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Figures 1B-1D are representations of experimentally measured values of RTD and

ventilation of an unlit smoking article constructed with downstream ventilation.

Figures 1E-1G are representations of experimentally measured values of RTD and
ventilation of an unlit smoking article constructed with upstream ventilation.

Figure 2 is a diagram illustrating an exemplary embodiment of a method of making a
reconstituted tobacco sheet having a high glycerin content.

Figure 3 is a diagram illustrating a preferred embodiment of a method of making a
reconstituted tobacco sheet having a high glycerin content.

Figures 4 and 5 are side views of smoking articles with the tipping paper partially
unwrapped to reveal filter components of further embodiments.

Figure 6 is a side view a smoking article with the tipping paper partially unwrapped to
reveal filter components including a flow restricting filter segment having end-to-end symmetry.

Figures 7 and 8 are side views of smoking articles with the tipping paper partially
unwrapped to reveal filter components of further embodiments.

Figure 9 is a graph illustrating the effect of glycerin on cut filler and restrictor filters on

phenol in smoke.
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oweveér, cigarettes with high levels of ventilation have usually had unacceptably low
levels of resistance to draw (RTD) unless some counter measure is in place. One solution to
this problem with RTD was to include high density cellulose acetate filter segments. However,
such high density filter segments tended to reduce tar delivery (FTC), with little or no effect upon
gas phase constituents of mainstream tobacco smoke, such as carbon monoxide (CO) and
nitrogen oxide (NO). This solution tends to worsen the CO to tar (FTC) ratios especially in lower
delivery (FTC tar) cigarettes.

On the other hand, cellulose acetate filter segments comprising cellulose acetate tow
and triacetin plasticizer are known to be effective in removing phenols and cresols from
mainstream cigarette smoke. Any substantial reduction in the mass or density of such filter
segments has tended to create higher proportional constituency levels in mainstream smoke of

phenols and cresols on a per unit tar (FTC) basis.
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the tobacco rod 12 is of reconstituted tobacco sheet. More preferably, the tobacco rod includes

about 30% to about 50% of the reconstituted tobacco sheet, and more preferably about 35% to
about 45%. However, in other embodiments, the cut filler does not include a reconstituted
tobacco sheet, but includes enhanced glycerin levels applied to the cut filler.

The reconstituted tobacco sheet is cut into smokeable filler material for a smoking
article. Preferably, the reconstituted tobacco sheet includes up to about 50% w/w of glycerin. In
an embodiment, additional cut tobacco filler material is also incorporated into the tobacco
rod 12.

FIG. 2 shows an exemplary embodiment of a method of making a reconstituted tobacco
sheet having a high glycerin content for inclusion in smoking articles. In step 100, an aqueous

slurry containing tobacco materials is prepared. In the next step 200, a tobacco sheet is formed
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weightn'Fr‘vnoL{Léarch%Hp lme?nts ltJl%e %'o sﬁﬁé %Sgtent is reduced to less than 45% by
weight, less than 40% by weight, or less than 35% by weight. For example, the sheets can be
placed on a steam-heated metal drum (i.e., Yankee dryer) to reduce the moisture content and
optionally followed by smaller steam-heated surface dryers (i.e. can dryers).

After the moisfure reduction process 680, an aerosol former solution 720 is applied to
the sheet. For example, the sheets can be passed through a size press 700, in which the
sheets are fed between two vertical or horizontal rollers, configured to apply an aerosol former
solution 720 to both sides of the sheet. The aerosol former solution 720 can include other
additives 740. In alternative embodiments, the aerosol former solution 720 can be sprayed onto

the sheet, or the sheet can be immersed in the aerosol former solution 720.
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one embodiment, the acetate compound includes ammonium acetate, calcium acetate, and/or
magnesium acetate. The one or more acetate compounds are added in an amount effective to
promote the reduction of catechol, hydroquinone, phenol, or TSNA in the smoke of a combusted
smoking article incorporating the sheet as a cut filler.

As shown in FIG. 3, after passing the sheet through the size press 700, in which the
aerosol former solution 720 is incorporated, the sheet is exposed to a drying process 760. For
example, the drying process 760 can include passing the sheet through a tunnel or apron dryer.

