wo 2014/012906 A1 || I 0E VOO O R 0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/012906 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

23 January 2014 (23.01.2014) WIPOIPCT
International Patent Classification:
A24F 47/00 (2006.01)
International Application Number:
PCT/EP2013/064952

International Filing Date:
15 July 2013 (15.07.2013)

Filing Language: English
Publication Language: English
Priority Data:

1212606.6 16 July 2012 (16.07.2012) GB

Applicant: NICOVENTURES HOLDING LIMITED
[GB/GB]; 4 Temple Place, London WC2R 2PG (GB).

Inventor: LORD, Christopher; c¢/o British American To-
bacco (NC) Limited, 4 Temple Place, London WC2R 2PG
(GB).

Agents: DAVIES, Simon et al.; D Young & Co LLP, 120
Holborn, London ECIN 2DY (GB).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, FE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,
SD, SF, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: ELECTRONIC VAPOUR PROVISION DEVICE

24
26\ 1
[

22 12

F

WA
X

YASINNN

3

14

N

B,C

ko

=

187 Josnr 4 3 ) 2 )9
19//23,27 17 5 28 ?Z‘ 21 45 10 34
- L
~~ ~y
2 8 5
.
FIG. 2
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51), where the vaporiser comprises a heating element (17, 68) and a heating element support (20, 67), wherein the liquid store com-
prises a porous material.
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Electronic Vapour Provision Device

Technical Field

The specification relates to electronic vapour provision devices.
Background

Electronic vapour provision devices are typically cigarette-sized and typically function
by allowing a user to inhale a nicotine vapour from a liquid store by applying a suction
force to a mouthpiece. Some electronic vapour provision devices have an airflow sensor
that activates when a user applies the suction force and causes a heater coil to heat up
and vaporise the liquid. Electronic vapour provision devices include electronic

cigarettes.
Summary

In an embodiment there is provided an electronic vapour provision device comprising a
power cell, a vaporiser and a liquid store, where the vaporiser comprises a heating
element and a heating element support, wherein the liquid store comprises a porous
material. The heating element support may form part of the liquid store or may be the
liquid store. Moreover, the heating element may be supported from its outside by the
heating element support or the heating element may be supported from its inside by

the heating element support.

One or more gaps may be provided between the heating element and the heating

element support.

In another embodiment there is provided a vaporiser for use in the electronic vapour
provision device, comprising a heating element and a porous heating element support,

wherein the heating element support is a liquid store.

In another embodiment there is provided a mouthpiece, including a heating element
and a porous heating element support, wherein the heating element support is a liquid

store.

In another embodiment there is provided an electronic vapour provision device
comprising a heating element for vaporising liquid; an air outlet for vaporised liquid

from the heating element; and a porous heating element support, wherein the heating
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element support is a store of liquid. The electronic vapour provision device may

include a power cell for powering the heating element.
Brief Description of the Drawings

For a better understanding of the disclosure, and to show how example embodiments
may be carried into effect, reference will now be made to the accompanying drawings in
which:

Figure 1 is a side perspective view of an electronic cigarette;

Figure 2 is a schematic sectional view of an electronic cigarette having a perpendicular

coil;

Figure 3 is a side perspective view of a porous heating element support;

Figure 4 is a side perspective view of a porous heating element support and a coil;
Figure 5 is an end view of a porous heating element support and a coil;

Figure 6 is a schematic sectional view of an electronic cigarette having a parallel coil;
Figure 7 is a side perspective view of an outer porous heating element support;

Figure 8 is a side perspective view of an outer porous heating element support and a

coil;
Figure 9 is an end view of an outer porous heating element support and a coil;
Figure 10 is an end view of a porous heating element support with channels, and a coil;

Figure 11 is an end view of a porous heating element support having an octagonal cross-

sectional shape, and a coil;

Figure 12 is an end view of a porous heating element support having a four arm cross

cross-sectional shape, and a coil;
Figure 13 is an end view of an outer porous heating element support and a coil;
Figure 14 is an end view of an outer porous heating element support and a coil; and

Figure 15 is an end view of an two part outer porous heating element support and a coil.
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Detailed Description

In an embodiment there is provided an electronic vapour provision device comprising a
power cell, a vaporiser and a liquid store, where the vaporiser comprises a heating
element and a heating element support, wherein the liquid store comprises a porous
material. The electronic vapour provision device may be an electronic cigarette. By
having a liquid store comprising porous material, the liquid can be retained more
efficiently, and also release and storage of the liquid is more controlled through the

wicking action of the porous material.

The liquid store may comprise a solid porous material or a rigid porous material. For
example, the liquid store may comprise a porous ceramic material. A solid porous
material is advantageous since it is not open to deformation so the properties can be set
and maintained. The shape can be defined at the manufacturing stage and this specific

shape can be retained in the device to give consistency in device usage.

The liquid store may not comprise an outer liquid store container. Providing a solid
porous material removes the need for an outer liquid store container and therefore

gives a more efficient storage means.

The porous material may be optimized for liquid retention and wicking and/or for
liquid glycerine retention and wicking. Moreover, the porous material may have pores
of substantially equal size. The porous material may comprise pores distributed evenly
throughout the material. Moreover, the porous material may be configured such that
the majority of the material volume comprises open pores for liquid storage. The liquid
store may be sealed on at least part of an outer surface region to inhibit porosity in that

region.

