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article, in particular but not exclusively a cigarette,

filter in which grooves are pressed into the circunfe mﬁ\lﬁw%@fllter
Various forms of enbodi ment of such filters are knovvn 06, 294
di scl oses a C|garette filter with a cylindrical filter plwug'®™w th an

air-pernmeable plug wap for the filter plyg and with grooves inpressed
into the circunference of the fyj NTSY, oﬁﬁ%rﬁ er a part of the
filter length fromthe nouth er})éé of 1% énlugl?’f 8%5&3—@500\/‘35 are, however,
| npermeable. The cylindrical filter plug and hence al so the grooves are

attached by an ai FrpR&vIRAR Gatld (ORIs PB €B§°1§’t r%ctﬂarq)gw%{)t 5{%‘%@‘{7 lsaact(;éiggte,

openi ngs. The filter has an unconpli rdctur e
essentially %?W@Bé@tﬁﬂnmbmom &r¢ pressedh intathg eirceifeeencd T the AGH, 122

di scl oses a cigar structur wever
circunferential sgﬁlﬁgfg 0 %ﬁﬂ% {?t hig?‘su n(]:cfl%‘m r?glhf ﬁgﬁ\ﬁﬁ? ?@db"fd“?‘?‘ié‘
grooves, ar e cigaiste filleryrit a@kﬂdncaltﬁlternilﬁg aith ianrpiespeceeibieplpg wgapvﬂsrape filkde phig

t hough, sone I t he the filter plug
Figs 2, 3 anﬁ@%&%n%&sa 81\%%1‘% éf”§8°f'ﬂ0%ﬁ8ﬁ‘§%‘8‘eﬁé¥wmpeﬁo bthe
still open oﬁlterHenaﬂoﬁaredhﬁ woidh e\ dftthd filtes. Thé gﬁbveaaﬁgh&md ahrakaAbE! ayeur ed
cigarette |s % wgagﬂehgta? :2% t he hi eegﬁctlon of . the unwant ed
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of the perfoLgl, h circunferential grooves, givVing
manuf act uri ng aﬁ%’l%ﬂt?a Alpgp @5"%‘“@ ‘§ 943 shows a furthér
modi fi cati on of 513041?-% 1122 Idtselos% amlgaﬂatte:ﬁltérhﬂthg{ SpNSStadtire, WIRES) heWevel) §ndToOUL h

end of thef dition | eas perforatlon S prowded In the
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| mper meabl e

The |ining y&pépre(spﬂwgewmpe)tobm memﬂah?sﬁltbwsuﬁﬁglwbﬁe&ﬂWomd\é@%ﬁé Ation

g:oreghrr:gzr eﬁg%t&gg WA cﬁgl s pr Gizh 2-&181019 ¥ oses afea:ﬁﬁln%’gﬁrwt&%@w&md Begogd wr ap
is not ment PesrEbiitiion ﬁg:dquonga@ge maehups etbwevdrl stk f these embodiments require
precise registration of the perforated tipping wrapper with circumferential grooves, giving
manufacturing and quality problems.
US 4,649,943 shows a further modification of such & filter, in which the grooves are
open at the mouth end of the filter. In addition, af Ieast one perforation is provided in the area

of the gfong intended for the introduction of air through the plug wrap into the filter plug,
thereby providing the filter with an improved air distribution in the filterrod. JIn addifion a
tipping wrapper of impenmeable material which has an air-permeable region contributes to this.
The lining paper (plug wrap) is impermeable but provided with ventilation openings.

Further, DE-PS 21 07 850 discloses a filter tip, the circumference of which is provided
with longitudinal grooves. A plug wrap is not mentioned and the grooves are preferentlally :

: open at the mouth end of the filter,

US 4,362,171 discloses a cigaretie filter with grooves which are open neither at the
tobacco end nor at the mouth end and thus extend only over the centre of the filter i)lug. Bach
groove is provided with an opening, so that ventilation air is guided longitudiziaﬂy along the -
filter rod in the direction of the mouth cnd. Thus outside air is introduced at high velocity in a
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open at the nouth end of the filter. US 4,362,171 discloses a cigarette
filter wwth grooves which are open neither at the tobacco end nor at the
nmout h end and thus extend only over the centre of the filter plug. Each
groove is provided with an opening, so that ventilation air is guided

|l ongitudinally along the filter rod in the direction of the nouth end. -

Thus outside air is introduced at high velocity in a ~I1~M21111 111 T11l1
FEErE et el rerr *000002* 2 sinple manner into the cigarette filter,

wi t hout the danger of a blockage due to |lip pressure and/or a |oss of
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filter core améhohhhdiied iaRRg. OMRS le length of the filter core is
di sclosed in DE 30 48 905 A - O prbelice s L e pcotin mrvaies ile aotis | v,
since it isComplexfgellie ity magnfashaege the production direction. A filter for
t obacco snoke pr quikled, M In its circunference which- are -
produced by a corru ét_eéggatﬁ%egi?tlglg?‘ﬁﬁa%%meﬂgwé ranpes: for the filtes; coep authwits om GB
210 i 271. Th eg“;gg@‘ %@W@@mmmﬂbﬂ lj.!tdzrhgrcfagﬂ twhidh ie@t@lﬁf%lleﬂlle Whojeslcngthdof l.he

