20

25

30

35

WO 2015/008253 PCT/1IB2014/063195

HYDROPHOBIC PAPER

The present disclosure relates to paper used in smoking articles, such as a cigarette
wrapper, wherein the paper has a hydrophobic surface.

Combustible smoking articles, such as cigarettes, have shredded tobacco (such as
tobacco cut filler) surrounded by a paper wrapper forming a tobacco rod. A cigarette is
employed by a consumer by lighting one end thereof and burning the shredded tobacco rod.
The smoker then receives mainstream smoke into their mouth by drawing on the mouth end or
filter end of the cigarette.

A number of smoking articles in which tobacco is heated rather than combusted are
known. Such heated smoking articles are believed to reduce known harmful smoke constituents
produced by the combustion and pyrolytic degradation of tobacco in conventional cigarettes.
Typically in these heated smoking articles, an aerosol is generated by the transfer of heat from
a heat source to a tobacco-based aerosol-generating material, which may be located within or
separately from the heat source. In use, the heat source of the heated smoking article is
activated and volatile compounds are released from the tobacco-based aerosol-generating
material by heat transfer from the heat source. These volatile compounds are entrained in air
drawn through the heated smoking article. As the released compounds cool, they condense to
form an aerosol which is inhaled by the consumer.

Many smoking articles generally comprise a filter aligned in end-to-end relationship with
a tobacco rod. Some smoking articles include a filter segment with functional materials that
capture or convert components of the mainstream smoke or aerosol as the mainstream smoke
or aerosol is being drawn through the filter. Such functional materials are known and include,
for example, sorbents, catalysts and flavourant materials.

The concentration of carbon monoxide (“CQ”) in the mainstream smoke can be
dependent at least in part on the porosity of the wrapper surrounding the shredded tobacco.
The porosity of this wrapper may affect the amount of dilution air entering the tobacco rod
through the cigarette wrapper, or the porosity may affect the amount of diffusion of CO out of
the tobacco rod through the wrapper, or it may affect some combination of both dilution and
diffusion.

The concentration of CO in each puff of the cigarette mainstream smoke generally
increases with each incremental puff count. This may be due, at least in part, to a decrease in
the remaining cigarette wrapper surface area for the above described dilution or diffusion.

It would be desirable to provide a smoking article that reduces an amount of CO in
mainstream smoke. It would also be desirable to maintain the highest possible CO diffusion

rate or air dilution rate through the cigarette wrapper as the tobacco substrate is consumed.
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Paper that is included in smoking articles can absorb water along with other compounds
found in the mainstream smoke or aerosol passing through the smoking article or humidity or
moisture surrounding the paper. This absorbed water and other compounds can stain or
weaken the paper and negatively affect the smoking article.

It would be desirable to provide a smoking article that included paper that did not readily
absorb water or compounds found in the mainstream smoke or aerosol passing through the
smoking article or found in the environment surrounding the paper. It would also be desirable
that this hydrophobic paper not affect the taste of the smoke or aerosol generated by the
smoking article.

According to a first aspect of the invention, a smoking article includes a tobacco
substrate and a wrapper disposed about the tobacco substrate. At least an inner or outer
surface of the wrapper is hydrophobic via hydrophobic groups chemically bonded to the
wrapper, the hydrophobic groups comprising a fatty ester or a fatty acid. The wrapper has a
permeability of at least about 15 CORESTA units. The invention also encompasses a smoking
article comprising a wrapper wherein the inner and outer surfaces both exhibit hydrophobic
properties and a permeability of at least 15 CORESTA units.

Smoking articles that include a permeable wrapper with a hydrophobic surface

(preferably the inner surface is hydrophobic) can better maintain the CO diffusion rate or air
dilution rate through the wrapper as the tobacco substrate is consumed. As a result, the overall
amount of CO in the mainstream smoke may be reduced.

Smoking articles that include a permeable hydrophobic wrapper can resist water
absorption onto the wrapper portion of the smoking articles. As a result, visible staining and
physically weakening the wrapper portion of the smoking article may be reduced.

Combustible smoking articles such as cigarettes include a tobacco substrate that is
wrapped with a wrapper. The tobacco substrate includes a rod of tobacco formed of tobacco,
shredded tobacco or tobacco cut filler or a combination thereof. The tobacco substrate
produces mainstream smoke when the tobacco rod is burned or otherwise consumed.

Heated smoking articles include a tobacco substrate that is also enclosed with a
wrapper. The tobacco substrate includes a rod of tobacco formed of tobacco, shredded
tobacco or tobacco cut filler or a combination thereof and a heat source. The tobacco substrate
produces an aerosol of volatile compounds released from the heated tobacco substrate upon
use of the heated smoking article.

