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ated at an extreme upstream end (80) of the
smoking article; and a support element (30)
located immediately downstream of the aero-
sol-forming substrate (20). The support ele-
ment (30) abuts the aerosol-forming sub-
strate (20) and the aerosol-forming substrate
(20) is configured to be penetrable by a heat-
ing element of an aerosol-generating device
having a diameter of between about 40 per-
cent and about 70 percent of the diameter of
the aerosol-forming substrate without sub-
stantial deformation of the smoking article.
The support element is configured to resist
downstream movement of the aerosol-form-
ing substrate during insertion of the heating
element of the aerosol-generating device into
the aerosol-forming substrate.
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SMOKING ARTICLE FOR USE WITH AN INTERNAL HEATING ELEMENT

The present specification relates to a smoking article comprising an aerosol-forming
substrate for generating an inhalable aerosol when heated by an internal heating element of an
aerosol-generating device. The specification also relates to a method of using such a smoking
article.

A number of smoking articles in which tobacco is heated rather than combusted have
been proposed in the art. One aim of such ‘heated’ smoking articles is to reduce known harmful
smoke constituents of the type produced by the combustion and pyrolytic degradation of
tobacco in conventional cigarettes.

Typically in such heated smoking articles, an aerosol is generated by the transfer of heat
from a heat source to a physically separate aerosol-forming substrate or material, which may be
located within, around or downstream of the heat source. During smoking, volatile compounds
are released from the aerosol-forming substrate by heat transfer from the heat source and
entrained in air drawn through the smoking article. As the released compounds cool, they
condense to form an aerosol that is inhaled by the user.

A number of prior art documents disclose aerosol-generating devices for consuming or
smoking heated smoking articles. Such devices include, for example, electrically heated
aerosol-generating devices in which an aerosol is generated by the transfer of heat from one or
more electrical heating elements of the aerosol-generating device to the aerosol-forming
substrate of a heated smoking article. One advantage of such electric smoking systems is that
they significantly reduce sidestream smoke, while permitting a user to selectively suspend and
reinitiate smoking.

An example of an electrically heated cigarette used in an electrical smoking system is
disclosed in US 2005/01722976 A1. In one embodiment, the electrically heated cigarette
comprises a tobacco rod and a filter tipping joined together by tipping paper. The tobacco rod
includes a tobacco web folded into a tubular form about a free-flow filter at one end and a
tobacco plug at the other end. A void is between the free-flow filter and the tobacco plug. The
void is an unfilled portion of the tobacco rod and is in fluid communication with the filter tipping
through the free flow filter. The electrically heated cigarette is constructed to be inserted into
and a cigarette receiver of a reusable lighter of an electrical smoking system. The lighter
includes a power source that supplies energy to a heater fixture including a plurality of
electrically resistive heating elements, which are arranged to slidingly receive the cigarette such
that the heating elements are positioned alongside the cigarette.

As described above, the electrically heated cigarette disclosed in US 2005/01722976 At
is for use in an electrical smoking system comprising a plurality of external heating elements.

As well as electrical smoking systems comprising aerosol-generating devices with external
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heating elements, electrical smoking systems comprising aerosol-generating devices with
internal heating elements are also known. In use, the internal heating elements of the aerosol-
generating devices of such electrical smoking systems are inserted into the aerosol-forming
substrate of a heated smoking article such that the internal heating elements are in direct
contact with the aerosol-forming substrate.

Direct contact between an internal heating element of an aerosol-generating device and
the aerosol-forming substrate of a heated smoking article can provide an efficient means for
heating the aerosol-forming substrate to form an inhalable aerosol. In such a configuration,
heat from the internal heating element may be conveyed almost instantaneously to at least a
portion of the aerosol-forming substrate when the internal heating element is actuated, and this
may facilitate the rapid generation of an aerosol. Furthermore, the overall heating energy
required to generate an aerosol may be lower than would be the case in a smoking system
comprising an external heater element where the aerosol-forming substrate does not directly
contact the external heating element and initial heating of the aerosol-forming substrate occurs
by convection or radiation. Where an internal heating element of an aerosol-generating device
is in direct contact with an aerosol-forming substrate, initial heating of portions of the aerosol-
forming substrate that are in direct contact with the internal heating element will be effected by
conduction.

However, as well as the potential advantage described above there are also potential
disadvantages associated with the use of electric smoking systems comprising aerosol-
generating devices with internal heating elements.

During insertion of a heated smoking article into an aerosol-generating device
comprising an internal heating element a user may be required to apply significant force in order
to overcome the resistance of the aerosol-forming substrate of the heated smoking article to
insertion of the internal heating element of the aerosol-generating device. This may damage
one or both of the heated smoking article and the internal heating element of the aerosol-
generating device.

In addition, the application of significant force during insertion of the internal heating
element of the aerosol-generating device into the aerosol-forming substrate of the heated
smoking article may displace the aerosol-forming substrate within the heated smoking article.
This may result in the internal heating element not being fully inserted into the aerosol-forming
substrate, which may lead to uneven and inefficient heating of the aerosol-forming substrate of
the heated smoking article.

For example, insertion of an electrically heated cigarette as disclosed in
US 2005/01722976 A1 into an aerosol-generating device with an internal heating element will
result in displacement of the tobacco plug towards the free flow filter into the void between the
free-flow filter and the tobacco plug.
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EP 2 395 520 A1 discloses a non-combustion smoking tool comprising a slender heater
having a sharp end which is directly inserted into a commercially available cigarette or cigar to
directly heat the tobacco leaves of the cigarette or cigar. EP 2 395 520 A1 discloses that to
enable a smoker to smoothly insert the heater into a general filter cigarette having a diameter of
8mm the diameter of the heater is required to be 2.3mm or smaller and that attempts to insert
heaters having a diameter greater than 2.3mm into a general filter cigarette having a diameter
of 8mm results in deformation of the outline of the filter cigarette or tearing of the paper of the
filter cigarette.

However, while reducing the diameter of an internal heating element as described in
EP 2 395 520 A1 facilitates insertion of the internal heating element into the aerosol-forming
substrate of a heated smoking article, there are also potential disadvantages associated with
the use of electric smoking systems comprising aerosol-generating devices with slender internal
heating elements.

