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(57) Abstract: A low ignition propensity wrapper comprising a first region and a second region different to the first region,
wherein the first region is an embossed region.A low ignition propensity smoking article incorporating the wrapper and an appara-

tus and a method for forming the wrapper are also described.
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LIP smoking article wrapper, smoking article, method and

apparatus

Field of the Invention
The invention relates to low ignition propensity smoking article wrappers.
Particularly, but not exclusively, the invention relates to low ignition propensity

smoking articles having wrappers which are embossed.

Background to the Invention

As used herein, the term “smoking article” includes smokeable products such as
cigarettes, cigars and cigarillos whether based on tobacco, tobacco derivatives,
expanded tobacco, reconstituted tobacco or tobacco substitutes and also heat-not-

burn products.

Low ignition propensity (LIP) smoking articles generally comprise a specific low
ignition propensity wrapper wrapped around a core of tobacco. When the smoking
article is lit, the low ignition propensity wrapper restricts the access of external air
to the burning tobacco core and, as such, may cause the smoking article to self-

extinguish if it is not regularly drawn upon by the smoker.

ASTM E2187-04 and ASTM E2187-09 specity standardized tests which can be used
to asses the ignition propensity properties of smoking articles. National regulation
often requires that low ignition propensity smoking articles exhibit full length burn

percentages of less than a particular threshold, for example 25%, when tested in

accordance with ASTM E2187-04 or ASTM E2187-09.

The wrappers of commercially available low ignition propensity smoking articles
generally comprise a base paper onto which bands of burn limiting additive material
have been applied. The bands of additive material generally have a lower air
permeability than the inherent air permeability of the base paper, and thus reduce
the air permeability of the wrapper in the banded regions. This reduction in air

permeability decreases the amount of air available to the burning tobacco and
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consequently can be used to reduce the ignition propensity of smoking articles in

accordance with industry standards such as ASTM E2187-04 and ASTM E2187-09.

However, the production of LIP smoking articles with banded LIP wrappers of this
type can be complex, costly and time inefficient. This is because, conventionally, a
two stage wrapper manufacturing process is used in which an initial base paper
production stage is followed by a separate additive material application stage. This
presents difficulties in terms of manufacturing the wrapper “on-line” in a smoking
article assembly unit. To avoid these difficulties, the banded wrapper is generally
manufactured separately before being loaded into the smoking article assembly unit.
The additive material itself is also expensive when compared to materials used in

conventional smoking article wrappers.

Summary of the Invention

According to the invention, there is provided a low ignition propensity wrapper
comprising a first region and a second region different to the first region, wherein
the first region is an embossed region.

The second region may be a non-embossed region.

The first region may be a region of first embossing and the second region may be a

region of second embossing different to the first embossing.

The first embossing may have a greater depth than the second embossing.

The first region may have a higher gas diffusivity than the second region.

The gas diffusivity may be CO, diffusivity.

The gas diffusivity of the first region may be at least five times greater than the gas

diffusivity of the second region.
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The gas diffusivity of the first region may be at least seven times greater than the

gas diffusivity of the second region.

The gas diffusivity of the first region is at least 1 cm/s.

The first region may have a higher permeability than the second region.

The permeability of the first region may be at least ten times greater than the

permeability of the second region.

The permeability of the first region may be at least twelve times greater than the

permeability of the second region.

The permeability of the second region may be less than 20 CU.

The permeability of the second region may be less than 10 CU.

The first region may comprise at least one circumferential band of embossing.

The first region may comprise at least one longitudinal strip of embossing.

The first region may comprise a plurality of embossed sections and at least one

embossed link section extending across the second region to connect at least two of

the embossed sections together.

The wrapper may comprise an embossed section or an embossed link section along

its entire length.
The wrapper does not comprise burn limiting additive.
There may also be provided a low ignition propensity smoking article comprising a

rod of smokeable material and the low ignition propensity wrapper wrapped around

the rod of smokeable material.
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The smoking article may be a cigarette.

According to the invention, there may also be provided a method of forming a low
ignition propensity wrapper comprising forming a first region of the wrapper by
embossing the first region and forming a second region of the wrapper differently

to the first region.

Forming the second region of the wrapper may comprise leaving the second region

non-embossed.

Forming the first region of the wrapper may comprise embossing the first region
using a first set of embossing protrusions, and forming the second region of the
wrapper may comprise embossing the second region using a second set of

embossing protrusions different to the first set of embossing protrusions.

The height of the first set of embossing protrusions may be greater than the height

of the second set of embossing protrusions.

Embossing the first region of the wrapper may comprise forming a plurality of
embossed sections and at least one embossed link section extending across the

second region between a plurality of the embossed sections.

The method may comprise analysing the properties of the first region and
automatically controlling an embossing force applied to the wrapper in dependence

of the analysis.

The analysed properties of the first region may comprise at least one of the
permeability of the first region, the thickness of the first region, the porosity of the

first region and the gas diffusivity of the first region.