The tobacco substrate includes a rod of tobacco formed of shredded tobacco or tobacco
cut filler like cigarettes, or it may include reconstituted tobacco or cast leaf tobacco, or a mixture
of both. The term “reconstituted tobacco” refers to paper-like material that can be made from
tobacco by-products, such as tobacco fines, tobacco dusts, tobacco stems, or a mixture of the
foregoing. Reconstituted tobacco can be made by extracting the soluble chemicals in the
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tobacco by-products, processing the leftover tobacco fibers from the extraction into a paper, and
then reapplying the extracted materials in concentrated form onto the paper. The term “cast leaf
tobacco” is used herein to refer to a product resulting from a process that is well known in the
art, which is based on casting a slurry comprising ground tobacco particles and a binder (for
example, guar) onto a supportive surface, such as a belt conveyor, drying the slurry and
removing the dried sheet from the supportive surface. Exemplary methods for producing these
types of tobacco substrate or aerosol-generating substrates are described in US 5,724,998; US
5,584,306; US 4,341,228; US 5,584,306 and US 6,216,706. Hence, the term tobacco substrate
as used herein refers to various types of tobacco products including, but not limited to,
shredded tobacco, cut filler, reconstituted tobacco and cast leaf tobacco.

The present disclosure provides a wrapper having only a hydrophobic inner surface or at
least a hydrophobic inner surface; a wrapper having only a hydrophobic outer surface or at least
a hydrophaobic outer surface; or a wrapper having both a hydrophobic inner surface and a
hydrophobic outer surface. Without being bound by any particular theory, it is thought that
particulate matter (tar) deposits on the inside surface of the cigarette wrapper, and that this
deposition of the tar on the inner surface decreases the porosity of the paper as the tobacco
inside the cigarette wrapper is burned and consumed. It is thought that the hydrophobic inner
surface of the cigarette wrapper inhibits tar deposition to maintain the permeability of the
cigarette wrapper during the smoking process. Since the permeability is maintained at a higher
level, the CO diffusion rate or air dilution rate through the cigarette wrapper is maintained at a
higher level during the smoking process, which in turn can reduce CO in mainstream smoke.

It is also contemplated that the hydrophobic inner surface or at least a hydrophobic inner
surface or a hydrophobic inner surface and a hydrophobic outer surface of a wrapper reduces
and prevents the formation of spots on a smoking article that are visible to a consumer. It has
been observed that spots appear on a smoking article upon storage where the tobacco
substrate is exposed to humid conditions or moisture. The spots are caused by absorption of
water, including any coloured substances that are suspended or dissolved, into the web of
cellulosic fibers that constitutes the paper wrapper. Without being bound by any theory, the
water interacts with the cellulosic fibers of the paper and alters the organization of the fibers
resulting in a local change in the optical properties, such as brightness, color, and opacity, and
mechanical properties, such as tensile strength, permeability of the paper wrapper.

The wrapper (or paper) is the portion of the smoking article that is disposed about the
tobacco rod or tobacco material or the cut filler to help maintain the cylindrical form of the
tobacco substrate. This paper can exhibit a wide range of permeability. Permeability of

cigarette paper is determined by utilizing the International Standard test method ISO 2965:2009
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and the result is presented as cubic centimetres per minute per square centimetre and referred
to as “CORESTA units”.

The permeability of an untreated wrapper (that is, with no hydrophobic treatment) can be
about 15 CORESRA units or greater, about 20 CORESTA units or greater, more preferably
about 30 CORESTA units or greater or most preferably about 40 CORESTA units or greater. In
some configurations, the permeability of the untreated wrapper is in a range from about 15 to
about 100 CORESTA units, about 20 to about 200 CORESTA units or from about 30 to about
130 CORESTA units or from about 40 to about 80 CORESTA units.

The wrapper can be formed of any suitable material. In many embodiments the wrapper
is formed of a material with pendent hydroxyl groups. Material with pendent hydroxyl groups
includes cellulosic material such as paper. The wrapper can also include one or more filler
materials, for example calcium carbonate. The term “wrapper” as used herein encompasses

» o

“paper wrapper”, “cigarette wrapper”, as well as any wrapper used to enclose and form a heated
smoking article or combustible smoking article, and particularly the tobacco substrate.