Reducing the diameter of the internal heating element relative to the diameter of the
aerosol-forming substrate of the heated smoking article adversely affects heat dissipation
through the aerosol-forming substrate, which is critical to the generation of a satisfactory
aerosol.

The present specification relates to a smoking article and a method of using a smoking
article. In particular, the present specification relates to a smoking article comprising an
aerosol-forming substrate for generating an inhalable aerosol when heated by an internal
heating element of an aerosol-generating device. The specification also relates to a method of
using such a smoking article with an aerosol-generating device comprising an internal heating
element.

According to a first aspect, there is provided a smoking article for use in an aerosol-
generating device, the smoking article comprising: an aerosol-forming substrate located at an
extreme upstream end of the smoking article; and a support element located immediately
downstream of the aerosol-forming substrate. The support element abuts the aerosol-forming
substrate and the aerosol-forming substrate is configured to be penetrable by a heating element
of an aerosol-generating device having a diameter of between about 40 percent and about 70
percent of the diameter of the aerosol-forming substrate without substantial deformation of the
smoking article.

According to another aspect, there is provided a method of using a smoking article
according to the first aspect with an aerosol-generating device, the method comprising the steps
of: inserting a heating element of an aerosol-generating device into the aerosol-forming
substrate of the smoking article wherein the heating element has a diameter of between about
40 percent and about 70 percent of the diameter of the aerosol-forming substrate; raising the
temperature of the heating element of the aerosol-generating device to heat the aerosol-forming
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substrate of the smoking article to generate an aerosol; and withdrawing the heating element of
the aerosol-generating device from the aerosol-forming substrate of the smoking article.

According to another aspect, there is provided an aerosol-generating system comprising:
an aerosol-generating device comprising a heating element; and a smoking article for use with
the aerosol-generating device, the smoking article comprising: an aerosol-forming substrate
located at an extreme upstream end of the smoking article, wherein the aerosol-forming
substrate is penetrable by the heating element of the aerosol-generating device; and a support
element located immediately downstream of the aerosol-forming substrate, wherein the support
element abuts the aerosol-forming substrate, wherein the heating element of the aerosol-
generating device has a diameter of between about 40 percent and about 70 percent of the
diameter of the aerosol-forming substrate. The aerosol-forming substrate is configured to be
penetrable by the heating element without substantial deformation of the smoking article.

According to a further aspect, there is provided a method of making a smoking article for
use in an aerosol-generating device, the method comprising: providing an aerosol-forming
substrate; providing a support element immediately downstream of the aerosol-forming
substrate; and wrapping the aerosol-forming substrate and the support element in an outer
wrapper to form a smoking article such that the aerosol-forming substrate is located at an
extreme upstream end of the smoking article and the support element abuts the aerosol-forming
substrate. The aerosol-forming substrate is configured to be penetrable by a heating element of
an aerosol-generating device having a diameter of between about 40 percent and about 70
percent of the diameter of the aerosol-forming substrate without substantial deformation of the
smoking article.

As used herein, the term ‘aerosol-forming substrate’ is used to describe a substrate
capable of releasing upon heating volatile compounds, which can form an aerosol. The
aerosols generated from aerosol-forming substrates of smoking articles described herein may
be visible or invisible and may include vapours (for example, fine particles of substances, which
are in a gaseous state, that are ordinarily liquid or solid at room temperature) as well as gases
and liquid droplets of condensed vapours.

As used herein, the terms ’upstream’, ‘downstream’, proximal’ and ‘distal’ are used to
describe the relative positions of elements, or portions of elements, of smoking articles aerosol-
generating devices and aerosol-generating systems according to the invention.

Smoking articles as described herein comprise a proximal end through which in use an
aerosol exits the aerosol-generating article. The proximal end may also be referred to as the
mouth end. In use, a user draws on the proximal or mouth end of the smoking article in order to
inhale an aerosol generated by the smoking article. The smoking article comprises a distal end
opposed to the proximal or mouth end. The proximal or mouth end of the smoking article may
also be referred to as the downstream end and the distal end of the smoking article may also be
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referred to as the upstream end. Components, or portions of components, of the smoking
article may be described as being upstream or downstream of one another based on their
relative positions between the proximal or downstream end and the distal or upstream end of
the smoking article.

As used herein the term ‘extreme upstream end’ is used to describe the outermost or
farthest upstream portion of the smoking article.

As used herein the term ‘diameter’ is used to refer to the maximum transverse
dimension of elements, or portions of elements, of smoking articles aerosol-generating devices
and aerosol-generating systems according to the invention. For the avoidance of doubt, as
used herein the term ‘diameter’ may refer to the ‘width’ of elements, or portions of elements, of
smoking articles aerosol-generating devices and aerosol-generating systems according to the
invention of non-circular transverse cross-section.

As used herein the term ‘longitudinal’ is used to describe the direction between the
downstream or proximal end and opposed upstream or distal end of smoking articles, aerosol-
generating devices and aerosol-generating systems according to the invention and the term
‘transverse’ is used to describe the direction perpendicular to the longitudinal direction.

For the avoidance of doubt, in the following description the term ‘heating element’ is
used to mean one or more heating elements.

Inclusion of a support element immediately downstream of and abutting the aerosol-
forming substrate of the smoking article provides a number of advantages.

In preferred embodiments, the support element is configured to resist downstream
movement of the aerosol-forming substrate during insertion of the heating element of the
aerosol-generating device into the aerosol-forming substrate.

The insertion force experienced by the smoking article as it is inserted into the aerosol-
generating device by a user may be divided into three parts: friction force, penetration force and
crush force.

As the smoking article is initially inserted into the aerosol-generating device and prior to
the heating element of the aerosol-generating device being inserted into the aerosol-forming
substrate of the smoking article, the insertion force is dominated by the force required to
overcome friction due to interference between the exterior surface of the smoking article and the
interior surface of the aerosol-generating device. As used herein, the term ‘friction force’ is
used to describe the maximum insertion force prior to insertion of the heating element of the
aerosol-generating device into the aerosol-forming substrate of the smoking article.