The method may include forming a low ignition propensity smoking article,

comprising wrapping the wrapper around a rod of smokeable material.
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The method may be performed in a smoking article assembly unit.

According to the invention, there may also be provided an embossing roller for
forming the low ignition propensity wrapper, wherein a circumferential surface of
the roller comprises a first region comprising a set of embossing protrusions; and a

second region different to the first region.

The second region of the roller may be substantially smooth.

The first region of the roller may comprise a first set of embossing protrusions and
the second region of the roller may comprise a second set of embossing protrusions

different to the first set of embossing protrusions.

The height of the embossing protrusions in the first set may be greater than the

height of the embossing protrusions in the second set.

The embossing protrusions in the first set and second set may comprise truncated
pyramids, the pyramids in the second set being truncated at a height lower than the

protrusions in the first set.

The embossing protrusions in the second set may have rounder edges than the

embossing protrusions in the first set.

There may also be provided an embossing unit comprising the embossing roller.

For the purposes of example only, embodiments of the invention are described

below with reference to the accompanying figures, in which:

Brief Description of the Figures
Figure 1 is a perspective illustration of an LIP smoking article having an LIP
wrapper with a pair of circumferential bands of first embossing and a central

circumferential band of non-embossing, or second embossing.
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Figure 2 is a perspective illustration of an LIP smoking article having an LIP
wrapper with a plurality of longitudinal strips of first embossing and corresponding

regions of non-embossing or second embossing.

Figure 3 is a perspective illustration of an LIP smoking article having an LIP
wrapper with a plurality of bands of first embossing, optionally including burn-

additive material, and a plurality of bands of non-embossing or second embossing.

Figure 4 is a perspective illustration of an LIP smoking article having an LIP
wrapper with a plurality of bands making up four different regions. At least one of

the regions is embossed.

Figure 5 is a schematic illustration of an embossing unit for manufacturing an

embossed LIP wrapper.

Figure 6 is a plan view of an embossed LIP wrapper having two embossed link
sections which connect two main sections of embossing together across a non-

embossed or differently embossed region of the wrapper.

Figure 7 is a plan view of an embossed LIP wrapper having a single embossed link
section which connects two main sections of embossing together across a non-

embossed or differently embossed region of the wrapper.

Figure 8 is a flow diagram of a method of forming an embossed LIP wrapper.

Figure 9 is an illustration of an example embossing roller comprising first and
second embossing regions for forming first and second regions of an embossed LIP

wrapper.

Detailed Description of the Invention
Figure 1 shows a low ignition propensity smoking article 100. For the purposes of

example only, the smoking article 100 will be discussed below in the context of a
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cigarette comprising a substantially cylindrical cellulose acetate filter 200 and an
axially aligned substantially cylindrical smokeable material rod 300 connected to the
filter 200 by a sheet of overlying tipping paper 400. However, it will be appreciated
that the invention is applicable to other types of smoking article such as those

referred to above.

The tobacco rod 300 comprises a substantially cylindrical core of smokeable
material 310 wrapped in a wrapper 320. The wrapper 320 provides a circumferential
boundary for the cylindrical core 310, as is shown in Figure 1, with the end faces of
the core 310 being left open in a conventional manner. The core of smokeable

material 310 may comprise tobacco material, for example a particular tobacco blend.

The wrapper 320 comprises a base paper, for example a cigarette paper, having an
inherently low permeability. The low air permeability of the paper 320 substantially
limits the permeation of external air through the paper 320 into the burning
smokeable material 310. This provides the cigarette 100 with a low ignition
propensity and therefore allows the cigarette 100 to meet industry standards for low
ignition propensity (for example in accordance with ASTM E2187-04 and ASTM
E2187-09).

Referring to Figures 1 and 2, the wrapper 320 comprises first and second regions
321, 322. The regions 321, 322 are different to one another. For example, the
second region 322 may have different physical and/or material properties to the

first region 321 in terms of diffusivity and/or permeability, as described below.

The first region of the wrapper 320 comprises an embossed region 321. This is
shown in Figure 1. The remaining area of the wrapper 320 constitutes the second
region 322. This may be left non-embossed, and therefore may constitute a non-
embossed region 322. Alternatively, the second region 322 may comprise a second
embossed region 322. In this case, the embossing in the second region 322 is
different to the embossing in the first region 321. The embossing in the second
region 322 may be referred to as second embossing, whereas the embossing in the

first region 321 may be referred to as first embossing. The embossing in the second
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region 322 may be formed using a different set of embossing protrusions to the

embossing in the first region 321. This is described in more detail further below.

The combination of the first region 321 and the second region 322 provides a
cigarette 100 which conforms to recognized LIP standards, for example in
accordance with ASTM E2187-04, whilst also providing a smoking experience
which is consistent with that provided by the LIP additive-banded cigarettes

discussed above.

