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MORE SMOKE DILUENTS

The present invention relates to cellulosic materials (such as tobacco) that

comprise one or more smoke diluents, methods of preparing such cellulosic

material, and uses theteof.

Combustible tobacco products or smoking articles, such as cigarettes, produce
smoke in use generated from the incomplete combustion of tobacco and/os othes
filler matetials, The term “mainstteam smoke” refers to the mixture of gases.and
patticulate matter (aerosol) passing down the rod of smokeable material and
issuing through the filter end. The mainstream smoke contains smoke that is
drawn in through the lighted region of the smoking article, and typically contains

components such as ‘tat’, nicotine and catbon monoxide (CO). Such components

are known in the art as “smoke deliveries”,

A number of strategies have been used in an attempt to lowet smoke deliveties,

such as improving the selective filtration of cigatette smoke.

Also, for example, it is known to include filler materials in the smokeable material
of smoking articles such as cigarettes, in particulat, non-combustible filler
materials, Such filler materials include inorganic materials, such as dolomite,
diatomaceous earth, calcium carbonate, magnesium oxide, and alumina; and
organic materials such as starches, celluloses, pectins, and alginates or other

materials known to those familiax with the art which may act as binders for filler

matetials,

However, a disadvantage of such filler materials is that they can altet the smoke

taste and flavour of the smoking article, which can be unacceptable to smokets.

It 1s known to include diluents in smoking articles such as cigarettes. Diluents are
compounds that are vapourised duting smoking and transfer to the mainstream

smoke in aerosol form. They ate generally selected such that they transfer to the

smoke substantially intact. Other components of the smoke (tobacco-detived
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components in the case of tobacco-containing smoking articles) are therefore

“diluted” by this means.

Such smoke diluents can be included in solid form, such as a powdet, which is
5  simply mixed with the cellulosic material or filler material. However, such

powders are easily lost during subsequent processing to create a smoking article.

Alternatively, the smoke diluents may be added in the form of a liquid ot gel,
which is sprayed onto, or mixed with the cellulosic or filler material, or in which

10 the cellulosic ot filler material is othetrwise coated, such that an amount of diluent

remains on the material after deying, The smoke diluent may be incorporated with
a volatile liquid, such as an appropriate solvent, and sprayed onto the filler ot

tobacco material. The solvent is expected to evaporate, leaving the smoke diluent

on the surfaces of the tobacco or filler material.

15

However, these methods may result in only a surface covering of diluent on the
target material, The resultant presence of the smoke diluent on the surface of the
cellulosic material ot filler material can be adversely affected duting subsequent
processing to create a smoking article. A further problem associated with

20 including a diluent in this way i1s that it can affect the surface properties of the
cellulosic matetial, for example making it sticky which has a setiously advetse

effect on the processing of the material, in particular as it will have a tendency to

clump and will not flow.

25 It is desirable to maximise the amount of smoke diluent that may be included in
the smokeable matetial for inclusion in smoking articles, It is also desirable to add

the smoke diluent in such a way that it does not present problems associated with

processing the smokeable material,

30 By the term “processing” is meant any aspect of a method known by one skilled in

the art to be used in the manufacture of a combustible tobacco product, For

example, blending, and cutting of the cellulosic material and manufacture ot

~ smoking articles.
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It 1s desirable to provide cellulosic material which comprises an increased amount of a smoke
diluent in comparison to known comparable cellulosic material without unduly adversely
atfecting other properties of the material, and products in which it is used. For example, the
constituent materials of the smokeable material of a smoking article are 1deally free-flowing,
with minimal stickiness. This allows for easy handling and processing of the materials.
Further to this, 1t 1s desirable that the addition of a smoke diluent, and the presence of a smoke
diluent in or on the cellulosic material does not significantly or adversely atfect the flavour

and taste of a smoking article.

One advantage of the present invention is that it may provide a smokeable material
comprising cellulosic material incorporating smoke diluent(s), which also retains the desirable

features of the smokeable material.

A further advantage of the present invention is that it may provide a method for providing
cellulosic material incorporating smoke diluent(s) at a range of inclusion levels to facilitate

flexibility in smoke dilution potential optimisation.

According to a first aspect, the present invention relates to a cellulosic material to which a
smoke diluent has been added, at least some of the smoke diluent being retained within the
cellular structure of the cellulosic material, the smoke diluent being retained in and,

optionally, on the cellulosic material in an amount of greater than or equal to 5% based on the

dried weight of the cellulosic material.

According to a second aspect, the present invention relates to a method of preparing the

cellulosic material according to the first aspect of the invention.

According to a third aspect, the present invention relates to a smoking article comprising a
cellulosic material according to the first aspect of the present invention, and/or prepared by a

method according to the second aspect of the present invention.