As the smoking article is inserted further into the aerosol-generating device and prior to
the smoking article reaching a position of maximum insertion, the insertion force is dominated
by the force required to overcome resistance of the aerosol-forming substrate of the smoking
article to insertion of the internal heating element of the aerosol-generating device.
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As used herein, the term ‘penetration force’ is used to describe the maximum insertion
force during insertion of the heating element into the aerosol-forming substrate of the smoking
article and prior to the smoking article reaching a position of maximum insertion.

Once the smoking article reaches a point of maximum insertion, the insertion force is
dominated by the force required to deform the smoking article. At the position of maximum
insertion, the extreme upstream end of the smoking article may come into contact with a
surface, for example a bottom or rear surface, of the aerosol-generating device, which prevents
the smoking article from being inserted further into the aerosol-generating device.

As used herein, the term ‘crush force’ is used to describe the maximum insertion force
after the smoking article reaches a point of maximum insertion.

The support element of the smoking article resists the penetration force experienced by
the smoking article during insertion of the internal heating element of the aerosol-generating
device into the aerosol-forming substrate.

The insertion force required to insert a heating element into a aerosol-forming substrate
where the heating element has a diameter of between about 40 percent and about 70 percent of
the diameter of the aerosol-forming substrate is greater than the insertion force required to
insert a heating element into a aerosol-forming substrate where the heating element has a
smaller diameter relative to the diameter of the aerosol-forming substrate.

In one embodiment, the support element is configured to resist a penetration force of at
least 2.5 N during insertion of the heating element of the aerosol-generating device into the
aerosol-forming substrate. The support element may be configured to resist a penetration force
of between about 2.5 N and about 10 N during insertion of the heating element of the aerosol-
generating device into the aerosol-forming substrate.

In another embodiment, the support element is configured to resist a penetration force of
at least 4 N during insertion of the heating element of the aerosol-generating device into the
aerosol-forming substrate. The support element may be configured to resist a penetration force
of between about 4 N and about 10 N during insertion of the heating element of the aerosol-
generating device into the aerosol-forming substrate.

The support element of the smoking article resists downstream movement of the
aerosol-forming substrate within the smoking article during insertion of the heating element of
the aerosol-generating device into the aerosol-forming substrate.

This may help to ensure that the heating element of the aerosol-generating device fully
inserted into the aerosol-forming substrate and so avoid uneven and inefficient heating of the
aerosol-forming substrate of the heated smoking article.

In one embodiment, the support element has a fracture force of at least 40 N, for
example a fracture force of at least 45 N or at least 50 N. The fracture force is measured by
conditioning the support element for at least 24 hours at 22 + 2 degrees Celsius and 50 £ 5 %
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relative humidity and then compressing the support element to fracture at a constant
compression rate using a Instron® 5565 series or equivalent tensile test machine with a 100 N
load cell. The test starts when a pre-load of 0.5 MPa is measured and finishes when the load
has dropped to 60 % of the maximum load. The fracture force is the maximum force recorded
during the test.

The support element may be formed from any suitable material or combination of
materials. For example, the support element may be formed from one or more materials
selected from the group consisting of: cellulose acetate; cardboard; crimped paper, such as
crimped heat resistant paper or crimped parchment paper; and polymeric materials, such as low
density polyethylene (LDPE). In one embodiment, the support element may be formed from
cellulose acetate.

The support element may comprise a hollow tubular element. In one embodiment, the
support element may comprise a hollow cellulose acetate tube.

The support element may have a length of between approximately 5 millimetres and
approximately 15 mm, more preferably between approximately 6 millimetres and approximately
10 mm. In one embodiment, the support element has a length of approximately 8 millimetres.

As used herein, the term ‘length’ is used to describe the dimension in the longitudinal
direction of the smoking article.

The support element has an external diameter that is approximately equal to the external
diameter of the smoking article.

The support element may have an external diameter of between approximately
5 millimetres and approximately 12 millimetres. In one embodiment, the support element may
have an external diameter of approximately 7.2 millimetres.

Where the support element comprises a hollow tubular element, the support element
may have an internal diameter of between approximately 3 millimetres and approximately
8 millimetres. In certain embodiments, the support element may have an internal diameter of
between approximately 3 millimetres and approximately 4 millimetres. In one embodiment, the
support element may have an internal diameter of approximately 3.3 millimetres. In other
embodiments, the support element may have an internal diameter of between approximately
6.5 millimetres and approximately 7.5 millimetres. In one embodiment, the support element
may have an internal diameter of approximately 6.9 millimetres.

Support elements comprising a hollow tubular element allow volatile compounds
released from the aerosol-forming substrate by heat transfer from the heating element of the
aerosol-generating device to pass downstream through the hollow tubular element while also
resisting downstream movement of the aerosol-forming substrate during insertion of the heating
element of the aerosol-generating device into the aerosol-forming substrate

Where the support element comprises a hollow tubular element, the velocity of aerosol
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passing downstream through the support element is dependent on the internal diameter of the
hollow tubular element.

As described further below, the smoking article may comprise a transfer element
comprising an aerosol-cooling element or heat exchanger located between the support element
and a mouthpiece located at the extreme downstream end of the smoking article. The velocity
of aerosol passing downstream through the support element may affect the efficiency of heat
exchange between the aerosol and the aerosol-cooling element or heat exchanger.

Where the support element comprises a hollow tubular element, the internal diameter of
the hollow tubular element may be between about 35 percent and about 98 percent of the
external diameter of the hollow tubular element. In certain embodiments, the internal diameter
of the hollow tubular element may be between about 35 percent and about 55 percent of the
external diameter of the hollow tubular element. In other embodiments, the internal diameter of
the hollow tubular element may be between about 90 percent and about 98 percent of the
external diameter of the hollow tubular element.

The aerosol-forming substrate is configured to be penetrable by a heating element of an
aerosol-generating device having a diameter of between about 40 percent and about 70 percent
of the diameter of the aerosol-forming substrate.

The aerosol-forming substrate is configured to be penetrable by a heating element of an
aerosol-generating device having a diameter of between about 40 percent and about 70 percent
of the diameter of the aerosol-forming substrate without substantial deformation of the smoking
article.

