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SUMMARY

Embodiments herein disclosed include banded papers and smoking articles constructed
from such papers, wherein the add-on material comprises an aqueous starch solution (or
system) that includes an anti-wrinkling agent as disclosed herein, as well as chalk as disclosed

herein, such that the following are achievable:
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Furthermore, there are teachings herein of embodiments that include banded papers
and smoking articles constructed from such papers, wherein the bands are established
according to patterns which help abate the statistical occurrences of self-extinguishments (SE)
while maintaining desired IP performance.

In accordance with one aspect, this disclosure involves a method of making or preparing
a patterned wrapper paper by establishing a supply of an aqueous starch solution incorporating
an anti-wrinkling agent and chalk to a printing station through which a base web is passed so
that the pattern can be applied in a single step using the aqueous starch solution.

In another aspect of this disclosure, a wrapper paper for a smoking article may have a
base web to which add-on material is applied in a pattern using an aqueous starch solution that
includes an anti-wrinkling agent and chalk. The aqueous starch solution may include starch at
at least about 25% by weight, an anti-wrinkling agent between an effective amount and less
than about 35% by weight of starch, and chalk or calcium carbonate between about 30% to
about 80% by weight of starch.

In accordance with another aspect of this disclosure, a smoking article may include
tobacco and a wrapper paper where the wrapper paper includes a pattern of add-on material
applied as an aqueous starch solution containing an anti-wrinkling agent and chalk.

Further aspects of this disclosure involve, without limitation, patterns for the add-on
material, characteristics of the constituents of the add-on material. Further, the disclosure
relates to resulting features of the smoking article including without limitation ignition propensity

and self-extinction characteristics.
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An "anti-winkling agent” is a material which inhibits transverse shrinkage
of the base web 140 (see FIG 2) during printing or other conversion
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oL o et 5 P e FRGEBye gonverd oA ARl T 30kt 5834 Bl
val uewhidht prefefabigscompise$ i tdbaccefred 120 andvalfiitert1BR cattaphéd ¢atonenendabethelhe
Lol GRERRRAT S b PRt . g e etk 12 b RSB Bt i
I nch isAredded Yebaetd (cat filleBd ahd a(vorappant®) dispoded2ibblit theZCRMCH! foBA0dd) MM 39
Vol un%vr%gp% p1r933is/crcT)Wsztru%?e'\4 oL S ane (R ?ea(:ﬂimgzs R VRISWE TR0 g TS BM
has a lightable or lit end 124 and a tipped end 130 (which in the case of non-filtered cigarettes,
is referenced as the mouth end 130 of the cigarette 120). Cut filler tobacco is an industry-
standard designation. Further, the tobacco rod 122 typically has a generally circular cross
section, although other oval cross section and other non-circular shapes are within the scope of
this disclosure. The wrapper is sealed along a longitudinal seam to form the tobacco rod 122.
The tobacco rod has a nominal length measured from the edge 131 of the tipping paper to the
free end of the tobacco rod along a longitudinal axis of smoking article. By way of example, that
nominal length may lie in the range of about 60 to about 100 mm.

The "wrapper" paper 123 (see FIG. 2) typically includes a "base web" 140 that may be
made from flax, wood pulp, cellulose fiber, or the like, and may have a plurality of banded
regions 126 applied to one or both sides. Preferably, the banded region 126 is applied to the
inside of the wrapper 123 in the sense of how the wrapper 123 surrounds a column of tobacco
in the tobacco rod 122.

In the manufacture of base web suited for the construction of the various embodiments
of print banded paper disclosed herein, such manufacture usually will include the production of
a roll of base web of several feet across (usually about 3 feet across or in transverse
dimension), which is then slit into bobbins. Printing operations are preferably conducted on the
rolls, but could be conducted after slitting. Preferably, the bobbins themselves will have a
transverse dimension equivalent to the width needed to make tobacco rods 122 or an integral
number of such widths (e.g., 1, 2, or 4 of such widths). The bobbins are adapted for use with
typical cigarette making machines. The wrapper preferably has a dimension in cross-direction
that takes into account the nominal circumference of the tobacco rod and an overlapping seam.

As a result, when the wrapper is slit, the smoking article formed therefrom always has a
longitudinal seam with an exact overlap.

For purposes of this disclosure, "longitudinal” refers to the direction along the length of a
tobacco rod (e.g., along the axis 134 in FIG. 1), or along the length of a base web 140 (e.g.,
arrow 142 in FIG. 2) used in the preparation of wrapper that, in turn, may be used to fabricate a

tobacco rod.
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For purposes of this disclosure, "transverse" refers to the direction circumferentially
around a tobacco rod 122 (see FIG. 1), or transversely of a base web 140 (e.g., arrow 144 in
FIG. 2) used in the preparation of wrapper that, in turn, may be used to fabricate a tobacco rod.

For purposes of this disclosure, a "banded region" or "zone" is an area 126 (see FIG. 2)
on an underlying base web 140 to which an add-on material has been applied. The banded
region typically exhibits a two-dimensional pattern or array on the base web 140. More
specifically, the pattern or array may comprise repeating units in the longitudinal direction 142 of
the base web 140, repeating units in the transverse direction 144 of the base web 123, and or
units which repeat in both the transverse 144 and longitudinal 142 directions of the base
web 140. The regions 126 of add-on material are applied to the wrapper 123 to obtain
satisfactory or improved Ignition Propensity ("IP") characteristics and may also obtain improved
Self-Extinguishment ("SE") characteristics.

The regions 126 of add-on material are spaced along the base web 140 such that at
least one region of add-on material 126 is positioned between the first and second
ends 128, 130 of the tobacco rod 122 in each finished smoking article, but more preferably at
least two regions of add-on material may appear on the tobacco rod 122. The region 126 of
add-on material preferably extends in the circumferential direction at one or more spaced
locations along the axis 134, extending around the tobacco rod 122 of the smoking article 120.
While the region 126 of add-on material is depicted in this disclosure as containing
discontinuities in its circumferential direction, other configurations for the add-on material are
within the spirit and scope of this disclosure, including, but not limited to, configurations where
the add-on material is substantially continuous.

It is noted for sake of convention that, in describing dimensions of various embodiments
herein, that band or zone "width" extends in a longitudinal direction 134 (see FIG. 1) of the
tobacco rod 122, whereas a dimension in the circumferential direction will be expressed as
“circumferential” or "transverse" or "in cross-direction."

Where the banded region 126 extends transversely of the base web 140 (or
circumferentially around a tobacco rod), the "width" of the banded region 126 is measured in the
longitudinal direction 142 from the leading edge 146 to the trailing edge 148 and is preferably
lies in the range of from about 5mm to about 9mm (from the leading edge 146 to the trailing
edge 148), more preferably from about 5.5mm to about 7.5mm, and even more preferably from
about 6mm to about 7mm. Further, banded regions may have a 27mm "phase" (i.e., the
spacing from the leading edge 146 of one banded region 126 to the leading edge 145 of the
next adjacent banded region 126). Preferably, the banded regions of add-on material reduce

permeability of the wrapper to the range of from about O to about 12 CORESTA.
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For purposes of this disclosure, "band spacing" refers to the distance between the
trailing edge148 of one banded region 126 and the leading edge 146 of an adjacent banded
region 126 on the base web 140 from which a wrapper is fashioned.

As used herein, the phrase "leading edge” refers to the edge 146 (see FIG. 1) of a
banded region 126 that is closest to an approaching coal during smoldering of a smoking
article 120 whose wrapper 123 contains the banded region 126, while the phrase "trailing edge"
refers to the edge 148 of a banded region 126 that is farthest from an approaching coal during
smoldering of a smoking article 120 whose wrapper 123 contains the banded region126.

