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FIG. 1

(57) Abstract: An acrosol-generating article (10) having an upstream end (11) and a downstream end (12), the aerosol-generating
article (10) defining a longitudinal direction between the upstream end (11) and the downstream end (12), the acrosol-generating article
(10) comprising an aerosol- forming substrate (13) and a hollow tubular support element (14) disposed downstream of the aerosol-
forming substrate (13) and extending along the longitudinal direction; wherein the hollow tubular support element (14) defines an
opening (16) extending in the longitudinal direction and adapted for aerosol to flow towards the downstream end (12); wherein the
hardness of the aerosol-generating article (10) at the hollow tubular support element (14) is at least about 60% and, preferably, between

about 80% and about 90%.
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AEROSOL-GENERATING ARTICLE COMPRISING A HOLLOW TUBULAR
SUPPORT ELEMENT

The present invention relates to aerosol-generating articles comprising an aerosol-
forming substrate for generating an inhalable aerosol when heated.

Aerosol-generating articles in which an aerosol-forming substrate, such as a tobacco
containing substrate, is heated rather than combusted are known in the art. The aim of such
heated aerosol-generating articles is to reduce known harmful smoke constituents produced
by the combustion and pyrolytic degradation of tobacco in combustible cigarettes.

A combustible cigarette is lit when a user applies a flame to one end of the cigarette
and draws air through the other end. The localised heat provided by the flame and the oxygen
in the air drawn through the cigarette causes the end of the cigarette to ignite, and the resulting
combustion generates an inhalable smoke. By contrast, in heated aerosol-generating articles,
an inhalable aerosol is typically generated by the transfer of heat from a heating element to a
physically separate aerosol-forming substrate or material, which may be located within,
around or downstream of the heating element. During heating, volatile compounds are
released from the aerosol-forming substrate and entrained in air drawn through the aerosol-
generating article. For example, the volatile compounds may become entrained in air drawn
through, over, around or otherwise within the vicinity of the aerosol-generating article. As the
released compounds cool, they condense to form an aerosol that may be inhaled by the
consumer. The aerosol may contain aromas, flavours, nicotine and other desired elements.
Heating elements are normally comprised in an aerosol-generating device.

Some aerosol-generating articles are configured to be heated by an internal heating
element. Internal heating elements, such as heating blades, are configured to be inserted into
the aerosol-forming substrate. The internal heating element may pierce the aerosol-substrate.
The internal heating element may also be received in an inner cavity of the aerosol-forming
substrate. When the internal heating element generates heat, the aerosol-forming substrate
is heated to a temperature at which volatile compounds are released from the substrate. The
released volatile compounds cool to form an aerosol that can be inhaled by a consumer.

In aerosol-generating articles configured to be heated by an internal heating element,
a support element may be included downstream of the aerosol-forming substrate. The support
element is often provided in the form of an annular shaped tube of filtration material, often
referred to as a hollow acetate tube. Such hollow tubular support element is configured to
resist downstream movement of the aerosol-forming substrate during insertion of the heating
element into the aerosol-forming substrate. The empty space within the hollow tubular support
element may provide an opening for aerosol to flow from the aerosol-forming substrate

towards a mouth end of the aerosol-generating article.



10

15

20

25

30

35

WO 2020/201566 5 PCT/EP2020/059684

Hollow tubular support elements may require the presence of further elements in the
aerosol-generating article. An aerosol-cooling element may be located downstream of the
aerosol-forming substrate; for example, the aerosol-cooling element may be disposed
immediately downstream of the support element, and may abut the support element.

As used herein, “aerosol-cooling element” refers to a component of an aerosol-
generating article located downstream of the aerosol-forming substrate such that, in use, an
aerosol formed by volatile compounds released from the aerosol-forming substrate passes
through and is cooled by the aerosol-cooling element before being inhaled by the consumer.
Preferably, the aerosol-cooling element is positioned between the aerosol-forming substrate
and a mouthpiece. An aerosol cooling element has a large surface area, but causes a low
pressure drop. Filters and other mouthpieces that produce a high pressure drop, for example
filters formed from bundles of fibres, are not considered to be aerosol-cooling elements.
Chambers and cavities within an aerosol-generating article are not considered to be aerosol
cooling elements.

The existence of an aerosol-cooling element may be required in aerosol-generating
articles comprising a hollow tubular support element in order to minimise the risk that the
generated aerosol flowing along the opening of the hollow tubular support element reaches
the downstream end -that is, the mouth end- of the aerosol-generating article with a
temperature that may not suit the consumer’s preferences.

The additional element may also be needed to reduce the risk of the aerosol-
generating article being fragile or prone to being damaged during the consumer’s experience.

However, the existence of an additional element, such as an aerosol-cooling element,
may make the manufacturing of the aerosol-generating article more complex and expensive.
Likewise, the additional element may be formed by crimping or by other manufacturing
processes that may keep the element from being uniform in its composition or other properties.
This may lead to inconsistencies in the consumer’s experience.

It would therefore be desirable to provide an aerosol-generating article which is easier
to manufacture and which allows for a more constant and predictable user's experience

without jeopardising its robustness and the user’'s comfort.

According to a first aspect of the present invention, an aerosol-generating article
aiming at minimising one or more of the above setbacks is provided.

The aerosol-generating article may have an upstream end and a downstream end, the
aerosol-generating article defining a longitudinal direction between the upstream end and the
downstream end. The aerosol-generating article may comprise an aerosol-forming substrate.
The aerosol-generating article may comprise a hollow tubular support element disposed

downstream of the aerosol-forming substrate and extending along the longitudinal direction.
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The hollow tubular support element may define an opening extending in the longitudinal
direction and adapted for aerosol to flow towards the downstream end. The hardness of the
aerosol-generating article at the hollow tubular support element may be at least about 60%.