According to a fourth aspect, the present invention relates to a method of producing a
smoking article comprising admixing a cellulosic material according to the first aspect with

one or more other cellulosic materials, and/or other smoking article constituents.
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According to a fifth aspect, the present invention relates to a use of a cellulosic material

according to the first aspect of the present invention in the manufacture of a smoking article.

According to a sixth aspect, the present invention relates to a method of preparing a cellulosic
material having a smoke diluent within its cellular structure and, optionally, on its surface,
comprising the use of a diluent delivery system wherein the diluent delivery system involves
subjecting the cellulosic material to one or more treatments selected from the group consisting
of: heat treatment, vacuum treatment, liquid impregnation treatment, steam treatment and

vacuum freeze drying, before and/or during application of a smoke diluent.

It will be appreciated by one skilled in the art that a balance must be struck between including
the smoke diluent in the cellulosic material in an amount sufficient to achieve the desired
reduction in smoke deliveries, and providing cellulosic material that can be used, without a
problem, in typical manufacturing equipment for smoking articles, 1.e. the cellulosic material
which is sufficiently free-flowing that it does not stick to or otherwise inhibit cigarette making
machinery. Striking this balance is made easier by the present invention, as it allows more
diluent to be included in the treated cellulosic material without the surface of the cellulosic

material being affected to such an extent that it causes the unwanted stickiness and clumping.

The phrase "cellulosic material" as used herein means any material comprising cellulose. The
material may be a tobacco material, for example, stem, lamina, dust, reconstituted tobacco, or
a mixture thereof. Suitable tobacco materials include the following types: Virginia or tlue-
cured tobacco, Burley tobacco, Oriental tobacco, or a blend of tobacco materials. The tobacco
may be expanded, such as dry-ice expanded tobacco (DIET), or processed by any other means
such as extrusion. The stem tobacco may be pre-processed or unprocessed, and may be, for
instance, solid stems (SS); shredded dried stems (SDS); steam treated stems (S15); or any

combination thereof. Preferably, tobacco with an open-pore structure is used as a diluent

carrier.
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The phrase “within the cellulas sttuctute” as used herein means that the smoke
diluent is located in ot within the cell wall of cells of the cellulosic matetial, ot
between adjacent cells of the cellulosic material. The tetin “retained” indicates
that at least some of the smoke diluent temains within the cellular structute of the
cellulosic matetial and adheted to the surface of the cellulosic matetial throughout
typical processing conditions which cellulosic matetials that are to be included in a
stnoking article undetgo, such as blending and incotrporation into a rod of
smokeable matetial, Without being bound by theoty, location of the smoke diluent
in the cellulas structure of the cellulosic material facilitates ‘free flow’ and lowet

clumping propensity in the impregnated matetials.

In cettain embodiments, the weight of said smoke diluent tetained within the
cellular structute of the cellulosic matetial, and, optionally, on the surface of the
cellulosic material, is greater than ot equal to 5%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45% ot 50% based on the dried weight of the cellulosic material,

In certain embodiments, the cellulosic material is SDS.

In altetnative embodiments, the cellulosic material is cut lamina or DIET., DIET
undetgoes processing which causes the expansion of the tobacco cell structute,
This has the advantage that it may allow mote diluent to be retained within its

cellular structure, and/or it can facilitate the penetration of the diluent into the

cellulat stiuctute,

Pieferably, the cellulosic material has a moisture level suitable for use with
conventional smoking article processing equipment, In addition, the cellulosic
matetial preferably is of a consistency suitable fot use with typical smoking article
manufacturing equipment, Fot example, the cellulosic matetial is preferably free-

flowing, and does not stick to the cigarette making machinety, impeding

manufacture,

A suitable moistute level of the cellulosic matetial to be used with such equipment

is less than about 20%. Thus, preferably, the cellulosic matesial of the present
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invention includes no mote than 20% moistute, mote preferably the moisture level

of the cellulosic matetial is no more than about 18%, no mote than about 15% ox

no moie than about 12%.

The terms “smoke diluent” and “diluent” as used hetein mean a matesrial for
incorporation into a smoking article which setves to teduce the stnoke deliveties
when the smokeable material is combusted and the smoking atticle is consumed.

The smoke diluents ate suitable for incoiporation into the smokeable matetial of a

smoking atticle,

The diluent is at least one aetosol forming agent which may be, for instance, 2
polyol aerosol generator, or a non-polyol aerosol generatos, preferably a non-
polyol aetosol generator, It may be a solid or liquid at room tempetature, but
preferably is a liquid at room tempetature, Suitable polyols include sotbitol,
glycerol, and glycols like propylene glycol oz triethylene glycol. Suitable non-
polyols include monohydric alcohols, high boiling point hydtrocatbons, acids such

as lactic acid, and estets such as diacetin, ttiacetin, triethyl citrate ot isopropyl

mysistate,

Preferably the smoke diluent has a melting point of less than about 110, 105, 100,
95, 90, o1 85°C.