snoke- i nper iy : bet ween the plug wap and the
corrugat ed r,ra,teri%ﬁs, g%’ﬂ%lg%‘;%g%%ge‘gﬁtF@sgftﬁﬁ%@%‘l g easilys since
corrugat ed #tf Botinggessaryiiechangsihaygoduct@pdifection. provi ded with ventilation
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and the w apper has\)/e at(ﬂlléeagt t%ﬁ%n &a%gglel? %eﬁme&%smv‘x are provided o
between the plug wrap and the corrugated material, and also between the tipping wrapper and
the corrugated material. The tipping wrapper is provided with ventilation openings. This filter
element should be versatile and flexibly usablec.-
GB 2 089 641 A discloses a filter for a cigarette with a central, hollow tube, which
extends .from one end of the filter into the filter material. The filter core is surrounded by a
non-porous wrapper and the filter plug and the wrapper have at least one groove, which extends
longitudinally from one end of the filter plug. In this way a normal decrease of pressure
through the cigarette is achieved for a filter with low to moderate efficiency. Formation of a
hollow tube adds to the manufacturing requirements. .
Further, GB 2 136 669 A shows a cigarette filter with a filter plug which is surrounded
by a smoke-permeable material. *The filter has longitudinal cdnugations which form grooves
outside of the smoke-permeable wrapper which are open at one end of the filter and extend in
longitudinal direction from this end towards the other end but not over the entire length of the
filter plug. The smoke permeable Wrapper catries means, i.e. a coating, which makes it smoke-
impermeable over a region which extends over only a part of the length of the grooves and
separates from the corresponding end of the filter a grooved .region of the wrapper which is
smoke permeable,
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|l ongitudinally fromone end of the filter plug., In this way a nornal
decrease of pressure through the cigarette is achieved for a filter with
low to noderate efficiency. Formation of a hollow tube adds to the

nmanuf acturi ng requi rements. Further, GB 2 136 669 A shows a cigarette
filter wwth a filter plug which is sur r ounded by a snoke- perneabl e
material. * The filter has |ongitudinal corrugations which form grooves
out si de of the snoke- perrreabl e w apper which are open at one end of the
filter and extend jn itudinal directfon fromthis end towards the
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openi ngs to hdfid "r&fb‘ﬁﬂsa{ oﬁé’%ﬁ& o} rtl?ééltel(ﬁhesgrgm étténh lf{?ﬁf oxIeOé;ld 3¢ TP !o &

article with a filter plug wh l.s wappeéd 1n or ous wrap

paper. A pl Rt shofilydrefoss @6935’31#%@61“%8@ spygoungied hmpé&mmwbhmg wﬂap) t he
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of the filter to a_  point shortly before the opposite en
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end of the {ibdrda®ofpRssiretah B achib&iivil 5. di stance fromthe other end. A
hi gh efficiency for the renoval of t tar "fromthe tobacco snoke with an
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connection to the filter material possible. Filter ventilation is not pmﬁded.

This filter is very resistant to crushing, so that the and/or each £roove can remain open
during the entire smoking of the smokable article. By gradually changing the portion of the
smoke which flows through the groove from a previously defined value to a value of 0, the
filter achieves an almost homogeneous delivery of particulate material per puff with a relativcly
constant increase of the degree of efficiency of the filter.

Finally, US-A-3,596,663 shows a filter for a smokable article with a filter plug with
grooves, the length of which is not defined. The filter wrapper and the lining paper are in each
case porous and/or provided with perforations. The air-permeable wfa‘ppcr is corrugated in
order to increase the size of the air-permeable surface and thus to simplify the path of the air
which is allowed through the ventilated wrapping paper to the filter material of the filter plug.
Thus a ventilated ﬁlter is produced that signiﬁcaﬁtly reduces the restriction of the air passage to
the filtering medium.

It can thus be stated in summary that for many years cigarette filters have been provided
" with grooves which permit smoke and/or air to be directed differently as a function of the
position and the length of the grooves and the porosity and/or ventilation of the tipping or filter-
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the filter material. At one end of every groove an opening is provided

whi ch makes a connection to the filter material possible. Filter
ventilation is not provided. This filter is very resistant to crushing, so
that the and/or each groove can remain open during the entire snoking of

t he snokabl e article. By gradually changing the portion of the snoke which
fl ows through the groove froma previously defined value to a value of 0,
the filter achieves an al nost honmogeneous delivery of particulate materi al
per puff with a relatively constant |ncrq@se of the degree of efficiency

of the filter  Finall 666 a.sno bIe rticle
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that for many cigarette filters hav ro t grooves
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the positi omainthni vauel ength of the gr ooves and the porosity and/or
In.this way it is

ventilation of t tipping or filter 4 wap paper. .

possi bl e to achi éﬁ’fﬁ ?f&t‘? ¥engen fsie Pedprec B{“E% WppkingArticle dn pasticylag 2i n
the nouth ar ejgaretohhich enfbRPai effetielinfRABEaQjUSERL, dedibise Bf Bk COR0Rtet BPILE, aS
well as sone qther effects I n recent Ivlears attention has been directed to

one snoke coffpe é?fPPa“?dVé‘ Qther Rpmponghin sieh axtar amdypicoling: whi ch no ef fecti ve,

economi cal filterThisss abﬂtev&it@mordmwﬁme%weuudnmyﬂeqwﬁ%s oftdigmnew | egal
requi renents which prescrl be. a maxi nrum CO quantity in the tobacco snoke of

a cigarette, att\@RiopHEateprabadimans apdelnedby ME‘@“‘?‘W@“@@“@M‘E@WW@%e snmoke
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snoke co npar@&m\hltmﬁa&easxﬂgm%waﬁﬁ DuS Uithe Bist du&rthcactd 16veli9 hotAffected by the

ﬁltermg material, the CO/tar ratio decreases.

If an air-impermeable plug wrap is used with the filter in accordance with invention then

the ventilating air flows over the grooves toward the tobacco rod when smoking the cigarette

and from there back through the filtration material into the mouth of the smoker.