A wrapper of the invention, including any hydrophobic treatments, can have any suitable
basis weight. The basis weight of a wrapper can be in a range from about 20 to about 50 grams
per square meter or from about 20 to about 40 grams per square meter. A wrapper can have
any suitable thickness. The thickness of a wrapper can be in a range from about 30 to about 80
micrometres or from about 30 to about 60 micrometres, or from about 40 to 50 micrometers.

In many embodiments, the thickness of the wrapper allows the hydrophobic groups or
reagent applied to one surface to spread onto the opposing surface effectively providing similar
hydrophobic properties to both opposing surfaces. In the example provided below, the thickness
of the wrapper was about 43 micrometres and both surfaces were rendered hydrophobic by the
gravure process using stearoyl chloride as the hydrophobic reagent to one surface.
Accordingly, although many of the benefits of the invention only requires that one of the two
major surfaces, that is, either the inner surface or the outer surface, exhibits the hydrophobic
properties, it is contemplated that paper which exhibits hydrophobic properties on both major
surfaces can also be used similarly. Therefore, the invention encompasses various applications
in which the wrapper comprises at least one hydrophobic surface.

While not being bound by any particular theory, it is believed that the tar component of
the mainstream smoke deposits on the surface and in the pores of the wrapper and reduces or
inhibits the permeability of the wrapper during the use of the smoking articles. Thus, inhibiting
tar deposition on the wrapper may reduce CO concentration in mainstream smoke by
maintaining the diffusion of CO out of the smoking article through the wrapper or by maintaining

dilution air entering the mainstream smoke through the wrapper, or by maintaining both diffusion
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of CO out of the smoking article and dilution air entering the mainstream smoke through the
wrapper.

A hydrophobic surface can inhibit the deposition of tar on the wrapper and help maintain
the permeability of the wrapper during the consumption or use of the smoking article. The
hydrophobic surface is preferably the inner surface of the wrapper, but in some embodiments
both the inner and outer surfaces of the wrapper can be hydrophobic.

The hydrophobic surface of a wrapper can also inhibit the transfer, absorption and
accumulation of water and other substances to the wrapper that can form visible spots on the
wrapper of smoking articles. Essentially, the hydrophobic surface reduces or prevents the
staining of the wrapper by water and other substances.

The hydrophobic wrapper can also inhibit the transfer, absorption and accumulation of
water and staining of the wrapper that occurs when the smoking article is stored or utilized in a
humid environment, particularly where the humidity is very high (e.g., relative humidity greater
than 70%, 80%, 90%, 95%, 99%) or when the smoking article is stored for an extended period,
(e.g., more than three weeks, two months, three months, or six months), or a combination of
such conditions.

The hydrophobic nature of the wrapper can also prevent or reduce the incidence of
deformation or disintegration of the tobacco rod of a smoking article where moisture interacts
with the wrapper. When water penetrates the surface and is absorbed, the structure of the
wrapper is weakened, effectively lowering the tensile strength of the wrapper and leading to
easy tearing or collapse of the wrapper or tobacco substrate. An abundance of moisture in the
external environment includes storing or consuming the smoking article in a wet environment or
a humid environment where the humidity is very high (e.g., relative humidity greater than 70%,
80%, 90%, 95%, 99%). A wet environment is where the likelihood of direct contact with water is
high. For example, by use of a wrapper having at least a hydrophobic outer surface, the
incidence of damage to a smoking article can be reduced when it is consumed in the rain, at the
beach, on a boat or ship, or under conditions which causes the consumer to perspire.

In some embodiments, the material or method to create the hydrophobic surface does
not substantially reduce the permeability of the wrapper. Preferably, the reagent or method to
create the hydrophobic surface reduces the permeability of the wrapper (as compared to the
untreated wrapper material) by less than about 10% or less than about 5%.

The wrapper with the hydrophobic surface has a permeability of about 15 CORESTA
units, about 20 CORESTA units or greater, about 30 CORESTA units or greater, or about 40
CORESTA units or greater. In some configurations, the permeability of wrapper with a
hydrophobic surface is in a range from about 15 to 200 CORESTA units or from about 20 to
130 CORESTA units or from about 30 to 80 CORESTA units.
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In various embodiments, the hydrophobic surface of the wrapper has a Cobb water
absorption (1IS0535:1991) value (at 60 seconds) of less than about 30 g/m? less than about 20
g/m?, less than about 15 g/m?, or less than about 10 g/m?.