In the present invention, the smoke diluent is preferably glycerol, triacetin, triethyl

citrate o1 isopropyl myristate,
A combination of diluents may be used, in equal ot differing proportions.

Some of these substances ate known to be included in combustible tobacco
products for othet putposes other than as a smoke diluent, For example, triacetin
and diacetin have been previously used in smoking articles as non-polyol aetosol
genegators (WO 98/57556), TEGDA, triacetin and glycerol ate khown plasticizets.
Glycerol is commonly used as a humectant in tobacco because it is capable of

improving the hygtoscopic and mechanical propetties of tobacco, In US 6,571,801,

PCT/GB2011/051352



WO 2012/010880

10

15

20

2.9

30

CA 02803587 2012-12-20

tobacco was loaded with humectants such as glycerol, propylene glycol, sotbitol ot
diethylene élycol in the tange 4-15%, Glycetol has been used as an aetosol
generating material in a smoking article, in the range of 5-20 % by weight of the
sheet material (see, for example, WO 03/092416). Glycerol has also been used to
improve smoke filtration (US 3,674,540; US 5,860,428; US 6,397,852).

The smoke diluent may be ptesent in the cellulosic matetial accotrding to the

invention in the form of a solid ot a liquid at ambient toom temperature,

In some embodiments, the smoke diluent is a substantially watet soluble matetial,
In alternative embodiments, the smoke diluent is a water insoluble ot watet
spatingly soluble matetial, In yet othetr embodiments, the diluent may be soluble in

non-aqueous solvents.

Conventional methods fot adding a diluent to cellulosic matetial may tesult in the
diluent becoming coated on the sutface of the cellulosic material. In contrast, the
present invention provides methods which result in at least some of the smoke

dilvent penetrating the cellulat structute of the cellulosic matetial,

In prefetted embodiments, location of the smoke diluent within the cellulax:
structute of the cellulosic material, and, optionally, oft the sutface of the cellnlosic
matetial is achieved by an impregnation process which preferably facilitates the

penetration of the diluent inito the cellular structure.

The methods according to the ptesent invention comptise the use of cettain
conditions before, duting, ot aftet application of the smoke diluent to the
cellulosic material, and/or the use of one ot more vehicles with which the diluent

is applied to the cellulosic material,

In some embodiments, the methods involve subjecting the cellulosic matetial to
one of mote treatment steps befote ot duting application of the smoke diluent.
These treatment steps ate intended to enhance penetration of the diluent into the

cellulosic matetial when the diluent is applied. For example, the cellulosic matetial

PCT/GB2011/051352
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may be subjected to one ot mote tteatments that can dry and/ot expel ait which 1s
present in the material, The cellulosic matetial may be treated so as to rupture at
least some of the cells, theteby providing a means by which the diluent, when

applied, may gain access to the cell intetior which may othetwise be sealed.

The treatment steps that dey and/or remove the ait from the cellulosic matetial
include heat treatment, vacuum treatment, liquid impregnation, steam treatment,

pressutised liquid impregnation, vacuum freeze drying and the use of supetctitical
fluids.

Heat treatment involves heating the cellulosic material to bone dtyness, This

treatment step also tesults in cell air expulsion via expansion.

Vacuum treatment involves applying a vacuum to expel air frotn the cellulosic

matetial,

Liquid impregnation involves either applying hot liquid to cold cellulosic matetial,
ot cold liquid to hot cellulosic matetial, in otrder to soften cell walls and promote
removal of cell ait via liquid infusion. The difference in tempetatute between the

liquid and the matetial may be at least 30, 40, 50, 60, 70, 80, 90, ot 100°C, ot above,

Pressutised liquid imptegnation involves eithet applying hot liquid to cold
cellulosic matetial, ot cold liquid to hot cellulosic matetial, under pressute, This
treatiment may also include a vacuum pre-treatiment stage ptriot to pressute
impregnation, followed by vacuum drying of impiegnated matetial until the desited

moistute level has been reached. Cell ait is temoved by forced liquid infusion.

Steam tteatment involves the application of steam to soften the cell walls of the

cellulosic matetial and removal of cell atr via steam infusion.

Vacuum freeze diying may be used to diy cellulosic matetial to bone dtyness and

remove air from cells,

PCT/GB2011/051352
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Alt may also be temoved from the cells of the cellulosic matetial by infusion with

supetctitical fluids (e.g. CO,) followed by expansion.

In prefetred embodiments, the methods of the present invention involve the use

5 of at least two treatments steps.

In preferted embodiments, the method involves subjecting the cellulosic matetial
to a treatment step, which has the combined function of diying the cellulosic
matetial, and partial cell air expulsion.
10
It is suggested that treatment of cellulosic material facilitates smolke diluent
penetration into the cellular sttuctute of the cellulosic matetial as a tesult of the
combined effect of drying of the cellulosic matetial, and partial cell ait expulsion
resulting from the drying process. Application of smoke diluent in the form of a
15 solution ot suspension tesults in entry of the smoke diluent into the dried

cellulosic cells as a result of the capillary wetting process of cell walls,

Subjecting the cellulosic matetial to a treatment step involving heating is preferred
in some embodiments of the invention, Tt is sugpested that furthes drawing of
20 smoke diluent into heat-treated cells may occut as the air within the cells contracts

duting cooling following heat treatment.