As an alternative it is possible to employ a plug wrap which is inherently porous or
ventilated and hence provided with ventilation openings. Some of the ventilation air then flows
through this path and hence through the permeable plug wrap into the filter and to the mouth of -
the smoker. This portion can be adjusted by appropriate adjustment of the inherent or artificial
porosity of the plug wrap, by which means the pressure drop/smoking mechanics as well as the
COftar ratio can also be influenced. - |

As a further altemative, porous or ventilated plastic sheets or foils may be used as plug
wrap material. | : _

The use of on-machine laser perforation of tipping paper and impermeable plugwrap is
particularly useful for low delivery products with a tar delivery of less than 3mg, preferably less
than Img. For such low delivery products it may be advantageous to provide two rows of
ventilation holes, one row located above the ax1a11y extending grooves and another row located

downstream of those holes. On-line machine perforation perforates both the plug wrap and the




This is achieved in accordance with the invention by the features of Caim
1. Appropriate enbodi nents are defined by the characteristics of the
subordinate clains. Due to the flow nmechanics in the filter of this
i'nvention, the retention of the filter material is reduced because of the
wel I known dependency of the linear flow velocity: retention decreases
with increasing flow velocity. Due to the fact that the CO level is not-
affected by the filtering material, the gO’tar rati o decreases. If an

ai r-inper nmeabl | ug w.ap i.s used with the filter in_accordance with
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porous or Veffirthepdofreotin /sridble foBECO/t@fatib01 | S may be used as plug wap
material. The use of -machi ne | aser perforation of tipping paper and
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all owi ng the M’g‘% BF Vilh fOEroaves. t heret 0. Thus, nixed venti | ation

occurs, i.e. thr UHghrooved MeSa ANshafdl ok pRirbly HRT-SlapH td: .

t her nof or mabl e pl ugw aps such as thosg descri bed% n %?%‘s%ﬁéaf&gﬁm R%gs.
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. ! 1t 1S possible t% a?ljustk}.ﬁc gl?er propergw to the target properties of the cigarette to be

produced.

All conventionally used filter materials may be employed as filter material where one or
several of these materials can be used. Preferably a conventional filter tow of cellulose acetate
is used. For hardening the filters, conventional techniqués are used, for example adding
triacetin or Tegda to the filter tow.

It is also possible to add addiﬁves, such as activated charcoal, zeolites, flavour-
modifiers or an ion exchahgc resin, such as that known as Duolite (see US Patent Nos.
3,716,500 or 3,943,832) which is a porous particulate salt of a weakly basic anion exchange
resin, to the filter in order to reduce other vapour phase constituents. '

Preferably the filtration material is homogeneous. As used herein ‘homogencous’ as
applied to filtration material means there are no flow oponings, tubes or other elements in the
| filtration material. A hombgenoous filtration material may, though, be comprised of different
, filtration materials, such as in differing filtration sections, should the filter be a multiple filter.
A homogeneous filtration material has benefits of simplicity in manufacture.
Preferably the additive is located in a region of the filter v(rhich does not have, groov&e.- '
This prevents thermal decomposition of the additive upon moulding to produce the grooves.



filter ventilation, i.e. the COtar ratio is reduced by increasing the
filter ventilation, providing a further correcting variable for the COtar
ratio. In a preferred enbodinment two to ten grooves are provided, since the
use of only one groove leads to a very asymetrical distribution of the
ventilation air in the snoke which.could inpair snoking enjoynent. More
than ten grooves greatly conplicate the production process and also haydly
| eave enough space for adequate flow cross-section of the individual
grooves. Good results mere achi eved mrth four grooves. The grooves have a

V-shaped or prefetab aped. cr.os &ction, since this
manuf act uri ng andirf Fé”é 2 PERiered £ ‘g%QB%‘fcﬁ(j"tF‘Hie°V8blﬁfsdbﬂ 8porl
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enpl oyed as foinh, tvehieresitabld fiolw volv@icear® Achicked. several of these materials can be
used. Preferably Aalon entJ onal, filter tow of cel I%rl ose acetate s used.
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addi tives, such as activated charcoal, zeolites, | avour- nodifiers or an

i on exchange™sin, such as that known as Duolite (see US Patent Nos.
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basi ¢ anion exchange resin, to the filter in order_to reduce other vapour
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used her ei nnohmwefeﬂ&uﬁ%foaémararalse@ﬂed&héudatfeﬁﬁh@ﬁhdrlﬁéﬁferal means there
are no fl ow openings es or other elenents in the filtration material.

A honogeneous f i I Somteicass Hapwbs nepessaty that grthos sragwe is addsd fostbelfiliar, whihfrumsent .
filtration pefiffiabid ddifiller dcinterdhde! Sl \hobve! bR bdrRbbe sfe%mrgﬁm hqvksd the

filter be a nultiple filter. A honogeneous filtration nmaterial
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t hermal deconposition of the additive upon noulding to produce he grooves
6 | n accor BERSENP B (R prarerdiskeresMssdi nent t he grooves extend over |ess

t han 80% of The filter of this invention may obviously be included as part of a dual or triple filtering
device.

The tipping paper serving to attach the filter to the tobacco rod may have a conventional
structure, provided that it permits ventilation. This can be achieved either by use of a porous,
therefore inherently air-permeable tipping paper or by producing ventilation openings by
mechanical or electrostatic means or using laser beams.

In order that the invention may be clearly understood and readily carried into effect, reference
will now be-made, by way of example, to the following diagi‘ammatic drawings, in which:

' Figure 1 shows a perspective \riew of a filter attached to a tobacco rod with partly
wrapped tipping paper,

Figure 2 shows a curve plotting of the CO/tar ratio as a function of the filter ventilation
for a filter in accordance with the invention and a comparison filter,

‘Figure 3 shows an embodiment of a filter with particulate additive therein, and

Figure 4 shows another embodiment of a filter with particulate additive therein.