In various embodiments, the hydrophobic surface of the wrapper has a water contact
angle of at least about 90 degrees, at least about 95 degrees, at least about 100 degrees, at
least about 110 degrees, at least about 120 degrees, at least about 130 degrees at least about
140 degrees, at least about 150 degrees, at least about 160 degrees, or at least about 170
degrees. Hydrophobicity is determined by utilizing the TAPPI T558 om-97 test and the result is
presented as an interfacial contact angle and reported in “degrees” and can range from near
zero degrees to near 180 degrees. Where no contact angle is specified along with the term
hydrophobic, the water contact angle is at least 90 degrees.

In preferred embodiments, the inner surface of the cigarette wrapper has a water contact
angle of at least about 90 degrees, at least about 95 degrees, at least about 100 degrees, at
least about 110 degrees, at least about 120 degrees, at least about 130 degrees at least about
140 degrees, at least about 150 degrees, at least about 160 degrees, or at least about 170
degrees. In some embodiments the outer surface of the cigarette wrapper has a water contact
éngle that is less (or less hydrophobic) than the inner surface, such as at least about
20 degrees less than the inner surface or at least about 30 degrees less than the inner surface.
In some embodiments, the outer surface of the cigarette wrapper has a water contact angle of
less than about 70 degrees, more preferably less than about 60 degrees. The outer surface
may be less hydrophobic than the inner surface in order to facilitate the subsequent processing
of the outer surface, for example printing designs on the outer surface, printing treatments for
reduced cigarette ignition propensity, or to make it more compatible with certain adhesives.

In other embodiments, the outer surface has a water contact angle that is substantially
the same as the inner surface, or within about 20 degrees of the contact angle of the inner
surface. In certain embodiments, only the inner surface is treated. In other embodiments, only
the inner surface is rendered hydrophobic. In still other embodiments the outer surface has a
water contact angle that is greater (or more hydrophobic) than the inner surface such as, at
least about 20 degrees more than the inner surface. In certain embodiments, only the outer
surface is treated. In other embodiments, only the outer surface is rendered hydrophobic.

The hydrophobic surface can be uniformly present along the length of the wrapper. In
some configurations the hydrophobic surface is not uniformly present along the length of the
wrapper. For example, the hydrophobic surface may be preferentially present on a portion of
the wrapper adjacent to the filter element or mouth piece of the smoking article and not present
on an upstream portion of the wrapper. Preferably, the hydrophobic surface is not present in

the most upstream 25% portion of the wrapper, and more preferably not present in the most
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upstream 40% portion of the wrapper. In some embodiments the hydrophobic surface forms a
pattern along all or a portion of the length of the wrapper.

In many embodiments the hydrophobic surface can be formed by printing reactant along
the length of the wrapper. Any useful printing methods can be utilized. The reactant can
include any useful hydrophobic groups that can be reacted to chemically bond to the wrapper
material or pendent groups of the wrapper material.

The hydrophobic surface can be formed with any suitable hydrophobic reactant or
hydrophobic group. The hydrophobic reactant is preferably chemically bonded to the wrapper
or pendent groups of the wrapper material. In many embodiments the hydrophobic reactant is
covalently bonded to the wrapper or pendent groups of the wrapper material. For example, the
hydrophobic reactant is chemically or covalently bonded to pendent groups of the cellulosic
material forming the wrapper. In other embodiments, the hydrophobic reactant is ionicly bonded
to the wrapper or pendent groups of the wrapper material. A chemical bond between the
wrapper and the hydrophobic reactant can form hydrophobic groups that are securely attached
to the wrapper material than simply disposing a coating of hydrophobic material on the wrapper
surface. At the same time chemically bonding the hydrophobic reactant rather than providing a
coating of hydrophobic material can allow the permeability of the wrapper to be better
maintained since a coating tends to cover or block pores in the wrapper. Chemically bonding
hydrophobic groups to the wrapper can reduce the amount of material required to render the
surface of the wrapper hydrophobic.

In another aspect, there is provided a method of forming a smoking article described
herein comprising reacting a fatty acid chloride with the cellulosic material of the wrapper to
form a hydrophobic surface of the wrapper.

The hydrophobic reactant can be produced from any suitable reagent. The reagent may
be a hydrophobic reactant that includes a fatty ester group or fatty acid group, or a mixture
thereof. The fatty ester group or fatty acid group or mixture thereof can be saturated or
unsaturated, or a mixture of saturated or unsaturated. A fatty acid group (such as a fatty acid
halide) can react with pendent hydroxyl groups of the cellulosic material to form a ester bond
covalently bonding the fatty acid to the cellulosic material. In essence, these reactions with the
pendant hydroxyl groups can esterify the cellulosic material.