As shown in Figure 1, the first region 321 may comprise a pair of circumferential
bands of embossing 321 at either end of the smokeable material rod 300. The
second region 322, comprising a central band 322 of non-embossed wrapper or
wrapper which is embossed differently to the first region 321, may be located

approximately halfway along the smokeable material rod 300.

Alternatively, as shown in Figure 2, the first region 321 of the wrapper 320 may
comprise one or more longitudinal strips of embossing 321 extending either
partially or completely along the length of the wrapper 320. The strips of
embossing 321 may be separated by the second region 322, comprising
corresponding strips 322 of the wrapper 320 which have either not been embossed
or have been embossed differently to the first region 321. An example of the ratio

of the sizes of the first 321 and second 322 regions is discussed further below.

The first region 321 of the wrapper 320 has a higher air permeability than the
second region 322. This allows a significant amount of external air to pass through
the embossed region 321 of the wrapper 320 into the core 310 of the smokeable

material rod 300, thereby increasing smoke dilution during puffing.

In addition to having a higher air permeability, the first region 321 of the wrapper

320 also has a significantly higher gas diffusivity than the second region 322. For

example the gas diffusivity of the first region 321 may be at least five, preferably six
or seven times greater than the gas diffusivity of the second region 322. The higher

gas diffusivity of the first region 321 of the wrapper 320 allows smoke components
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such as CO and nitrogen oxide to diffuse out of the burning tobacco rod 300
through the first region 321 of the wrapper 320. As such, these smoke components
are not drawn into the filter 200 and thus are not delivered to the smoker of the LIP
cigarette 100. The consequence is that the smoke yield of the LIP cigarette 100 is

decreased.

Additionally, the higher gas diffusivity of the first region 321 of the wrapper 320
allows O, to diffuse into the burning tobacco rod 300 through the first region 321
of the wrapper 320. As such, the static burn rate of the cigarette 100 is increased
and the puff number is reduced. The consequence is that the smoke yield of the

LIP cigarette 100 is further decreased.

Optionally, the first region 321 of the wrapper 320 may comprise a burn-additive
material which further increases the burn rate of the wrapper 320 in the first region
321. The burn-additive material can be combined with embossing to synergistically
increase the burn rate of the wrapper 320 in the first region 321. Alternatively, the
burn-additive can be used in combination with a reduced level of embossing to
provide the same burn rate as a more heavily embossed region of the wrapper 320.
This allows the burn rate of the wrapper 320 to be controlled independently of the
diffusivity. The burn-additive material may comprise tri-potassium citrate. An
example is shown in Figure 3, in which the first region 321 comprises a plurality of
circumferential bands separated by circumferential bands of the second region 322

in which burn additive is not present.

Referring to Figure 4, the wrapper 320 may further comprise a third region 323.
The third region 323 may be different from the first region 321 and the second
region 322. For example, the third region 323 may have different physical and/or

material properties to the first region 321 and the second region 322.

The third region 323 may be a region of the wrapper 320 comprising a burn-additive
material such as tri-potassium citrate. The burn-additive material may increase the
burn rate of the wrapper 320 in the third region, such that the burn rate of the

wrapper 320 in the third region 323 in higher than it would be if the third region



10

15

20

25

30

WO 2011/117106 PCT/EP2011/053855

10 -

323 of the wrapper 320 did not comprise the burn additive. The third region 323 is

not embossed.

As shown in Figure 4, the wrapper 320 may also comprise a fourth region 324. The
fourth region 324 may be different to all of the first, second and third regions 321,
322, 323 referred to previously. For example, the fourth region 323 may have
different physical and/or material properties to the first, second and third regions
321, 322, 323. The wrapper 324 in the fourth region 324 may be non-embossed and
not comprise burn-additive. The fourth region 324 may comprise base paper which
has not been altered in terms of its physical or material properties.

The third and fourth regions 323, 324 may be in the form of circumferential bands
and/or longitudinal stripes on the wrapper 320.

For example, starting from the filter end of the wrapper 320 and moving
longitudinally toward the distal end, the wrapper 320 may comprise a
circumferential band of the fourth region 324 comprising non-embossed and burn-
additive free wrapper 320, a circumferential band of the first region 321 comprising
first embossing, another circumferential band of the fourth region 324 referred to
above, a circumferential band of the third region 323 comprising non-embossed
wrapper 320 which includes burn-additive, another circumferential band of the
fourth region 324 referred to above, a circumferential band of the second region
322 comprising second embossing, another circumferential band of the fourth
region 324 referred to above, another circumferential band of the third region 323
referred to above and, finally, another circumferential band of the fourth region

referred to above.

The first region 321 may have a permeability of approximately 100 CU, the second
region 322 may have a permeability of approximately 75 CU and the fourth region
324 may have a permeability of approximately 25 CU. The permeability of the third
region 323 may be lower than the first, second and fourth regions 321, 322, 324.
For example, the permeability of the third region 323 may be 10 CU or less.

