarette smoke filter cartridge of claim 25
wherein said sufficient. radial thickness is in the
range of about 1 mm to about 7 mm.
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10 g/rferr] to aQGL}ﬁ“ s é?;T,_fll A cigarette smoke filter cafetffg®? of
tl aim 23 wherein S&I 47 52 whbulkdn fi'l ter havi ng mcro-fibres of a
di aret er of |ess than about 5 m drgns renoves snoke particles of about 0.2

mcrons in the thil ck- gnegsTapul griedter from cigarette snoke. - 32 - 25.
A cigarette snoke fllter cartridgejof claim24 wherein said mcro-fibres
have a thickness i n~the 10

draw sidestream cig'arette smoke through the filter cartridge and
independently handles the exhale smoke in an exhale filter cartridge which
may either be part of or separate from the smoker’s accessory for filtering
sidestream cigarette smoke.

A representative smoker’s accessory is shown in Figure 1, and is

described in applicant’s issued U.S. Patent 5,495,859, the subject matter of which
is incorporated herein by reference. The operation qfthe smoker’s accessory may
be understood by reference to that application, however, for purpdse of
describing the function of the filters in accordance with this invention, a brief

U description is provided of the smoker’s accessory as shown in Figure 1.

The smoker’s accessory 10 has a central body 12 which supports and
houses a fan 14. Attached to the side of the central housing 12 is a
sidestream smoke filtering device 14 which has a housing 16 for a
sidestream filter cartridge 18. On the other side of the central body portion
12 is an exhale filter device 20 having a housing 22 for an exhale filter
cartridge 24. The device 20 is optionally attached to the side of the central
body portion 12. It is understood that the device for filtering sidestream
smoke may be held in one hand and the exhale filtering device 20 may be
held in the other hand in its own complete housmg separate and apart from
the sidestream filtering device. : '

The sidestream smoke filter cartridge 18 comprises a cigarette tube 26 |
in which a lit cigarette 28 may be placed. The lit cigarette may be inserted
in the cigarette tube 26 by pushing the lit cigarette through a cigarette holder
32 which has an insert 34 having a bore 36 therein. The lit end of cigarette
26 is inserted through the bore 36. Preferably, the cigarette 28 has its filter
tip portion 38 projecting exteriorally of the cigarette hoider 32 to allow the
user to inhale cigarette smoke in the directibn of arrow 40. In this manner,
the user, when usirig the smoking accessory 10 has the same sensation when
placing the cigarette filter 38 in their mouth as they would have in a normal
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range of about 0.5 to about 2.5 microns. 26. A cigarette smoke filter
cartridge o6f claim25 wherein said sufficient radial thickness is in the
range of about 1 mmto about 7 nm '
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'CLAIMS:

1. A cigarette smoke filter for use in a smokes’s accessory for filtering

cigarette smoke, said filter comprising:

a wbular filter consisting of micro-fibres for removing particulate
material from cigarette smoke, said tubular filter having an inlet end for
cigarette smoke to enter an inner elongate chamber within said tbular filter,
said tubular filter having a closed non-porous end opposite said inlet end,
said end being non-porous to cigarette smoke, said micro-fibres having an
average thickness in the range of about 0.5 to ‘about_ 10 microns and made
from a suitable fibre forming composition,

said tubular filter being of sufficient thickness to remove substantially
all particulate componcnts from cigarette smoke passing from said inner
elongate chamber outwardly through said tubular filter, said micro-fibre
filter mﬁterial having a low pressure drop to permit dn ait stream to flow .
through said filter with minimal resistance to such flow.

2. A cigarette smoke filter of claim 1 wherem said filter has multiple

. layers of different ﬁltermg material,

an innermost tubular filter being provided inside said tubular filter of
micro-fibre, said innermost filter comprising a coarse filter material for

‘removing larger smoke particulate components.

3. A cigarette smoke filter of claim | wherein said filter has multiple
layers of different filtetmg material;

an outer ﬁlter shell surrounding said tubular filter said outer filter
shell consisting of acuvated carbon material held by a suppon matrix which
is porous to air flow, said tubular filter of micro-fibre being an inner filter
relative to said outer filter,
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