The porous material may have smaller pores in a region next to the heating element
and larger pores further from the heating element. The porous material may have a
gradient of pore sizes ranging from smaller pores next to the heating element to larger

pores further from the heating element.

The liquid store may be configured to wick liquid onto the heating element. The
configuration of pores acts to determine the wicking effect of the storage medium, such
that a more efficient means of transmission of liquid onto the heating element can be

achieved.
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The heating element support may form part of the liquid store, a separate additional
liquid store or the entirety of the liquid store. By removing the requirement for a
separate support, the number of components is reduced giving a simpler and cheaper

device and enabling a larger liquid store to be used for increased capacity.

The heating element may be supported from its outside by the heating element support.
Alternatively or additionally, the heating element may be supported from its inside by

the heating element support.

One or more gaps may be provided between the heating element and the heating
element support. Providing a gap between the heating element and the heating
element support allows liquid to be gathered and stored in the gap region for
vaporisation. The gap can also act to wick liquid onto the heating element. Also,
providing a gap between the heating element and support means that a greater surface
area of the heating element is exposed thereby giving a greater surface area for heating

and vaporisation.

The heating element may be a heating coil, such as a wire coil. The heating coil may be
coiled so as to be supported along its length by the heating element support. Moreover,
the turns of the heating coil may be supported by the heating element support. For
example, the turns of the heating coil may be in contact with the heating element
support. One or more gaps may be provided between the heating coil and the heating
element support. By providing a gap between a coil turn and the support, liquid can be
wicked into the gap and held in the gap for vaporisation. In particular, liquid can be
wicked by the spaces between coil turns and into the gap between a coil turn and the

support.

The vaporiser may further comprise a vaporisation cavity such that, in use, the
vaporisation cavity is a negative pressure cavity. At least part of the heating element
may be inside the vaporisation cavity. By having the heating element in the
vaporisation cavity, which in turn is a negative pressure cavity when a user inhales

through the electronic cigarette, the liquid is directly vaporised and inhaled by the user.

The electronic vapour provision device may comprise a mouthpiece section and the
vaporiser may form part of the mouthpiece section. Moreover, the liquid store may
form part of the mouthpiece section. For example, the liquid store may substantially

fill the mouthpiece section.
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Referring to Figure 1 there is shown an embodiment of the electronic vapour provision
device 1 in the form of an electronic cigarette 1 comprising a mouthpiece 2 and a body
3. The electronic cigarette 1 is shaped like a conventional cigarette having a cylindrical
shape. The mouthpiece 2 has an air outlet 4 and the electronic cigarette 1 is operated
when a user places the mouthpiece 2 of the electronic cigarette 1 in their mouth and
inhales, drawing air through the air outlet 4. Both the mouthpiece 2 and body 3 are
cylindrical and are configured to connect to each other coaxially so as to form the

conventional cigarette shape.

Figures 2 shows an example of the electronic cigarette 1 of Figure 1. The body 3
comprises two detachable parts, comprising a battery assembly 5 part and a vaporiser 6
part, and the mouthpiece 2 comprises a liquid store 7. The electronic cigarette 1 is
shown in its assembled state, wherein the detachable parts 2, 5, 6 are connected in the
following order: mouthpiece 2, vaporiser 6, battery assembly 5. Liquid wicks from the
liquid store 7 to the vaporiser 6. The battery assembly 5 provides electrical power to
the vaporiser 6 via mutual electrical contacts of the battery assembly 5 and the
vaporiser 6. The vaporiser 6 vaporises the wicked liquid and the vapour passes out of

the air outlet 4. The liquid may for example comprise a nicotine solution.

The battery assembly 5 comprises a battery assembly casing 8, a power cell 9, electrical

contacts 10 and a control circuit 11.

The battery assembly casing 8 comprises a hollow cylinder which is open at a first end
12. For example, the battery assembly casing 8 may be plastic. The electrical contacts
10 are located at the first end 12 of the casing 8, and the power cell 9 and control circuit
11 are located within the hollow of the casing 8. The power cell 9 may for example be a
Lithium Cell.

The control circuit 11 includes an air pressure sensor 13 and a controller 14 and is
powered by the power cell 9. The controller 14 is configured to interface with the air
pressure sensor 13 and to control provision of electrical power from the power cell 9 to

the vaporiser 6.

The vaporiser 6 comprises a vaporiser casing 15, electrical contacts 16, a heating
element 17, a wicking element 18, a vaporisation cavity 19 and a heating element

support 20.
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The vaporiser casing 15 comprises a hollow cylinder which is open at both ends with an
air inlet 21. For example, the vaporiser casing 15 may be formed of an aluminium alloy.
The air inlet 21 comprises a hole in the vaporiser casing 15 at a first end 22 of the
vaporiser casing 15. The electrical contacts 16 are located at the first end 22 of the

vaporiser casing 15.

The first end 22 of the vaporiser casing 15 is releasably connected to the first end 12 of
the battery assembly casing 8, such that the electrical contacts 16 of the vaporiser are
electrically connected to the electrical contacts 10 of the battery assembly. For
example, the device 1 may be configured such that the vaporiser casing 15 connects to

the battery assembly casing 8 by a threaded connection.