As is explained in relation to Table 2 further below, smoke yields obtained with

embossed LIP cigarettes 100 of this type are comparable with those of the LIP
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additive-banded cigarettes discussed in the background section of this specification.
LIP cigarettes 100 and other LIP smoking articles in accordance with the invention
can therefore provide a smoking experience which is consistent with that expected
by a smoker who is used to LIP cigarettes with bands of additive material, without
having to carry out the expensive and time consuming manufacturing processes that

are necessary for the production of cigarettes with LIP banded papers.

An LIP cigarette 100 in accordance with the invention will now be described. The
cigarette 100 has a smokeable material rod 300 with a length of approximately
61mm and a circumference of approximately 24.6mm. The circumference of the
filter 200 corresponds to the circumference of the rod 300. The lengths of the filter
200 and overlying tipping paper 400 are approximately 22mm and 26mm
respectively. The smokeable material core 310 comprises a blend of tobacco
material, for example comprising tobacco leaf, tobacco stem and reconstituted

tobacco. The density of the tobacco core 310 is approximately 240mg/cm’.

The wrapper 320 around the tobacco core 310 has an inherently low air permeability
when not embossed. The first region 321 of the wrapper 320 can comprise one or
more embossed bands or strips as discussed above in relation to Figures 1 to 4. The
second region 322 occupies the remaining area of the wrapper 321. Therefore, the
second region 322 can comprise one or more non-embossed bands 322 and/or
strips in between the embossed bands 321 referred to above. Alternatively, the
second region 322 can comprise one or more bands and/or strips 322 which have

been embossed differently to the first region 321.

The air permeability of the first region 321 is approximately 97.0 CU. The air
permeability of the second region 322 is approximately 7.1 CU, which substantially
corresponds to the inherent air permeability of the base paper used for the wrapper

320.

For this particular cigarette 100, the area of the first region 321 is approximately
1205mm?®. If the first region 321 comprises a plurality of embossed sections 321

such as the embossed bands 321 shown in Figures 1, 3 and 4 or the strips shown in
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Figure 2, the area of the first region 321 is divided amongst the embossed sections.
For example, in the example shown in Figure 1, the 1205mm? area of the first
region 321 can be split equally between the two embossed bands 321. The area of
the second region 322 is approximately 295mm?, which in the example shown in

Figure 1 corresponds to a band width of approximately 12mm.

It will be appreciated that the areas of the first 321 and second 322 regions can be
changed in dependence of the specific LIP characteristics required for the cigarette
100. For example, the area of the second region 322 may alternatively be
approximately 200mm? and the area of the first region 321 may be approximately

1300mm?>.

As explained above, the gas diffusivity of the first region 321 is significantly higher
than the gas diffusivity of the second region 322. For example, the CO, diffusivity
of the wrapper 320 in the first region 321 is approximately 1.005cm/s whereas the
CO, diffusivity of the second region 322 is approximately 0.142cm/s. As previously
discussed, a consequence of higher gas diffusivity is to cause a significant quantity
of smoke components to be released through the first region 321 by diffusion when

the cigarette 100 is smoked and to increase the static burn rate of the cigarette 100.

The air permeability and CO, diffusivity properties of the LIP wrapper 320 of the
cigarette 100 are summarised in Table 1 below, together with corresponding
properties for three other types of cigarette wrapper. A difference in CO,
diffusivity from one wrapper to another is indicative of a corresponding difference
in the diffusivity of the wrappers to other gases such as CO, O, and NO and other

small volatile compounds.

The LIP wrapper 320 is shown in the table as Paper A*. The other wrappers shown

in Table 1 are as follows:

Paper A is a non-embossed, non-perforated sheet of the same low permeability base

paper 320 used for the wrapper 320;
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Paper A_EP corresponds to paper A, but has been perforated to create a vent

region comprising vent holes formed using an electrostatic perforation technique;

Paper C is a specific LIP cigarette paper comprising bands of burn limiting additive

material as previously discussed.

Table 1
Wrapper Air permeability (CU) CO, diffusivity (cm/s)
mean Mean
Second First region Second First region
Paper A* (320) region (322) (321) region (322) (321)
7.1 97.0 0.142 1.005
Paper A 7.2 0.140
Paper A_EP 86.8 0.173
Additive Additive
Paper C band Oft-band band Oft-band
9.2 57.0 0.082 1.453
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As can be seen from Table 1, for this example, the CO, diffusivity of the first
region 321 is approximately 7.1 times greater than the CO, diffusivity of the second
region 322. It can also be seen from Table 1 that embossing the first region 321 has
a relatively minimal effect on the CO, diffusivity and air permeability of the second
region 322 of the wrapper 320. As such, the cigarette 100 is able to retain the LIP
properties provided by the low air permeability of the second region 322 whilst also

providing significant air permeation and gas diffusion through the first region 321.