Preferably, the aerosol-generating article of the first aspect of the invention has an
upstream end and a downstream end, the aerosol-generating article defining a longitudinal
direction between the upstream end and the downstream end, the aerosol-generating article
comprising:

an aerosol-forming substrate;

a hollow tubular support element disposed downstream of the aerosol-forming
substrate and extending along the longitudinal direction;

wherein the hollow tubular support element defines an opening extending in the
longitudinal direction and adapted for aerosol to flow towards the downstream end;

wherein the hardness of the aerosol-generating article at the hollow tubular support
element is at least 60%.

The term “aerosol-generating article” is used herein to denote an article wherein an
aerosol-forming substrate may be heated to produce and deliver an aerosol to a consumer.
As used herein, the term “aerosol -generating substrate” denotes a substrate capable of
releasing volatile compounds upon heating to generate an aerosol.

The term “hardness” used throughout this specification denotes the resistance to
deform. Hardness is generally expressed as a percentage. Figure 6 shows an element 14 of
an aerosol-generating article before applying a load F and the element whilst applying load F.
The element before load F has been applied has a diameter Ds. The element after applying a
set load for a set duration (but with the load still applied) has a (reduced) diameter Dqy. The

depression is d = Ds — Dq. Referring to Figure 6, hardness is given by:

hardness(%) = % *100%

N

where Dsis the original (undepressed) cigarette diameter, and Dy is the depressed diameter
after applying a set load for a set duration. The harder the material, the closer the hardness is
to 100%.

As is described in more detail below, and as is generally known in the art, when
determining the hardness of a portion (such as a support element) of an aerosol-generating
article, aerosol-generating articles should be aligned parallel in a plane and the same portion

of each aerosol-generating article to be tested should be subjected to a set load for a set
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duration. This test is performed using a known DD60A Densimeter device (manufactured and
made commercially available by Heinr. Borgwaldt GmbH, Germany).

The load is exerted using two load applying cylindrical rods, which extend across the
diameter of all of the aerosol-generating articles at once. According to the standard test
method for this instrument, the test should be performed such that twenty contact points occur
between the aerosol-generating articles and the load applying cylindrical rods. In some cases,
the support elements to be tested may be long enough such that only ten aerosol-generating
articles are needed to form twenty contact points, with each aerosol-generating article
contacting both load applying rods (because they are long enough to extend between the
rods). In other cases, if the support elements are too short to achieve this, twenty aerosol-
generating articles should be used to form the twenty contact points, with each article
contacting only one of the load applying rods.

Two further stationary cylindrical rods are located underneath the aerosol-generating
articles, to support the articles and counteract the load applied by each of the load applying
cylindrical rods.

For the standard operating procedure for such an apparatus, an overall load of 2 kg is
applied for a duration of 20 seconds. After 20 seconds have elapsed (and with the load still
being applied to the aerosol-generating articles), the depression in the load applying cylindrical
rods is determined, and then used to calculate the hardness from the above equation. The
temperature is kept in the region of 22 degrees Centigrade + 2 degrees. The test described
above is referred to as the DDG0A Test.

It has been found that a hardness of at least 60% at the longitudinal segment of the
aerosol-generating article along which the hollow tubular support element is disposed may
endow the article with the mechanical properties to withstand a standard consumer’s
experience even when the length of hollow tubular support element is greater than that of most
prior art articles. Such hollow tubular support element may have a heat capacity to reduce the
temperature of the generated aerosol flowing along the opening to a temperature which is
adequate for the consumer’s preferences. This can therefore allow for an aerosol-generating
article in which an additional part configured to increase the robustness of the article or to cool
the generated aerosol may not be required. Such aerosol-generated article may bring about
a less variable experience for the consumer and may be manufactured with less production
steps.

As used herein, “heat capacity” is defined as the amount of heat required to change
the temperature of a substance by one degree.

The hollow tubular support element may be formed of an air-impervious material. This
means that air and aerosol particles drawn through the support element during use can only

flow through the opening. Because the opening has a well-defined location within the aerosol-
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generating article and predetermined cross-section, by adjusting the geometry of the opening
it is advantageously easy to control the contribution that the hollow tubular support element
makes to the overall resistance-to-draw (RTD) of the aerosol-generating article. Without
wishing to be bound by theory, it is expected that such hollow tubular support element
substantially does not contribute to the overall RTD of the aerosol-generating article, which
ultimately depends on the RTD of the rod of aerosol-forming substrate and the RTD of other
components of the aerosol-generating article..

The hardness of the aerosol-generating article at the hollow tubular support element
may be between about 80% and about 90%. This range may further enhance the mechanical
properties of the aerosol-generating article to resist the force of insertion of an internal heating
element.

The hollow tubular support element may be disposed immediately downstream of the
aerosol-forming substrate.

Since the hollow tubular support element may be configured to resist the downstream
movement of the aerosol-forming substrate during insertion of the heating element into the
aerosol-forming substrate, this configuration in which no intermediate parts are disposed
between the aerosol-forming substrate and the support element may be beneficial to ensure
the downstream movement is withstood.

The aerosol-generating article may comprise a filter disposed downstream of the
hollow tubular support element in the longitudinal direction.

The term “filter” is used to indicate a section of the aerosol-generating article that is
configured to remove at least partially gas phase or particulate phase constituents or both gas
phase and particulate phase constituents from the mainstream aerosol drawn through the
filter.