The fatty ester group or fatty acid group preferably includes a Ci,-Czo alkyl (an alkyl
group having from 12 to 30 carbon atoms), or more preferably a Cy4-C,4 alkyl (an alkyl group
having from 14 to 24 carbon atoms). In preferred embodiments, the hydrophobic reactant
includes a fatty acid halide, such as, a fatty acid chloride including palmitoyl chloride, stearoyl
chloride or behenoyl chloride, for example. The reaction between fatty acid chloride and
cellulose results in fatty acid cellulose esters and hydrochloric acid.

Any suitable method can be utilized to chemically bond the hydrophobic reactant or

group to the wrapper. As one example, an amount of hydrophobic reagent (solvent free) is
deposited at the surface of paper at controlled temperature, for example, droplets of the
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reagents forming 20-micrometer regularly-spaced circles on the surface. The control of the
vapour tension of the reagent will promote the propagation of the reaction by diffusion with the
formation of ester bonds between fatty acid and cellulose while continuously withdrawing acid
chloride. The esterification of cellulose is in some cases based on the reaction of alcohol groups
or pendent hydroxyl groups of cellulose with an acyl halide compound, such as fatty acid
chloride. The temperature that can be used to heat the hydrophobic reactant depends on the
chemical nature of the reactant and for fatty acid halides, it ranges from about 120°C to about
180°C.

The hydrophobic reactant can be applied to the wrapper in any useful amount or basis
weight. In many embodiments the basis weight of the hydrophobic reactant is less than about 3
grams per square meter, less than about 2 grams per square meter, or less than about 1 gram
per square meter or in a range from about 0.1 to about 3 grams per square meter, from about
0.1 to about 2 grams per square meter, or from about 0.1 to about 1 gram per square meter.
The hydrophobic reactant can be printed on the wrapper surface and define a uniform or non-
uniform pattern.

Preferably the hydrophobic wrapper is formed by reacting a fatty ester group or a fatty
acid group with pendent hydroxy!l groups on the cellulosic material of the wrapper to form a
hydrophobic surface of the wrapper. The reacting step can be accomplished by printing a fatty
acid halide (such as chloride, for example) which provides the fatty ester group or a fatty acid
group to chemically bond with pendent hydroxy! groups on the cellulosic material of the wrapper
to form a hydrophobic surface of the wrapper. The printing step can deposit discrete islands of
reactant forming a uniform or non-uniform pattern of hydrophobic areas on the surface of the
wrapper. The uniform or non-uniform pattern of hydrophobic areas on the wrapper can be
formed of at least about 100 discrete hydrophobic islands, at least about 500 discrete
hydrophobic islands, at least about 1000 discrete hydrophobic islands, or at least about 5000
discrete hydrophobic islands. The discrete hydrophobic islands can have any useful shape
such as a circle, rectangle or polygon. The discrete hydrophobic islands can have any useful
average lateral dimension. In many embodiments the discrete hydrophobic islands have an
average lateral dimension in a range from 5 to 100 micrometres, or in a range from 5 to 50
micrometers.

Preferably, the hydrophobic wrapper is disposed about a tobacco substrate of an
aerosol-forming substrate for a heated smoking article. The hydrophobic wrapper can reduce
the absorption of compounds onto the wrapper as air is drawn through the heated smoking
article.

In many embodiments the overall length of the smoking article is between about 70 mm

and about 130 mm. In some embodiments the overall length of the smoking article is about
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85 mm. The external diameter of smoking article can be between about 5.0 mm and about 8.5
mm, or between about 5.0 mm and about 7.1 mm for slim sized smoking articles or between
about 7.1 mm and about 8.5 mm for regular sized smoking articles. The overall length of the
filter of the smoking article can be between about 18 mm and about 36 mm. In some
embodiments the overall length of the filter is about 27 mm.

The resistance to draw (RTD) of the smoking articles and the filters of the present
disclosure can vary. In many embodiments the RTD of the smoking article with the filter is
between about 50 to 130 mm H,O. The RTD of a smoking article with the filter refers to the
static pressure difference between the two ends of the specimen when it is traversed by an air
flow under steady conditions in which the volumetric flow is 17.5 millilitres per second at the
output end. The RTD of a specimen can be measured using the method set out in
1SO Standard 6565:2002 with any ventilation blocked.

In one or more embodiments, smoking articles according to the present disclosure may
be packaged in containers, for example in soft packs or hinge-lid packs, with an inner liner
coated with one or more flavourants.

All scientific and technical terms used herein have meanings commonly used in the art
unless otherwise specified. The definitions provided herein are to facilitate understanding of
certain terms used frequently herein.