As used herein the term ‘substantial deformation’ is used to describe one or more of
bending of the smoking article by more than about 7 degrees relative to the longitudinal axis of
the smoking article and tearing or ripping of an outer wrapper of the smoking article.

In preferred embodiments, the support element is resistant to the maximum temperature
to which it is exposed at an interface during use of the smoking article in an aerosol-generating
device. As used herein the term ‘interface’ is used to described a plane or point of contact
abutting an end of the support element.

In the exemplary embodiment illustrated in Figure 1, a first interface 82 is the plane
between the upstream end of support element 30 and the downstream end of aerosol-forming
substrate 20 and a second interface 84 is the plane between the downstream end of support
element 30 and the upstream end of transfer section 40.

In the exemplary embodiment illustrated in Figure 5, a first interface 82 is the plane
between the upstream end of support element 30 and the downstream end of aerosol-forming
substrate 20 and a second interface is the plane between the downstream end of support
element 30 and the upstream end of the remainder of smoking article 200.

In certain embodiments, the support element is resistant to exposure to a temperature of
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at least about 100°C for a period at least about 5 minutes. In preferred embodiments, the
support element is resistant to exposure to a temperature of at least about 120°C for a period at
least about 5 minutes. In particularly preferably preferred embodiments, the support element is
resistant to exposure to a temperature of at least about 150°C for a period at least about
6 minutes.

As used herein the term ‘resistant to exposure to a temperature’ is used to describe a
support element that maintains mechanical and structural integrity upon exposure to the
specified temperature for a specified period of time. In particular, the term ‘resistant to
exposure to a temperature’ is used to describe a support element that does not ignite, combust,
melt, decompose or degrade upon exposure to the specified temperature for a specified period
of time.

The aerosol-forming substrate may be a solid aerosol-forming substrate. Alternatively,
the aerosol-forming substrate may comprise both solid and liquid components. The aerosol-
forming substrate may comprise an aerosol-forming material containing tobacco. Alternatively,
the aerosol-forming substrate may comprise a non-tobacco containing aerosol-forming material.
The aerosol-forming substrate may further comprise an aerosol former. Examples of suitable
aerosol formers include, but are not limited to, glycerine and propylene glycol.

The aerosol-forming substrate may have an aerosol former content of between
approximately 5% w/w and approximately 30% w/w. The aerosol-forming substrate may have
an aerosol former content of greater than approximately 5% w/w. In one embodiment, the
aerosol-forming substrate has an aerosol former content of approximately 20% w/w.

If the aerosol-forming substrate is a solid aerosol-forming substrate, the solid aerosol-
forming substrate may comprise, for example, one or more of: powder, granules, pellets,
shreds, strands, strips or sheets containing one or more of: herb leaf, tobacco leaf, tobacco ribs,
expanded tobacco and homogenised tobacco.

The solid aerosol-forming substrate may be in the form of a plug comprising an aerosol-
forming material circumscribed by a paper or other wrapper and. Where an aerosol-forming
substrate is in the form of a plug, the entire plug including any wrapper is considered to be the
aerosol-forming substrate.

Optionally, the solid aerosol-forming substrate may contain tobacco or non-tobacco
volatile flavour compounds, which are released upon heating of the solid aerosol-forming
substrate. The solid aerosol-forming substrate may also contain capsules that, for example,
include additional tobacco or non-tobacco volatile flavour compounds and such capsules may
melt during heating of the solid aerosol-forming substrate.

Optionally, the solid aerosol-forming substrate may be provided on or embedded in a
thermally stable carrier. The carrier may take the form of powder, granules, pellets, shreds,
strands, strips or sheets. The solid aerosol-forming substrate may be deposited on the surface
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of the carrier in the form of, for example, a sheet, foam, gel or slurry. The solid aerosol-forming
substrate may be deposited on the entire surface of the carrier, or alternatively, may be
deposited in a pattern in order to provide a non-uniform flavour delivery during use.

In one embodiment, the aerosol-forming substrate comprises homogenised tobacco
material.

As used herein, the term ‘homogenised tobacco material’ denotes a material formed by
agglomerating particulate tobacco.

The aerosol-forming substrate may comprise a gathered sheet of homogenised tobacco
material.

As used herein, the term ‘sheet’ denotes a laminar element having a width and length
substantially greater than the thickness thereof.

As used herein, the term ‘gathered’ is used to describe a sheet that is convoluted,
folded, or otherwise compressed or constricted substantially transversely to the longitudinal axis
of the smoking article.

The sheet of homogenised tobacco material may be crimped.

As used herein, the term ‘crimped’ denotes a sheet having a plurality of substantially
parallel ridges or corrugations. Preferably, when the smoking article has been assembled, the
substantially parallel ridges or corrugations extend along or parallel to the longitudinal axis of
the smoking article.

The heating element may be any suitable heating element capable of being inserted into
the aerosol-forming substrate of the smoking article. For example, the heating element may be
in the form of a pin or blade.

The heating element may have a tapered, pointed or sharpened end to facilitate
insertion of the heating element into the aerosol-forming substrate of the smoking article.

The smoking article may be substantially elongate. The smoking article may be
substantially cylindrical in shape.

The aerosol-forming substrate may be substantially elongate. The aerosol-forming
substrate may be substantially cylindrical in shape.

The smoking article may have a total length of between approximately 30 millimetres
and approximately 100 millimetres. In one embodiment, the smoking article has a total length of
approximately 45 millimetres.

The smoking article may have an external diameter of between approximately
5 millimetres and approximately 12 millimetres. In one embodiment, the smoking article may
have an external diameter of approximately 7.2 millimetres.

The aerosol-forming substrate may have a length of between approximately
7 millimetres and approximately 15 mm. In one embodiment, the aerosol-forming substrate

may have a length of approximately 10 millimetres. In an alternative embodiment, the aerosol-



10

15

20

25

30

35

WO 2013/190036 PCT/EP2013/062869
-11 -
forming substrate may have a length of approximately 12 millimetres.

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

The aerosol-forming substrate may have an external diameter of between approximately
5 millimetres and approximately 12 millimetres. In one embodiment, the aerosol-forming
substrate may have an external diameter of approximately 7.2 millimetres.