The filter may be disposed immediately downstream of the hollow tubular support
element in the longitudinal direction.

As the hollow tubular support element may cool the formed aerosol to a temperature
adequate for the user’'s preferences, the filter may be disposed immediately downstream of
the hollow tubular support element, that is, without an intermediate aerosol-cooling element.
Hence, the aerosol-generating article may achieve a reduction of gas and particulate phase
constituents while needing less production steps and allowing a more consistent experience.

The aerosol-forming substrate may be a tobacco-containing substrate.

The aerosol-forming substrate may have a hollow tubular shape. Therefore, an internal
heating element may be received in an inner cavity of the aerosol-forming substrate without
piercing the substrate.

The hollow tubular support element may comprise:

a hollow tubular peripheral portion which defines an inner volume;
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a longitudinal structure extending in the longitudinal direction within the inner volume;

a radial structure extending radially within the inner volume from the hollow tubular
peripheral portion to the longitudinal structure, such that at least two passages are defined by
the hollow tubular peripheral portion and the radial structure, the at least two passages
extending in the longitudinal direction;
wherein the opening comprises the at least two passages.

In this arrangement, the hollow tubular peripheral portion and the radial structure
disposed between the longitudinal structure and the hollow tubular peripheral portion form at
least two passages. The passages constitute the opening that enables the aerosol to flow from
the aerosol-forming substrate towards the downstream end of the article. Likewise, the
longitudinal structure, the radial structure and the hollow tubular peripheral portion may also
be beneficial to provide the aerosol-generating article with the required robustness and heat
capacity.

The hollow tubular peripheral portion may have a substantially annular shape, which
may enhance such benefits and may allow for an easier manufacturing.

The radial structure may comprise at least a first and a second flat radial walls
respectively extending radially from the longitudinal structure to the hollow tubular peripheral
portion.

The first and second flat radial walls may be a convenient radial structure since they
may be easily manufactured and they may help achieve the desired robustness and rigidity.

The hollow tubular support element may be substantially symmetrical in a cross section
thereof.

The symmetrical cross-section arrangement may also be mechanically and thermally
advantageous.

The hollow tubular support element may comprise a recess adapted to house a heating
element. Since an internal heater is inserted into the aerosol-forming substrate to generate
aerosol, there may exist a risk that the heating element goes beyond a downstream edge of
the aerosol-forming substrate, thus reaching the part of the aerosol-generating article
downstream of the aerosol-forming substrate. The provision of the recess may diminish the
risk of the hollow tubular support element being damaged.

The hollow tubular support element may comprise a polymer, preferably polylactic acid
(PLA), cellulose acetate (CA), starch, polyhydroxyalkanoate (PHA), polypropylene (PP),
polyethylene (PE), polystyrene (PS) or a combination thereof. These materials may be
advantageous for the aerosol-generating article to achieve the required heat capacity in the
hollow tubular support element. Polylactic acid (PLA), cellulose acetate (CA), starch,
polyhydroxyalkanoate (PHA) or a combination thereof are even more preferred to achieve

such required heat capacity.



10

15

20

25

30

35

WO 2020/201566 7 PCT/EP2020/059684

The hollow tubular support element may be manufactured by additive manufacturing.

The expression “additive manufacturing” is used to refer to a manufacturing technique
that is employed to sequentially deposit material to form a three-dimensional item layer by
layer under computer control. This expression is typically used, in particular, to refer to three-
dimensional printing (3D printing), which is the process whereby a series of layers of a material
are laid down in much the same way as an inkjet printer would lay down ink, in which multiple
passes of a print head will build the item. However, it shall be appreciated that a wider variety
of modified additive manufacturing processes is available, including processes based on
extrusion and sintering, and the expression “additive manufacturing” shall be construed as
also encompassing such alternative techniques, even if, in the present application, it is
particularly preferable for the additive manufacturing to be in the form of 3D printing.

The hollow tubular support element manufactured by additive manufacturing may
advantageously have complex shapes. It may also be made up of a wide range of materials
while keeping the costs of manufacture low. Using additive manufacturing to manufacture at
least part of the hollow tubular support element may advantageously facilitate the formation of
hollow tubular support elements with optimized heat capacity and structural properties.

The hollow tubular support element may be manufactured by injection moulding.

Injection moulding may be adequate to manufacture the hollow tubular support
element with the intended shape, heat capacity or structural properties.

The aerosol-forming substrate may be a rod comprising a plurality of elongate tubular
elements. The elongate tubular elements may contain tobacco material. By adjusting the
number, equivalent diameter and thickness of the elongate tubular elements in the rod, it may
be advantageously possible to adjust the density and porosity of the rod. In general, aerosol-
forming substrates comprising a plurality of elongate tubular elements of homogenised
tobacco may advantageously exhibit more uniform densities than aerosol-forming substrates
comprising shreds of tobacco material. The geometry of the elongate tubular elements may
be such that particularly stable channels are provided for airflow along the rod. This may
advantageously allow a consistent fine tuning of RTD, such that aerosol-forming substrates
having a predetermined RTD may be manufactured consistently and with great precision.

The weight of an aerosol-forming substrate comprising elongate tubular elements of
homogenised tobacco may be determined by the number, size, density and spacing of the
tubular elements. This may reduce inconsistencies in weight between aerosol-forming
substrates of the same dimensions, and so result in lower rejection rate of aerosol-forming
substrates whose weight falls outside of a selected acceptance range compared to aerosol-
forming substrate comprising shreds of tobacco material.