The CO, diffusivity of the first region 321 of the wrapper 320 (paper A*) is
comparable to the CO, diffusivity of the off-band sections of the LIP paper with
bands of additive material (paper C). It should be noted that this is not the case for
the CO, diffusivity of the pure base paper (paper A), which is significantly lower
than the CO, diffusivity of both the first region 321 of the wrapper 320 and the off-
band sections of the LIP banded paper (paper C).

The high CO, diffusivity exhibited by the first region 321 of the wrapper 320 is also
not present in the electrostatically perforated paper (paper A_EP) which, although
having an air permeability which is comparable to the first region 321, has a CO,
diftusivity which is only approximately 17% of that of the first region 321 and is not

significantly higher than that of the pure base paper (paper A).

The pure base paper (paper A) and electrostatically perforated base paper (paper
A_EP) are therefore both significantly less effective at reducing the smoke yield of
an LIP cigarette 100 than the embossed wrapper 320, and would consequently result
in a greater number of smoke components being delivered to the smoker than a
cigarette 100 having the embossed LIP wrapper 320. This is illustrated below in
Table 2.

The four cigarettes shown in Table 2 correspond to cigarettes produced with the
four wrappers shown in Table 1. The smoke yields are based on cigarettes smoked
under standard smoking conditions. The dimensions of the cigarettes substantially

correspond to those previously discussed.
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Table 2
Mean Mean Mean Mean
) NFDPM | Nicotine co Puff | NFDPM/CO
Cigarette | Wrapper | (mg/cig) | (mg/cig) | (mg/cig) | number
mean mean mean mean mean
Cig. A* | Paper A*
(100) (320) 7.9 0.87 5.9 9.8 1.34
Cig. A Paper A 11.8 1.19 12.1 12.4 0.98
Cig. Paper
A_EP A_EP 10.4 1.11 9.6 11.9 1.08
Cig. C Paper C 7.7 0.85 0.1 10.0 1.26
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(NFDPM - Nicotine Free Dry Particulate Matter.)

As can be seen from Table 2, the smoke yields and puff number of the LIP cigarette
100 wrapped in the embossed wrapper 320 (Cig. A*) are comparable with the smoke
yields and puff number of the LIP cigarette wrapped in the specific LIP banded
paper (Cig. C). The LIP cigarette 100 wrapped in the embossed wrapper 320 (Cig.
A*) will therefore impart a smoking experience which is comparable to that of the
LIP cigarette with the specific banded paper (Cig. C), and therefore one which will

be consistent with a smoker’s expectations of an LIP cigarette.

Furthermore, the NFDPM/CO ratio of the embossed LIP cigarette 100 (Cig. A*) is
comparable to the NFDPM/CO ratio of the LIP additive-banded cigarette (Cig. C).
This means that the embossed LIP cigarette 100 can be manufactured with little
change to the cigarette design (for example tobacco blend, density, filter type)

currently used for LIP additive-banded cigarettes.

On the other hand, the smoke yields and puff numbers of the cigarette wrapped in
the pure base paper (Cig. A) and the cigarette wrapped in the electrostatically
perforated base paper (Cig. A_EP) are significantly higher than both the LIP
cigarette 100 wrapped in the embossed wrapper 320 and the LIP cigarette wrapped
in the specific LIP banded wrapper (Cig. C). In addition, the NFDPM/CO ratios of
the electrostatically perforated cigarette (Cig. A_EP) and pure base paper cigarette
(Cig. A) are not comparable with the NFDPM/CO ratio of the LIP additive-banded

cigarette (Cig. C)

Cigarettes A and A_EP will therefore impart smoking experiences which are
inconsistent with those to which smokers have come to associate with LIP
cigarettes. The manufacture of cigarettes A and A_EP would also require
substantial modifications to be made to the cigarette design currently in use for LIP

additive-banded cigarettes.
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Table 3 below illustrates the LIP performance of the four cigarettes shown in Table
2. The LIP tests were carried out according to the ASTM E2187-04 standard. 120

cigarettes were tested in three replicates.

Table 3
. LIP pass rate (%)
Cigarette Wrapper 1 5 3 enn
Cig. A* (100) Paper A* 87.5 95 85 89.2
Cig. A Paper A 100 100 100 100
Cig. A_EP Paper A_EP 100 100 100 100
Cig. C Paper C 975 | 925 | 97.5 | 958

As can be seen from Table 3, the LIP performance of the cigarette 100 wrapped in
the embossed wrapper 320 (Cig. A*) is comparable to the LIP performance of the
LIP cigarette with the LIP additive-banded wrapper (Cig. C). Although the LIP
pass rate of the other two cigarettes is higher than the cigarette 100 wrapped in the
embossed wrapper 320, these two cigarettes have disadvantages in terms of higher

smoke yields and puff numbers as previously discussed.