For purposes of this disclosure, "layer" refers to a quantity of add-on material applied to
a base web from which a wrapper is fabricated. Each banded region 126 may be formed by
applying a "layer" 210 of an aqueous film-forming composition to the base web 140 of the
wrapper to reduce the permeability of the paper in the corresponding banded region.

Where a film-forming composition is used, that "film-forming composition" preferably
may include water and a high concentration of an occluding agent, e.g., 14% to about 50% by
weight. The film-forming compound can include one or more occluding agents such as starch,
alginate, cellulose or gum and may also include calcium carbonate as a filler. Further, the film-
forming composition preferably includes an anti-wrinkling agent. Where starch is the film-
forming compound, a concentration of at least about 25% may be particularly advantageous,
and a concentration of about 30% is presently most preferred.

An "anti-wrinkling agent" is a material which inhibits transverse shrinkage of the base
web 140 (see FIG. 2) during printing or other conversion operations. A suitable anti-wrinkling
agent may be selected from the group consisting of 1,2 propylene glycol, propylene glycol,
glycerin, and starch plasticizing agents.

The film-forming composition may be applied to the base web of the wrapper 140 using
conversion technologies such as gravure printing, digital printing, coating or spraying using a
template, or any other suitable technique.

When discussing application rates for add-on material applied using gravure printing
techniques, often use values with "X" as a suffix to refer to a volumetric application rate. The
table below sets out the volumetric equivalents for "X" in terms of billion cubic microns per
square inch, or "BCM (1 billion cubic microns per square inch is equivalent to
1.55.10%(um)*mm?):
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When the phrase "weight ratio" is used herein with respect to the starch component of a
starch solution, the "weight ratio" is the ratio of the weight of the additional material compared to
the weight of starch used to prepare the starch solution. Moreover, for purposes of this
disclosure, references to an "X% starch solution” refer to an aqueous starch solution in which
the starch weight is X% of the solution weight (e.g., weight of starch divided by the sum of
starch weight and aqueous component weight).

The wrapper includes a base web which typically is permeable to air. Permeability of
wrapper is typically identified in CORESTA units. A CORESTA unit measures paper
permeability in terms of volumetric flow rate (i.e., cm®sec) per unit area (i.e., cm?) per unit
pressure drop (i.e., cm of water). The base web of conventional wrapper also has well-known
basis weights, measured in grams per square meter, abbreviated as g/m?>. The permeability
and basis weight for the base web of typical smoking article papers commonly used in the
industry are set out in the table below:

Permeability, CORESTA units Basis Weight, g/m*
24 25
33 25
46 25
60 26-27

For purposes of this description, the base web of a preferred wrapper has a permeability of at
least about 20 CORESTA units. Most preferably, the wrapper has a permeability greater than
about 30 CORESTA, such as common base webs having nominal permeabilities of about
33 CORESTA and about 46 CORESTA with a basis weight of about 25g/m® For some
applications, the base web may have a permeability of greater than about 60 CORESTA, or
greater than about 80 CORESTA, or even higher permeability values.
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Referring now to FIG. 2, a wrapper for a smoking article is prepared by applying a
pattern 126 of add-on material to a base web 140. The add-on material preferably comprises

an aqueous starch solution having a starch in the range of about 25% to about 35% by weight.
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The materials used for the regions of add-on material can be inportant in
the 1P and SE perfornmance of a snoking article manufactured using the
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starch solution that includes an anti-wrinkling agent has been observed to be in the range of
about 1.5mm to 3.2mm (0.0625 to 0.125 inch) for a 0.9m (36 inch) wide base web — a range
which does not result in creasing or excessive waviness. Further, inclusion of an anti-wrinkling
agent in the aqueous starch solution has been found to make possible the application of add-on
material to be applied to the base web in a single application, printing pass, or the like, provided
that sufficient drying capability is established with such practices. Moreover, the inclusion of an
anti-wrinkling agent in the aqueous starch solution to be applied in patterns may exhibit more
intricacy than solid band regions, because print registration can be more precisely maintained if
multiple print stations are used. In addition, the pot life of the aqueous starch solution is

materially improved by the inclusion of an anti-wrinkling agent as disclosed herein.
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regulate the IP and SE characteristics of the smoking article. Those regions 126 of add-on
material are applied to a base web 140 (see FIG. 2) of the wrapper 123 and then formed into a
tobacco rod in conventional cigarette making equipment. Nominal permeability of the base web
140 may be in the range of about 25 CORESTA to about 100 CORESTA. Currently, the
preferred nominal permeability of the base web lies in the range of about 33 CORESTA to about
65 CORESTA, with the most preferred nominal permeabilities being about 33 and about 60.
The base web 140 has a longitudinal direction 142 extending along the length of the wrapper
123 and a transverse direction 144 extending transversely across of the wrapper 123 so as to
be generally perpendicular or transverse to the longitudinal direction 142.

Those regions 126 of add-on material may be applied to the base web 140 preferably by
a printing technique. While one or more printing technique (selected from the group consisting
of direct printing, offset printing, inkjet printing, gravure printing, and the like) may be used to
apply the region 126, preferably a gravure printing process will be used. Gravure printing
provides ample control over deposition rates, deposition patterns, and the like, and is suitable
for high-speed printing on the base web 140. For purposes of this disclosure, "high-speed"
printing refers to printing processes where the base web 140 advances through the printing
process at a linear speed greater than about 1.5m/s (300 feet/min). For cigarette manufacturing
purposes, base web printing speeds greater than 2.3m/s (450 feet/min). are preferred, and
speeds greater than 500 feet/minute or more are even more preferred. In this regard, the rates
of deposition for add-on material, as well as the quality of the pattern of deposited add-on
material, can vary considerably when wrapper prepared by high-speed printing processes is
compared with wrapper prepared by low-speed printing processes. Higher-speed printing
operations can achieve both desirable IP values (performance) and desired SE values
(performance).

Remarkably, it has been found that a base web may be converted (printed) to include
bands in accordance with the embodiment described with reference to FIG. 7 at 5m/s
(1000 feet/min), with acceptable paper appearance (i.e., without quality defects ) and without
elevated or unacceptable statistical occurrences of creases or wrinkles.

One object of this description is to provide wrappers 123 (see FIG. 2) produced at
commercial-scale high-speed which, when formed into a tobacco rod, exhibit IP values no
greater than 25%. Accordingly, deposit rates and characteristics of the resulting printed regions
are important features of high-speed printing here. While that IP value is considered to be
adequate at this time, even more preferred is an IP value for the resulting smoking article no

greater than about 15%; and the most preferred IP value for the resulting smoking article is no
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add-on solution to be used for printing. For the nominal aqueous starch solutions used in this
description, the starch may comprise from about 25% to about 35%, by weight, of the nominal
solution. Preferably, the starch may comprise from about 28% to about 32%, by weight of the
nominal solution. Most preferably, starch may comprise about 30%, by weight, of the nominal
solution.

An anti-wrinkling agent is preferably added to the nominal starch solution, with the
weight of the anti-wrinkling agent being in the range of about 10% of the weight of the starch in
the nominal starch solution to an upper value established by the capacity of drying equipment to
adequately dry the propylene-glycol containing solution. Quantitatively, that upper value is
about 20% for conventional gravure printing apparatus. Preferably, the weight of the anti-
wrinkling agent will be in the range of about 20% to about 30%. Most preferably, the weight of
the anti-wrinkling agent will be about 25% of the weight of the starch in the nominal starch

solution.