Figure 1 shows a perspective view of a part of a proposed filter cigarette generally
indicated by the reference symbol 10 with a convennonal tobacco rod 12 and a filter element 14
appended to one end of the tobacco rod 12. The filier element 14 consists of a cylmdncal filter
plug 16 of cellulose acetate tow as filtration material, which is homogencously distributed over

the entire volume of the filter plug 14. Thus, no flow openings, tubes or other means are



[

the length of the filter, where good results were obtained with about 60%
The depth of the grooves should be within the range 0.5 to 2 nm preferably
about 1 mm where suitable flow volunmes are achi eved. Taking this
Criterion into consideration the width of the grooves, neasured at the
circunference of the filter, should He between | and 3 nm preferentially
between 1.5 and 2.5 MM The depth of the grooves along the rod axis may
not necessarily be constant. It may for exanple increase towards the open

end, the tobacco sjde of the filter. The &rooves ey al so be_ non-linear,
fol | owi ng forP&% Q#Q‘Péh att‘l%"éi’lé’ﬁéﬁ &) uppdihereiny h?%?&ﬂl%“ﬁdﬁépﬁqﬁ’é t fiiratign materiak o e

cases it may Ineans Qlgsps ST Ho ﬂbﬁtopamﬁgsr tub&rorgétﬁﬁvacm@xtsadld&d ﬁl@atfoﬂ@mftédai era

whi ch runs d| aI I und t i te rcum‘ erence %l;h roove shall
connect the a 5?‘52’5}83“(’“ ? niﬁ)ée ttf?a‘f""ff’f‘i‘ﬁ? eLadifferpnt filistior materialsc at ed
directly bel onch dmhmhﬁérldga’ﬂtraﬁﬂn gcotichs Oéscritiad bElbw WilhGespedd & Figure WHohdloSii@nCces

the ventilati.on eHS\D&O | n. ca s of larger ventilation zones it may also be
necessary to HE8° &oﬁ?ﬁlpﬁs ‘(’ﬁ%ff grooves. The filter of this invention

may obvi ously be Tm:(ﬂltedpldg 36 is[R8VdredaFitha plligadra®1 8 Whicmsﬂmf- 1Riedb) altHdBM e
The tipping p ser gto attachthefllter to th obacco rod may have
a convent i on&H® t?ogﬁ notshoxm) b ean by Agberently, pprapis & li’E‘?VFd&@ Wit ventilation c an

be achi eved epénm@fddpynmpeﬁreamwﬁeﬁw&ahngtabﬂﬁf ulaﬂﬁ@ﬂ'tﬁé%ba)écoath&e&ﬁfi&eam e
ti ppi ng paper or ‘p 8€UCI ng ventilation openi ngs mechani cal
el ectrostatic medHeo%ss 20ar sgmpedialp theeuppmierppce of H’@rﬁltﬂf&?‘m{ﬂhb“ fwvgﬁwe@ao may

be clearl y Ufictae aﬁmdn@nmmadmbm Astribreld hﬁﬁ:aetﬁéﬁ@%er tﬁ@f:x?cﬁﬁﬁ%ce Wthé now
be- made, \);@nple to the foll ow ng diagrammati ¢ draw ngs,

whi ch: F| gu DG eEroyecty exend m ity the t‘&’a?qol%ﬁnda?fi%ﬁéﬁa elf@e%t 11t44obacco

rod with par%dethwﬂ@msblﬂ&puﬁﬂlmwmn&écﬁmset%eeifiﬁe"ﬁo&eg :)ﬁﬁﬂRe't dobd19_ of
the COtar ratio as a function of the filter ventilatTon for a ter in

accordance WPkt he invention and a conparison filter, 'Fi gure 3 shovvs an

enbodi ment of a h'ld ve\Rd fhn RRéritheCitbiilfBretd QF thie Vifted g1 R i an 324 dirkdiGN LR 4

shows another ment of a filter with particulate adgntlve t herein.

Figure 1 shofg g@l girally pdrguajs distanse figm fhermouth end of ithsfBicreloment {4emddicagsr et t e
generally ata dlstancc at which neither air nor smoke from the grooves 20 can directly reach the mouth

end of the filter element 14.
Investigations have shown that the axial length of the grooves 20 should be less than
80% of the length of the filter plug 14. About 60% is preferred.
The grooves 20 have a depth of approximately 1.5 mm and a U-shaped cross section and
a width of approximately 2 mm at the circumference.

The filter element 14 is surrounded in the usual way by a tipping paper 22, which is
provided in the embodiment shown with two circumferential paralle]l rows of ventilation holes
24. A larger or smaller number of rows of ventilation holes can also be provided or the tipping
paper 22 can be in!:lerently porous. It is only necessary to ensure that the porosity and/or the
number and size of the ventilation openings 22 ensure the desired degree of ventilation.

For the arrangement of the plug wrap 18 there are in principle two possibilities, i.e. the
use of an air-impermeable paper or an air-permeable paper. In the case of use of an air-

impe:'meable paper as plug wrap 18, ventilation air flows through the ventilation openings 24
" when smoking the cigarette into the grooves 20 and then from the grooves 20 toward tobacco
rod, where the Mon is reversed and the ventilation air then flows, together with the smoke
from the tobacco rod 12, through the filter plug 16 into the smoker's mouth. ,