It will be appreciated that the inherently low air permeability of the wrapper 320 is
chosen in order to meet the standardized requirements for low ignition propensity
and therefore may vary in dependence of factors such as the size of the region 322
of the wrapper 320 that is left non-embossed or is embossed differently to the first
region 321. It is not limited to the 7.1 CU value given above. For example, the air
permeability of the second region 322 may be any value between 0 and 30 CU.
More preferably, the air permeability of the second region 322 may be any value
between 2 and 20 CU. More preferably, the air permeability of the second region
may be any value between 3 and 12 CU, such as all integer and half integer values

between 3 and 12 CU.

Likewise, the air permeability of the first region 321 is chosen to achieve the effects
provided by the LIP cigarette 100 and therefore can be varied in dependence of
tactors such as the size of the first region 321, the permeability of the base paper
320 in the second region 322 and the blend of smokeable material in the core 310 of

the smokeable material rod 300. The air permeability can also be selected to vary
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the precise LIP characteristics of the cigarette 100, whilst still meeting the
standardized requirements for LIP smoking articles 100. For example, the
permeability of the first region 321 may take any value between 30 and 200 CU.
More preferably, the air permeability of the first region 321 may be any value
between 50 and 150 CU. More preferably, the air permeability of the first region
321 may be any value between 70 and 120 CU, such as all integer and half integer
values between 70 and 120 CU.

The CO, diffusivity of the first region 321 is also not limited to the value given in
the specitic example above, but may be chosen in accordance with the LIP
characteristics and smoking experience desired from the cigarette 100. For example,
the CO, diffusivity of the first region 321 may be any three significant figure value
between 0.65 cm/s and 1.40 cm/s, while the CO, diffusivity of the second region

322 may be any three significant figure value below 0.50 cm/s.

The wrapper 320 can be embossed in an embossing unit 500, an example of which
is shown in Figure 5. A flow diagram showing an exemplary embossing method is
shown in Figure 8. An illustration of an embossing roller 510 is shown in Figure 9.
The embossing unit 500 comprises an embossing drive roller 510 and one or more
embossing contrast rollers 520, which together emboss a web of base paper 320 as
the paper web moves between the drive roller 510 and the contrast roller(s) 520. In
this example, the width of the web of paper is approximately 26.5mm, which is
sufficient to wrap around the circumference of the tobacco rod 300 and provide a
lap seam 330 for gluing the wrapper 320 in place around the rod 300. The
embossing rollers 510, 520 comprise an embossing pattern on their circumferential
surface, which in this example comprises a plurality of protruding pyramids with a

base width of approximately 0.3mm. The pyramids may be truncated.

For example, referring to Figure 9, the circumferential surface of one or more of the
embossing rollers 510, 520 comprises a first region 600 and a second region 700
which is different to the first region 600. The first region 600 comprises a first set
of embossing protrusions or projections 610, which extend substantially radially

outwards from the circumferential surface of the roller 510, 520. As shown in
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Figure 9 and referred to above, the first set of embossing protrusions 610 comprise
a plurality of truncated pyramids having a base width of approximately 0.3mm. The
height of the pyramids in the first set 610 is approximately 0.15mm, although this
may vary in dependence of the properties of the base paper which is to be

embossed.

The second region 700 of the roller 510, 520 comprises a substantially smooth
circumferential surface for forming a non-embossed second region 322 of the

wrapper 320.

Alternatively, the second region 700 of the roller 510, 520 comprises a second set of
embossing protrusions or projections 710 which are different to the embossing
protrusions 610 in the first region 600 of the roller 510, 520. As with the first set of
protrusions 610, the embossing protrusions 710 in the second set extend
substantially radially outwards from the circumferential surface of the roller 510,
520. Each protrusion 710 in the second set comprises a truncated pyramid with a
base width of approximately 0.3mm. However, the height of the pyramids 710 in
the second set is significantly less than the height of the pyramids 610 in the first
set. Therefore, the depth of the second embossing (in the second region 322 of the
wrapper 320) may be significantly less that the depth of the first embossing (in the
first region 321 of the wrapper 320).

For example, the height of the pyramids in the second set of protrusions 710 may
be truncated at approximately half of the height of the pyramids 610 in the first set.
This is clearly shown in Figure 9. Therefore, the height of the pyramids in the
second set 710 may be approximately 0.075mm. It will be appreciated that the
height may be varied in dependence of the properties of the base paper which is to

be embossed.

The height of the protrusions 710 in the second region 700 of the roller 510, 520 is
such that, although they cause the wrapper 320 to be embossed in the second region
322, they do not significantly affect the inherent diffusivity and permeability

characteristics of the wrapper 320. They can therefore be used to emboss the
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second region 322 of the wrapper 320 whilst still achieving the diffusivity,
permeability and LIP characteristics described above. Optionally, sharp edges of
the protrusions 710 in the second region 700 of the roller may be rounded off to
further reduce the effect on the permeability and diffusivity of the wrapper 320 in

its second region 322.