Exarhples

The following illustrative, non-limiting examples are intended to provide further
explanation. The results provided in Tables | and il compare the initial viscosity and time
stability of a printing solution without an anti-wrinkling agent additive and to the initial viscosity
and time stability of a printing solution with an anti-wrinkling agent additive. The observations

recorded in Table | (for 1,2 propylene glycol) and Table Il (for glycerin) show that a printing
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solution containing an anti-wrinkling agent such as 1,2 propylene glycol or glycerin is less
viscous initially and more stable in that it has a lower viscosity for a much longer period of time.

Table |
Viscosity of 24% starch Viscosity of 24% starch solution
solution + 80% CaCO,’ + 80% CaCO; + 100% 1,2
propylene glycol?

Day 1 65mPa's 50mPa's

Day 2 71mPa's 51mPa's

Day 3 77mPa's 50mPas

Day 4 88mPa's -

Day 6 -- 52mPas

Day 7 147mPa's 58mPa's

Day 8 -- 61mPa's

Day 9 -- 66mPa's

Day 10 225mPa's 70mPa's

Day 16 - 114mPa's

' CaCO; added to a solution of 24% dry starch in water; ratio by weight of added CaCO;
to dry starch present in the solution is 0.8:1.0.

2 CaCO; added to a solution of 24% dry starch in water; ratio by weight of added 1,2
propylene glycol to added CaCO; to dry starch present in the solution is 1.0:0.8;1.0.
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Table I
Viscosity of 20% starch solution Viscosity of 20% starch solution
+ CaCO;' + CaCO; + glycerin?
Day 1 51mPa's 41mPa's
Day 2 50mPa's -
Day 5 66mPa's 52mPa's

Day 6 78mPa's —
Day 7 102mPa's ---

Day 8 --- 55mPas
Day 12 --- 62mPa's
Day14 - 72mPa's

' CaCO; added to a solution of 20% dry starch in water; ratio by weight of added CaCO,
to dry starch present in the solutionis 1 : 1.

2 CaCO; and glycerin added to a solution of 20% dry starch in water; the ratio by weight
of added glycerin to added CaCOj; to dry starch present in the solutionis 1:5: 5.

The foregoing Tables demonstrate that the useful shelf-life of the printing solution using
an anti-wrinkling agent, as measured by its viscosity, essentially doubles the shelf-life of a
printing solution without the anti-wrinkling agent. The addition of an anti-wrinkling agent in the
material applied to the add-on regions thus improves rheological properties of the printing
solution used to form the regions of add-on material.

When the add-on material is applied with a printing technique, viscosity of the applied
material is important. Where the viscosity of the applied material increases over time, the add-
on material has a finite shelf life, or pot life, after which the material loses its usefulness. As
Table | demonstrates, with the addition of an anti-wrinkling agent to the applied material
formulation, the initial viscosity of add-on material can be reduced by about 20%. Moreover, the
shelf life, or pot life, of the add-on material increases by a factor of at least two or more
compared to material not having an anti-wrinkling agent.

The results provided in Tables Ill and IV indicate that addition of an anti-wrinkling agent
to the printing solution has been found to reduce free-burn SE without unacceptably affecting IP
performance (i.e., while maintaining an acceptable IP levels). For purposes of the information
presented in Table |ll, batches of 40 cigarettes were tested to obtain the IP performance, while

batches of 20 cigarettes were tested at each angular position to obtain the SE performance.
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Table lll
Print solution with 22% Starch + 100% 1,2 propylene Glycol' + CaCO,
CaCO,; % Width, IP% SE(0°) SE(45°) SE(90°) SE(Avg)
mm
40 7 0 40 85 100 75
7 0 35 g0 100 75
6 0 75 100 100 92
6 5 0 60 100 53
60 7 0 10 80 100 63
7 0 10 75 95 60
6 5 25 85 100 70
6 10 5 40 50 32
80 7 7.5 5 60 90 51
7 5 0] 65 85 50
6 25 0 45 50 32

' 1,2 propylene glycol added to a solution of 22% dry starch in water; 1,2 propylene
glycol added to the starch solution with the ratio of 1,2 propylene glycol to dry starch being
1.0:1.0; and CaCO; being added to the starch solution in the weight percentage stated,
measured relative to the weight of dry starch used in the solution.

From Table lll, certain conclusions can be drawn. For example, the IP stayed well under
the 25% target value for 7mm bands. In addition the IP stayed well under the 25% target value
when CaCO; weight was less than 80% of the starch weight. Further, the average SE value
was less than or equal to 70% when CaCO; weight was greater than 40% of the starch weight;
and SE at 0° was less than or equal to 25 when CaCO; weight was greater than 40% of the
starch weight.

For purposes of the information presented in Table IV, smaller groups of cigarettes were
tested, namely groups of five. The cigarettes tested for the results in Table IV were prepared

with two hand-brushed bands using the add-on material solution as indicated in Table IV.
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Table IV
Solution IP SE (at 0°)
20% starch solution Ooutof5 3outof 5

20% starch solution + glycerin'
] Ooutof 5 1outof5
Weight ratio of glycerin to dry starch=1:5

' Glycerin added to a solution of 20% dry starch in water; ratio by weight of added glycerin to
dry starch present in the solution is 1:5.

For both solutions containing an anti-wrinkling agent, all of the cigarettes self-
extinguished before the coal reached the filter line in the IP test. However, in the SE test (at 0°),
for the solution without an anti-wrinkling agent, 60% of the cigarettes self-extinguished before
the filter line, whereas for the solution containing an anti-wrinkling agent, only 20% of the
cigarettes self-extinguished before the filter line. The self-extinguishment thus remains below a
common target of 25%. The ignition propensity performance was excellent, with the resulting
value of 0% being well below target values of 10%, 15%, or 25% often used. Thus, the addition
or inclusion of an anti-wrinkling agent in the regions of add-on material reduces free-burn self-
extinguishment (SE) without adversely affecting ignition propensity (IP) performance.

Inclusion of an anti-wrinkling agent in the add-on material also enhances characteristics
of the resulting banded wrapper. More particularly, an anti-wrinkling agent has been found to
increase flexibility of add-on material when dried on the wrapper (i.e., it acts as a plasticizer).
As a result, bands of add-on material are less prone to separate from the base web during
handling and use than bands on wrapper where an anti-wrinkling agent is not used in the
formulation. Furthermore, as noted above, incorporation of an anti-wrinkling agent in the add-on
material gives rise to improved SE performance in a smoking article fabricated from wrapper
having bands of add-on material including an anti-wrinkling agent — but without degradation of
IP performance.

While the operation of the anti-wrinkling agent in the starch solution is not fully
understood, it appears that the anti-wrinkling agent also functions as a plasticizer in the starch
solution. A starch solution without an anti-wrinkling agent capable of also functioning as a
plasticizer tends to infiltrate the top surface of the paper structure. Moreover, without the agent,
a starch solution tends shrink or contract when it dries. That shrinkage and/or contraction
causes the underlying web to also shrink or contract, i.e., in the area underlying the banded
region. By way of example, observations have shown that the width of a 36 inch wide paper
web may shrink by as much as about 13mm to 20mm (0.5 to about 0.75 inches) in the banded

region -- in other words by over 1 to about 2%.
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Since the underlying web, between banded regions, does not experience the shrinkage,
the region between the banded regions exhibits waviness, where the waves extend in the
longitudinal direction of the underlying web and the undulations of the waves occur in the cross-
web or transverse direction of the underlying web. After the underlying web is slit longitudinally
into portions sized to manufacture cigarettes, each of those longitudinal portions of the paper
web is wound tightly on a corresponding bobbin. Accordingly, the undulations described above
sometimes result in creases in the unbanded regions where the paper folds on itself to adjust to
the width reduction caused by shrinkage in the banded regions. Such creases in the wrapper
are generally unacceptable for tobacco rod production. The effect of that shrinkage can be
easily seen in FIGs. 20A, 20B, 20C. Those figures are optical microscope images of the
wrinkled region between print banded regions where a single application of film-forming material
is applied at 5.5X. The film-forming material used contained 22% starch and 40% chalk or
calcium carbonate.