The smoking article may comprise a mouthpiece located at the extreme downstream
end of the smoking article. As used herein the term ‘extreme downstream end’ is used to
describe the outermost or farthest downstream portion of the smoking article.

The mouthpiece may comprise a filter. The filter may be formed from one or more
suitable filtration materials. Many such filtration materials are known in the art. In one
embodiment, the mouthpiece may comprise a filter formed from cellulose acetate tow.

The mouthpiece may have a length of between approximately 5 millimetres and
approximately 14 millimetres. In one embodiment, the mouthpiece may have a length of
approximately 7 millimetres.

The smoking article may comprise a transfer element or spacer element located
downstream of the support element. The transfer element may be located immediately
downstream of the support element and abut the support element.

The transfer element may be located between the support element and a mouthpiece
located at the extreme downstream end of the smoking article.

The transfer element may have a length of between approximately 5 millimetres and
approximately 25 millimetres, more preferably of between approximately 16 millimetres and
approximately 22 millimetres. In one embodiment, the transfer element may have a length of
approximately 18 millimetres.

The transfer element may comprise an aerosol-cooling element or heat exchanger. The
aerosol-cooling element may comprise a plurality of longitudinally extending channels.

In some embodiments, the aerosol-cooling element may comprise a gathered sheet of
material selected from the group consisting of metallic foil, polymeric material, and substantially
non-porous paper or cardboard. In some embodiments, the aerosol-cooling element may
comprise a gathered sheet of material selected from the group consisting of polyethylene (PE),
polypropylene (PP), polyvinylchloride (PVC), polyethylene terephthalate (PET), polylactic acid
(PLA), cellulose acetate (CA), and aluminium foil.

In one embodiment, the aerosol-cooling element may comprise a gathered sheet of
biodegradable polymeric material, such as polylactic acid or a grade of Mater-Bi® (a
commercially available family of starch based copolyesters).

The aerosol-cooling element may have a total surface area of between approximately
300 square millimetres per millimetre length and approximately 1000 square millimetres per
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millimetre length. In one embodiment, the aerosol-cooling element has a total surface area of
approximately 500 square millimetres per millimetre length.

The aerosol-forming substrate and the support element and any other elements of the
smoking article may be circumscribed by an outer wrapper. The outer wrapper may be formed
from any suitable material or combination of materials. In one embodiment, the outer wrapper
is a cigarette paper.

According to another aspect, there is provided a method of using a smoking article in an
aerosol-generating device, the smoking article comprising: an aerosol-forming substrate located
at an extreme upstream end of the smoking article; and a support element located immediately
downstream of the aerosol-forming substrate, wherein the support element abuts the aerosol-
forming substrate. The method comprises: inserting a heating element of an aerosol-generating
device into the aerosol-forming substrate of the smoking article; raising the temperature of the
heating element of the aerosol-generating device to heat the aerosol-forming substrate of the
smoking article to generate an aerosol; and withdrawing the heating element of the aerosol-
generating device from the aerosol-forming substrate of the smoking article.

According to another aspect, there is provided a method of using an aerosol-generating
system, the aerosol-generating system comprising: an aerosol-generating device comprising a
heating element; and a smoking article for use with the aerosol-generating device, the smoking
article comprising: an aerosol-forming substrate located at an extreme upstream end of the
smoking article, wherein the aerosol-forming substrate is penetrable by the heating element of
the aerosol-generating device; and a support element located immediately downstream of the
aerosol-forming substrate, wherein the support element abuts the aerosol-forming substrate.
The method comprises inserting the heating element of the aerosol-generating device into the
aerosol-forming substrate of the smoking article; raising the temperature of the heating element
of the aerosol-generating device to heat the aerosol-forming substrate of the smoking article to
generate an aerosol; and withdrawing the heating element of the aerosol-generating device
from the aerosol-forming substrate of the smoking article.

The resistance to draw (RTD) of the smoking article after insertion of the heating
element may be between approximately 80 mm WG and approximately 140 mm WG.

As used herein, resistance to draw is expressed with the units of pressure ‘mm WG’ or
‘mm of water gauge’ and is measured in accordance with ISO 6565:2002.

Features described in relation to one aspect or embodiment may also be applicable to
other aspects and embodiments. For example, features described in relation to smoking
articles and systems described above may also be used in conjunction with methods of using
smoking articles and systems described above.

Specific embodiments will now be described with reference to the figures, in which:

Figure 1 is a schematic cross-sectional diagram of an embodiment of a smoking article



10

15

20

25

30

35

WO 2013/190036 PCT/EP2013/062869
-13 -
for use with an aerosol generating-device;

Figure 2 is a schematic cross-sectional diagram of an embodiment of an aerosol-
generating system comprising an aerosol-generating device comprising an internal heating
element and a smoking article according to the embodiment illustrated in Figure 1;

Figure 3 is a schematic cross-sectional diagram of an embodiment of an aerosol-
generating device comprising an internal heating element for use with a smoking article
according to the embodiment shown in Figure 1;

Figure 4 is a graph showing insertion force as a function of insertion distance during
insertion of smoking articles according to the embodiment shown in Figure 1 into the aerosol-
generating device shown in Figure 3;

Figure 5 is a schematic cross-sectional diagram of the aerosol-forming substrate and
support element of an embodiment of a smoking article for use with an aerosol generating-
device; and

Figure 6 is a schematic view of the support element of the smoking article according to
the embodiment illustrated in Figure 5.

Figure 1 illustrates a smoking article 10 according to an embodiment. The smoking
article 10 comprises four elements arranged in coaxial alignment: an aerosol-forming substrate
20, a support element 30, a transfer section 40, and a mouthpiece 50. These four elements are
arranged sequentially and are circumscribed by an outer wrapper 60 to form the smoking article
10. The smoking article 10 has a mouth end 70, which a user inserts into his or her mouth
during use, and a distal end 80 located at the opposite end of the smoking article 10 to the
mouth end 70.

In use air is drawn through the smoking article by a user from the distal end 80 to the
mouth end 70. The distal end 80 of the smoking article may thus also be described as the
upstream end of the smoking article 10 and the mouth end 70 of the smoking article 10 may
also be described as the downstream end of the smoking article 10. Elements of the smoking
article 10 located between the mouth end 70 and the distal end 80 can be described as being
upstream of the mouth end 70 or, alternatively, downstream of the distal end 80.