The heating element 17 is formed of a single wire and comprises a heating element coil
23 and two leads 24, as is illustrated in Figures 4 and 5. For example, the heating
element may be formed of Nichrome. The coil 23 comprises a section of the wire where
the wire is formed into a helix about an axis A. At either end of the coil 23, the wire
departs from its helical form to provide the leads 24. The leads 24 are connected to the
electrical contacts 16 and are thereby configured to route electrical power, provided by

the power cell 9, to the coil 23.

The wire of the coil 23 is approximately 0.12 mm in diameter. The coil is approximately
25 mm in length, has an internal diameter of approximately 1 mm and a helix pitch of
approximately 420 micrometers. The void between the successive turns of the coil 23 is

therefore approximately 300 micrometers.

The heating element 17 is located towards the second end 25 of the vaporiser casing 15
and is orientated such that the axis A of the coil 23 is perpendicular to the cylindrical
axis B of the vaporiser casing 15. The coil 23 of the heating element 17 is thus

perpendicular to the longitudinal axis C of the electronic cigarette 1.

The wicking element 18 extends from the vaporiser casing 15 into contact with the
liquid store 7 of the mouthpiece 2. The wicking element 18 is configured to wick liquid
in the direction W from the liquid store 7 of the mouthpiece 2 to the heating element 17.
In more detail, the wick 18 comprises an arc of porous material extending from a first
end of the coil 23, out past the second end 25 of the vaporiser casing 14 and back to a
second end of the coil. For example, the porous material may be nickel foam, wherein

the porosity of the foam is such that the described wicking occurs.
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The vaporisation cavity 19 comprises a region within the hollow of the vaporiser casing
15 in which liquid is vaporised. The heating element 17, heating element support 20
and portions 26 of the wicking element 18 are situated within the vaporisation cavity

19.

The heating element support 20 is configured to support the heating element 17 and to
facilitate vaporisation of liquid by the heating element 17. The heating element support
20 is an inner support and is illustrated in Figures 3, 4 and 5. The support 20
comprises a rigid cylinder of porous ceramic material. For example, the porous ceramic
material is shown to have pores 20a distributes throughout the material. The support
20 is situated coaxially within the helix of the heating element coil 23 and is slightly
longer than the coil 23, such that the ends of the support 20 protrude from the ends of
the coil 23. The diameter of the cylindrical support 20 is similar to the inner diameter
of the helix. As a result, the wire of the coil 23 is substantially in contact with the
support 20 and is thereby supported, facilitating maintenance of the shape of the coil
23. The heating element coil 23 is thus coiled, or wrapped, around the heating element
support 20. The solidity provides a stable and secure structure to hold the coil 23 in
place. The combination of the support 20 and the coil 23 of the heating element 17
provides a heating rod 27, as illustrated in Figures 4 and 5. The heating rod is later

described in more detail with reference to Figures 4 and 5.

The surface 28 of the support 20 provides a route for liquid from the wick element 18 to
wick onto and along, improving the provision of liquid to the vicinity of the heating
element 17 for vaporisation. The surface 28 of the support 20 also provides surface
area for exposing wicked liquid to the heat of the heating element 17. The porosity of
the support allows liquid to be stored in the heating element support 20. The support

is thus a further liquid store.

The mouthpiece 2 comprises a mouthpiece casing 29. The mouthpiece casing 29
comprises a hollow cylinder which is open at a first end 30, with the air outlet 4
comprising a hole in the second end 31 of the casing. For example, the mouthpiece

casing may be formed of plastic.

The liquid store 7 is situated within the hollow of the mouthpiece casing 29. For
example, the liquid store may comprise foam, wherein the foam is substantially

saturated in the liquid intended for vaporisation. The cross-sectional area of the liquid
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store 7 is less than that of the hollow of the mouthpiece casing so as to form an air

passageway 32 between the first end 30 of the mouthpiece casing 2 and the air outlet 4.

The first end 30 of the mouthpiece casing 29 is releasably connected to the second end
25 of the vaporiser casing 15, such that the liquid store 7 is in contact with a portion 33

of the wicking element 18 which protrudes from the vaporiser 6.

Liquid from the liquid store 77 is absorbed by the wicking element 18 and wicks along
route W throughout the wicking element 18. Liquid then wicks from the wicking
element 18 onto and along the coil 23 of the heating element 17, and onto and along the

support 20.

There exists a continuous inner cavity 34 within the electronic cigarette 1 formed by the
adjacent hollow interiors’ of the mouthpiece casing 29, the vaporiser casing 15 and the

battery assembly casing 8.

In use, a user sucks on the second end 31 of the mouthpiece 2. This causes a drop in the
air pressure throughout the inner cavity 34 of the electronic cigarette 1, particularly at

the air outlet 4.

The pressure drop within the inner cavity 34 is detected by the pressure sensor 13. In
response to detection of the pressure drop by the pressure sensor, the controller 14
triggers the provision of power from the power cell 9 to the heating element 17 via the
electrical contacts 10, 16. The coil of the heating element 17 therefore heats up. Once
the coil 17 heats up, liquid in the vaporisation cavity 19 is vaporised. In more detail,
liquid on the heating element 17 is vaporised, liquid on the heating element support 20
is vaporised and liquid in portions 26 of the wicking element 18 which are in the

immediate vicinity of the heating element 17 may be vaporised.