Thus, the shrinkage of the banded regions appears to be a cause of wrinkling in the
unbanded, or unprinted, area of the wrapper. Again, the mechanisms are not fully understood,
but the addition of an anti-wrinkling agent to the starch solution appears to cause the printed
layer or banded region to be more flexible. That flexibility may result from the printed starch
layer being more elastic. That flexibility may also result from the printed layer having reduced
infiltration into the paper structure such that the printed layer lies more on the surface of the
paper web. Regardless of whether those mechanisms, a combination of those mechanisms, or
some other mechanism is active, observations indicate that, when the wrapper flexes, the
enhanced elasticity of the layer or banded region reduces the likelihood that the layer or banded
region will separate from the wrapper. Moreover, the elasticity of the layer or banded region
appears to allow the layer or banded region to dimensionally conform to the underlying paper as
the applied solution dries -- hence shrinkage in the banded region is reduced and,
simultaneously, wrinkling and/or puckering between the banded regions is also reduced.
Accordingly, incorporating the anti-wrinkling agent in the starch solution counteracts the
wrinkling described above.

The effect of adding an anti-wrinkling agent to a film-forming material may be easily seen
in FIGs. 20D, 20E, 20F, 20G, 20H, 20I, which are photographs taken through an optical
microscope of the region between print banded regions under the same conditions as FIGs.
20A-C. In FIGs. 20D-20F, glycerin was used as an anti-wrinkling agent. The film-forming
material was applied at 5.5X, and contained 22% starch, 40% chalk, and 20% glycerin. In FiGs.
20G-201, 1,2 propylene glycol was used as an anti-wrinkling agent. In these figures, the film-

forming material was applied at 5X, and container 22% starch, 40% chalk, and 100% propylene
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Thus, the shrinkage of the banded regi ons appears to be a cause of
wrinkling in the unbanded, or unprinted, area of the wapper. Again, the
mechani ss0208/M2220f ul | y under st ood, but the addition ofPCAMEPANI004289 nkl i ng
agent to the starch solution appears to cause the printed | ayer or banded
region to be nore flexible. That flexibility may result fromthe printed
starch | ayer being nore elastic. That flexibility may also result fromthe
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bet ween the banded regions is also reduced. Accordingly, incorporating the
anti-wrinkling agent in the starch solution counteracts the winkling
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| P performance together with inproved SE (at 0) performance | ess than about
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reference to FIG 10 to enhance its SE performance, anong the other reasons
set forth herein. The foregoing description and the attached
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Vari ous bal ances or trade-offs need to be nmade in selection of starch
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WO 2011/ 012220PCT/ EP2010/ 004239 | nproved SE Performance Wil e Mi ntaining
| P Performance As noted above, it is desirable to achieve IP
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- Details diromthpgisicugsion above, it will now be apparent to those skilled in the art that many
different patterns for the banded regions of wrapper fall within the spirit and scope of this
disclosure. For example, a pattern comprising a plurality of solid transversely extending bands
has been described (see FIG. 2). Solid bands might also contain a discontinuity (see FIG. 5) or
several repeating discontinuities (see FIG. 6). The description as being solid meaning, for

purposes of this disclosure, that the regions of add-on material are applied in a single step.
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Zone 1 Zone 2 Zone 3 Wdth 2 mm 2 nm 2 nmm Layers of Add-on Materi al
Add-on Rate Per Layer 5x 3.5-4x 5x Total Add-on Material 5x

WO 2011/012220 PCT/EP2010/004239

Improved SE Performance While Maintaining IP Performance

111

As noted above, it is desirable to achieve |IP performance that meets and exceeds

governmental requirements. Such is achievable with a solid band configuration such as that

described with reference to FIG. 7. Moreover, as also previously noted, that desired IP

performance often adversely impacts the SE performance of the smoking article.

Stated

differently, while the IP performance may meet or exceed the governmental requirements, that

IP performance is typically associated with a smoking article that will self extinguish when hand

held by a smoker -- an SE of 100%. Since smokers ordinarily prefer not to need to relight a

smoking article, improvement of SE performance while maintaining IP performance constitutes

a highly desirable feature for improved wrappers. Applicants have discovered arrangements of

the banded regions on wrapper that provide such improved SE performance while maintaining

the IP performance. For example, the inclusion of chalk content in the embodiment described

with reference to FIG. 7 contributes enhancement of SE performance amongst other attributes.

In addition to or in lieu of applying chalk to improve SE performance, certain band

configurations and patterns disclosed herein are useful in constructing smoking articles having

both improved SE performance and desired IP performance. For example, a slit band

configuration such as shown in FIG. 3 and others is capable of better sustaining smoldering

during free burns, yet when placed adjacent a substrate, does not sustain smoldering.

Referring to Table V, wrapper A comprises a slit band arrangement, having three regions

of about 2 mm each, for a total width of 6 mm for the printed banded region with add-on rates in

the various regions ranging from about 3.5X to about 5.5x. An add-on rate of 5.5X results in

about 8 g/m?to about 9 g/m? of add-on material on a dry weight basis, where the wrapper has a

nominal basis weight of about 26.5 g/m® Lower add-on rates would be expected to provide

proportionally adjusted values for the weight of the add-on material, measured on a dry weight

basis. The width of the banded regions are typically measured in the longitudinal direction, and

have a 27 mm phase (i.e., the spacing from the leading edge of a banded region to the leading

edge of the next or subsequent banded region).

Table V
Wrapper Banded Region Total Banded Base Web
Configuration Region Width Permeability
A 2-2-2 6mm 33 CORESTA
B 2.5-2-2.5 7mm 33 CORESTA
C 2.5-2-2.5 7mm 60 CORESTA
D 3-2-3 8mm 60 CORESTA
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3.5-4x 5x Table VII - Details of Wapper B Zone 1 Zone 2 Zone 3 Wdth 2.5
mm2 mm 2.5 nm Layers of Add-on Material 1 1 1 Add-on Rate Per Layer
WO 2011/012220 PCT/EP2010/004239

In Table V, the "banded region configuration” is a shorthand description of the width of
portions of the band, viewed in the direction which the coal advances in a burning tobacco rod.
Thus, the 2.5-2-2.5 configuration (see FIG. 3) of the banded region 126 means that the first
portion or zone 202 of the total banded region width is 2.5mm, the second portion or zone 203
of the total banded region width is 2mm (and may be a space), and the third portion or zone 204
of the total banded region width is 2.5mm. Here, the first portion 202 would be encountered first
by the advancing coal of a burning tobacco rod, the second portion 203 would be encountered
next by the advancing coal, and the third portion 204 would be encountered last by the
advancing coal.