The aerosol-forming substrate 20 is located at the extreme distal or upstream end of the
smoking article 10. In the embodiment illustrated in Figure 1, aerosol-forming substrate 20
comprises a gathered sheet of crimped homogenised tobacco material circumscribed by a
wrapper. The crimped sheet of homogenised tobacco material comprises comprising glycerine
as an aerosol-former.

The support element 30 is located immediately downstream of the aerosol-forming
substrate 20 and abuts the aerosol-forming substrate 20 along a first interface 82, which is the
plane between the upstream end of support element 30 and the downstream end of aerosol-
forming substrate 20.
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In the embodiment shown in Figure 1, the support element is a hollow cellulose acetate
tube. The support element 30 locates the aerosol-forming substrate 20 at the extreme distal
end 80 of the smoking article 10 so that it can be contacted with an internal heating element of
an aerosol-generating device. As described further below, the support element 30 acts to
prevent the aerosol-forming substrate 20 from being forced downstream within the smoking
article 10 towards the transfer element 40 when an internal heating element of an aerosol-
generating device is inserted into the aerosol-forming substrate 20. The support element 30
also acts as a spacer to space the transfer element 40 of the smoking article from the aerosol-
forming substrate 20.

The transfer element 40 is located immediately downstream of support element 30 and
abuts the support element 30 along a second interface 84, which is the plane between the
downstream end of the support element 30 and the upstream end of the transfer element 40. In
use, volatile substances released from the aerosol-forming substrate 20 pass along the transfer
section 40 towards the mouth end 70 of the smoking article 10. The volatile substances may
cool within the transfer section 40 to form an aerosol that is inhaled by the user. In the
embodiment illustrated in Figure 1, the transfer element 40 is an aerosol-cooling element
comprising a crimped and gathered sheet of polylactic acid circumscribed by a wrapper 90. The
crimped and gathered sheet of polylactic acid defines a plurality of longitudinal channels that
extend along the length of the aerosol-cooling element 40.

The mouthpiece 50 is located immediately downstream of the transfer section 40 and
abuts the transfer section 40. In the embodiment illustrated in Figure 1, the mouthpiece 50
comprises a conventional cellulose acetate tow filter of low filtration efficiency.

To assemble the smoking article 10, the four elements described above are aligned and
tightly wrapped within the outer wrapper 60. In the embodiment illustrated in Figure 1, the outer
wrapper is a conventional cigarette paper. As shown in Figure 1, a row of perforations is
provided in a region of the outer wrapper 60 circumscribing the support element 30 of the
smoking article 10.

The smoking article illustrated in Figure 1 is designed to engage with an aerosol-
generating device comprising an internal heating element in order to be smoked or consumed
by a user. In use, the internal heating element of the aerosol-generating device heats the
aerosol-forming substrate 20 of the smoking article 10 to a sufficient temperature to form an
aerosol, which is drawn downstream through the smoking article 10 and inhaled by the user.

Figure 2 illustrates a portion of an aerosol-generating system 100 comprising an aerosol-
generating device 110 and a smoking article 10 according to the embodiment described above
and illustrated in Figure 1.

The aerosol-generating device comprises an internal heating element 120. As shown in
Figure 2, the heating element 120 is mounted within a smoking article receiving chamber of the
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aerosol-generating device 100. In use, the user inserts the smoking article 10 into the smoking
article receiving chamber of the aerosol-generating device 110 such that the internal heating
element 120 is inserted into the aerosol-forming substrate 20 of the smoking article 10 as
shown in Figure 2. In the embodiment shown in Figure 2, the internal heating element 120 of
the aerosol-generating device 110 is a heater blade.

The aerosol-generating device 110 comprises a power supply and electronics (not
shown) that allow the internal heating element 120 to be actuated. Such actuation may be
manually operated or may occur automatically in response to a user drawing on a smoking
article 10 inserted into the smoking article receiving chamber of the aerosol-generating device
110. A plurality of openings is provided in the aerosol-generating device to allow air to flow to
the smoking article 10; the direction of air flow is illustrated by arrows in Figure 2.

Figure 3 illustrates an embodiment of an aerosol-generating device 110 comprising an
internal heating element 120 for use with the smoking article 10 according to the embodiment
described above and illustrated in Figure 1. The aerosol-generating device 110 comprises a
power supply and electronics (not shown) that allow the internal heating element 120 to be
actuated. Such actuation may be manually operated or may occur automatically in response to
a user drawing on a smoking article inserted into the aerosol-generating device 110. In the
embodiment shown in Figure 3, the internal heating element 120 is a pin heater.

In use, the user inserts the smoking article 10 into an open first end 130 of the aerosol-
generating device 110 such that the internal heating element 120 is inserted into the aerosol-
forming substrate 20 of the smoking article 10.

As discussed above, the insertion force experienced by the smoking article 10 as it is
inserted into the aerosol-generating device 110 by the user is divided into three parts. Firstly,
as the smoking article 10 is initially inserted into the aerosol-generating device 110, the smoking
article experiences a friction force due to interference between the exterior surface of the
smoking article and the interior surface of the aerosol-generating device. Secondly, as the
smoking article 10 is inserted further into the aerosol-generating device 110, the smoking article
experiences a penetration force due to the insertion of the internal heating element of the
aerosol-generating device 110 into the aerosol-forming substrate 20 of the smoking article 10.
Finally, as the smoking article 10 is inserted yet further into the aerosol-generating device 110,
the smoking article experiences a crush force due to the distal end 80 of the smoking article
contacting a closed second end 140 of the aerosol-generating device 110 opposed to the open
first end thereof.

The support element 40 of the smoking article 10 resists the penetration force
experienced by the smoking article 10 during insertion of the internal heating element 120 of the
aerosol-generating device 110 into the aerosol-forming substrate 20. The support element 40
of the smoking article 10 thereby resists downstream movement of the aerosol-forming
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substrate within the smoking article 10 during insertion of the heating element of the aerosol-
generating device into the aerosol-forming substrate.