The pressure drop within the inner cavity 34 also causes air from outside of the
electronic cigarette 1 to be drawn, along route F, through the inner cavity from the air
inlet 21 to the air outlet 4. As air is drawn along route F, it passes through the
vaporisation cavity 19 and the air passageway 32. The vaporised liquid is therefore
conveyed by the air movement along the air passageway 32 and out of the air outlet 4 to
be inhaled by the user. In passing through the vaporisation cavity, along route F, the
air moves over the heating element 17 in a direction substantially perpendicular to the

axis A of the coil 23.
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As the air containing the vaporised liquid is conveyed to the air outlet 4, some of the
vapour may condense, producing a fine suspension of liquid droplets in the airflow.
Moreover, movement of air through the vaporiser 6 as the user sucks on the
mouthpiece 2 can lift fine droplets of liquid off of the wicking element 18, the heating
element 17 and/or the heating element support 20. The air passing out of the outlet

may therefore comprise an aerosol of fine liquid droplets as well as vaporised liquid.

The pressure drop within the vaporisation cavity 19 also encourages further wicking of
liquid from the liquid store 7, along the wicking element 18, to the vaporisation cavity

19.

Figure 6 shows a further example of the electronic cigarette 1 of Figure 1. The body 3 is
referred to herein as a battery assembly 50, and the mouthpiece 2 includes a liquid
store 51 and a vaporiser 52. The electronic cigarette 1 is shown in its assembled state,
wherein the detachable parts 2, 3 are connected. Liquid wicks from the liquid store 51
to the vaporiser 52. The battery assembly 50 provides electrical power to the vaporiser
52 via mutual electrical contacts of the battery assembly 50 and the mouthpiece 2. The
vaporiser 52 vaporises the wicked liquid and the vapour passes out of the air outlet 4.

The liquid may for example comprise a nicotine solution.

The battery assembly 50 comprises a battery assembly casing 53, a power cell 54,

electrical contacts 55 and a control circuit 56.

The battery assembly casing 53 comprises a hollow cylinder which is open at a first end
57. For example, the battery assembly casing 53 may be plastic. The electrical contacts
55 are located at the first end 57 of the casing 53, and the power cell 54 and control
circuit 56 are located within the hollow of the casing 53. The power cell 54 may for

example be a Lithium Cell.

The control circuit 56 includes an air pressure sensor 58 and a controller 59 and is
powered by the power cell 54. The controller 59 is configured to interface with the air
pressure sensor 58 and to control provision of electrical power from the power cell 54

to the vaporiser 52, via the electrical contacts 55.

The mouthpiece 2 further includes a mouthpiece casing 60 and electrical contacts 61.
The mouthpiece casing 60 comprises a hollow cylinder which is open at a first end 62,
with the air outlet 4 comprising a hole in the second end 63 of the casing 60. The

mouthpiece casing 60 also comprises an air inlet 64, comprising a hole near the first
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end 62 of the casing 60. For example, the mouthpiece casing may be formed of

aluminium.

The electrical contacts 61 are located at the first end of the casing 60. Moreover, the
first end 62 of the mouthpiece casing 60 is releasably connected to the first end 57 of
the battery assembly casing 53, such that the electrical contacts 61 of the mouthpiece 2
are electrically connected to the electrical contacts 55 of the battery assembly 50. For
example, the device 1 may be configured such that the mouthpiece casing 60 connects

to the battery assembly casing 53 by a threaded connection.

The liquid store 51 is situated within the hollow mouthpiece casing 60 towards the
second end 63 of the casing 60. The liquid store 51 comprises a cylindrical tube of
porous material saturated in liquid. The outer circumference of the liquid store 51
matches the inner circumference of the mouthpiece casing 60. The hollow of the liquid
store 51 provides an air passageway 65. For example, the porous material of the liquid
store 51 may comprise foam, wherein the foam is substantially saturated in the liquid

intended for vaporisation.

The vaporiser 52 comprises a vaporisation cavity 66, a heating element support 67 and

a heating element 68.

The vaporisation cavity 66 comprises a region within the hollow of the mouthpiece
casing 60 in which liquid is vaporised. The heating element 68 and a portion 69 of the

support 67 are situated within the vaporisation cavity 66.

The heating element support 67 is configured to support the heating element 68 from
the outside and to facilitate vaporisation of liquid by the heating element 68 and is
illustrated in Figures 7 to 9. Because the support 67 is located outside of the heating
element 68, its size is not restricted by the size of the heating element, and so can be
much larger than those of the embodiments described above. This facilitates the
storing of more liquid by the porous heating element support 67 than those of the
embodiments described above. The support 67 comprises a hollow cylinder of rigid,
porous material and is situated within the mouthpiece casing 60, towards the first end
62 of the casing 60, such that it abuts the liquid store 51. The porous material has
pores 67a distributes throughout. The outer circumference of the support 67 matches
the inner circumference of the mouthpiece casing 60. The hollow of the support

comprises a longitudinal, central channel 70 through the length of the support 67. The
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channel 70 has a square cross-sectional shape, the cross-section being perpendicular to

the longitudinal axis of the support.

The support 67 acts as a wicking element, as it is configured to wick liquid in the
direction W from the liquid store 51 of the mouthpiece 2 to the heating element 68. For
example, the porous material of the support 67 may be nickel foam, wherein the
porosity of the foam is such that the described wicking occurs. Once liquid wicks W
from the liquid store 51 to the support 67, it is stored in the porous material of the
support 67. Thus, the support 67 is an extension of the liquid store 51.