Variations in the thickness of the elongate tubular elements in the rod may also be

advantageously used to adjust the content of homogenised tobacco in the rod. For example,
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in a tubular element formed from a rolled strip of homogenised tobacco web an adjustment of
the thickness of the tubular element may be achieved by varying the number of convolutions
of the strip about the longitudinal axis or by varying the thickness of the homogenised tobacco
web itself. This may impart an increased design flexibility compared with aerosol-generating
articles comprising shreds of tobacco material.

The size, geometry and arrangement of the elongate tubular elements in the rod may
be readily adapted to facilitate the insertion of a heating element in the rods of aerosol-
generating articles. Because the tubular elements lie substantially straight within the rod and
extend longitudinally, insertion of a longitudinally extending internal heating element, such as
a heater blade, may be facilitated. The regular arrangement of the elongate tubular elements
in the rod can also advantageously favour optimisation of heat transfer from the heating
element through the rod.

The insertion (and removal) of a heater element of an aerosol-generating device into
(from) an aerosol-forming substrate comprising shreds of tobacco material may tend to
dislodge shreds of tobacco material from the aerosol-forming substrate. This can
disadvantageously result in the need for more frequent cleaning of the heater element and
other parts of the aerosol-generating device in order to remove the dislodged shreds. In
contrast, insertion and removal of a heater element of an aerosol-generating device into and
from an aerosol-forming substrate comprising a plurality of elongate tubular elements of
homogenised tobacco material may advantageously have a significantly reduced tendency to
dislodge material.

Rods comprising a plurality of elongate tubular elements may be made in a continuous
process which can be efficiently carried out at high speed, and can be conveniently
incorporated into existing production lines for the manufacture of aerosol-generating articles.

The rod of aerosol-forming substrate preferably has an external diameter that is
approximately equal to the external diameter of the aerosol-generating article.

The rod of aerosol-forming substrate may have an external diameter of at least 5
millimetres. The rod of aerosol-forming substrate may have an external diameter of between
about 5 millimetres and about 12 millimetres, for example of between about 5 millimetres and
about 10 millimetres or of between about 6 millimetres and about 8 millimetres. In a preferred
embodiment, the rod of aerosol-forming substrate may have an external diameter of 7.2
millimetres, to within 10 percent.

The rod of aerosol-forming substrate may have a length of between about 5 millimetres
and about 100 mm. Preferably, the rod of aerosol generating substrate has a length of at least
about 5 millimetres, more preferably at least about 7 millimetres. In addition, or as an
alternative, the rod of aerosol generating substrate preferably has a length of less than about

80 millimetres, more preferably less than about 65 millimetres, even more preferably less than
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about 50 millimetres. In particularly preferred embodiments, the rod of aerosol generating
substrate has a length of less than about 35 millimetres, more preferably less than 25
millimetres, even more preferably less than about 20 millimetres. The rod of aerosol-forming
substrate may have a length of about 10 millimetres; the rod of aerosol-forming substrate may
have a length of about 12 millimetres.

The rod of aerosol-forming substrate may have a substantially uniform cross-section
along the length of the rod. The rod of aerosol-forming substrate may preferably have a
substantially circular cross-section.

The rod comprising elongate tubular elements may be circumscribed by a wrapper.
The elongate tubular elements may be assembled such that the elongate tubular elements
extend in the longitudinal direction.

As used herein, the term “rod” is used to denote a generally cylindrical element of
substantially circular, oval or elliptical cross-section.

The plurality of elongate tubular elements of the rod of aerosol-generating articles
according to the invention may be formed of a homogenous tobacco material, which may
comprise particulate tobacco obtained by grinding. The plurality of elongate tubular elements
may all have substantially the same composition as each other. Alternatively, the plurality of
elongate tubular elements may include tubular elements of at least two different compositions.

At least one elongate tubular element in the rod may comprise a rolled strip cut from a
sheet or web of homogenised tobacco material.

The sheets or webs of homogenised tobacco material may have a tobacco content of
at least about 40 percent by weight on a dry weight basis, more preferably of at least about
60 percent by weight on a dry weight basis, more preferably or at least about 70 percent by
weight on a dry basis and most preferably at least about 90 percent by weight on a dry weight
basis.

The sheets or webs of homogenised tobacco material for use in the aerosol-forming
substrate may comprise one or more intrinsic binders, that is, tobacco endogenous binders,
one or more extrinsic binders, that is, tobacco exogenous binders, or a combination thereof to
help agglomerate the particulate tobacco. Alternatively, or in addition, sheets of homogenised
tobacco material for use in the aerosol-forming substrate may comprise other additives
including, but not limited to, tobacco and non-tobacco fibres, aerosol-formers, humectants,
plasticisers, flavourants, fillers, aqueous and non-aqueous solvents and combinations thereof.

Suitable extrinsic binders for inclusion in sheets or webs of homogenised tobacco
material for use in the aerosol-forming substrate are known in the art and include, but are not
limited to: gums such as, for example, guar gum, xanthan gum, arabic gum and locust bean
gum; cellulosic binders such as, for example, hydroxypropyl cellulose, carboxymethyl

cellulose, hydroxyethyl cellulose, methyl cellulose and ethyl cellulose; polysaccharides such
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as, for example, starches, organic acids, such as alginic acid, conjugate base salts of organic
acids, such as sodium-alginate, agar and pectins; and combinations thereof.