If the plug wrap is air-permeable, either inherently porous or provided with ventilation

openings, then an adjuétai)le portion of ventilation air flows by this flow path through the air-




i ndi cated by the reference synbol 10 with a conventional tobacco rod 12 and
a filter elenent 14 appended to one end of the tobacco rod 12. The filter
el.enent 14 consists of a cylindrical filter plug 16 of cellul ose acetate
tow as filtration material, which is honogeneously distributed over the
entire volune of the filter plug 14. Thus, no fl ow openings, tubes or other
means are 7 provided in the filter plug 16. As used herein "~ honogeneous

as applied to filtration nmaterial means there are no fl ow openi ngs, tubes
or ot her elenents in the filtration naterlal A honpgeneous filtration

mat eri al may, &Fg be conprised of 8!§f erent filtration _ materials,: such
as the di ffer‘?eﬁﬁ Py PR todhe i ifepppd tey e propthend thgsmglsgrd i sinaddiion torthe i gur e
4, ‘none OL wWhilosting dhrongli ﬂﬁrgiﬁo@esijOWl ﬂﬁhemyrtgs dlllillobeﬁﬂlgﬁlhﬁkc &{%ﬁﬁdjhﬁ@rbypdlﬂgh16
is covered wit e e, altho in _other
enbodi ment s (ﬁ%ﬁa}?ﬁ&ﬂ/ﬂy" Pl?geé'af ﬂyﬁh w%&&%g’g Uppigg gper % wdialang the ¢ h
ventilation gﬁpeﬂlmg&dde@ﬁﬂﬂlbygedﬁmﬁﬂn ﬁﬁﬁhib]i eites UFectly @ifdups ﬂ%ﬁ)ﬁ@%ﬁd) 18 into

particularly o thlﬁ ?é)acco taste desired. G ooves 20 are stanped into the
ci rcunf erencéhdille’f Bt 1ter element 14, four grooves 20 in the enmbodi ment

shown, which are Mnsaegm@pn@me@ﬁmg@w@@bényowwm& BRuthiside W iR 'M@IBCe Qh vkthe

fllter el ement 14. .The grooves 20 extend up to the tobacco rod end of the

filter el empfiprassed inigdhe extqrgespriaceof the dinping Papead2. ilhese bavedio sheplogigal denstienst i on
bet ween the ghquesard Qloﬁasim&d?ea mpﬁe Gentildtief z!n?e 24 fat 9:519%%%@911516%00&@ the

circunference of the filter E in an axial direction and end
r heol ogi cal | Bresspredt gravegiinthy B?S*F’S‘Fﬁlf‘he mouth end of the filter el errent 14

and hence at a gigatangRwal g%h%hth@%ﬁ*ééf’@fth@kﬂte%uﬁﬁ%k& thé emtﬁrf}ﬁw%apves 20

can directly_ reach the mouth "end of th I'ter element 14. Investigations
have shown tiHiE m?éméaacavvﬂhéh‘gknnwopnﬁﬁ@ cgmatm@l oqilulosmadetatefilict tows ap ben  80%

of the | engtikp@inedvié plig tw%p Qﬁdjgblﬁ‘lgtom%O Q@t%’ b Hobd Si&flions! PG agves 20

have a depth of apprOX| mately 1.5 nm and haped cross secfion an a
width of apfyB®Rf lbﬂwqtﬁﬁoaﬁrtbmmwpfemm@frtbm@éerpmgémandwhmh,@bmwmg14 i s

surrounded imithCobiedén dF’]‘@MenﬁY)v& 6§%Q?ih@9=n€lﬁBF{he%?terc‘|(@&*cﬁh4' s provided in

t he enbodi nent shown with two circunferen ar al rows of ventilation
holes 24. A IarBéFPW%ﬁﬁPqVé?“Wﬂ?ﬁﬁéﬂleéFerﬁmﬂW%HW@@WWM@@‘@% al so

be provi ded nﬁfcmﬁtﬁﬁvénhﬁﬁbﬂ"@egree of 70%. For products of 3mg or less it is necessary, in order to
obtain the required ventilation level, to use additional on machine laser perforation, as well as
pre-perforated tipping. This increased ventilation level also helps reduce cigarelte pressure
drop. The reduction in CO/tar ratio obtained is balanced with the level of ventilation used.

In Figure 2 the full circles indicate the measured values for a conventional filter made
from monoacetate filter tow without grooves, while the squares describe the measured valucs
for a filter elcment 14 in accordance with the invention w1th the structure and the same
dimensions as the companson filter described above.

One can recognise very well that the filter element 14 in accordance with the invention
reduces the CO content of the smoke relative to the delivered tar and hence the COftar ratio
from about 1.4 to about 0.7, while through ventilation alone, and hence without use of groovcs
the CO/tar ratio can be lowered to only to about 1.12. '

Thus the CO/tar ratio can be reduced to below the limit set by the new regulailons with
the filter element 14 in accordance with the invention by the appropriate selection of a suitable
degree of ventilation for the tipping paper 22.

Additional mvmtlgatlons of cigarettes with filters accordmg to this invention showed .
that these results were conﬁrmed also for different tobacco blends in the tobacco section of the
cigarette. In Tables 1-3 the results are shown for the tobacco column of three commercially
available cigarettes to which the filter of this invention was added. The corresponding cigarettes



paper 22 can be inherently porous. It is only necessary to ensure that the
porosity and/or the nunber and size of the ventilation openings 22 ensure
the desired degree of ventilation. For the arrangenent of the plug wap 18
there are in principle two possibilities, i.e. the use of an
air-inperneabl e paper or an air permeable -paper. In the- case of use of an
air- inperneable paper as plug wap 18, ventilation air flows through the
ventil ation openings 24 when snoking the cigarette into the grooves 20 and
then fromthe oc%vest.ZO gtward t obacco .r'od, where the direction is
reversed and The STBREIPRL F8FS £2° Bhisyels jofabout Hing fwe apd dre: repestivske Ther om
t he tobacco rwmdasi@mebtsworegibnd thiowing DAY anf [SIQ sthdatdst 0 t he snmoker's nouth. | f
thé plug wap is akr-ferne ei t her inherentl Or ous or provided with
vent.il ation open?llrtllﬁs?? te’?ﬁséeﬁqjgﬁhgﬁﬁmw - E"b‘f‘?‘? O@Pg pEMRsies of B soYest 4 ows
by -t hi s fl ow gedves,t It omglonghaboati 1.5 thm peddTReh DS- [PinbhOddés. 2 [The Hup p,{:;,? Yid Lier
and to the S r. This. is in addition to the air | ow ng