The heating element 68 is formed of a single wire and comprises a heating element coil
71 and two leads 72, as is illustrated in Figures 8 and 9. For example, the heating
element 68 may be formed of Nichrome. The coil 71 comprises a section of the wire
where the wire is formed into a helix about an axis A. At either end of the coil 71, the
wire departs from its helical form to provide the leads 72. The leads 72 are connected
to the electrical contacts 61 and are thereby configured to route electrical power,

provided by the power cell 54, to the coil 71.

The wire of the coil 71 is approximately 0.12 mm in diameter. The coil is approximately
25 mm in length, has an internal diameter of approximately 1 mm and a helix pitch of
approximately 420 micrometers. The void between the successive turns of the coil 71 is

therefore approximately 300 micrometers.

The coil 71 of the heating element 68 is located coaxially within the channel 70 of the
support. The heating element coil 71 is thus coiled within the channel 70 of the heating
element support 67. Moreover, the axis A of the coil 71 is thus parallel to the cylindrical
axis B of the mouthpiece casing 60 and the longitudinal axis C of the electronic

cigarette 1.

The coil 71 is the same length as the support 67, such that the ends of the coil 71 are
flush with the ends of the support 67. The outer diameter of the helix of the coil 71 is
similar to the cross-sectional width of the channel 70. As a result, the wire of the coil 71
is in contact with the surface 73 of the channel 70 and is thereby supported, facilitating
maintenance of the shape of the coil 71. Each turn of the coil is in contact with the
surface 73 of the channel 70 at a contact point 75 on each of the four walls 73 of the

channel 70. The combination of the coil 71 and the support 67 provides a heating rod
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74, as illustrated in Figures 8 and 9. The heating rod 74 is later described in more

detail with reference to Figures 8 and 9.

The inner surface 73 of the support 67 provides a surface for liquid to wick onto the coil
71 at the points 75 of contact between the coil 71 and the channel 70 walls 73. The inner
surface 73 of the support 67 also provides surface area for exposing wicked liquid to the

heat of the heating element 68.

There exists a continuous inner cavity 76 within the electronic cigarette 1 formed by the

adjacent hollow interiors’ of the mouthpiece casing 60 and the battery assembly casing

53-

In use, a user sucks on the second end 63 of the mouthpiece casing 60. This causes a
drop in the air pressure throughout the inner cavity 76 of the electronic cigarette 1,

particularly at the air outlet 4.

The pressure drop within the inner cavity 76 is detected by the pressure sensor 58. In
response to detection of the pressure drop by the pressure sensor 58, the controller 59
triggers the provision of power from the power cell 54 to the heating element 68 via the
electrical contacts 55, 26. The coil of the heating element 68 therefore heats up. Once
the coil 17 heats up, liquid in the vaporisation cavity 66 is vaporised. In more detail,
liquid on the coil 71 is vaporised, liquid on the inner surface 73 of the heating element
support 67 is vaporised and liquid in the portions 22 of the support 67 which are in the

immediate vicinity of the heating element 68 may be vaporised.

The pressure drop within the inner cavity 76 also causes air from outside of the
electronic cigarette 1 to be drawn, along route F, through the inner cavity from the air
inlet 64 to the air outlet 4. As air is drawn along route F, it passes through the
vaporisation cavity 66, picking up vaporised liquid, and the air passageway 65. The
vaporised liquid is therefore conveyed along the air passageway 65 and out of the air
outlet 4 to be inhaled by the user. In passing through the vaporisation cavity, along
route F, the air moves over the heating element 68 in a direction substantially parallel

to the axis A of the coil 71.

As the air containing the vaporised liquid is conveyed to the air outlet 4, some of the
vapour may condense, producing a fine suspension of liquid droplets in the airflow.
Moreover, movement of air through the vaporiser 52 as the user sucks on the

mouthpiece 2 can lift fine droplets of liquid off of the heating element 68 and/or the
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heating element support 67. The air passing out of the air outlet 4 may therefore

comprise an aerosol of fine liquid droplets as well as vaporised liquid.

With reference to Figures 8 and 9, due to the cross-sectional shape of the channel, gaps
80 are formed between the inner surface 73 of the heating element support 67 and the
coil 71. In more detail, where the wire of the coil 71 passes between contact points 75, a
gap 80 is provided between the wire and the area of the inner surface 73 closest to the
wire due to the wire substantially maintaining its helical form. The distance between
the wire and the surface 73 at each gap 80 is in the range of 10 micrometers to 500
micrometers. The gaps 80 are configured to facilitate the wicking of liquid onto the coil
71 through capillary action at the gaps 80. The gaps 80 also provide areas in which
liquid can gather prior to vaporisation, and thereby provide areas for liquid to be stored
prior to vaporisation. The gaps 80 also expose more of the coil 71 for increased

vaporisation in these areas.

Many alternatives and variations to the embodiments described above are possible. For
example, alternatives and variations to the embodiments of Figures 2 to 5 are as

follows.