Table VI — Details of Wrapper A

Zone 1 Zone2 Zone3
Width 2mm 2mm 2mm
Layers of Add-on Material 1 1 1
Add-on Rate Per Layer 5x 3.5-4x 5x
Total Add-on Material 5x 3.5-4x 5x

Table VIl — Details of Wrapper B

Zone 1 Zone2 Zone3d
Width 2.5 mm 2 mm 2.5mm
Layers of Add-on Material | 1 1 1
Add-on Rate Per Layer 5x 3.5-4x 5x
Total Add-on Material 5x 3.5-4x 5x

Table VIl — Details of Wrapper C

Zone1 Zone2 Zone3l
Width 25mm 2mm 2.5 mm
Layers of Add-on Material | 1 1 1
Add-on Rate Per Layer 5x 3.5-4x 5x
Total Add-on Material 5x 3.5-4x 5x
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5x 3.5-4x 5x Total Add-on Material 5x 3.5-4x 5x Table VIII - Details of
W apper C Zone 1 Zone 2 Zone 3 Wdth 2.5 mm 2 mm
WO 2011/012220 PCT/EP2010/004239

Table IX — Details of Wrapper D

Zone1 Zone2 Zone3l
Width 3 mm 2 mm 3 mm
Layers of Add-on Material | 1 1 1
Add-on Rate Per Layer 5x 3.5-4x 5x
Total Add-on Material 5x 3.5-4x 5x

Tables VI-IX show that the multizone banded region 126 (see FIG. 3) may be fashioned
in a single pass printing operation with the application rates indicated in those tables. In each of
wrappers A through D, the add-on material preferably included an aqueous solution containing
starch, chalk or calcium carbonate, and propylene glycol. A presently preferred mixture for that
aqueous solution includes starch, chalk, and propylene glycol in a weight ratio of about 100 (for
starch), to about 30% to about 80% (for chalk), to about 20% to about 30% (for propylene
glycol), where the chalk and propylene glycol components are expressed as percentages of the
weight of starch in the solution. The starch alone may be in the range of about 25% to about
35% in the aqueous solution.

Some changes in the relative proportions of constituents of the add-on material may
change when the aqueous solution is applied to a base web and dried. For example,
observations indicate that when 1,2 propylene glycol is used as the anti-wrinkling agent, about
50% to about 60% of the propylene glycol added to the solution remains in the add-on material
when it has dried on the paper web. Some weight loss may also occur in other anti-wrinkling
agents during the drying process. However, such weight loss has not been observed with
respect to the starch and calcium carbonate constituents of the add-on material during the
drying process.

The region 126 of add-on material may be substantially continuous transversely of the
paper web, as shown (see FIG. 2), or may have one or more longitudinally extending
separations so as to define a C-shaped region when formed into a wrapper for a tobacco rod
(see FIG. 5), or may have several separations that result in multiple portions of material 127’
(see FIG. 6) generally symmetrically positioned around the tobacco rod when viewed in cross
section transverse to the longitudinal axis 134 of the tobacco rod 122.

In addition, the region 126 of add-on material on the wrapper 123 may be divided into
two or more substantially ring-shaped portions (see FIG. 3) that are spaced from one another
along the axis 142 by a distance, w, that typically does not exceed the width of the rings 126,
when measured in a direction generally parallel to the axis 134 of the tobacco rod 122. Such a

spacing feature provides a "slit" in the band structure.
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2.5 mm Layers of Add-on Material 1 1 1 Add-on Rate Per Layer 5x 3.5-4x 5x
Total Add-on Material 5x 3.5-4x 5x WD 2011/ 012220PCT/ EP2010/ 004239 Tabl e
| X - Det aWPL0Bf01928pper D Zone 1 PCT/EP2010/004239

It is also within the contemplation of this disclosure that the region 126 on the wrapper
123 may comprise a plurality of patches 127 (see FIG. 6) that may ultimately be disposed
circumferentially around the tobacco rod 122, with patches 127' of an adjacent region 126 being
circumferentially displaced from patches of other adjacent regions 126. In addition, the patches
127, 127' may be arranged according to a predetermined pattern such as taught in
US-A1-2008/0295854, the entire contents of both documents are incorporated herein by this
reference thereto.

The regions of add-on material are preferably applied in a single layer 210 (see FIG. 7).
It should be noted that the representation of the base web cross section in FIG. 7 is schematic.
As discussed above, the actual cross section of a base web is a slice through the myriad of
fibers which form the base web. In the case of cigarette wrapper, that thickness may be on the
order of about 30um. Actual thickness of the add-on material < 2um, and the add-on material
tends to infiltrate and conform to the surface presented by the fibers of the base web. As a
result, material build-up in the regions of add-on material can be schematically shown as boxes
(as in FIG. 7), but actually are nearly imperceptible to the unaided eye.

The application rate of the material in the preferred single layer (see FIG. 7) may be in
the range of about 4X to about 6X. For these purposes, the "X" has been described above.
Where the base web has a nominal CORESTA value of about 33, a presently preferred
application rate of about 5X is believed to be appropriate. Where the base web has a nominal
CORESTA value of about 60, a presently preferred application rate of about 5.5X is believed to
be appropriate.

The smoking article 120 (see FIG. 8) may include one or more banded regions 250 that
are axially spaced from one another along the axis of the smoking article 120. Each banded
region 250 may include add-on material applied such that at least one longitudinally extending
gap 252 exists between end portions 254 of the banded region 250. The embodiment of FIG. 8
shows a single gap 252 in each of the banded regions 250; however, two or more gaps 252
may be provided around the circumference of the smoking article 120. Where more than one
gap 252 is provided, the gaps are preferably generally parallel to one another and preferably are
also substantially equally spaced from one another around the circumference of the smoking
article 120. An embodiment of the smoking article having a pair of substantially diametrically
opposed areas of add-on material may be seen in FIGs. 9 and 10. As shown, the
circumferential extent of the areas of add-on material 250, 250' may be substantially the same
as the circumferential extent of the spaces or gaps 252 between those areas of add-on material
250, 250"

With the foregoing arrangement, when the smoking article 120 exists in free-burn

condition (see FIG. 10), the regions of add-on material 250, 250" obstruct airflow to the burning
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Zone 2 Zone 3 Wdth 3 mMmm 2 nm 3 nm Layers of Add-on Material 1 1 1 Add-on
Rate Per Layer 5x 3.5-4x 5x Total Add-on Material 5x 3.5-4x
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coal of the tobacco rod 122 by virtue of their reduced permeability. On the other hand, with the
smoking article held in a substantially horizontal position, the bottom gap 252 of the wrapper
123 freely permits air to enter the side of the tobacco rod 122 to support combustion of the
coal. A vastly different situation occurs when the smoking article 120 is placed on a substrate
260 (see FIG. 9). Under these conditions, the substrate 260 blocks the flow of air upwardly to
the bottom portion or bottom gap 252 of the tobacco rod 122. The regions of add-on
material 250, 250' and the substrate 260 cooperate to define much smaller areas 258, 259
through which air can be drawn through the base web 140 of the wrapper. More specifically,
the vertical area 258 between the bottom of the region 250 and the substrate 260 and the
vertical area 258 between the bottom of the region 250' and the substrate 260 present a
substantial reduction in the area through which air can pass to reach the smoldering coal of the
tobacco rod 122. As a result of deprivation of oxygen in the air, the smoldering coal of the
smoking article 120 self-extinguishes when the burn line reaches opposed regions of add-on
material positioned as depicted in FIG. 14. The condition of substantially reduced area for air to
support burning of the coal also exists for rotational positions of the tobacco rod 122 between
that position illustrated in FIG. 9 and other positions of the smoking article when rotated about
its longitudinal axis.