The methods of the present invention may also be applied to cellulosic statting
matetial which is pre-treated cellulosic matetial, such as cut lamina, cut blend, SDS,
25 STS ot DIET. When using such cellulosic matetial, the method preferably

includes a treatment step involving the heating of the pte-treated cellulosic

matetial, in ordet to enhance penetration ot impregnation of the smoke diluent

into the cellulas structutre of the cellulosic material.

30 In embodiments of the present invention involving heat treatment, the cellulosic
matetial is prefetably treated for at least about 5 minutes, prefetably at least about
10 minutes, preferably at least about 20 minutes, preferably at least about 30

minutes, and most preferably about 30-45 minutes.
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In embodiments of the present invention involving heat treatment, the heat
treatment step may be carried out undes pressure. Matetials may also be subjected
to steam and/ ot vacuum treatment, Heat, steam, vacuuin and/ Of pressute may be
individually or sequentially applied. The most suitable process combination tay be

dependent on the particular starting material used and may involve an empitical

iterative approach.

If the heat treatment is not pressutised, the tempetature used may be at least about

90°C, preferably about 100°C, mote preferably about 105-110°C.

The methods according to the present invention fusther include a step of applying
the smoke diluent to the cellulosic material. In some cases, liquid smoke diluents

may be applied directly to the cellulosic material,

In some embodiments, the smoke diluent is applied in the form of a solution, an
emulsion ot a suspension, In otdet to prepate these, the smoke diluent is mixed
with one ot mote vehicles, Suitable vehicles include wates; otganic solvents such
as alcohols, hydrocatbons ot othet appropriate otganic based solvents; liquids ot
gases such as carbon dioxide (which may be supetctitical); ot othet suitable agents
ot vehicles capable of forming a solution, emulsion, ot suspension of the smoke
diluent. Suitable vehicles include wates; alcohols, such as methanol and ethanol;
liquid ot gaseous catbon dioxide. The choice of vehicle is preferably compatible
with tobacco processing technology. The use of an aqueous vehicle is patticulaﬂy

preferred as it avoids the use of large volumes of flaminable solvents.

The vehicle may be a solvent, in that one or mozte of the smoke diluents may be
soluble in the vehicle. Whete mote than one smoke diluent is used, the vehicle

may be a solvent foxr one o mote of the dilnents,

In some embodiments, the vehicle is able to penetrate the cellulat wall of the

cellulosic matesrial.
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The vehicle may be an agent which has diying propetties, in that it is volatile

below ot atound tempetatutes such as those used when the smoke diluent 1s

applied to the cellulosic matesial.

It is suggested that one way i which the use of a vehicle may facilitate smoke
diluent penetration into the cellulat stiuctute of the cellulosic matetial is by aiding
temoval of residual moisture from within the cell wall of the cellulosic material,

and/or facilitating entty of the smoke diluent into the cell.

When the vehicle is a liquid, the smoke diluent may be in solution, suspension ot
provided as an emulsion with the vehicle. In preferted embodiments, the smoke
diluent is in the form of a solution or emulsion, In some embodiments, the smoke

diluent may be in the form of an aqueous solution ot emulsion.

In some embodiments, the smoke diluent is in the fotm of a solution rathes than a
suspension, This is prefetted, as the application of a suspension may tesult in

oteater sutface deposition of the smoke diluent on the cellulosic matetial rathet

than entty into the cellulat structure,

A high shear mixer may be used to prepate the smoke diluent and/or any vehicle

for application to the cellulosic matetial. Such processing typically genetates vety

stall droplets of diluent and /ot vehicle.

It is suggested that processing in this way may enhance the penettation efficiency
of the diluent into the cellular structure of the cellulosic material, as a tesult of the
small droplet size of the diluent, This may patticulatly be the case whete the

smoke diluent is a watet spatingly soluble ot insoluble liquid which is mixed with

watet to forim an aqueous emulsion.,

Emulsions of smoke diluents according to the present invention should temain
stable, in that the diluent should not undetgo a chemical change duting
preparation of the emulsion and application to the cellulosic matetial. In some

etnbodiments this may be achieved by continuous high sheat mixing of the
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emulsion ptriot to ot duting the application process, and/ot by the addition of

selected emulsifying agents.

The solubility of emulsions according to the present invention may be enhanced by

known means such as, for example, conventional heated emulsion technology.

The composition of the smoke diluents incorporated into ot provided with one or
mote vehicles can be calculated so that the cellulosic matetrial that results from
addition of the emulsion to the cellulosic material compurises the desited level of

diluent (based on the starting diy weight of the cellulosic matetial) and moistute

level.