The term “hydrophobic” refers to a surface exhibiting water repelling properties. One
useful way to determine this is to measure the water contact angle.

The “water contact angle” is the angle, conventionally measured through the liquid,
where a liquid/vapour interface meets a solid surface. 1t quantifies the wettability of a solid
surface by a liquid via the Young equation.

The term “smoking article” is used herein to indicate cigarettes, cigars, cigarillos and
other articles in which a smokable material, such as a tobacco, is lit and combusted to produce
smoke, The term “smoking article” also includes an aerosol-generating article in which an
aerosol comprising nicotine is generated by heat without combusting the aerosol-forming
substrate, such as tobacco substrate.

The term “aerosol-generating article” is used herein to refer to smoking articles that are
not cigarettes, cigars, cigarillos, or that combust a tobacco substrate to produce smoke.
Smoking articles according to the invention may be whole, assembled smoking devices or
components of smoking devices that are combined with one or more other components in order
to provide an assembled device for producing an aerosol, such as for example, the consumable
part of a heated smoking device.

Typically, an aerosol-generating article comprises: a heat source; an aerosol-forming

substrate (such as a tobacco substrate); at least one air inlet downstream of the aerosol-forming
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substrate; and an airflow pathway extending between the at least one air inlet and the mouth-
end of the article. In various embodiments, the aerosol-forming substrate, the airflow pathway,
and/or the mouthpiece can be circumscribed by a hydrophobic wrapper. The heat source is
preferably upstream from the aerosol-forming substrate. The heat source may be a
combustible heat source, a chemical heat source, an electrical heat source, a heat sink or any
combination thereof. The heat source may be an electrical heat source, preferably shaped in
the form of a blade that can be inserted into the aerosol-forming substrate. Alternatively, the
heat source may be configured to surround the aerosol-forming substrate, and as such may be
in the form of a hollow cylinder, or any other such suitable form. Alternatively, the heat source is
a combustible heat source. As used herein, a combustible heat source is a heat source that is
itself combusted to generate heat during use, which unlike a cigarette, cigar or cigarillo, does
not involve combusting the tobacco substrate in the smoking article. Preferably, such a
combustible heat source comprises carbon and an ignition aid, such as a metal peroxide,
superoxide, or nitrate, wherein the metal is an alkali metal or alkaline earth metal.

The term “tobacco substrate” is used herein to indicate the portion of the smoking article
that includes tobacco or tobacco cut filler. The tobacco substrate can be connected to the
mouthpiece or filter in an end-to-end relationship, as further discussed below.

The term “mouthpiece” is used herein to indicate the portion of the smoking article that is
designed to be contacted with the mouth of the consumer. The mouthpiece can be the portion
of the smoking article that includes the filter, or in some cases the mouthpiece can be defined
by the extent of the tipping paper. In other cases, the mouthpiece can be defined as a portion
of the smoking article extending about 40 mm from the mouth end of the smoking article, or
extending about 30 mm from the mouth end of the smoking article.

The term “tobacco cut filler” is used herein to indicate tobacco material that is
predominately formed from the lamina portion of the tobacco leaf. The terms “tobacco cut filler’
is used herein to indicate both a single species of Nicotiana and two or more species of
Nicotiana forming a tobacco cut filier blend.

The terms “upstream” and “downstream” refer to relative positions of elements of the
smoking article described in relation to the direction of mainstream smoke as it is drawn from a
tobacco rod and through the filter and mouthpiece.

The term “mainstream smoke” is used herein to indicate smoke produced by
combustible smoking articles, such as cigarettes, and aerosols produced by non-combustible
smoking articles as described above. Mainstream smoke flows through the smoking article and
is consumed by the user.

The term “tar” refers to the particulate matter portion of mainstream smoke.



10

15

20

25

30

35

WO 2015/008253 PCT/IB2014/063195
11

As used in this specification and the appended claims, the singular forms “a”, “an”, and
“the” encompass embodiments having plural referents, unless the content clearly dictates
otherwise.

As used in this specification and the appended claims, the term “or” is generally
employed in its sense including “and/or” unless the content clearly dictates otherwise.

As used herein, “have”, “having”, “include”, “including”, “comprise”, “comprising” or the
like are used in their open ended sense, and generally mean “including, but not limited to”. It
will be understood that “consisting essentially of”, “consisting of”, and the like are subsumed in
“comprising,” and the like.