Suitable non-tobacco fibres for inclusion in sheets or webs of homogenised tobacco
material for use in the aerosol-forming substrate are known in the art and include, but are not
limited to: cellulose fibers; soft-wood fibres; hard-wood fibres; jute fibres and combinations
thereof. Prior to inclusion in sheets of homogenised tobacco material for use in the aerosol-
forming substrate, non-tobacco fibres may be treated by suitable processes known in the art
including, but not limited to: mechanical pulping; refining; chemical pulping; bleaching; sulfate
pulping; and combinations thereof.

The sheets or webs of homogenised tobacco material may comprise an aerosol
former. As used herein, the term “aerosol former” describes any suitable known compound or
mixture of compounds that, in use, facilitates formation of an aerosol and that is substantially
resistant to thermal degradation at the operating temperature of the aerosol-generating article.

Suitable aerosol-formers are known in the art and include, but are not limited to:
polyhydric alcohols, such as propylene glycol, triethylene glycol, 1,3-butanediol and glycerine;
esters of polyhydric alcohols, such as glycerol mono-, di- or triacetate; and aliphatic esters of
mono-, di- or polycarboxylic acids, such as dimethyl dodecanedioate and dimethyl
tetradecanedioate.

Preferred aerosol formers are polyhydric alcohols or mixtures thereof, such as
propylene glycol, triethylene glycol, 1,3-butanediol and, most preferred, glycerine.

The sheets or webs of homogenised tobacco material may comprise a single aerosol
former. Alternatively, the sheets or webs of homogenised tobacco material may comprise a
combination of two or more aerosol formers.

The sheets or webs of homogenised tobacco material may have an aerosol former
content of greater than 5 percent on a dry weight basis. The sheets of homogenised tobacco
material may have an aerosol former content of between approximately 5 percent and
approximately 30 percent on a dry weight basis. In a preferred embodiment, the sheets of
homogenised tobacco material have an aerosol former content of approximately 20 percent
on a dry weight basis.

The sheets or webs of homogenised tobacco for use in the aerosol-generating article
of the present invention may be made by methods known in the art, for example the methods
disclosed in international patent application WO-A-2012/164009 A2. The sheets of
homogenised tobacco material for use in the aerosol-generating article may be formed from a
slurry comprising particulate tobacco, guar gum, cellulose fibres and glycerine by a casting
process.

As an alternative, elongate tubular elements of homogenised tobacco material for use

in an aerosol-forming substrate in accordance with the invention may be formed by extrusion.
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By way of example, a slurry comprising particulate tobacco obtained by grinding or otherwise
comminuting tobacco leaf lamina may be pushed through a die of the desired cross-section.
As a further alternative, additive manufacturing may also be used for manufacturing tubular
elements of homogenised tobacco material.

The elongate tubular element may have an equivalent diameter from about 0.03
millimetres to about 3 millimetres. Preferably, the elongate tubular element may have an
equivalent diameter of at least about 0.1 millimetres. More preferably, the elongate tubular
element may have an equivalent diameter of at least about 0.3 millimetres.

In addition, or as an alternative, the elongate tubular element preferably may have an
equivalent diameter of less than about 2 millimetres. More preferably, the elongate tubular
element may have an equivalent diameter of less than about 1 millimetre.

The elongate tubular element may have an equivalent diameter from about 0.7
millimetres to about 2.7 millimetres; the elongate tubular element may have an equivalent
diameter from about 0.3 millimetres to about 1.1 millimetres.

Where the tubular element is formed by rolling a strip of homogenised tobacco
material, the strip may have a width of at least about 1 millimetre. Preferably, the strip of
homogenised tobacco material may have a width of at least about 2 millimetres. More
preferably, the strip of homogenised material may have a width of at least about 3 millimetres.

The strip of homogenised tobacco material may have a width from about 1 millimetre
to about 3.5 millimetres; the strip of homogenised tobacco material may have a width from
about 2.4 millimetres to about 8.2 millimetres.

The strip of homogenised tobacco material may cut from a sheet or web having a
thickness of at least about 40 microns, more preferably at least about 60 microns, more
preferably at least about 80 microns and most preferably at least about 100 microns.
Alternatively or in addition, the strip of homogenised tobacco material may be cut from a sheet
or web having a thickness of no more than about 5000 microns, more preferably no more than
about 2000 microns, more preferably no more than about 1000 microns and most preferably
no more than about 500 microns. For example, the thickness of the sheet or web may be
between about 40 microns and about 5000 microns, more preferably between about 60
microns and about 2000 microns, more preferably between about 80 microns and about 1000
microns, and most preferably by between about 100 microns and about 500 microns.

A thickness of the elongate tubular element may be at least about 40 microns, more
preferably at least about 80 microns, more preferably at least about 120 microns and most
preferably at least about 160 microns. In addition or as an alternative, a thickness of the
elongate tubular element may be less than about 5000 microns, more preferably less than

about 2500 microns, and most preferably less than about 1000 microns.
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The tubular elements may be formed of a porous tobacco material, such that air flows
through the wall of the tubular element; that is, airflow along a substantially radial direction in
the rod is not impeded. Where the tubular element is formed by rolling a strip of homogenised
tobacco material the strip itself may be formed of a porous tobacco material.

As used herein with reference to a homogenised tobacco material, the term “porous”
may indicate that the tobacco material has been produced within an inherent porosity so that
sufficient pores or interstices are provided within the structure of a sheet or web such as to
enable the flow of air through the sheet or web in a direction transverse to a surface of the
sheet or web. Alternatively or in addition, the term “porous” may indicate that each sheet or
web of tobacco material comprises a plurality of air flow holes to provide the desired porosity.
For example, a sheet of tobacco material may be punctured with a pattern of air flow holes
prior to undergoing the rolling operation that produces the elongate tubular elements of the
rod of aerosol-forming substrate. The air flow holes may be punctured randomly or uniformly
over the sheet. The pattern of air flow holes may cover substantially the full surface of the
sheet, or may cover one or more specific areas of the sheet, with the remaining areas being
free from air flow holes.