t hr ough the%@%&blggu%qoggé?ﬁogﬂ%?ﬁaﬁ% dilution of the snoke can be

adj usted by air VEetfintiags show chearlywimt BHedies: of thiSinvehlidnS(hiated 33t ¥RBS it ga.}sjbgen

t hrough the Q(i) Bpoidn ﬁaﬁﬁ{ 22thand alq(i)ng the grooves 20, and secondly by
ventilation al f WhTcREETT P SOPRARYS, PRspEs  SiRPs 1eeths, iggetisp apith1tandard diltetshe
filter plug Gfmel SFybycafahigthe ettilitdaleveh Bittwillf RANERMRBRECOM L0 the nouth
side of the filter 14 can be inpressed into the ‘exterior surfoace of the

ti ppi ng paper 22. These have no Theol ogi cal function, since they are not
connected w Téblé¢ he ventilation zone 24, but only alert the snoker to the
presence of rgreeves—-na—the—filter t 14 _Figure 2 shows a graph of the
effect of the filter ventilation|®h tnEFco (BF rBEF o h dEFfillter in
accordance (prefuieldeop fiéent i on TT Py Cofiygnt ijojat Mol psegegtatie filter
tow, an airf. i ggﬁrérfable pl ug wiap angl four| groojves 2D Wt ?he above

di mensi ons, 2ate symmetricflly fistrijbuted over|{the ¢ircunference of
the filter |Hingvdfilaiod WNT Ch,” COMBRNCI @ (19 5§ gt oTenth— ext end over
60% of the fength of the filter el eneht” 14, ?’n xperinefits F%g entilation
of the fil t{&¥ BMhent 14 was varlileds hewkl \ H7oh8ser d 2 al 5, wax{ num

ventil-ationciegmge of /0% For ON@gUC s PI [FY U7 €54 t[ponefessary, in
order .to ()gg%%f he required veanti Lon jlevel to Usé& addlf’?l opal on
machi ne | ag drep SewEle, as walLl7 as 1331 ef b2k f 904 ed 98i ppj93g.

Thi s
increased Yaithm{@o)on | evel als¢ helgs redpce cijgaretfte prlessurp

COltar 1,09 |1,07 [1,03 |076 |0,63 051
Table 2:

[ SF_|EF |BF |EF |EF
Pressure drop filter ~[108 |90 |89 (o1 |89
in mm(H,0) .

Filter ventilation | ' 43,0 10,0 506 1583 |69,1

tar inmg | 56 |14 |78 |61 |43

COinmg | 67 |131 |58 |35 |18

Pressure drop cigarette 112 [144 [114 |[110 [107
’ in mm(H,0) .

COftar . 119 (115 [074 [057 |04z




drop. The reduction in COtar ratio obtained is balanced with the |evel of
ventilation used. In Figure 2 the full circles indicate the neasured val ues
for a conventional filter nade from nonoacetate filter tow w thout

grooves, while the squares describe the nmeasured values for a filter

el ement 14 in accordance with the invention with the structure and the sane
di nensi ons as the conparison filter described above. One can recognise very
well that the filter elenent 14 in accordance with the invention reduces
the CO content of the snoke relative to the delivered tar and hence the
COtar ratio fromabout 1.4 to about 0.7, while through ventilation al one,
and hence w thout use of grooves, the COtar ratio can be |lowered to only
to about 1.1ZabKBus the CO'tar ratlo can be reduced to belowthe limt set
by the new gegutrations—with—the—f+it Iple FL i -trageorganeeswith the

I nvention by the appropriate sel ection of aj suit§ %F gre of yentilation
for the tippPregsuparepfiltee2. Addi ti onal (ilB¢¥esfitgat [ #s @09ci gaggett ¢s with
filters accp cl,hpg{bz this invention showed | that|thes¢ results were
confirmed ajso i fferent tobacco bl ends| in the tobpacco |sectipn of the
ci garette. |Fitdadeheistioh-3 the results ase7shaym fp45,2 hestobgeesd cpl um of
t hr ee commergeiat-ty—avattable—ecigaretfestg-which thelfl r-of fthis

i nvention wa€ ¥H8Ed. The correspondin 3é?g”r8esctes533 Wwth ¢ddventi onal

filters gavecOaimpevel's of about "T0ng}4540. 1280 [3W TE3@ECihyery} The
measur enentfs—were done following DN hnd | $O st andar d The filtlers used

for these rddesHedPacigartisd the fol | o HY pddéhet|dRs of 12he | §2boves: 4
grooves, 17 lﬁrmﬂ(h , about 1.5 mmwi de and 0.5-.f deep| The |pl ug wap
was air irnperneabl'e and not additionally ventillated.] The tindings show

clearly thjltCQ/Hé filters of this invehilon|.A&mi8,86F) GEde| 0,69 pdssible to

produce ci ith conparable prlessure drops tofthe c] garetftes with
standard filters (naned SF) by adjusting the ventilation |evel, but with
clearly reduced COtar ratios. Table 1: SF BF EF EF EF BF Pressure drop

filter 72 76 76 74 73 72 in m(Hz0)
Figure 3 shows in cross section a filter element 14 of the invention, where like parts are

labelled in-accordance with Figure 1, attached to a tobacco rod 12. The plug wrap 18 used to
overlie the filter plug 16 includes a portion that has particulate activated carbon adhered thereto
in the region 26. Grooves 20 are formed in the plﬁg wrap 18 after the plug wrap is wrapped
around the filter plug 16. The filter element is thus an integral element.