However, when the smoking article 120 is placed on the substrate 260 such that one of
the add-on regions 250, 250' contacts the substrate 260, the add-on regions still may sufficiently
restrict the area through which air can pass to and through the base web 140, and there is a
lesser degree of material cooperation between the substrate 260 and the add-on regions to
effect a reduction in that area, in comparison to what occurs at the snuffer region 262. For
purposes of this description, a snuffer region 262 is an area on the tobacco rod 122 which is
operable to cause extinguishment of the burning coal when placed on a substrate 260.

in the foregoing example, the reduction in IP value is also associated with a reduction in
SE value, and improved free-burn quality of a smoking article 120 having a wrapper with regions
of add-on material such as those of FIG. 8. It will also be appreciated by those skilled in the art
that the SE improvement of FIG. 10 occurs with the smoking article in a horizontal position
(i.e., 0°. Similar SE improvements are also observed at other SE evaluation positions of 45°
and 90°. Where the smoking article 120 happens to be placed on a substrate 260 at one of
three specific orientations, the orientations being spaced (off-set) 45° apart from each other
around the axis of the smoking article, the self-extinguishing characteristics and desirable IP are
also achieved. Naturally, the discussion proceeded in this manner for the sake of brevity. It will
be readily understood that a pattern according to this description can extinguish the smoking
article, regardless of which side portion rests against a substrate 260 and without a need for

applying film-forming compound to the paper to such an extent that a desirable free-burn quality
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and third zones 400, 402. FIG 12 illustrates a snoking article
havi ng two banded regi ons 126, each canprising first, third and fifth zones
of add-on material 410, 412, 414 separated by second and fourth zones or

di scontinuities 416, 418, which may be in the formof gaps or in the form
of reduced | evels of add-on material. The first, third and fifth zones of




The follow ng exanples are intended to be non-limting and nerely

illustrative. Cigarettes with five different wappers (i.e., wappers with
five diffwoenti/bazzded regi on configurations), were test@iTEPROIOHN289 ON

propensity ("IP") and sel f-extinguishment ("SF) at 00 (horizontal).

The

base web of each of the wappers had a perneability of 33 CORESTA and basis

wei ght of 25g/nR2. Table X Wapper Banded Regi on Confi guration* Total
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and at ?eé)st the first and third zones are formed from an add-on material free of fillers.

Optionally at least one of the zones is formed at least in part from an add-on material which

includes a filler. The add-on material is preferably uniform across the first and third zones.

Furthermore, provided is a method of making a banded wrapper of a smoking article

comprising supplying a base web and forming at least one transverse banded region comprising

first, second and third zones on the base web. The first and third zones are outward of the

second zone, the second zone has a greater permeability compared to the first and third zones,

and the second zone and the first and third zones are formed from an add-on material.

Optionally at least one of the zones is formed at least in part from an add-on material which

includes a filler. The add-on material is preferably uniform across the first and third zones.

FIGs. 11-13 illustrate smoking articles comprising slit banded paper as described herein.

Specifically, FIG. 11 illustrates a smoking article having two banded regions 126,

each

comprising first and third zones of add-on material 400, 402 separated by a second zone or

discontinuity 404, which may be in the form of a gap or may be in the form of a zone of reduced

add-on material. The first and third zones of add-on material 400, 402 may each be, for

example, about 2mm to 5mm wide, and the second zone 404 may be, for example, about 1mm

to 2mm wide. More specifically, the first and third zones of add-on material 400, 402 may each -

be, for example, about 3mm wide, and the second zone 404 may be, for example, about 1.5mm

or about 2mm wide. The first and third zones of add-on material 400, 402 preferably comprise a

single layer of add-on material having the constituents described above. The add-on material is

preferably substantially uniform across the first and third zones 400, 402.

FIG. 12 illustrates a smoking article having two banded regions 126, each comprising

first, third and fifth zones of add-on material 410, 412, 414 separated by second and fourth

zones or discontinuities 416, 418, which may be in the form of gaps or in the form of reduced

levels of add-on material. The first, third and fifth zones of add-on material 410, 412, 414 may

each be, for example, about 2mm to 3mm wide, and the second and fourth zones 416, 418 may

each be, for example, about 1mm to 2mm wide. More preferably, the first, third and fifth zones

of add-on material 410, 412, 414 may each be, for example, about 2mm wide, and the second

and fourth zones 416, 418 may each be, for example, about 1mm wide or less. The first, third

and fifth zones of add-on material 410, 412, 414 preferably comprise a single layer of add-on

material. The add-on material is preferably uniform across the first, third and fifth

zones 410, 412, 414,

FIG. 13 illustrates a smoking article having two banded regions 126, each comprising

first and third zones of add-on material 420, 422 separated by a second zone 424 of less add-

on material. The first and third zones of add-on material 420, 422 may each be, for example,
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about 2mm to 3mm wide, and the second zone of less add-on material 424 may be, for
example, about 1mm to 3mm wide. More preferably, the first and third zones of add-on material
420, 422 may each be, for example, about 3mm wide, and the second zone of less add-on
material 424 may be, for example, about 2mm wide or less. The first and third zones of add-on
material 420, 422 preferably comprise a single layer of add-on material. The add-on material is
preferably uniform across the first and third zones 420, 422.

Referring to FIGs. 11-13, slit banded paper facilitates use of wrappers of lower
permeability for a given level of CO than prior designs of banded paper. For example, it was
found that a tobacco rod comprising paper having a permeability of 33 CORESTA and a CO
(FTC) delivery of 11mg would produce 15mg of CO (FTC) if previous versions of bands were
applied without further change. In order to counteract his increase, the permeability of the
wrapper would have to be raised to about 46 CORESTA. Such changes create a multitude of
consequence in cigarette design, such as, for example, impacting puff count, possibly lessening
machineability of the paper, and the like. In contrast, the slit banded paper having a
permeability of 33 CORESTA provided 12mg CO (FTC). Thus, the slit banded technology
described herein facilitates application of bands with a lesser impact on CO levels (FTC).

Examples

The following examples are intended to be non-limiting and merely illustrative.
Cigarettes with five different wrappers (i.e., wrappers with five different banded region
configurations), were tested for ignition propensity (“IP”) and self-extinguishment (“SE®) at 0°
(horizontal). The base web of each of the wrappers had a permeability of 33 CORESTA and

basis weight of 25g/m?.
Table X
Wrapper | Banded Total IP P IP IP SE
Region Banded | Run1 Run2 Run3 |Avg. |@0°
Configuration* | Region
Width
A control 6 mm 0% 0% 0% 0% 95%
B 3-1-3 7 mm 0% 25% 0% 0.8% |60%
C 3-2-3 8 mm 0% 0% 5% 1.7% | 25%
D 2-2-2 6 mm 25% 0% 0% 0.8% |45%
E 2-1-2-1-2 8 mm 25% 25% 25% |25% |20%

* Numbers refer to zone widths in mm (see Tables Xi-XV below)
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Ref er ri ngwoceofiabhik20X, wrapper A was a control, conprisi RGTEPC@OND42BDUS,
solid 6 mmprinted banded region, having an add-on rate of 5.5X As used
herein, an add-on rate of 5.5X results in 8g/n2 to 9g/n2 of add-on materi al
on a dry weight basis, and a basis weight of 26.5gln2 for 6nm banded

regions w ﬁﬁf&{iﬁ& g@@&ﬁx, Wﬁ?pmpaﬁCWQQ 4 eoritrdl heorhprixing g &d’iﬂ_ﬁu@fs, BolBdach ]
region.to the adi_.ng edge o e next ed region) appli to.a we
it on” BB anged raion ey a0 n fae el B hons HReH Biteis Bt of SR of S35 e
Zone ?es,luw& dh IBgRY @6 Dgith? A drda@ronMiagdiriallonAfl dnp Weldtit baBR! ahdy#bagist weighdef on
Mat er I2’§‘.Sg/m2 for 6mm banded regions with a 27mm phase (i.e., the spacing from the leading edge
of a banded region to the leading edge of the next banded region) applied to a base web with a

basis weight of 25g/m?.