Once the internal heating element 120 is inserted into the aerosol-forming substrate 10
actuated of the smoking article 10 and actuated, the aerosol-forming substrate 20 of the
smoking article 10 is heated to a temperature of about 375 degrees Celsius by the internal
heating element 120 of the aerosol-generating device 110. At this temperature, volatile
compounds are evolved from the aerosol-forming substrate 20 of the smoking article 10. As a
user draws on the mouth end 70 of the smoking article 10, the volatile compounds evolved from
the aerosol-forming substrate 20 are drawn downstream through the smoking article 10 and
condense to form an aerosol that is drawn through the mouthpiece 50 of the smoking article 10
into the user’s mouth.

As the aerosol passes downstream thorough the transfer element 40, the temperature of
the aerosol is reduced due to transfer of thermal energy from the aerosol to the aerosol-cooling
element. When the aerosol enters the aerosol-cooling element, its temperature is about
60 degrees Celsius. Due to cooling within the aerosol-cooling element, the temperature of the
aerosol as it exits the aerosol cooling element is about 40 degrees Celsius.

EXAMPLE

The insertion force required to insert smoking articles according to the embodiment
illustrated in Figure 1 into an aerosol-generating device according to the embodiment shown in
Figure 3 was measured and used to evaluate the friction force, penetration force and crush
force experienced by the smoking articles.

Materials & Methods

Materials: Ten smoking articles according to the embodiment illustrated in Figure 1 with
the dimensions given in Table 1 and an aerosol-generating device according to the embodiment
illustrated in Figure 3 with the dimensions labelled A, B, C, D, E and F in Figure 3 given in Table

2 were used in the measurements.
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Length of smoking article (mm) 45
Diameter of smoking article (mm) 7.2
Length of aerosol-forming substrate (mm) 12
Length of support element (mm) 8
Length of transfer element (mm) 18
Length of mouthpiece (mm) 7
Length of outer wrapper (mm) 45
Table 1
A (mm) 31.5
B (mm) 20
C (mm) 18
D (mm) 5
E (mm) 7.3
F (mm) 8.3
Table 2

Methods: The smoking articles were inserted into the aerosol-generating device through
the open first end thereof at a rate of 800 mm/min using an INSTRON 5565 tensile test machine
with tailor made clamping equipment. The insertion force as a function of the insertion distance
from the open first end of the aerosol-generating device was measured and recorded.

Results: Figure 4 shows a graph of the measured insertion force as a function of the
insertion distance for each of the ten smoking articles.

At an insertion distance of 5 mm the smoking articles reach a first constriction in the
internal diameter of the aerosol-generating device and the insertion force starts to increase due
to friction between the exterior surface of the smoking articles and the interior surface of the
cigarette aerosol-generating device as shown in Figure 4. The friction resulting from the first
constriction dominates the insertion force up to an insertion distance of about 18 mm. At this
insertion distance, the insertion force decreases slightly before the smoking articles reach a
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second constriction in the internal diameter of the aerosol-generating device at an insertion
distance of 18 mm and the insertion force starts to increase due to friction between the exterior
surface of the smoking articles and the interior surface of the cigarette aerosol-generating
device.

At an insertion distance of 20 mm, the pin heater of the aerosol-generating device starts
to penetrate the smoking article and the insertion force further increases due to the resistance
of the aerosol-forming substrate of the smoking article to insertion of the pin heater of the
aerosol-generating device. The resistance of the aerosol-forming substrate to insertion of the
pin heater dominates the insertion force up to an insertion distance of about 31.5 mm. As
shown in Figure 4, at this insertion distance the insertion force rapidly increases due to the
distal or upstream end of the smoking articles contacting the second closed end of the aerosol-
generating device. After that the smoking articles start to deform and the insertion force either
decreases slightly or continues to increase during deformation of the smoking articles.

For each smoking article measured, the friction force was evaluated as the maximum
insertion force measured up to an insertion distance of 20 mm. The average friction force for
the ten smoking articles measured is given in Table 3.

For each smoking article measured, the penetration force was evaluated as the
maximum insertion force measured up to an insertion distance of 31.5mm. The average

penetration force for the ten smoking articles measured is given in Table 3.

Friction Force (N) Plug Penetration Force (N)
Range Average Range Average
0.36-1.02 0.70 3.1-7.3 4.4
Table 3

Figure 5 illustrates the aerosol-forming substrate 20 and support element 30 of a
smoking article 200 according to another embodiment. The aerosol-forming substrate 20 is
located at the extreme distal or upstream end of the smoking article 200. In the embodiment
illustrated in Figure 5, the aerosol-forming substrate 20 is 18 millimetres in length and
7.2 millimetres in diameter and comprises a gathered sheet of crimped homogenised tobacco
material circumscribed by a wrapper. The crimped sheet of homogenised tobacco material
comprises comprising glycerine as an aerosol-former.

The support element 30 is located immediately downstream of the aerosol-forming
substrate 20 and abuts the aerosol-forming substrate 20 along a first interface 82, which is the
plane between the upstream end of support element 30 and the downstream end of aerosol-
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forming substrate 20. In the embodiment shown in Figure 5, the support element is a hollow
cellulose acetate tube and is 8 millimetres in length. As shown in Figure 6, the support element
has an internal diameter of 3.3 millimetres and an external diameter of 7.2 millimetres.

The support element 30 abuts the remainder of the smoking article 200 along a second
interface 84, which is the plane between the downstream end of the support element 30 and the
upstream end of the remainder of the smoking article 200.

Although the support elements of the smoking article according to the embodiments
described above and illustrated in Figures 1 and 6 are formed from cellulose acetate, it will be
appreciated that this is not essential and that smoking articles according to other embodiments
may comprise support elements formed from other suitable materials or combination of
materials.

Similarly, although the smoking article according to the embodiment described above
and illustrated in Figure 1 comprises a transfer element comprising an aerosol-cooling element
comprising a crimped and gathered sheet of polylactic acid, it will be appreciated that this is not
essential and that smoking articles according to other embodiments may comprise other
transfer elements or may not comprise a transfer element.