- An alternative embodiment along the same dlémc is shown in Figure 4. However, in

this embodiment the filter clement- comprises three sections: a grooved section in which
grooves 20 are formed in the surface thereof, a Dalmatian carbon section 28 comprising .
particles of activated carbon dispersed in cellulose acetate tow, and a conventional cellulose
acetate tow section 30. The three sections may be joined together by one plug wrap which is
mouldable to produce the grooves of the gfooved section. Alternatively, the grooves are
formed in the surface of ecither a self-sustaining non-wrapped acetate (NWA) section or a plug
wrap enwrapping a cellulose acetate section. The three sections are then aligned together and
- then overwrapped with a further plug wrap (not shown).
The embodiments of Figure 3 and 4 avoid the problem of having to mould grooves into
a filter section containing particulate matter, during which moulding there may be adverse
effects on the particulate matter if contacted with heating elements. However, it i.s possible to
thermally form grooveé in a carbon-containing section, particularly if use is made of a
thermoformable plugwrap, and such is an option open to the cigarette décigner.
In addition, the presence of additive materjal affects other vapour phase- constitutents

and can be particularly advantageous for the selective removal of some of those compounds on



Filter ventilation 22,6 0,0 12,0 51,8 57,2 62,1 tar in ng 10,25 12,4 11,7
8,8 7,2 5,7 COinng 11,21 13,3 12,1 6,7 4,5 '2,9 Pressure drop cigarette
117 137 121 104 93 93 in nmH20) COtar 1,09 1,07 1,03 0,76 0,63 0,51
Table 2: SF BF EF EF EF Pressure drop filter 108 90 89 91 89 in mm H20) _
Filter ventilation 43 00 0,0 50,6 58,3 69,1 tar inng 5,6 11,4 7;8 6,1 4,3
COinng 6,7 13,1 5,8 3,5 1,8 Pressure drop cigarette 112 144 114 110 107
in m(H20) CO'tar 11,19 1,15 0,74 0,57 0,42 10 Table 3: SF EF EF | 3F EF
Pressure drop f%{%ﬁf 1,24 100 98 99 98 A m(H2Q Filter ventilation 56,7
0,0 45,2 51, 1W§Hosmangnalyle bsh (sse Hefigany, B.,dloflmang, T4 “Tebacps, SgkeCompanents)’, 5, 4
3,6 2,6 PresBtitregedirdpbakif@aheigeted@ifondiyd (198) 431 120 in nm(H20) CO'tar
1,27 1,28 0,86 0,69 0,59 Figure 3 .shows in cross section a filter el enment
14 of the invention, where |like parts are labelled in accordance with
Figure 1, attached to a tobacco rod 12. The plug wap 18 used to



overlie the filter plug 16 includes a portion that has particulate .
activated carbon adhered thereto in the region 26. G ooves 20 are forned
in the plug wap 18 after the plug wap is wapped around the filter plug
16. The filter elenent is thus an integral elenent. An alternative

enbodi nent al ong the same thene is shown in Figure 4. However, in this
enbodi nent the filter elenent- conprises three sections: a grooved section
in which grooves 20 are formed in the surface thereof, a Dal mati an carbon
section 28 conprising . particles of activated carbon dispersed in

cellul ose acetate tow, and a conventional cellulose acetate tow section
30. The three sections may be joined together by one plug wap which is
noul dabl e to produce the grooves of the grooved section. Alternatively, the
grooves are formed in the surface of eidhgimg sel f-sustaining non-w apped
acetate (NWA) section or a plug wap enwapping a cellul ose acetate

section. The three sectigns are then aligned together and_ then overw apped
with a further pluglw ap® FBOkEBodficle FREPENBSJT nehindricH  Bltgrumies (K4)q ok

avoi d the probl em of,ohaydne8ust RltARsH chatdrP Vi@Sail-HhRrmaabid bh@rwﬁaﬁqgkpnar the
containing particulate matter, during which noulding there may be adverse

effects on the part fitel Rlng (Wpat dirspmfgrentigHy spacedi srpyes (RBatenging lapgitydipally
However, itsi s possi i rb@ns -al:ni ng
Secti on, parti cul ar [ fiegmk pRaTRE) ol AEFRGEERKPR: Pl EP (PO RET bR,
such is an opti on opener far cohrectingthediltce pligJil grfe . tobagcathdl (1 2 whareadterisod #sence
of additive materia ts . O r_\v r X i nd ¢ be
particularly advantgﬁg%%§§ 2%5@ﬁgag@ﬁ%@#ﬁJgp%§§3§§F§%¥&§%E§}@9)?ﬁ§§§%&1
conpounds on t he Hoédmimnoushnaily treerlaipatt of sedetdtii 6f thafilicr [Pug (lldpfahdhente nbt |

"Tobacco Snoke Conponents", Beitrage.ziir Tahakfarschung In nat i on 18

(1908) 99) 15 ot AR te meuey ik e ol EBRe el ) Etue RLRREATER 1 ¢ or
plug (16) op honogeRBOMS Vehiilated! figpind Phstri @R) s@h laf vEMPGHE k| @itdpd W W ap
(18) for the filter pluq 616), circu erentlally spaced grooves (20)

ext endi ng | ongi t udi &QPYSF (B0)Mdthg vertdated ipRIpg pInsH(%EL6) al so i npressed into

the plug wap (18),2and & shioRRisRGticiPAPRErkRce GRINGGIN NOcHaPRtehikdd B tha kg
(16) to a tobacco rod (12), characterised in that all grooves (20) are

open on the side offilipHon pEsakeffdier phuz)(16)ig hemegergous over the full length'of the
filter plug (16).