The words “preferred” and “preferably” refer to embodiments of the invention that may
afford certain benefits under certain circumstances. However, other embodiments may also be
preferred under the same or other circumstances. Furthermore, the recitation of one or more
preferred embodiments does not imply that other embodiments are not useful, and is not
intended to exclude other embodiments from the scope of the disclosure, including the claims.

FIG. 1 is a schematic perspective view of an embodiment of a partially unrolled smoking
article with the filter exploded away from the tobacco substrate.

FIG. 2 is a cross-sectional schematic view of the wrapper and tobacco substrate
interface, with similar numbers referring to the same or similar components discussed and
described with regard to FIG. 1.

The smoking articles depicted in FIGS. 1-2 illustrate one or more embodiment of
smoking articles or components of smoking articles described above. The schematic drawings
are not necessarily to scale and are presented for purposes of illustration and not limitation.
The drawings depict one or more aspects described in this disclosure. However, it will be
understood that other aspects not depicted in the drawings fall within the scope and spirit of this
disclosure.

Referring now to FIG. 1, a smoking article 10, in this case a cigarette is depicted. The
smoking article 10 includes a tobacco substrate 20, such as a tobacco rod, and a mouth end
filter segment 30 and a lit end tip 70. The filter segment 30 is illustrated as being exploded
away from the tobacco substrate 20, however it is understood that the filter segment 30 can
abut the tobacco substrate 20 in the finished smoking article 10. The depicted smoking article
10, includes a plug wrap 60 that circumscribes at least a portion of the filter segment 30 and
wrapper 40 that circumscribes at least a portion of the tobacco substrate 20. Tipping paper 50
or other suitable wrapper circumscribes the plug wrap 60 and a portion of the wrapper 40 as is
generally known in the art. The wrapper 40 includes a hydrophobic surface.

FIG. 2 illustrates the interface of the wrapper 40 and the tobacco substrate 20. A

hydrophobic reactant 80 forms a hydrophobic surface (of hydrophobic groups) on an inner
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surface 42 of the wrapper 40. The wrapper 40 has an outer surface 44 opposing the inner
surface 42. The hydrophobic groups 80 inhibits the deposition of tar or water 22 to maintain the
open pores 41 in the wrapper 40 and permeability of the cigarette wrapper 40. This sustains
the CO diffusion out of the wrapper 40 or air dilution into the wrapper 40 as the tobacco

substrate 20 is consumed and can reduce CO in mainstream smoke.



10

15

20

25

WO 2015/008253 PCT/IB2014/063195
13

EXAMPLE

Untreated paper wrapper was supplied by Delfort as a bobbin with 30cm web width:
e E1045 WOO 25.0g (Trade Designation)
e Permeability - 45 CU
e Grammage - 25 gsm
e Thickness — 43 microns
Hydrophobic treatment was carried out by direct deposition by gravure roll of 3 different
concentrations per bobbin of stearoyl chloride (C4sH3sCIO — CAS 112-76-5). The hydrophobic
reactant was heated temporarily up to 150°C and printed onto the paper. Reactants in the form
of dots or shapes (in this example circles and hexagons) of about 20 to 25 micrometres are
transferred onto the surface of the paper. Concentrations were controlled by the number of dots
or shapes per unit area and the depth of the wells on the gravure roller. The hydrophobic
reactant was deposited at a quantity of 0.18 g/m? and a density of 5 moles/m®. The processing
time was 1.05 seconds with a penetration depth of 95 um.
Water absorption was determined utilizing the standard Cobb method (1ISO535:1991).
This method determines the amount of water which is taken up by the paper within a specific
time (within 60 seconds). The higher the Cobb value the higher the capacity of water
absorption by the paper (that is, higher the affinity of the paper for water). The Cobb test gives
reliable values if the paper is not fully soaked through with water. In these cases, the
hydrophobic paper exhibited a Cobb measurement value (60s) of less than 20 g/m?, and even
less than 10 g/m?.
Trace amount of C,¢ fatty acid was detected and is believed to be a contaminant within

the stearoyl chloride.

Units Control A B C
Reagent Amount cm®/m? 0 0.5 0.25 0.5
Total fatty acid mg/m? 0.9 610.8 268.7 685.4
Cis OOH mg/m? 0.9 26.5 141 328
C4s OOH mg/m? 0 584.3 254.6 652.6
Contact angle (30s) ° 27 122.3 120.4 121.7
| Cobb Measurement g/m? 39.8 8 9 7.9

Visual inspection of a finished cigarette with a wrapper having a contact angle of about

120 degrees shows nearly fully formed droplets sitting on the wrapper surface.