Application of the smoke diluent to cellulosic material may be cartied out by
soaking and/ot mixing the cellulosic matetial in an excess of smoke diluent,
followed by filteting of excess diluent; satutating the cellulosic matetial with the
requited level of smoke diluent; spraying the cellulosic matetial with a stoke
diluent and/ox pressurised spraying of the cellulosic material with a smoke diluent.
Refluxing the materials with diluent in the vehicle followed by evaporsative

methods to remove the vehicle e.g. vacuum evaporation technology, may also be

used,

In embodiments according to the second aspect of the present invention involving
heating of the cellulosic material, the smoke diluent is preferably contacted with

the cellulosic material whilst the cellulosic material is hot.

Application of the simoke diluent to cellulosic material may be cattied out at

clevated tempetratures, For example, at temperatures greatet than around 60°C,
70°C, 80°C, 90°C, 100°C, 105°C, oz 110°C.

In embodiments wherein the cellulosic material and smoke diluent atre mixed, the

mixing is preferably gentle, to prevent cellulosic matetial size degradation, Fos

example, an otbital mixesr may be used.
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In embodiments whetein the cellulosic matetial is sprayed with a smoke diluent,
the method may involve optimised consistent spraying of diluent onto a cusrtain of
cellulosic matetial. The application rate may be consistent in order to provide a
consistent target diluent loading and provide a consistent moisture level for the
cellulosic matetial. In addition, it may be advantageous to have one of mote of: an
optimal sutface atea for the cellulosic matetial (for example by having an almost
sepatate tumbling of small fragments of cellulosic matetial); a consistent flow of
cellulosic matetial; and a cooling stage after the spraying stage and/ot a bulking
time aftet the spraying stage, Conventional spray and/ot putnping technology may

be used to achieve the spraying discussed herein.

In some embodiments, the cellulosic matetial (preferably whilst hot) is soaked o

admixed i an excess of smoke diluent (preferably in the fotm of an aqueous

solution ot emulsjon),

In a prefetted embodiment, a diluent delivery system accotding to the second

aspect of the present invention involves subjecting the cellulosic matetial to a

treatment such as heat treatment, vacuum treatment, liquid impregnation, steam
treatment, ot vacuum freeze drying , before and / o duting treating the cellulosic
matetial with smoke diluent, Preferably, the diluent delivery system involves
subjecting the cellulosic matetial to a heat treatment, followed by soaking and/ox

spraying the cellulosic matetial with smoke diluent.

The cellulosic matetial is then dtied to a suitable moisture level, and may,

optionally, be sieved.,

Cellulosic material accotrding to the present invention may then be used in the

ptepatation of a smoking asticle,

Accotding to the present invention, thete is provided a stmoking article comptising
a cellulosic matetial according to the fitst aspect of the present invention, and /ot

prepated by a method according to the second aspect of the present invention.

PCT/GB2011/051352
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In preferred embodiments, the cellulosic material comprising the smoke diluent

undetgoes minimal processing prior to incorporation into a smoking article.

By the term “processing” is meant any aspect of a method known by one skilled in
the art to be used in the manufacture of a combustible tobacco product, for

example, blending, and cutting of the cellulosic material and manufactute of

sinoking atticles,
Pieferably, the sinoking atticle comprises a cigatrette.

In preferred embodiments, the smoking article includes a smokeable filler material
comprising at least 5%, at least 10%, at least 20%, at least 30% oz at least 35% at
least 40% or at least 45% ot at least 50% by weight smoke diluent.

According to the present invention, methods ate provided of producing a smoking
atticle comprising admixing a cellulosic material of the present invention with one

ot mote othet cellulosic matetials, and/or othet smoking aiticle constituents.

In yet a further aspect thete is provided a use of a cellulosic material of the present

invention in the manufactute of a smoking article,

The present invention will now be desctibed by way of example, in which

reference is made to the following figuses:

Figute 1 which illusttates a schematic for one embodiment of a continuous spray
flow through inclined totary cylindrical drum deyer method;

Pigure 2 which illustrates a schematic for applying heat, steam, vacuum and/oz

pressute in suitable combination ot sequentially whilst agitating the cellulosic

materials 1n a batch mixing method;
Figure 3A shows a Cryo-Scanning Electron Mictoscope (Cryo-SEM) image
showing the cellulat structure of cellulosic material

Figute 3B shows a Ctyo-SEM image showing the cellular structute of cellulosic

matetial following impregnation with a diluent, according to the invention.
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In this tespect, Figute 1, which illusttates a continuous spray flow through method,
shows 2 holding vessel 1, which may be used to hold the smoke diluent ot an
aqueous solution ot emulsion theteof. 'The holding vessel may be in fluid
communication with a high shear mixet 2, such as a Silvetson inline mixet, by
means of connecting lines 3, such that an aqueous solution and/ o.'; emulsion may

be maintained by recycling the contents of the holding vessel through the high

sheat mixer 2,

Diied cellulosic material (such as SDS with a moistute level of 6-7%) is heated as it
passes through a dtyet 4 (such as flow through inclined rotaty cylindtical dtum
dryet) causing the ait within the cells to expand. The diyet 4 may be in fluid
communication with the holding vessel by means of a spray system which may
comptise connecting lines 5, a pump 6, a safety telief valve 7, a pinch valve 8, a
sptaying means 9, and a pressute gauge 10, Preferably the spraying means (such as

a nozzle ot spray head) is near the exit of the dryer.