Figures 10 to 12 show other examples of porous heating element supports 20 with a coil
23 wound around. These differ from the example shown in Figures 2 to 5 and from each
other by the shape of the heating element support 20. In each of the examples of
Figures 10 to 12, gaps 80 are provided between the heating element 17 and the support
20 by virtue of the cross-sectional shape of the support. In more detail, where the wire
of the coil 23 passes over a depression in the surface 28, a gap 80 is provided between
the wire and the area of the surface 28 immediately under the wire due to the wire
substantially maintaining its helical form. The gaps 80 are therefore disposed in a
radial direction from the axis A of the coil, between the surface 28 of the support 20
and the wire of the coil 23. The distance between the wire and the surface 28 at each
gap 80 is in the range of 10 micrometers to 500 micrometers. The gaps 80 are
configured to facilitate the wicking of liquid onto and along the length of the support 20
through capillary action at the gaps 80. As with the heating rods of Figures 8 and 9, the
gaps 80 also facilitate the wicking of liquid onto the heating element 17 from the porous
support 20 through capillary action at the gaps 80. The gaps 80 also provide areas in
which liquid can gather on the surface 28 of the support 20 prior to vaporisation, and
thereby provide areas for liquid to be stored prior to vaporisation. The gaps 80 also

expose more of the coil 23 for increased vaporisation in these areas.
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Figure 10 shows a heating element support 20 having a generally cylindrical shape but
having four surface channels 81 running lengthwise and spaced equally around the
support 20. The coil 23 is wound around the support 20 and gaps 80 are provided
where the coil turns overlap the channels 81. In more detail, where the wire of the coil
23 passes over a channel 81, a gap 80 is provided between the wire and the area of the

surface 28 immediately under the wire.

The heating element support 20 is porous and stores liquid. The gaps 80 provided by
the channels 81 have two functions. Firstly, they provide a means for liquid to be
wicked both onto the coil 23 and into the heating element support 20 by capillary
action. Secondly, they expose the coil 23 surface in the area of the channels 81 thereby

increasing the vaporisation surface of the coil 23.

In Figure 11, the heating element support 20 has an octagonal outer cross-sectional
shape, perpendicular to the lengthwise direction. The coil 23 is wound around this
support. Because the coil 23 is wire of some rigidity, the wire form does not match the
exact outer form of the support, but tends to be curved. Thus, gaps 80 provided
between the outer octagonal surface of the heating element support 20 and the curved

coil 23.

Again, the heating element support 20 is porous for liquid storage and the gaps 80
provide a means of wicking liquid onto the coil 23, and expose a greater surface of the

coil 23 for increased vaporisation.

In Figure 12, the heating element support 20 has an outer cross-sectional shape equal
to a four arm cross. The coil 23 is wound around the support 20 and gaps 80 are
provided between respective arms and the coil 23 surface. These gaps 80 provide the

same advantages already described.

Moreover, where channels 81 are provided in the heating element support 20, a

number other than one or four channels 81 can be used.

Furthermore, channels 81 have been described as longitudinal grooves along the
surface 28 of cylindrical supports 20. However, the channels 81 may, for example,
alternatively or additionally comprise helical grooves in the surface 28 of a cylindrical
support 20, spiralling about the axis of the support. Alternatively or additionally the
channels 81 may comprise circumferential rings around the surface 28 of the support

20.
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In embodiments, the inner support 20 is described as being slightly longer than the coil
23, such that it protrudes from either end of the coil 23. Alternatively, the support 20
may be shorter in length than the coil 23 and may therefore reside entirely within the

bounds of the coil.

Furthermore, example alternatives and variations to the embodiments of Figures 6 to 9
are as follows. Figures 13 to 15 show other examples of outer porous heating element
supports 67 with an internal coil 71. These differ from the example shown in Figures 7

and 9 and from each other by the shape of the heating element support 67.

Figure 13 shows a device similar to that shown in Figure 9 with the exception that the
internal channel 70 has a circular cross-sectional shape rather than a square. This
provides an arrangement where a coil 71 is fitted into the internal channel 70 and is in
contact with the channel 70 surface along the length of the channel 70 substantially
without gaps in the contact areas. This extra contact provides an increased means for
liquid to be wicked onto the coil 71 and a general decrease in the vaporisation area of

the coil 71.

In Figure 14 a device is shown similar to that shown in Figure 9. In this example, the
outer cross-sectional shape of the heating element support 67 is a square rather than a

circle.

Figure 15 shows a heating element support 67 comprising a first support section 85 and
a second support section 86. The heating element support 67 is generally cylindrical in
shape and the first support section 85 and second support section 86 are half cylinders
with generally semi-circular cross-sections, which are joined together to form the

cylindrical shape of the heating element support 67.

The first support section 85 and second support section 86 each have a side channel 87,
or groove 87, running along their respective lengths, along the middle of their
otherwise flat longitudinal surfaces. When the first support section 85 is joined to the
second support section 86 to form the heating element support 67, their respective side

channels 87 together form the heating elements support 67 internal channel 0.

In this example, the combined side channels 87 form an internal channel 70 having a
square cross-sectional shape. Thus, the side channels 87 are each rectangular in cross-
section. The coil 71 is situated within the heating element support 67 internal channel

70. Having a heating element support 67 that comprises two separate parts 85, 86
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facilitates manufacture of this component. During manufacturing, the coil 71 can be
fitted into the side channel 87 of the first support section 85, and the second support

section 86 can be placed on top to form the completed heating element support 67.

Internal support channels 70 with cross-sectional shapes other than those described

could be used.

Moreover, the coil 71 may be shorter in length than the outer support 67 and may
therefore reside entirely within the bounds of the support. Alternatively, the coil 71
may be longer than the outer support 67.