The strip of homogenised tobacco material from which the elongated tubular element
may be formed may be textured. As used herein the term “textured” refers to a sheet or web
that has been crimped, embossed, debossed, perforated or otherwise locally deformed. For
example, the sheet or web from which the strip is cut may comprise a plurality of spaced-apart
indentations, protrusions, perforations or a combination thereof. Texture may be provided on
one side of each sheet, or on both sides of each sheet.

As used herein, the term “crimped” denotes a sheet or web or part thereof having a
plurality of substantially parallel ridges or corrugations. The inclusion of one or more tubular
elements formed from a crimped strip may help to provide and retain some spacing between
adjacent tubular elements within the rod.

Alternatively or in addition to the provision of texture on the surface of at least one of
the plurality of tubular elements, an additive may be applied to at least a part of a surface of
at least one of the plurality of tubular elements. The additive may be a solid additive, a liquid
additive, or a combination of a solid additive and a liquid additive. Suitable solid and liquid
additives for use in the invention are known in the art and include, but are not limited to:
flavourants, such as for example menthol; adsorbents, such as for example activated carbon;
fillers, such as for example calcium carbonate; and botanical additives.

To form a substantially tubular element, the strip of homogenised tobacco material may
be wound about the longitudinal axis by at least about 345 degrees. Preferably, the strip of
homogenised tobacco material is wound about the longitudinal axis by at least about 360

degrees. More preferably, the strip of homogenised tobacco material is wound about the
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longitudinal axis by at least about 540 degrees. In addition, or as an alternative, the strip of
homogenised tobacco material is preferably wound about the longitudinal axis by less than
about 1800 degrees. More preferably, the strip of homogenised tobacco material is wound
about the longitudinal axis by less than about 900 degrees. In some preferred embodiments,
the strip of homogenised tobacco material is wound about the longitudinal axis by from about
345 to about 540 degrees.

Each elongate tubular element may have a length substantially equal to the length of
the rod of aerosol-forming substrate. Each tubular element may have a length of about 10
millimetres; each tubular element may a length of about 12 millimetres.

The rod of aerosol-forming substrate may comprise less than about 200 elongate
tubular elements of homogenised tobacco material. More preferably, the rod of aerosol-
forming substrate comprises less than about 150 tubular elements. Even more preferably, the
rod of aerosol-forming substrate comprises less than about 100 tubular elements.

In addition, or as an alternative, the rod of aerosol-forming substrate may comprise at
least about 15 tubular elements of homogenised tobacco material. More preferably, the rod of
aerosol-forming substrate comprises at least about 30 tubular elements. Even more
preferably, the rod of aerosol-forming substrate comprises at least about 40 tubular elements.
The rod of aerosol-forming substrate may comprise from about 15 to about 100 strands of
non-tobacco material.

In the rod of the aerosol-forming substrate the elongate tubular elements may be
aligned substantially parallel to one another.

The elongate tubular elements of homogenised tobacco material may have
substantially oval cross-section; they may have a substantially elliptical transverse cross-
section; they may a substantially circular transverse cross-section. As described above,
tubular elements for use in aerosol-generating articles may effectively be formed by winding
a strip of homogenised tobacco material about its longitudinal axis by slightly less than 360
degrees. This results in an element having effectively a C-shaped cross-section, wherein a slit
extends longitudinally over the entire length of the tubular element.

The plurality of elongate tubular elements forming the rod of aerosol-forming substrate
may be circumscribed by a wrapper. The wrapper may be formed of a porous or non-porous
sheet material. The wrapper may be formed of any suitable material or combination of
materials. The wrapper may be a paper wrapper. The wrapper may optionally be adhered to
the outer edges of the plurality of tubular elements. For example, at least one of the inner
surface of the wrapper and the outer edges of the plurality of tubular elements may be wetted
during the production process such that the inner wrapper adheres to the edges of the tubular
elements during the wrapping process. Alternatively, an adhesive may be applied to at least

one of the inner surface of the wrapper and the outer edges of the plurality of tubular elements
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upstream of the wrapping step. The adhesion of the plurality of tubular elements and the
wrapper may advantageously help to retain the position and spacing of the plurality of tubular
elements within the rod.

The wrapper may be at least partially folded over the tubular elements at the upstream
and downstream ends of the rod to retain the plurality of tubular elements within the rod. The
wrapper may overlie the periphery of the plurality of tubular elements at the upstream and
downstream ends of the rod so that the remainder of the tubular elements is exposed. The
wrapper may overlie the entire upstream and downstream ends of the rod.

As an alternative to folding the ends of the wrapper over the upstream and downstream
ends of the tubular elements, a separate rim section of paper or other material may be
attached to the wrapper to overlie at least the periphery of the upstream and downstream ends
of the tubular elements, as described above. When the wrapper is folded over the ends of the
rod, or where a separate rim section is provided, an additional outer wrapper may be provided
overlying the wrapper that circumscribes the plurality of tubular elements.

A rodfor use in an aerosol-generating article as described above may be manufactured
by a method as set out below. In a first step of the method, there may be provided a sheet or
web of homogenised tobacco material. In a second step, an elongate strip having a
longitudinal axis may be cut from the sheet or web of homogenised tobacco material. The
cutting operation may be carried out by feeding the sheet or web from a roll or bobbin and by
moving it in continuous fashion along a predetermined direction. Cutting means may be
provided at a cutting station to which the web or sheet is fed. To this purpose, mechanical
cutters may be used. As an alternative, lasers can also be used.