Visual appearance of the wrapper in aging studies
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During an accelerated shelf life study, cigarette samples were stressed under extreme
conditions. Extreme conditions are created in a specific climatic simulation chamber as follows:
+ Desert Conditions (43°C and 15% relative humidity) for three days;
¢ Followed by Jungle conditions (32°C and 85% relative humidity) for four days.
Based on previous studies, this cycle was repeated over 4 weeks to simulate 6 months in
ambient temperate climate conditions (22°C and 60% relative humidity).

The accelerated shelf life study enables one to determine potential alterations that could
occur to the samples overtime: if some alterations occur over time, it can be assumed that the
product will not be stable in real time. If no alteration is noticed, it is likely that the product will be
stable in real time.

Tests were conducted with cigarettes that were placed in open packs with photographs
taken after 2 weeks of accelerated shelf life study which simulate three months of ambient
temperate climate conditions.

FIG. 3A-3C illustrate three images of wrapper sample taken at time of zero. FIG. 3Ais a
control sample where no hydrophobic reactant was bonded to the wrapper. FIG. 3B is Sample
A having 0.610 g/m2 of stearoyl chloride bonded to the wrapper. FIG. 3C is Sample A having
0.270 g/m2 of stearoyl chloride bonded to the wrapper.

FIG. 4A-4C illustrate three images of the wrapper samples shown in FIG. 3A-3C
obtained after two weeks (three months equivalent of ambient temperate climate conditions).
Yellow to brown coloured spots, clearly visible to unaided human eyes, appear on the control
(FIG. 4A) while few if any spots are visible in sample A (FIG. 4B) and sample B (FIG. 4B). The
spots represent uneven changes in brightness, opacity as well as colour at various areas of the
paper. The spots were caused by the transfer, over a simulated three-month period, of materials
from the tobacco which penetrated and stained the paper. Consumers will likely reject cigarettes
with such stains on the cigarette paper.
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CLAIMS

1. A smoking article comprising:

a tobacco substrate;

a wrapper disposed about the tobacco substrate, wherein at least an inner or outer
surface of the wrapper is hydrophobic via hydrophobic groups chemically bonded to the
wrapper, the hydrophobic groups comprising a fatty ester or a fatty acid, the wrapper having a
permeability of at least about 15 CORESTA units.

2. A smoking article according to claim 1, wherein the wrapper has a permeability of at
least 20 CORESTA units.

3. A smoking article according to any of the preceding claims, wherein the inner surface of
the wrapper, the outer surface of the wrapper, or both the inner and outer surface of the
wrapper has a water contact angle of at least about 100 degrees.

4, A smoking article according to any of the preceding claims, wherein the wrapper
comprises cellulosic material and a hydrophobic reactant covalently bonded to the cellulosic
material.

5. A smoking article according to claim 4, wherein the wrapper has a basis weight in a
range from about 20 to about 50 grams per square meter and the hydrophobic reactant has a
basis weight in a range from about 0.1 to about 3 grams per square meter.

6. A smoking article according to claim 4 or 5, wherein the hydrophobic reactant comprises

a fatty ester group or a fatty acid group.

7. A smoking article according to claim 6, wherein the fatty ester group or fatty acid group
comprises an alkyl group having from about 12 to 30 carbon atoms.

8. A smoking article according to claim 6 or 7, wherein the fatty ester group or fatty acid
group is covalently bonded to a hydroxyl group of cellulose forming the wrapper.

9. A smoking article according to claim 6 or 7, wherein the fatty ester group or fatty acid
group is derived from a fatty acid chloride.
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10. A smoking article according to claim 9, wherein the fatty acid chloride comprises

palmitoyl chloride, stearoyl chloride or behenoyl chloride.

11. A smoking article according to any of claims 6 to 10, wherein the wrapper exhibits a

Cobb measurement value (60s) of less than 20 g/m®.

12. A smoking article according to any of claims 6 to 10, wherein the hydrophobic reactant

reduces the permeability of the cigarette wrapper by less than about 10%.

13. A smoking article according to any of the preceding claims, wherein the tobacco

substrate comprises an aerosol-forming substrate of a heated smoking article.

14. A method of forming a smoking article according to any of the preceding claims
comprising reacting a fatty acid chloride with the cellulosic material of the wrapper to form a
hydrophobic surface of the wrapper.

15. A method according to claim 14 wherein the reacting step comprises printing fatty acid
chloride, which provides a fatty ester group or a fatty acid group that bonds with pendent
hydroxyl groups on the cellulosic material of the wrapper to form a hydrophobic surface of the

wrapper.