Table XlI - Details of Wrapper B

Zone 1 Zone2 Zone3
Width 3 mm 1 mm 3 mm
Layers of Add-on Material 2 1 2
Add-on Rate Per Layer 1.5x/4x 1.5x/0 1.5x/4x
Total Add-on Material 5.5x 1.5x 5.5x

Table Xll — Details of Wrapper C

Zone 1 Zone2 Zone3
Width 3 mm 2mm 3 mm
Layers of Add-on Material | 2 1 2
Add-on Rate Per Layer 1.5x/4x 1.5x/0 1.5x/4x
Total Add-on Material 5.5x 1.5x 5.5x

Table Xill — Details of Wrapper D

Zone1 Zone2 Zone3
Width 2mm 2mm 2mm
Layers of Add-on Material | 2 2 2
Add-on Rate Per Layer 1.5x/4x  1.5x/2x  1.5x/4x
Total Add-on Material 5.5x 3.5x 5.5x

Table XIV — Details of Wrapper E

Zone1 Zone2 Zone3 Zoned4 Zoneb
Width 2mm 1 mm 2 mm 1 mm 2 mm
Layers of Add-on Material | 2 1 2 1 2
Add-on Rate Per Layer 1.5x/4x 1.5x/0 1.5x/4x 1.5x/0 1.5x/4x
Total Add-on Material 5.5x 1.5x 5.5x 1.5x 5.5x
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As compared to control wrapper A, wrappers B-E exhibited the desired reduction in SE
while maintaining IP (i.e., without significantly increasing IP). In particular, wrapper B exhibited
an improvement over control wrapper A, as evidenced by the decrease in SE average from 95
to 60%. Further, comparing wrappers B and D, it can be seen that by increasing the width of
the second zone from 1mm to 2mm, the SE average decreased from 60% to 25% (while
approximately maintaining the IP value). Thus, the width of the second zone is preferably
greater than 1mm, preferably about 1.5mm or about 2mm. While good results were also shown
by wrapper ¢, which exhibited an SE average of 45%, the best results were shown by wrapper
E, which exhibited an SE average of 20%.

It should be noted that wrapper E, having a banded region comprising first, second,
third, fourth and fifth zones and which showed the best results, had 1 mm second and fourth
zones of greater permeability. In contrast, wrapper B, having a banded region comprising just
first, second and third zones, with a 1mm second zone of a greater permeability, did not perform
as well. Thus, wrappers having banded regions comprising just first, second and third zones
preferably have wider zones of greater permeability (i.e., about 1.5mm or about 2mm) than the
zones of greater permeability of wrappers having banded regions comprising first, second, third,
fourth and fifth zones.

Moreover, a method of making a banded wrapper of a smoking article may comprise
supplying a base web and forming at least one transverse banded region comprising first,
second and third zones on the base web. The first and third zones are outward of the second
zone, the second zone has a greater permeability compared to the first and third zones, and at
least the first and third zones are formed from an add-on material free of fillers. Optionally at
least one of the zones is formed at least in part from an add-on material which includes a filler.
The add-on material is preferably uniform across the first and third zones.

Furthermore, a method of making a banded wrapper of a smoking article may comprise
supplying a base web and forming at least one transverse banded region comprising first,
second and third zones on the base web. The first and third zones are outward of the second
zone, the second zone has a greater permeability compared to the first and third zones, and the
second zone and the first and third zones are formed from an add-on material. Optionally at
least one of the zones is formed at least in part from an add-on material which includes a filler.
The add-on material is preferably uniform across the first and third zones.

FIG. 14 is a perspective view of a smoking article 120 having banded regions with
angulated slits 450. FIG. 15 is an exemplary representation of angulated slits on an unfolded
wrapper 140. FIG. 16 is a perspective view of a smoking article 120 having banded regions 126
with one or optionally two longitudinal slits or discontinuities 460 that terminate short of the

leading edge 146 and the trailing edge 148 of the banded region 126.
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Table XIIl - Details of Wapper D Zone 1 Zone 2 Zone 3 Wdth 2 nm2 mm 2
mm Layers of Add-on Material 2 2 2 Add-on Rate Per Layer
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FIG. 17 is a side view of a smoking article comprising banded paper with banded regions
having angulated slits as depicted in FIG. 14. In contrast to FIG 14, however, the angulated
slits 450 are inclined in the opposite direction to the slits of FIG. 14.

The geometry of the smoking article 120 may also be designed to aid in achieving a
preferred orientation for purposes of IP reduction. For example, the opposed longitudinally
banded regions 600 (see FIG. 18) may be located at the edges of the major axis of a
substantially elliptical smoking article 120A, where the major axis of the substantially elliptical
smoking article 120A naturally rests in a position substantially parallel to the substrate 260 on
which the smoking article is placed. Such a smoking article 120A is also known as an oval
smoking article.

Due to the nature of an ellipse, it can be appreciated that regardless of how an oval
smoking article is placed on the substrate 260, the smoking article 120A will eventually rest in
one of two stable positions, with either the upper or lower side resting against the substrate.
Therefore, if longitudinally banded regions of add-on material are formed only along the side
portions of the generally elliptical article where there is a maximum curvature, film-forming
compound will always be present on those side portions of the smoking article 120A that do not
contact the substrate 260. Moreover, cooperation between those longitudinally banded regions
and the substrate 260 in the stable positions appears to function to restrict airflow into the
tobacco rod and leads to self-extinction and a low IP value, regardless of how the smoking
article 120 is initially placed on the substrate 230.

The predetermined pattern of add-on material is typically applied to a base web having a
permeability lying in the range of about 20 CORESTA units to about 80 CORESTA units. When
dry, the add-on material often forms a film on the base web that is effective to locally reduce
permeability to values lying in the range of 0 to about 12 CORESTA units, more preferably, 0 to
about 10 CORESTA units. The add-on material is preferably applied as an aqueous solution
including starch.

Printing Processes

Preferably, the banded region is applied to the wrapper using a gravure printing process.
The gravure printing process can be used immediately following paper manufacture, i.e., at a
printing station at a location near the end of the paper making machine. Alternatively, the
gravure printing process can be used in connection with reels carrying the wrapper onto which
the banded regions are to be printed. For example, a reel of wrapper having a selected
permeability and a selected basis weight is mounted so that the wrapper can be unspooled from

the reel as a continuous base web.
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The base web advances or passes through a gravure printing station where the layer of
each banded region is printed on the paper. The printing process may be applied to the felt side
or the wire side of the paper, or both.

At the gravure printing station, the apparatus includes a gravure cylinder or roller
generally mounted for rotation around a horizontal axis. The generally cylindrical surface of the
roller is patterned (i.e., with dots, lines, cells, etc.) in a suitable process to define a negative of
the first layer of banded regions. Conventional engraving (etching), chemical engraving,
electronic engraving, and photo etching can be used to pattern the surface of the gravure
cylinder. The circumference of the roller is determined such that it is an integral multiple of the
sum of the nominal distance between banded regions plus the banded region width. Thus, for
each revolution of the roller, that integral number of first layers of the banded regions is printed
on the wrapper.

With gravure printing, while the layer of add-on material may be applied uniformly, the
layer of add-on material need not be applied uniformly. For example, a layer of add-on material
may be applied such that discrete portions of the layer have differing weights/surface area
compared to other areas of the layer. This may be accomplished, for example, by a layer of
add-on material being applied such that discrete portions of the layer have differing depths than
other areas of the layer. This may be accomplished, for example, by patterning the gravure
cylinder or roller so as to provide a discrete portion of the layer having a differing depth than
other areas of the layer.