15 3. A smoking article in accordance with Claim 1 or 2, characterised in that
the grooves (20) extend over a maximum of 80% of the length of the filter plug
(16).
4. A smoking article in accordance with any one of the Claims 1 to 3,
characterised in that the length of the grooves (20) amounts to about 40 to 70%
20 of the length of the filter plug (16).
5. A smoking article in accordance with Claim 4, characterised in fhat the

length of the grooves (20) amounts to 55 to 65% of the length of the filter plug

(16).

6. A smoking article in accordance with any one of the Claims 1 to 5,
25 : characterised in that two to ten grooves (20) are provided.

7. A smoking article in accordance with Claim 6, characterised in that

three to five grooves are provided.
8. A smoking article in accordance with Claim 7, characterised in that four

grooves are provided.



continuously only over a part of the length of the filter plug (16), and
hence not wup to the nouth end of the filter plug (16) and that all grooves
(20) are covered 10 with the ventilated tipping paper (22) such that
ventilating air enters the grooves (20) via the ventilated tipping paper
(22). 2. A snoking article in accordance with Caim1, characterised in
that the filtration material of filter plug (16) is honbgeneous over the
full length of the filter plug (16). 15 3. A snoking article in accordance
with Caiml or 2, characterised in that tiBe grooves (20) extend over a
maxi mum of 80% of the length of the filter plug (16). 4. A snoking article
I n accordance with any one of the Cains 1 to 3, characterised in that the

length of the grooves (20} spioRiRtHi¢10 iRa6sdrdahOe Woth 730 on2Oothe td1GnIsengd B, of
the filter plug (16). 5. A snoking article in accordance with C aim 4,
characterised in thathaasierisedeiigthal the grevey (HY\ase dpgptednpymmericlyswyet dree50,

of the length of thefduhdf§tndRlofthe f(ltlapél.ug@ﬁ)p\ snoking article in accordance
with any one of the dains | to 5 25 Characterised in that two to ten

grooves (20) are proMd-dedd smokingsariHe rig aggordapte With aay ceddntbe Glpiprs 1doafm 6,

characterisegd in thaéhara%ﬁ?% ig;&xnglft i}l‘éegéﬁfv%man%r\ﬂg&?@d’&d@%?&d. A smoki ng

article in accordance wt , ara rise n that four grooves are
provi ded. 13 9. A shinki n4 seoking|agtidle irnaworddaeeceitivanih osmyf treeClaimst héo @,ai ns

B N T T S
snoking article in awcor dasmeking taftickin aeerdahcet wigh &ihyabids of tHeaCldims bHto 11,
cha et et e LY 20 BB E e st TR o
10 3 mm.
13. A smoking article in accordance with Claim 12, characterised in that
the grooves (20) at the circumference have a width of from 1.5 to 2.5 mm.
14. A smoking article in accordance with any one of the Claims 1 to 13,
characterised in that the filter plug (16) consists of filter tow made of cellulose
15 acelate.
15. A smoking article in accordance with Claim 14, characterised in that
the filter plug (16) contains additives such as activated charcoal, zeolites,
Duolite or flavour-altering additives.
16. A smoking article in accordance with any one of the Claims 1 to 15,
'20 characterised in that the tipping paper (22) is porous.
17. A smoking article in accordance with any one of the Claims 1 to 15,
characterised in that the tipping paper (22) is provided with ventilation
openings (24) by mechanical or electrostatic means or by laser beams.
18. A smoking article in accordance with any one of the Claims 1 to 17,
25 characterised in that the degree of ventilation of the tipping paper (22) lies
between 30 and §0%.
19. A smoking article in accordance with Claim 18, characterised in that
the degree of ventilation of the tipping paper (22) lies between 40 and 70%.
20. A smoking article in accordance with any one of Claims 1 to 19,
30 characterised in that the plug wrap is provided with ventilation openings.
21. A smoking article in accordance with Claim 20, characterised in that

. the ventilation openings are provided by on-line machine perforation.



characterised in that the grooves have a depth from0.5 to 2 mm 12. A
snoki,ng article in accordance with any one of the Clains 1 to 11,
characterised in that the grooves (20) at the circunference have a w dth of
I"to 10 3 Mn 13. A snoking article in accordance with Claim12,
characterised in that the grooves (20) at the circunference have a wdth
of froml.5to 2.5 mm 14. A snoking article in accordance with any one of
the Cains 1 to 13, <characterised in that the filter plug (16) consists of
filter tow made of cellulose 15 acetate. 15 A snmoking article in
accordance with Cain 14, characterised inl4hat the filter plug (16)
contains additives such as activated charcoal, zeolites, Duolite or
flavour-altering additives. 16. A smoking article in accordance with any
one of the Cains 1220 1¥seofpemekiag adicks ipaeeprdance With anyiene op fiervdpimah e
(22) is porous. 17. z/x\féam&eagctﬁ,ﬁltdfﬁleeco %ﬁ%%ﬂ&%%me?gaé Qhfi1don ! e
Clains | to 15, characterised in that the tipping paper 5 I's prOV|ded
with ventilation openings (24) by nechanical or electrostatic nmeans or by
| aser beans. 18. A snoking article in accordance with any one of the C ains
1 to 17, 25 characterised in that the degree of ventilation of the tipping
paper (22) lies between 30 and 80% 19. A snoking article in accordance
with Claim118, characterised in that the degree of ventilation of the

ti ppi ng paper (22) lies between 40 and 70% 20. A snoking article in
accordance wth any one of Clainms | to 19, 30 characterised in that the
plug wap is provided with ventilation openings. 21. A snoking article in
accordance with Claim 20, characterised in that the ventilation openings
are provided by on-line machine perforation. 14 22. Use of a snoking
article in accordance with any one of the clains | to 21 for the reduction
of the COtar ratio as a function of the filter ventilation.