As the cylinder dryer 4 rotates, an aqueous solution ot emulsion of smoke diluent
is sprayed at an approptiate, prefetably consistent, rate via the spraying means 9
onto 4 falling cuttain of hot cellulosic matesial just prior to the cellulosic matetial

exiting the dryer 4 onto a conveyor 11,

The conveyed cellulosic matetial may be bulked for a period (for example, about at
least 12 houts) duting which the cellulosic matetial cools. The cooled cellulosic

matetial may, optionally, be diied to a moistute level acceptable for blending and

cigatette manufactute,

The term “bulked” as used hetein is a conventional term in the att of stnoking

atticle manufacture, and refers to the step of increasing the level of moistute in the

cellulosic material,

Figute 2 shows a batch mixing ptocess by which an emulsion is emulsified ot

mixed by means of a high shear mixer.

PCT/GB2011/051352
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~The holding vessel containing the smoke diluent ot an aqueous solution ox
emulsion theteof and fluid delivety to the sptay system is sitilasr to that described
in respect of Figure 1. In particular, components 1, 2, 3, 5, 6, 7, 8, and 10 ate the

satne as shown in respect of Figute 1.

In addition, the apparatus is in fluid communication with a mixing vessel 12, by
means of a spiaying system 14. The vessel 12 may be heated, for example by a
steam. heated jacket 13, Cellulosic material within vessel 12 is agitated, for example
via a stitring means 15, and or a wall-scraping action 16, and these agitation means

10 may opetate independently,

An aqueous solution or emulsion of smoke diluent is sprayed onto the cellulosic

matetial which is agitated via the stitring means, The mixing vessel 12 may

compiise a means 17 by which steam may be injected into the vessel, by which the
15 vessel may be pressurised 18, or depressutised 19, The mixing vessel may be

equipped with a pressure gauge 20 and a safety telief valve 21,

Examples

20 Lxample T - Impregnation of dilwent using an orbital nrixer
Shtedded dtied stem tobacco (SDS) was imptegnated with different diluents

according to the following procedute, and the level of impregnation assessed.

SDS was dried in an oven at between 105 and 110°C for around 30-45 minutes,

25  until the tobacco was ‘bone dey’,

An aqueous solution (ot emulsion) of sinoke diluent was prepared using a
Silverson high shear mixer, and this solution ot emulsion was added to the hot
SDS. The SDS and smoke diluent solution (ox emulsion) was then mixed using an

30  otbital mixet, and allowed to cool.



CA 02803587 2012-12-20

WO 2012/010880 PCT/GB2011/051352

10

15

20

17

The mixture was then dried in a foil-lined tray at 22°C and 60% trelative humidity,

fot atound 12 hts. In some cases, whete requited, the mixtute was furthes dried, in

ait, at toom temperatute.

In some cases, whete tequited, the cellulosic matetial was gently sieved using a

coatse sieve,
The tesultant materials wete found be free-flowing and not sticky.

The level of imptreghation of SDS with different smoke diluents is shown in Table
1, Tatget levels of impregnation ate shown, with actual levels of diluent
impregnation given in parentheses for comparison.

It was found that the dried SDS absotbs up to 70% liquid by weight without

excessive draining ot ‘puddling’.

Table 1
Tatget % Diluent in Rinal Matetial
10~ J20-29% | 30-39% 40~ lso-—
19% 49% | 59% |
"Flacetin 20 (19) 30 (30) 30 (#1) | 50 (49)
| | 30 (29) 50 (54)
36 (38) |
Tsopropyl mytistate I» A 20 (18) | | ]
‘Triethyl citrate 10 (9) 20 (19) 30 (30) 40 (41) 50 (55)
| Ttiacetin / Glycetol 17 (17) triacetin 27 (25) triacetin
mixture | 3(4) glycerol 3 (3) glycerol B

Blends of the impregnated SDS matetial and lamina wete then prepated in which

the SDS and lamina wete present in equal amounts,

The different blends wete found to have a wide tange of diluent levels, and these

ate sumimatised in Table 2.
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All of the blends wete found to be free flowing and not sticky and wete suitable

fot use in conventional cigarette making machinery.