Furthermore, although the smoking article according to the embodiment described
above and illustrated in Figure 1 has four elements circumscribed by an outer wrapper, it will be
appreciated than this is not essential and that smoking articles according to other embodiments
may comprise additional elements or fewer elements.

It will also be appreciated that while the four elements of the smoking article according to
the embodiment described above and illustrated in Figure 1 are circumscribed by an outer
wrapper of conventional cigarette paper, this is not essential and that the elements of smoking
articles according to other embodiments may be circumscribed by other outer wrappers.

It will further be appreciated that dimensions provided for elements of the smoking
articles according to the embodiments described above and illustrated in Figures 1 and 5 and
parts of the aerosol-generating device according to the embodiment described above and
illustrated in Figure 3 are merely exemplary, and that suitable alternative dimensions may be
chosen.

The exemplary embodiments described above are not limiting. Other embodiments
consistent with the exemplary embodiments described above will be apparent to those skilled in
the art.
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CLAIMS:

1. A smoking article for use in an aerosol-generating device, the smoking article
comprising:

an aerosol-forming substrate located at an extreme upstream end of the smoking article;
and

a support element located immediately downstream of the aerosol-forming substrate,

wherein the support element abuts the aerosol-forming substrate and the aerosol-
forming substrate is configured to be penetrable by a heating element of an aerosol-generating
device having a diameter of between about 40 percent and about 70 percent of the diameter of
the aerosol-forming substrate without substantial deformation of the smoking article.

2. A smoking article according to claim 1 wherein the aerosol-forming substrate comprises
homogenised tobacco material.

3. A smoking article according to claim 2 wherein the aerosol-forming substrate comprises
a gathered sheet of homogenised tobacco material.

4. A smoking article according to claim 3 wherein the aerosol-forming substrate comprises
a gathered crimped sheet of homogenised tobacco material.

5. A smoking article according to any one of claims 1 to 4 wherein the support element is
configured to resist downstream movement of the aerosol-forming substrate during insertion of

the heating element of the aerosol-generating device into the aerosol-forming substrate.

6. A smoking article according to any one of claims 1 to 5 wherein the support element is
configured to resist a penetration force of at least 2.5 N during insertion of the heating element
of the aerosol-generating device into the aerosol-forming substrate.

7. A smoking article according to any one of claims 1 to 6 wherein the support element is
configured to resist a penetration force of at least 4 N during insertion of the heating element of
the aerosol-generating device into the aerosol-forming substrate.

8. A smoking article according to any of claims 1 to 7 wherein the support element

comprises a hollow tubular element.
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9. A smoking article according to claim 8 wherein the internal diameter of the hollow tubular
element is between about 35 percent and about 55 percent of the external diameter of the

hollow tubular element.

10. A smoking article according to claim 8 or 9 wherein the support element comprises a
hollow cellulose acetate tube.

11. A smoking article according to any one of claims 1 to 10 wherein the support element is
resistant to exposure to a temperature of at least about 150°C for a period at least about

6 minutes.

12. A smoking article according to any one of claims 1 to 11 further comprising an aerosol-
cooling element located downstream of the support element.

13. A smoking article according to claim 12 wherein the aerosol-cooling element is located
immediately downstream of the support element and abuts the support element.

14. A smoking article according to claim 12 or 13 wherein the aerosol-cooling element
comprises a gathered sheet of biodegradable polymeric material.

15. A smoking article according to any one of claims 1 to 14 further comprising a filter
located at an extreme downstream end of the smoking article.

16. A method of using a smoking article according to any one of claims 1 to 15 in an
aerosol-generating device, the method comprising the steps of:

inserting a heating element of an aerosol-generating device into the aerosol-forming
substrate of the smoking article wherein the heating element has a diameter of between about
40 percent and about 70 percent of the diameter of the aerosol-forming substrate;

raising the temperature of the heating element of the aerosol-generating device to heat
the aerosol-forming substrate of the smoking article to generate an aerosol; and

withdrawing the heating element of the aerosol-generating device from the aerosol-
forming substrate of the smoking article.

17. A method according to claim 16 wherein the support element of the smoking article
resists downstream movement of the aerosol-forming substrate during the step of inserting the
heating element into the aerosol-forming substrate.
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18. A method according to claim 16 or 17 wherein the resistance to draw of the smoking
article after insertion of the heating element is between 80 mm WG and 140 mm WG.

19. An aerosol-generating system comprising:
an aerosol-generating device comprising a heating element; and
a smoking article for use with the aerosol-generating device, the smoking article
comprising:
an aerosol-forming substrate located at an extreme upstream end of the smoking
article, wherein the aerosol-forming substrate is configured to be penetrable by the
heating element of the aerosol-generating device; and
a support element located immediately downstream of the aerosol-forming
substrate, wherein the support element abuts the aerosol-forming substrate,
wherein the heating element of the aerosol-generating device has a diameter of between
40 percent and about 70 percent of the diameter of the aerosol-forming substrate and the
aerosol-forming substrate is configured to be penetrable by the heating element without
substantial deformation of the smoking article.

20. An aerosol-generating system according to claim 19 wherein the aerosol-forming
substrate comprises a gathered sheet of homogenised tobacco material.

21. A method of using an aerosol-generating system according to claim 19 or 20 comprising:

inserting the heating element of the aerosol-generating device into the aerosol-forming
substrate of the smoking article;

raising the temperature of the heating element of the aerosol-generating device to heat
the aerosol-forming substrate of the smoking article to generate an aerosol; and

withdrawing the heating element of the aerosol-generating device from the aerosol-
forming substrate of the smoking article.

22. A method of making a smoking article for use in an aerosol-generating device, the
method comprising:

providing an aerosol-forming substrate;

providing a support element immediately downstream of the aerosol-forming substrate;
and

wrapping the aerosol-forming substrate and the support element in an outer wrapper to
form a smoking article such that the aerosol-forming substrate is located at an extreme
upstream end of the smoking article and the support element abuts the aerosol-forming
substrate,
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wherein the aerosol-forming substrate is configured to be penetrable by a heating
element of an aerosol-generating device having a diameter of between about 40 percent and
about 70 percent of the diameter of the aerosol-forming substrate without substantial
deformation of the smoking article.
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