In one embodiment in which the aerosol former solution 720 is glycerin, the glycerin

solution is added in an amount effective to produce a non-tacky sheet upon drying. In another
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3mm to 7mm in length. In this embodiment, a cavity 46 within the filter 14 is defined at least in
part by an inner periphery of a cylindrical tubular filter segment 48, and by the space between
the mouthpiece filter segment 22 and the restrictor disc 26. A ventilation zone 40 is provided at
a location along the cavity, which location is preferably downstream of the flow restriction 30
and spaced upstream from the mouthpiece segment 22. The tubular filter segment 48 is
preferably constructed from a relatively heavy filter plug wrap, a paper or other material, such as
cellulose acetate.

In this embodiment, the ventilation zone 40 comprises a plurality of ventilation holes 41
which extend through the tipping paper 16 and preferably, through the tubular filter segment 48.
Accordingly, the material of the filter segment 48 is preferably cellulosic so that it can be laser

perforated via online laser perforation techniques (or other perforating techniques) to provide
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construgpsdt frerarceflilbdecacetate tow downstream of the flrst filter segment 19, a mouthpiece
filter segment 22 constructed from cellulose acetate tow at a downstream end portion of the
filter, and a restrictor disc 26 situated between the second and mouthpiece filter segments 18
and 22. In this embodiment, the outer annulus of restrictor disc 26 is preferably slightly
frustoconical to facilitate plunging of restrictor disc 26 along tube 48 from left to right. In this
embodiment, a cavity 46 within the filter 14 is defined at least in part by an inner surface of the
cylindrical tubular filter segment 48, and by the space between the mouthpiece filter segment 22
and the restrictor disc 26. A ventilation zone 40 is provided at a location along the cavity, which
location is preferably downstream of the flow restriction 30 and spaced apart from the

mouthpiece segment 22.
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cavity 46 within the filter 14 is defined at least in part by an inner surface of the cylundrnca!
tubular filter segment 48, and by the space between the mouthpiece filter segment 22 and the
restrictor disc 26. A ventilation zone 40 is provided at a location along the cavity, which location
is preferably downstream of the flow restriction 30 and spaced apart from the mouthend of the
filter.

Preferred dimensions for an exemplary 83mm smoking article include, for example, a
filter length of approximately 27mm, a mouth end filter segment length of approximately 7mm,

vent holes that are located approximately 12mm from the mouth end of the smoking article, a
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A restrictor disc 26 having end to end symmetry has tubular body portions of equal
length on opposite sides of a transverse wall (partition). By such arrangement manufacture of
the filter is facilitated by the end to end symmetry of the restrictor disc 26.

Optionally, a second zone of ventilation may be located upstream of the flow
restriction 30 in addition to the ventilation zone 40 as provided above.

Manufacture of the smoking articles 10 described above is facilitated with the use of pre-

perforated tipping paper.
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During smoking of a cigarette constructed in accordance with the present disclosure, a
desired degree of ventilation (e.g., 50% to 90%, preferably about 60% or about 70%) is

preferably maintained throughout the smoke.

ADDRESSING PHENOLICS IN MAINSTREAM SMOKE

Cellulose acetate (CA) filters with triacetin as plasticizer are known to remove phenol
and cresols from mainstream cigarette smoke when compared to non-filter cigarettes on an
equal tar basis. The present restrictor filter design reduces the amount of such CA in a filter by

about 50% (e.g., conventional cigarette with a 27mm filter versus an equivalent restrictor filter
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FTC Massachusetts
Tar 6.9 mg/cigarette 21.4 mg/cigarette
Puff Count 9.0 13.1
co 3.7 mg/cigarette 12.1 mg/cigarette
Tar/Puff 0.8 mg/puff 1.6 mg/puff
CO/Puff 0.4 mg/puff 0.9 mg/puff
COlTar 0.5 0.6

From the above, it is noteworthy that CO/tar values remained low.



the direction of flow of mainstream snoke passing

t heret hrough Furthernore, a pair of partitions nay be
waeoangeel i nternally within the restrictor di SBCRB28G8/001372

as to provide end to end sy try for the restrictor

disc 26 Afilter conponent Eg‘\ji ng end to end syrmetry

facilitates high speed filter rod making in that th

Cdomsetiesof GotaR epTodisaanis WYt Yiek lgFs A 2t roo‘aﬂgmqkﬁ%g'ess than

about BBRYY, HHdOLI MY et BBbwf 0. bé\ﬂ%%}mpamnto ﬁﬂanFfT@r"tar" per puff on
reverses It Arestrictor disc havi nahend to end

averagg Wit pyokeds updRiuF B erking ePnditinns. oPuEy GigRratieR AR yira low tar”

cigaret@RRASEN GieRi M8S tiin Sbdut FRRY FTEetadd Er élBé\'@hétTﬁJ’ﬁaI@YSuch cigarettes
such arrfangenent manufacture of t lter i's

yield lesachan ehoWco BYffe. rRNdepften BbRUS § gm@tt reypeffs tyfien smoked under FTC

smoking&hhikigaLr disc 26 Optionally, a second zone of
ventilation may be | ocated upstream of the fl