Table 2
| Diluent % Diluent in Blend
Triacetin 112 - 23
Triethyl cittate | 5~ 21 .
| Isopropyl myristate 4 - 23

Escample 2 — Lnpregnation of dilnent using a Continnons Spray, Flow Through Inclined

Rotary Gylindrical Dyumr Dryer process

Shredded dried stem tobacco (SDS) was itmpregnated with triacetin according to

the following procedute, which is shown in Figure 1, and the level of diluent in

10  cigarettes containing the impregnated tobacco was assessed.

SDS was dried to atound 6% moistutre using a flow through inclined totaty drum

dryet, in accotdance with conventional procedures employed in tobacco drying,

15 Inasecond treatment, a triacetin / water emulsion was sptrayed onto a falling hot

cuttain of the pre-deied SDS utilising a flow through inclined rotaty drum dryer

modified to include a continuous spray system near the material exit point,

The exiting material, having the desited diluent impregnation level and watet

20 content (typically 18%) was then collected and bulked,

The material was dried to the requited finished moistute content (typically 13%)

via futthet rotaty drum deying, The resulting material was free flowing and not

sticky and could be blended satisfactotily with othet tobaccos at the tequired ratios

25  via conventional tobacco processing methods.

Cigarettes wete manufactuted utilising a blend of 50% lamina and 50%

impregnated SDS (Table 3 — TEST cigarette).
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The measured SDS imptegnation level was 20% triacetin, The teiacetin level

measuted in the final blend was 7% (the teduction in diluent level could be

attributed to process losses),

5 The smoke chemistty of the cigatettes is shown in Table 3 (IPM, Total Pasrticulate
Matter; NFDPM, Nicotine-Free Diy Pasticulate Mattet), Cigatettes were
manufactured utilising conventional cigarette manufacturing methods and
machinety, Control cigatettes wete manufactuted using a lamina blend. All

cigatettes wete manufactured using the same papet and filter specifications.

10
Table 3
Sﬂmpwle TPM Water Nicotine | NFDPM | Puff No CO Triacetin | Smoke
Clgatette (mg/cig) | (mg/cig) | (mg/cig) (mg/cig) (mg/cig) | (mg/cig) | Dilution

- | tyo
CONTROI, | 8.6 0.48 0,76 74 8,2 65 0,16 2.2
TEST 1 7.6 0.32 0.29 7.0 | 6.2 I 5.1 2.90 41.4
The smoke dilution was calculated as follows:

[triacetin in smoke (mg/cigarette)/NFDPM (ng/cigatette)] x 100

15
Cigatette filters commonly have triacetin added as 2 ‘plasticiset’ to increase the
firmness of the filtet, The observed dilution in the control cigatette was thought to
be due to the transfer of filter triacetin to smoke.

20 'The data shown in Table 3 clearly indicate that triacetin impregnated SDS
incotpotrated in the tobacco blend acts as an efficient smoke dilution matetial,
transfetting substantial quantitics of ttiacetin into smoke.

BEscample 3: Impregnation of dituent using a Batch Mixing process

29

Shtedded dried stem tobacco (SDS) was impregnated with triacetin according to

the following procedute, which is shown in Figute 2, and ctyo-Scanning Electron

Mictographs wete produced of the material following imptreghation with the

diluent. ‘The level of diluent in cigatettes containing the impregnated tobacco was

also assessed,
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2kg of SDS was placed in a mixing vessel equipped with scrape wall mixing baffle,
stittet, heating jacket, steam injection, pressute and vacuum capability, The mixing
baffle was activated and continued to opetrate contintuously throughout the

ptocedute. The SDS moistute was taised to approximately 35% by steam injection,

At the same time, the temperatute of the mixet jacket was taised to 70°C,

860g of triacetin was emulsified in 400g watet in a sepatate vessel fot at least 90

seconds,

The triacetin emulsion was then added into the mixet over a petiod of 70 seconds.

The SDS was subsequently mixed for 3 minutes and dried to suitable moistute by

increasing the mixing vessel jacket temperatute to 94°C and engaging the vacuum

pump at 450mbazr for 37 minutes,

The tatget tiiacetin impregnation level was 30%, and the measured level was 33%.

The resultant material was found be free-flowing and not sticky.

Ctyo-Scanning Electron Mictoscopy images of the tobacco matetial before and
after triacetin incotrporation ate shown in Figutes 3A & 3B. Figute 3A shows the
unprocessed control SDS, and the cell structute can be seen to be devoid of

matetial, In contrast, Figure 3B cleaily indicates the presence of triacetin within

the cell structute.

The smoke dilution capacity of the SDS material impregnated with ttiacetin in

accordance with the described method was assessed,

Cigatettes wete manufactured utilising a blend of 50% lamina and 50%
impregnated SDS, The target impregnation level SDS with ttiacetin was 20%, and
the measuted ipregnation level was 21%, The triacetin level measured in the final

blend was 8% (the reduction in diluent level could be attributed to process losses).
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The smoke chemistty of the cigatettes is shown in Table 4. Cigatettes wete
manufactuted utilising conventional cigarette manufacturing methods and
machinery, REFERENCE cigatettes wete manufactured using a lamina blend, SDS
5  BLEND CONTROL cigatettes comprised 50% lamina and 50% non imptegnated
SDS, and TEST Cigarettes wesre manufactured utilising a blend of 50% lamina and

50% impregnated SDS as described above, All cigatettes wete manufactuted using

the same paper and filter specifications.