In a third step, the strip may be rolled, that is, wound about the longitudinal axis to form
an elongate substantially tubular element. This may be achieved by feeding the strip along a
predetermined direction to a funnel shaped element, such that the strip is coiled and shaped
into a rolled substantially tubular element. Several individual rolled substantially tubular
elements may be manufactured in parallel.

In a fourth step, a plurality of elongate substantially tubular element obtained at the
end of the third step may be collated and assembled such that the elongate tubular elements
extend in the longitudinal direction. This may be achieved by feeding the plurality of elongate
substantially tubular elements through another funnel element such that they are grouped in
a substantially cylindrical cluster.

In a fifth step, the assembled tubular elements may be circumscribed with a wrapper
to form a continuous rod. In a sixth step, the continuous rod may be severed into a plurality of
discrete rods.

This method may comprise a further step of applying at least one aerosol former to

the sheet or web of homogenised material prior to the step of cutting the sheet or web to obtain
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the strip. The method may alternatively comprise a further step of applying at least one aerosol
former to the elongate tubular elements prior to the step of collating and assembling the
plurality of elongate tubular members.

In one further alternative, the method may comprise a further step of applying at least
one aerosol former to the plurality of elongate tubular elements after they have been collated
and assembled. As one additional alternative, the method may comprise a step of applying at
least one aerosol former to the plurality of elongate tubular elements following the step of
severing the continuous rod into discrete rods.

The method may further comprise a step of drying the homogenised tobacco material

after the step of applying the at least one aerosol former.

According to a second inventive aspect of the invention, an aerosol-generating system
is provided, the system comprising:

the aerosol-generating article as described above, and

an aerosol-generating device comprising a heating element configured to be inserted
into the aerosol-forming substrate of the aerosol-generating article.

The system according to the second aspect of the invention is advantageous for the
same reasons as detailed above for the articles of the first aspect of the invention.

In particular, the hollow tubular support element may bear the force exerted on the
aerosol-generating article when the internal heating element is inserted into the aerosol-
forming substrate of the aerosol-generating article.

The internal heating element may be a blade shaped heating element configured to
pierce the aerosol-forming substrate. Alternatively, a hollow tubular aerosol-forming substrate
can be provided, the hollow tubular aerosol-forming substrate defining an inner cavity in which
the internal heating element can be inserted. The internal heating element may be electrically
connected to a power supply. When the heating element receives electrical power from the
power supply and is inserted into the aerosol-forming substrate, the aerosol-forming substrate
is heated to a temperature at which an aerosol is formed.

The formed aerosol flows along the opening defined by the hollow tubular support
element, which may cool the aerosol to atemperature suitable for the consumer’s preferences
before the aerosol reaches the downstream end, through which the consumer may inhale the
aerosol.

As used herein, the term “aerosol-generating device” refers to a device comprising a
heating element that interacts with the aerosol-forming substrate of the aerosol-generating

article to generate an aerosol.
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These and other features and advantages of the invention will become more evident
in the light of the following detailed description of preferred embodiments, given only by way
of illustrative and non-limiting example, in reference to the attached figures:

Figure 1 depicts a longitudinal section of an aerosol-generating article comprising a
hollow tubular support element.

Figure 2 illustrates a hollow tubular support element comprising four flat radial walls.

In figure 3, a cross-section of the hollow tubular support element of figure 2 is depicted.

Figure 4 shows a longitudinal section of the hollow tubular support elements of figure

Figure 5 represents an aerosol-generating system comprising an aerosol-generating
article and an aerosol-generating device in turn comprising an internal heating element.
Figure 6 illustrates the test to calculate the hardness of the hollow tubular support

element, as described above in the present specification.

Figure 1 depicts a longitudinal section of an aerosol-generating article 10 having an
upstream end 11 and a downstream end 12, the aerosol-generating article 10 defining a
longitudinal direction between the upstream end 11 and the downstream end 12. The article
10 comprises an aerosol-forming substrate 13. In the embodiment of figure 1, a hollow tubular
support element 14 is disposed immediately downstream of the aerosol-forming substrate 13
and extending along the longitudinal direction. The hollow tubular support element 14 defines
an opening 16 extending in the longitudinal direction and adapted for aerosol to flow towards
the downstream end 12.

In the embodiment of figure 1, a filter 15 is disposed immediately downstream of the
hollow tubular support element 14 in the longitudinal direction.

The hardness of the aerosol-generating article 10 at the hollow tubular support element
14 is at least about 60% and, preferably, between about 80% and about 90%.

The aerosol-generating article 10 of figure 1 may attain a desired reduction of certain
constituents, due to the effect of the filter 15, and may have the desired properties in terms of
structural resistance and heat capacity by providing the hollow tubular support element 14,
without necessarily comprising a further aerosol-cooling element or an additional support
element. Therefore, the aerosol-generating article 10 may be more easily manufactured and
may avoid the disadvantages that aerosol-cooling elements or the like may lead to, such as
an inconsistent experience for the consumer.

Figure 2 depicts a hollow tubular support element 14 comprising a substantially annular
hollow tubular peripheral portion 17 which defines an inner volume. A longitudinal structure 18
extends in the longitudinal direction within the inner volume. In the embodiment of figure 2, a

radial structure formed of four flat radial walls 19 extends radially from the hollow tubular
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peripheral portion 17 to the longitudinal structure 18. Four passages 21 are defined between
the hollow tubular peripheral portion 17 and the four flat radial walls 19, the four passages 21
extending in the longitudinal direction. The four passages 21 form the opening along which
the formed aerosol may flow towards the downstream 12 end of the aerosol-generating article
10.