Relerfing tnash 8.0 i9wie a9idine; sHedt oot BCRTim EPPled fsh ool fileragn phenolic

compo%d&ﬁ%éu&ﬁ@aﬁpﬁﬁ&e'\@@%@ﬁt Uftn% 18 tér*’tﬁ’gaﬁéﬁe’s' |ﬁé]ué§ﬁ§ aBb®’% glycerin
descri bed above is facilitated w

of
and nopr,eéwgfq Heue aboyti HPic ghe;@d{g}gﬁpéfgpabtplyaﬂ% tqr| rgwrlctor filter cigarettes

includinE 8 rédtfdtbrodhd3boub 2% %ﬁ@nh ‘ha@@ﬁbédth%ﬁ:g%ﬁblﬁh@fﬂr FTC. In contrast,
pressure drop such t article 10

at the snokin
ultra lomt@s@maset@%@v%@eﬁe@ 3 PG @n SAPaneeRkgVeRINHRANRQE of about 7%,

and anQpsBESRBIulodd fletite hiket durg HJ\P@ abdiu®58)ig &mﬁbt/mgla}@m
wat er I n an enbodi nent, Iowrestrlctlo

i1 10 £ORBRITS tbategegtmareﬁteén@%%@gg grfdteg ml'}dmcfh rgsffigtor and an

upstreérﬂ%eﬁ@@i‘é Reetafet filter SIu ahd %ﬁteﬂlleﬁs ifclided %batﬁtcl’%tg]y&"naWo cigarettes
| east 50mMm wat er or %t er

of er er
contairyagn GegF TSRS & "SOITTA PAPurE; o Fent P ek | Shese effects
were réﬁréé‘é}ﬂé’@fréﬁtl\)éaio' phetdfic feveisadred ebnwntiomy &fhmatoﬁlwlt?a QJw delivery

oo R B! L R0 YRR RUIN e TATIND any ao

decreaggtlh oal éSMourﬂt ofl gﬁéﬁol 8&693 M@bidxiragtent 390 diieunedser n‘OEatechol, and an

about t o about mar e pref er gbl out 0O

approRAIR S 1 Seri e e HECUR LB aRUP N B nrPELRPRR. o contast

cugaretté%mﬁihg depetidtor mdt muopem g@beﬂ] shawdd plreinor ldfdpc»escatechol a
be used For enbod nent t

minor En PYGTOBVnpI G Pl opt o) BREBY BB RO AL TP 0

Reredingmdheto Bigate The gmhnllustrafesdhsceﬁéa ofeghhaeced glycerin (about
7%) in é:HEfQ' 'f%bj'g};%g@f‘gﬁl‘gb‘p& ﬁ,él %rp Baaélné gp &nk %F(gr leg%l Q rapgroxllmately 70%, a
restrictbi ek g &dﬁhdam pdllapie atpateyfiter plog ontAkS dslivetiespe tar. As shown, the
Fro oRRUARLT S, S BERT ERL B PR, gl ae
formaldehysens | redackdt h/eemoabn’mamtegm adaimerciathyntagaitabte uttiae low tar delivery
st i AR A VR b9 e beh e 1574 BPer e
delivery smoking articles including carbon on tow and about 2% glycerin.

It is noteworthy that highly ventilated restrictor cigarettes with 7% glycerin achieved
smoke constituent reductions the same or better that 45 mg activate carbon. The filter achieves
the smoke constituent reduction desired by carbon-filter cigarettes without the taste penalty
associated with carbon-filters.