10 Table 4‘_

| Samiﬁle [ IPM Water Nicotihe | NFDPM | PuffNe [ CO Trincetin | Smoke |

Cigatotte (mg/cig) | (mg/clg) | (mg/clg) | (tng/clg) (mg/cig) | (mg/cig) | Dilution
IR T A R R S

| REFERENCE 6.8 | ojss 0.6_1 - 5.8 70 ) [ 5.1 ) 0.19 3,3 l
SDS BLEND | 5.6%(5.64) | 0.58 0,40 4,7%(4.66) | 7.2 ‘ 5.8 | 0.21 | 4.5

| CONTROL . | i ) )
TEST ] 5.4 | 0.18 | _‘, 0.21 ] 5.0 | 7.4 | 3.7 2.43 48.6

(*rounéed to 1 decimal place)

The data shown in Table 4 cleatly indicate that trlacetin impregnated SDS

incotporated in the tobacco blend acts as an efficient smolke dilution matetial,

15 transferring substantial quantities of triacetin into smoke.
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CLAIMS:
1. A cellulosic material having one or more smoke diluents within its cellular

structure and, optionally, on its surface, wherein the weight of said smoke diluent is greater

than or equal to 5% based on the dried weight of the cellulosic material.

2. The cellulosic material of claim 1, wherein said cellulosic material has a

moisture level of less than 20%.

3. The cellulosic material of claim 1 or 2, wherein said cellulosic material is a

tobacco material.

4, The cellulosic material of claim 3, wherein the diluent 1s retained within the

cellular structure of the tobacco material when used 1n a tobacco product.

5. The cellulosic material of claim 3, wherein the diluent 1s retained on the

surface of the tobacco material when used 1n a tobacco product.

6. The cellulosic material of any one of claims 3 to 5, wherein said tobacco
material is selected from the group consisting of: solid stems, shredded dried stems, steam

treated stems, cut lamina, stalks, DIET, reconstituted tobacco, cut blend and mixtures thereof.

7. The cellulosic material of claim 6, wherein said tobacco material is shredded
dried stem.
8. The cellulosic material of any one of claims 1 to 7, wherein said smoke diluent

has a melting point of less than 95°C.

9. The cellulosic material of any one of claims 1 to 8, wherein the smoke diluent

is a water insoluble or water sparingly soluble liquid.

10. The cellulosic material of claim 9, wherein the smoke diluent 1s any one or
more compounds from the group consisting of: glycerol, triacetin, triethyl citrate, and

1sopropyl myristate.
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11. A method of preparing a cellulosic material having a smoke diluent within its

cellular structure and, optionally, on its surface, comprising the use of a diluent delivery
system wherein the diluent delivery system involves subjecting the cellulosic material to one
or more treatments selected from the group consisting of: heat treatment, vacuum treatment,
liquid impregnation treatment, steam treatment and vacuum freeze drying, before and/or

during application of a smoke diluent.

12. The method of claim 11, wherein the diluent delivery system involves treating

the cellulosic material to substantially reduce its moisture content.

13. The method of claim 11 or 12, wherein the smoke diluent is included or

combined with a vehicle.

14. The method of claim 13, wherein the vehicle 1s water, an alcohol or liquid or

gaseous carbon dioxide.

15. The method of claim 13 or 14, wherein the smoke diluent 1s in the form of an

aqueous solution or emulsion prior to being retained by the cellulosic material.

16. The method of claim 15, wherein the aqueous solution or emulsion 1s prepared

by a method comprising high shear mixing.

17. The method of any one of claims 11 to 16, wherein the smoke diluent 1s added

to the cellular structure using a continuous spray method.

18. The method of any one of claims 11 to 16, wherein the smoke diluent 1s added

to the cellular structure using a batch mixing method.

19. A smoking article comprising a cellulosic material according to any one of
claims 1 to 10 having at least one smoke diluent within its cellular structure and, optionally,

on its surface, wherein the weight of said smoke diluent is greater than or equal to 5% based

on the dried weight of the cellulosic material.

20. The smoking article of claim 19, wherein the article is a cigarette.
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21. A method of preparing a smoking article comprising admixing the cellulosic
material of any one of claims 1 to 10, or prepared by the method according to any one of

claims 11 to 18, with other cellulosic materials or smoking article constituents.

22. Use of the cellulosic material of any one of claims 1 to 10, or the cellulosic

material prepared by any one of claims 11 to 18, in the manufacture of a smoking article.
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