Figure 3 represents a cross-section of the embodiment of figure 2. The hollow tubular
support element 14 of this embodiment is substantially symmetrical according to such cross
section, as is depicted in figure 3. The longitudinal structure 18 is disposed along the
longitudinal axis of the annular hollow tubular peripheral portion 17. In the embodiment of
figure 3, each flat radial wall 19 is separated from the adjacent flat radial wall 19 by 90°.
Therefore, according to the cross-section of figure 3, each of the four passages 21 forms a
quarter of a circle.

Figure 4 shows a longitudinal section of the embodiments of figure 2 and 3, such
section containing the longitudinal structure 18 and two of the four flat radial walls 19. In this
figure, a recess 22 present in the hollow tubular support element 14 of this embodiment can
be more clearly appreciated than in figures 2 and 3. The recess 22 is configured to house the
heating element 31 of an aerosol-generating device 30, which may reduce the risk of the
hollow tubular support element 14 being damaged by the heating element 31.

Figure 5 depicts an aerosol-generating system 1 comprising the aerosol-generating
article 10 of figure 1 and an aerosol-generating device 30 comprising a heating element 31
inserted into the aerosol-forming substrate 13 of the aerosol-generating article 10. More
concretely, the heating element 31 of the system of figure 5 is a blade-shaped internal heating
element 31 that pierces the aerosol-forming substrate 13. A power supply 32 is arranged to
provide electrical power to the heating element 31. When the heating element 31 pierces the
aerosol-forming substrate 13, as shown in figure 5, and the heating element 31 receives
electrical power, thus generating heat, the aerosol-forming substrate 13 is heated to a
temperature at which an aerosol 40 that can be inhaled by a consumer is formed. The hollow
tubular support element 14 may increase the resistance of the aerosol-generating article 10
to withstand the forces generated when the heating element 31 is inserted into the aerosol-
forming substrate 13. Likewise, the hollow tubular support element 14 may sufficiently cool
the formed aerosol 40 when the aerosol flows along the opening 16 so that it reaches the filter
15 with a temperature which is adequate for the consumer’s preferences. The cooled aerosol
40 flows through the filter 15 and reaches the downstream end 12 of the aerosol-generating

article through which the consumer inhales the aerosol 40.
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CLAIMS

1. An aerosol-generating article having an upstream end and a downstream end, the
aerosol-generating article defining a longitudinal direction between the upstream end and the
downstream end, the aerosol-generating article comprising:

an aerosol-forming substrate;

a hollow tubular support element disposed downstream of the aerosol-forming
substrate and extending along the longitudinal direction;

wherein the hollow tubular support element defines an opening extending in the
longitudinal direction and adapted for aerosol to flow towards the downstream end;

wherein the hardness of the aerosol-generating article at the hollow tubular support
element is at least about 80%:; and

wherein the aerosol-generating article further comprises a filter disposed downstream

of the hollow tubular support element in the longitudinal direction.

2. The aerosol-generating article according to claim 1, wherein the hardness of
the aerosol-generating article at the hollow tubular support element is equal to or lower than
about 90%.

3. The aerosol-generating article according to any one of the preceding claims, wherein
the hollow tubular support element is disposed immediately downstream of the aerosol-

forming substrate.

4. The aerosol-generating article according to any one of the preceding claims, wherein
the filter is disposed immediately downstream of the hollow tubular support element in the

longitudinal direction.

5. The aerosol-generating article according to any one of the preceding claims, wherein

the aerosol-forming substrate is a tobacco-containing substrate.

6. The aerosol-generating article according to any one of the preceding claims, wherein

the aerosol-forming substrate has a hollow tubular shape.

7. The aerosol-generating article according to any one of the preceding claims, wherein
the hollow tubular support element comprises:

a hollow tubular peripheral portion which defines an inner volume;
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a longitudinal structure extending in the longitudinal direction within the inner volume;

a radial structure extending radially within the inner volume from the hollow tubular
peripheral portion to the longitudinal structure, such that at least two passages are defined by
the hollow tubular peripheral portion and the radial structure, the at least two passages
extending in the longitudinal direction;

wherein the opening comprises the at least two passages.

8. The aerosol-generating article according to claim 7, wherein the hollow tubular

peripheral portion is substantially annular shaped.

9. The aerosol-generating article according to any one of claims 7 to 8, wherein the radial
structure comprises at least a first and a second flat radial walls extending radially from the

longitudinal structure to the hollow tubular peripheral portion.

10. The aerosol-generating article according to any one of the preceding claims, wherein

the hollow tubular support element is substantially symmetrical in a cross section thereof.

11. The aerosol-generating article according to any one of the preceding claims, wherein

the hollow tubular support element comprises a recess adapted to house a heating element.

12. The aerosol-generating article according to any one of the preceding claims, wherein
the hollow tubular support element comprises a polymer, preferably polylactic acid (PLA),
cellulose acetate (CA), starch, polyhydroxyalkanoate (PHA), polypropylene (PP), polyethylene

(PE), polystyrene (PS) or a combination thereof.

13. The aerosol-generating article according to any one of the preceding claims, wherein
at least a part of the hollow tubular support element is manufactured by additive manufacturing

or injection moulding.

14. An aerosol-generating system comprising:
the aerosol-generating article according to any one of the preceding claims, and
an aerosol-generating device comprising a heating element configured to be inserted

into the aerosol-forming substrate of the aerosol-generating article.
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