Figure 12 is a graph illustrating the FTC smoke constituents of a preferred embodiment
ultra low tar cigarette including a restrictor and 7% glycerin as compared to an ultra low tar
cigarette including 2% glycerin and an ultra low tar cigarette including 45 mg carbon on tow and
2% glycerin. As shown, the cigarette constructed according to a preferred embodiment showed

significant reductions in CO, nicotine, and 1,3-butadiene.
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By including carbon, either on paper or on CA tow, upstream of the ventilation holes the
presence of VOC, carbonyls, and the gas vapor phase were reduced beyond cigarettes
containing no activated carbon in addition to the restrictor and 7% glycerin levels.

Table 4 discloses the concentration of particulate phase constituents of a smoking article
of a preferred embodiment including 7% glycerin in cut filler and a filter including cellulose
acetate upstream an downstream filter segments, a flow restrictor therebetween, and a cavity
downstream of the flow restrictor in communication with a ventilation zone as compared

smoking articles including a standard amount of glycerin, about 2%, and a filter including
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delivery level or "tar category"” (FTC tar) and at any
desired level of tar diluent Preferably, the addition
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to counteract the tendency of phenols to pass through
tow particulate efficiency CA filter segnents at a
greater rate than they do wth conventional CA
filters. Table 2 discloses the tar content, both under
FTC conditions and the nore stringent Massachusetts
test, of a snoking article of a preferred enbodi nent
including 7% glycerin in cut filler and a filter

i ncludi ng cellul ose acetate upstream an downstream
filter segnents, a flow restrictor therebetween, and a
cavity downstream of the flow restrictor in

conmuni cation with a ventilation zone FTC snoki ng
condi tions include 35m puffs of 2 second duration
every 60 seconds Massachusetts snoking conditions

i ncl ude 45cnB puffs of 2 second duration every 30
seconds, with 50% of the ventilation bl ocked Table 2
Restrictor Cgarette Test Results Fromthe above, it
is noteworthy that COtar val ues renai ned

| owCi garettes of certain enbodi nents nmay yield | ess

t han about 0 9ng, often | ess than about 0 5ngy, and
usual Iy between about 0 05ng and about 0 3ng FTC "tar
per puff on average when snoked under FTC snoki ng
conditions Such cigarettes are "ultra low tar"
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t han about 9 puffs, and often about 6 to about 8
puffs, when snoked under FTC snoking conditions
Referring now to Figure 9, the effect of glycerin
applied to cut filler on phenolic
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5. The smoking article of Claim 1, wherein said smokeable filler material includes a

shredded reconstituted tobacco sheet, said aerosol former being a component of said

reconstituted tobacco sheet.

6. The smoking article of Claim 5, wherein said reconstituted tobacco sheet is included in
said smokeable material in an amount of about 10% to about 80% by weight of the smokeable
material or wherein said reconstituted tobacco sheet is included in said smokeable material in

an amount of about 30% to about 50% by weight of the smokeable material.

7. The smoking article of Claim 1, wherein said flow restricting filter segment comprises a
tubular segment having a transverse wall with one or more orifices therein and wherein said
transverse wall is centrally located between upstream and downstream ends of the tubular

segment.
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14. The smoking article of Claim 1, wherein said flow restricting filter segment comprises

beveled edges at upstream and downstream ends thereof.

15. The smoking article of Claim 1, wherein said flow restricting filter segment includes a

frustoconical transverse wall, which is convergent downstream or upstream.

16. The smoking article of Claim 15, wherein said flow restricting filter segment is a restrictor

disc of approximately 5mm or less in length.

17. A method of treating mainstream smoke comprising:
drawing mainstream smoke from a tobacco rod through a restrictor while communicating

a ventilation zone with said mainstream smoke downstream of said restrictor; and



18. In conbination, a snoking article, conprising: a
restrictor arranged to establish a predeterm ned
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| ul ose acetate at a stream end thereof, a
rest rictor defining at |east one fl ow passage
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a ﬁter gﬁache% tmafhe tobacccl) poc} B)? tnE&E’S‘ cy:aaper %e filter having an upstream end
adjacent the tobacco rod, a filter plug of low filtration efficiency cellulose acetate at a
downstream end thereof, a restrictor defining at least one flow passage therethrough upstream
of the filter plug, an empty cavity extending between an upstream end of the filter plug and a
downstream end of the restrictor, and a ventilation zone extending through the tipping paper
and communicating with the cavity, the restrictor providing a resistance to draw of at least 70
mm water and the ventilation zone providing at least 60% dilution to the mainstream smoke,
wherein the phenol control agent comprises glycerin present in the tobacco rod in an amount of

at least 4% by weight of the smoking material in the tobacco rod.