In embodiments, the support 67 may be located partially or entirely within liquid store
51. For example, the support 67 may be located coaxially within the tube of the liquid

store 51.

Furthermore, example alternatives and variations to the embodiments described above

are as follows.

An electronic vapour provision device comprising an electronic cigarette 1 is described

herein. However, other types of electronic vapour provision device are possible.

The wire of the coil 23, 71 is described above as being approximately 0.12 mm thick.
However, other wire diameters are possible. For example, the diameter of the coil wire
may be in the range of 0.05 mm to 0.2 mm. Moreover, the coil 23, 71 length may be
different to that described above. For example, the coil 23, 71 length may be in the

range of 20 mm to 40 mm.

The internal diameter of the coil 23, 71 may be different to that described above. For
example, the internal diameter of the coil 23, 71 may be in the range of 0.5 mm to 2

mm.

The pitch of the helical coil 23, 71 may be different to that described above. For

example, the pitch may be between 120 micrometers and 600 micrometers.

Furthermore, although the distance of the voids between turns of the coil 23, 71 is
described above as being approximately 300, different void distances are possible. For

example, the void may be between 20 micrometers and 500 micrometers.

The size of the gaps 80 may be different to that described above.
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Furthermore, the electronic vapour provision device 1 is not restricted to the sequence
of components described and other sequences could be used such as the control circuit
11, 56 being in the tip of the device or the liquid store 77, 51 being in the electronic

vapour provision device 1 body 3 rather than the mouthpiece 2.

The electronic vapour provision device 1 of Figure 2 is described as comprising three
detachable parts, the mouthpiece 2, the vaporiser 6 and the battery assembly 5.
Alternatively, the electronic vapour provision device 1 may be configured such these
parts 2, 6, 5 are combined into a single integrated unit. In other words, the mouthpiece
2, the vaporiser 6 and the battery assembly 5 may not be detachable. As a further
alternative, the mouthpiece 2 and the vaporiser 6 may comprise a single integrated
unit, or the vaporiser 6 and the battery assembly 5 may comprise a single integrated

unit.

The electronic vapour provision device 1 of Figure 6 is described as comprising two
detachable parts, the mouthpiece 2 and the body comprising the battery assembly 50.
Alternatively, the device 1 may be configured such these parts 2, 50 are combined into a
single integrated unit. In other words, the mouthpiece 2 and the body 3 may not be
detachable.

The heating element 17, 68 is not restricted to being a coil 23, 71, and may be another

wire form such as a zig-zag shape.

An air pressure sensor 13, 58 is described herein. In embodiments, an airflow sensor

may be used to detect that a user is sucking on the device.
The heating element 17, 68 is not restricted to being a uniform coil.

The porous material of the heating element support 20, 67 may be optimised for
retention and wicking of certain liquids. For example the porous material may be
optimised for the retention and wicking of a nicotine solution. For instance, the
nicotine solution may be liquid containing nicotine diluted in a propylene glycol

solution.

The heating element support 20, 67 is not limited to being a porous ceramic and other

solid porous materials could be used such as porous plastics materials or solid foams.

Reference herein to a vaporisation cavity 19, 66 may be replaced by reference to a

vaporisation region.
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Although examples have been shown and described it will be appreciated by those
skilled in the art that various changes and modifications might be made without

departing from the scope of the invention.

In order to address various issues and advance the art, the entirety of this disclosure
shows by way of illustration various embodiments in which the claimed invention(s)
may be practiced and provide for superior electronic vapour provision. The advantages
and features of the disclosure are of a representative sample of embodiments only, and
are not exhaustive and/or exclusive. They are presented only to assist in understanding
and teach the claimed features. It is to be understood that advantages, embodiments,
examples, functions, features, structures, and/or other aspects of the disclosure are not
to be considered limitations on the disclosure as defined by the claims or limitations on
equivalents to the claims, and that other embodiments may be utilised and
modifications may be made without departing from the scope and/or spirit of the
disclosure. Various embodiments may suitably comprise, consist of, or consist
essentially of, various combinations of the disclosed elements, components, features,
parts, steps, means, etc. In addition, the disclosure includes other inventions not
presently claimed, but which may be claimed in future. Any feature of any embodiment

can be used independently of, or in combination with, any other feature.
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Claims

1. An electronic vapour provision device comprising a power cell, a vaporiser and a
liquid store, where the vaporiser comprises a heating element and a heating element

support, wherein the liquid store comprises a porous material.

2. The electronic vapour provision device of claim 1, wherein the electronic vapour

provision device is an electronic cigarette.

3. The electronic vapour provision device of any preceding claim, wherein the

liquid store comprises a rigid porous material.

4. The electronic vapour provision device of any preceding claim, wherein the

liquid store comprises a porous ceramic material.

5. The electronic vapour provision device of any preceding claim, wherein the

porous material is optimized for liquid retention and wicking.

6. The electronic vapour provision device of claim 5, wherein the porous material

is optimized for liquid glycerine retention and wicking.

7. The electronic vapour provision device of any preceding claim, wherein the

porous material comprises pores of substantially equal size.

8. The electronic vapour provision device of any preceding claim, wherein the

porous material comprises pores distributed evenly throughout the material.