Embossing the second region 322 is advantageous because it increases the “grip”
between the embossing rollers 510, 520 and the wrapper 320 as the wrapper 320
moves between the rollers 510, 520. This reduces the probability of the wrapper
slipping and thus being embossed incorrectly. It also means that the amount of grip
between the rollers 510, 520 and the wrapper 320 is relatively consistent throughout
the embossing process (i.e. as the first and second regions 321, 322 of the wrapper
320 pass between the embossing rollers 510, 520 and are embossed). The consistent
level of grip prevents large step-changes in the force exerted by the embossing
protrusions on the wrapper 320 at the transitions between the first and second
regions 600, 700 of the rollers 510, 520, and therefore reduces the probability of
undesired tears or cuts in the wrapper 320 at the transitions between the wrapper’s
first and second regions 321, 322. This is also applicable for transitions involving

the third and fourth regions 323, 324 of the wrapper 320 described previously.

It should be noted that, whilst Figure 9 illustrates a second region 700 comprising
both a substantially smooth surface and a second set of embossing protrusions 710,
generally only one of the smooth surface and second set of embossing protrusions
710 will be employed in tandem with the embossing protrusions 610 in the first

region 600 of the roller.

The circumferential surface of the embossing contrast roller(s) 520 is forced against
the circumferential surface of the embossing drive roller 510 by a pneumatic system
comprising a piston 530. The force exerted on the paper 320 between the
embossing rollers 510, 520 is proportional to the air pressure exerted against the
piston 530 in the pneumatic system. Alternatively, a purely mechanical set-up could
be employed in which a set of cams are used to control the relative positions of

rollers 510, 520. The air pressure on the piston 530 can be varied by a control unit
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540 which is configured to increase or decrease the air pressure in the pneumatic
system according to a set of control parameters, which may be predetermined or
may be adaptively determined according to the results of the embossing process. In
this example, the diameter of the piston 530 is approximately 2.75 inches.

However, in an alternative setup, the diameter of the piston 530 can be reduced to
provide greater control over the embossing force applied to the paper 320 by the
embossing rollers 510, 520. The use of a smaller diameter piston 530 will result in a
smaller increase in embossing force for a given increase in air pressure applied to
the piston 530. A corresponding effect will be provided for decreases in air
pressure. A suitable alternative diameter for the piston 530 may be approximately 1

inch.

The embossing unit 500 may also comprise one or more additional drive rollers 550
configured to drive the paper web 320 through the embossing unit 500. The
additional drive rollers 550 may have a substantially smooth circumferential surface.
In Figure 5, a pair of such additional drive rollers 550 is provided in the paper path
preceding the embossing rollers 510, 520.

The embossing unit 500 further comprises an analysis unit 560 which is configured
to analyse the properties of the paper web 320 after it has passed between the
embossing rollers 510, 520. The analysis unit 560 comprises one or more sensors
561 for collecting information about the structure of the embossed paper 320. The
collected information may, for example, include one or more of the air permeability
of the paper 320 in the first 321 and second regions 322, the thickness of the paper
320 in the first 321 and second regions 322 and the porosity of the paper 320 in the
first 321 and second regions 322. The information may also comprise the gas

diffusivity of the first and second regions 321, 322.

As shown in Figure 5, the analysis unit 560 is communicatively coupled to the
control unit 540 to allow control signals to pass between the analysis unit 560 and
the control unit 540. This communication may take place by any known means, for
example via a wireless communication link. In this way, the control unit 540 may

receive information from the analysis unit 560 regarding the properties of the
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embossed paper 320 and may use the information to adjust the force being exerted
against the paper 320 by the embossing rollers 510, 520. The feedback mechanism
provided by the above-described communication between the analysis unit 560 and
the control unit 540 allows the embossing unit 500 to maintain embossing according
to the control parameters being used. For example, the feedback mechanism may
be used to maintain a particular value of air permeability in the first and second

regions 321, 322 of the embossed paper 320.

The permeability and gas diffusivity of the first region 321 of the paper 320 can be
selected by varying the force applied to the paper 320 during the embossing process.
This technique can also be used to select the permeability and gas diffusivity of the
second region 322 when the second region 322 is embossed as described above. As
such, the force applied to the paper web 320 as it passes between the embossing
rollers 510, 520 can be varied in dependence of the exact properties which are
desired for the LIP wrapper 320. An example embossing force applied to the paper
320 by the embossing rollers 510, 520 is in the range of between 2 Kg; and 55 Kg;.
The precise embossing forces will depend partly on parameters such as the

thickness and inherent air permeability of the base paper 320 being used.

Referring to Figures 6 and 7, the lap seam 330 at either edge of the width of the
paper web 320 may be left non-embossed in order to facilitate effective gluing of
the wrapper 320 around the tobacco core 310. This may be achieved by providing
smooth regions at the outer edges of the embossing rollers 510 so that the web 320
is not embossed in the lap seam 330. In such a case, it is difficult to use the edges
of the web 320 to drive the paper web 320 between the embossing rollers 510
without damaging the lap seam 330 and so additional drive rollers 550 may be
positioned in the paper path before or after the embossing rollers 510, 520 to aid

with driving the web 320 through the embossing unit 500.

Additionally or alternatively, as shown in Figures 6 and 7, the first region 321 may
additionally comprise sections of link embossing 321 formed in a central region of
the paper web 320 between the main areas of embossing in the first region 321. As

shown in Figures 6 and 7, the link sections 321 extend across the second region 322
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to connect the larger sections of first embossing together. The link sections 321
may also extend across the third and fourth regions 323, 324 previously described.
The sections of link embossing 321 are formed using embossing protrusions in the
first set 610 of embossing protrusions described above. The embossing driver roller
510 can then grip the linking regions 321 to drive the paper web 320 through the
embossing unit 500, thereby allowing the lap seam 330 to be left non-embossed.

This is particularly advantageous when the second region 322 is left non-embossed.

The shape of the pattern of protrusions on the circumferential surface of the
embossing drive roller 510 corresponds to the shape of the first region (including

the link sections) 321 and second region 322 on the paper web 320.

If desired, the embossing unit 500 described above can be installed into a smoking
article assembly machine so that the embossing process takes place “on-line” as part
of an integrated LIP cigarette assembly process. This is possible because the
embossing process can be carried out extremely quickly and does not require the
application of any additional materials to the base paper 320. The integration of the
embossing unit 500 into the smoking article assembly process means that embossed
LIP cigarettes 100 can be manufactured in a single stage from an inexpensive low air
permeability base paper, a bobbin of which can be loaded into the assembly
machine for sequential embossing and cigarette assembly. The manufacturing
process is therefore more time-efficient and less expensive than for current LIP

banded cigarettes.

Any of the alternatives described above may be used either singly or in combination

with any of the others.
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Claims

1. A low ignition propensity wrapper comprising a first region and a second
region different to the first region, wherein the first region 1s an embossed region

and has a higher permeability than the second region.

2. A low ignition propensity wrapper according to claim 1, wherein the second

region 1s a non-embossed region.

3. A low 1gnition propensity wrapper according to claim 1, wherein the first
region is a region of first embossing and the second region 1s a region of second

embossing different to the first embossing.

4. A low ignition propensity wrapper according to any preceding claim, wherein

the first region has a higher gas diffusivity than the second region.

5. A low ignition propensity wrapper according to claim 4, wherein the gas

diffusivity 1s CO, diffusivity.

6. A low ignition propensity wrapper according to claim 4 or 5, wherein the gas
diffusivity of the first region is at least five times greater than the gas diffusivity of

the second region.

7. A low ignition propensity wrapper according to any preceding claim, wherein
the permeability of the first region 1s at least ten times greater than the permeability

of the second region.

8. A low ignition propensity wrapper according to any preceding claim, wherein
the first region comprises a plurality of embossed sections and at least one
embossed link section extending across the second region to connect at least two of

the embossed sections together.
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9. A low ignition propensity smoking article comprising a rod of smokeable
material and a low ignition propensity wrapper according to any preceding claim,
the low 1gnition propensity wrapper being wrapped around the rod of smokeable

material.

10. A method of forming a low ignition propensity wrapper comprising:
forming a first region of the wrapper by embossing the first region; and
forming a second region of the wrapper differently to the first region,

wherein embossing the first region comprises increasing a permeability of the first

region so that the permeability of the first region 1s higher than a permeability of

the second region.

11. A method according to claim 10, wherein:

forming the first region of the wrapper comprises embossing the first region
using a first set of embossing protrusions; and

forming the second region of the wrapper comprises embossing the second
region using a second set of embossing protrusions different to the first set of

embossing protrusions.

12. A method according to claim 10 or 11, wherein embossing the first region of
the wrapper comprises forming a plurality of embossed sections and at least one
embossed link section extending across the second region between a plurality of the

embossed sections.

13. A method of forming a low ignition propensity smoking article, comprising
wrapping a wrapper according to any one of claims 1 to 8 around a rod of

smokeable material.

14. An embossing roller for forming a low ignition propensity wrapper
according to any one of claims 1 to 8, wherein a circumferential surface of the roller
comprises:

a first region comprising a set of embossing protrusions; and
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a second region different to the first region;

wherein the embossing protrusions in the first region of the roller are
configured to increase a permeability of the first region of the wrapper so that the
permeability of the first region of the wrapper is higher than a permeability of a

second region of the wrapper formed by the second region of the roller.

15. An embossing roller according to claim 14, wherein the first region
comprises a first set of embossing protrusions and the second region comprises a
second set of embossing protrusions different to the first set of embossing

protrusions.
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