9. The electronic vapour provision device of any one of claims 1 to 7, wherein the
porous material is configured such that the majority of the material volume comprises

open pores for liquid storage.

10. The electronic vapour provision device of any preceding claim, wherein the
liquid store is sealed on at least part of an outer surface region to inhibit porosity in

that region.
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11. The electronic vapour provision device of any preceding claim, wherein the
porous material comprises smaller pores in the region next to the heating element and

larger pores further from the heating element.

12. The electronic vapour provision device of any preceding claim, wherein the
porous material comprises a gradient of pore sizes ranging from smaller pores next to

the heating element to larger pores further from the heating element.

13. The electronic vapour provision device of any preceding claim, wherein the

liquid store is configured, in use, to wick liquid onto the heating element.

14. The electronic vapour provision device of any preceding claim, wherein the

heating element support forms part of the liquid store.

15. The electronic vapour provision device of any one of claims 1 to 13, wherein the

heating element support is the liquid store.

16. The electronic vapour provision device of any preceding claim, wherein the

heating element is supported from its outside by the heating element support.

17. The electronic vapour provision device of any one of claims 1 to 15, wherein the

heating element is supported from its inside by the heating element support.

18. The electronic vapour provision device of any preceding claim, wherein one or

more gaps are provided between the heating element and the heating element support.

19. The electronic vapour provision device of any preceding claim, wherein the

heating element is a heating coil.

20.  The electronic vapour provision device of claim 19, wherein the heating coil is a

wire coil.

21. The electronic vapour provision device of claims 19 or 20, wherein the heating

coil is coiled so as to be supported along its length by the heating element support.
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22.  The electronic vapour provision device of any one of claims 19 to 21, wherein the
turns of the heating coil are in contact with the heating element support and are

thereby supported by the heating element support.

23. The electronic vapour provision device of any one of claims 19 to 22, wherein
one or more gaps are provided between the heating coil and the heating element

support.

24. The electronic vapour provision device of claim 23, wherein the one or more

gaps are between the coil turns and the heating element support.

25. The electronic vapour provision device of any preceding claim, wherein the
vaporiser further comprises a vaporisation cavity such that, in use, the vaporisation

cavity is a negative pressure cavity.

26.  The electronic vapour provision device of claim 25, wherein at least part of the

heating element is inside the vaporisation cavity.
27. The electronic vapour provision device of any preceding claim, wherein the
electronic vapour provision device comprises a mouthpiece section and the vaporiser

forms part of the mouthpiece section.

28.  The electronic vapour provision device of claim 27, wherein the liquid store

forms part of the mouthpiece section.

29.  The electronic vapour provision device of claim 28, wherein the liquid store

substantially fills the mouthpiece section.

30.  The vaporiser of any preceding claim.

31. The mouthpiece of any one of claims 27 to 29.

32.  An electronic vapour provision device comprising

a heating element for vaporising liquid;

an air outlet for vaporised liquid from the heating element; and
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a porous heating element support, wherein the heating element support is a

store of liquid.

33.  Anelectronic vapour provision device comprising
a heating element for vaporising liquid;
a power cell for powering the heating element;
an air outlet for vaporised liquid from the heating element; and
a porous heating element support, wherein the heating element support is a

store of liquid.

34.  An electronic vapour provision device, substantially as described herein with

reference to the accompanying drawings.

35. A vaporiser, substantially as described herein with reference to the

accompanying drawings.



WO 2014/012906 PCT/EP2013/064952

1717

—

— N
e T V)

FIG. 1



PCT/EP2013/064952

WO 2014/012906

2/7

o'g--

€
.
— BN
G 9
A A A
~ s YT Ny
vz

< 0 9Ty me
\\\\\\\\\\\\\\\\\\\\\\\\\\\M\\QA\u/ /0/7% /7/ A S S S S \\\ Le
“ = fI /}\&%/ . _I \ M L N 74
7 6 () ¥ : ee )~
17/ SRS R N SNSCE S M » | I-wv .............. B e <
7 7| e \ / %
\ \\ e M 4 \ 3
7 \\\\\\\\\\\\\\\\\\\\\v\\\\\\\\\\\ /r/ /W # \\\\\\\AY\\\\Q\\\R

oL “
\\ N \H MN | ez o \ / € 4z
el Sl



PCT/EP2013/064952

WO 2014/012906

3/7

28

FIG. 3

24

23

24

28,20

17

FIG. 4

17,23

FIG. 5



PCT/EP2013/064952

WO 2014/012906

0S¢ <
e e
~ g T,
v.2S c9
vs o 56 1L 0L gg
( (oo~ Tz 9 / 2 /
~ IR 77 BINISSSISSISIS / S NN SN
v 1 =]\ § \E
577 N W Ml | VW Wil W —— v\
7 R L ey N g
x w 77
% \\\\\\\\\\\\\\\\\\\\\M\\\\\\\\ ZA > N ////;\7 & SRR /////v///
29
gl



WO 2014/012906 PCT/EP2013/064952

5/7

67

73
70

FIG. 7

67a

67



PCT/EP2013/064952

WO 2014/012906

6/7

FIG. 10

FIG. 11

17,23

20a

27

80

\20.28

FIG. 12



PCT/EP2013/064952

717

WO 2014/012906

FIG. 13

74

73
—80

FIG. 14

FIG. 15



	DESCRIPTION
	CLAIMS
	DRAWINGS