The multiple zones, for example, first, second and third zones, of the banded regions
described herein may be applied in a single printing stage. When applied in a single printing
stage, the zones containing add-on material are applied using an appropriately patterned
gravure cylinder or roller. For example, for a banded region containing first, second and third
zones, wherein only the first and third zones contain add-on material, the gravure cylinder or
roller is patterned so as to apply add-on material only in the first and third zones.

An impression cylinder is mounted for counter-rotation on an axis parallel to the axis of
the roller. In some applications, the impression cylinder includes a nonmetallic resilient surface.
The impression cylinder is positioned between the roller and a backing roller, which is also
mounted for rotation on an axis parallel to the axis of the roller and which counter-rotates
relative to the impression cylinder. One of the functions provided by the backing roller is
stiffening the central portions of the impression cylinder so that the uniform printing pressure is
attained between the roller and the impression cylinder. The gravure cylinder or roller and the
impression cylinder cooperate to define a nip through which the base web advances during the

printing process. That nip is sized to pinch the base web as it moves between the gravure
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cylinder and the impression cylinder. The nip pressure on the base web ensures the correct
transfer of the composition from the cylinder to the paper.

A reservoir contains the composition discussed above for forming banded regions on the
wrapper. The reservoir communicates with a suitable pump which is capable of handling the
viscous composition. The composition may then flow to a suitable heat exchanger where the
temperature of the composition is elevated so that it lies in the range of about 100°C to about
140°C so that the viscosity of the composition is adjusted to a level which is suitable for gravure
printing. As discussed above, viscosity for gravure printing usually needs to be less than about
200mPa's. Preferably, the temperature of the composition is selected so that the viscosity is
less than about 100mPa's.

While a separate heat exchanger is disclosed, it may be desirable to provide thermal
conditioning of the composition in the reservoir itself. For example, heating elements and
stirring apparatus may be included in the reservoir to maintain the elevated temperature for the
composition. Placement of the thermal conditioning in the reservoir has the advantage of
making pump selection and operating requirements simpler since the pump need not handle the
composition at the higher viscosity associated with lower temperatures because the composition
would already be heated and, therefore, at the lower viscosity. Whether thermal conditioning
occurs in the reservoir or in a separate heat exchanger, it is important that the thermal
conditioning step occur at a temperature selected to avoid scorching the composition.
Scorching can cause discoloration of the composition, and can affect the characteristics of the
composition. Thus, scorching is to be avoided while the composition is subjected to thermal
conditioning.

Regardless of where the thermal conditioning step occurs, the heated composition is
delivered to a suitable applicator that spreads the composition along the length of the gravure
cylinder. That spreading step may be effected by pouring or spraying the composition onto the
gravure cylinder, or simply by delivering the liquid composition to a bath of composition that
collects at the bottom of the gravure cylinder, between the gravure cylinder and a collector. The
cylinder may be heated to prevent premature cooling of the composition.

Generally, the collector extends vertically around the gravure roller to a height sufficient
to collect the bath, but to a height well below the top of the gravure cylinder. When the bath
reaches the top of the collector, composition can flow through a drain at the bottom of the
apparatus back into the reservoir. Thus, the composition circulates through the printing station
and can be maintained at suitable printing viscosity by the thermal conditioning apparatus
discussed above.

As the gravure cylinder rotates through the applicator and/or the bath, the composition

adheres to the surface of the gravure cylinder, including in the impressions provided therein to
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WO 2011/ 012220PCT/ EP2010/ 004239 define the banded regions. Further rotation
of the gravure cylinder toward the nip noves the cylinder surface past a
sui t abl e WocboroiRd2ade. The doct or bl ade extends al ong t RETIEP2YOI042B9 t he
gravure cylinder and is positioned so that is w pes the surface of the
gravure cylinder. In this way, those portions of the gravure cylinder that
define the nom nal spacing between adjacent banded regions is essentially
wi pedbeéreaizsodiatel ewitipgeesoft ieog, aldindte-based aoktiops)rini pas betansee staretvbased
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to 41 BCM (billion cubic mcrons per square inch)). The pattern for this

exanpl e produced a plurality of paraldiel, solid bands extendi ng across the
nom nal w dth of the base web, with each band having a wi dth neasured in
the longitudinal direction of the base web of about 7mm Thereafter the
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Y



WO 2011/ 012220PCT/ EP2010/ 004239 been associated with use of, e.g.,

al gi nat e-based sol utions, in part because starch-based adhesives typically
have beerw0=2eu/(fi2220t he | ongi t udi nal seam of a tobacco r ®G@T/EP2010/0042PDt ent i al
wrinkling in the base web when aqueous-based printing solutions were used
has been an area of concern. The winkling situation seens to result from
use of aqueous printing solution having a | ow solids content. A |ow solids
cont efree AL DprabIE M pdnetratd MEdRasaisbIasd affedtahe fibdisithgreiy ahlle tHecbdund
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Based on the present understanding, the aqueous printing solution for the
si ngl e- pass process, preferably includes 25% or nore starch m xed in water
wi t h abouwo03011d222Bout 80% chal k or cal ci um carbonat e b&CHFEPALdOM23Nher e
chal k content is expressed as a percentage of starch weight, and further
including an effective anmount of an anti-winkling agent, such as 1,2
propyl ene glycol. The effective anmount of the anti-winkling agent

COr I eRPREVES, bélowhRaBEmidal valeeded sinyle-passcproclss ehthishinaastiont rebbies pr wiivilkee
pattern on the web 4% of the _nom
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car bopajcesd, préfepabipitafidel 26996k nfdre tstarah hikedSP vatey withi sHvut 3018 abdut 80%
anti-winkli ng, agent such as 1‘%& prﬁgée'{%ﬁgllﬁcol. in amount | ess than out
30% BYaler gREUNEeRrPARate heing added: Wheter QrReRds FXPIESHRE AR ARA PRI Ut
in t hetar@naRight, AP Hithebaidudiipdah iRy awRuBNbf an anti-wrinkihg dgeApatthtas t he
conposition of the printing sol ution, th?1 i ncreased starch concentratjon in
the adfeRfarRYIRes @cgh, The efertiveamerti efnthgr aNiiFwaRffiing Roed | SofrespRNds iop ey s

t o enBaidaht hdeiebitb feduRehé 8hiidaaBiat tHd Brinted pattedn Phithé e t6 Msditham 1,088 of
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reduces regl stration requirenments and propotes other efficiencies during
ori nt Aligmatvely, the\grning peoligngnelyset@n il Waiing rAgant Seirar ppedli2dh
conneabb@rBswé bitha stutereweidt. value, it is intended that the associated
nunerical yalue include. a t Ieranc,?_ of 10% around the stated nunerical
val ue. Nbrggeeﬁ’r,esﬁm@np?é?ré? (FemPesiting £f BUSONR BYREY; Folkgng can also be
speci %kﬁr_@&%]étbﬂin dvéighttSpéreémBQ@si Mw@r ﬁbmt ||yzeth§?qhﬁc@§saueorbaﬁwaw imiugisti
i.e., i ercent ages. ) e .terns an ases, us er ei Le .no
o’ be 2B By ETRECHIOIE Siafotle FRIEERFTP B Oh e PDoB hapaarte 15 AP 0%, &)
QEOUFWeigfht,t @Ldrbﬁdrmgfyridkﬁng @gbat budheapred ﬂd)p@l%_rli_éﬁﬁyﬂdﬂ@h ﬁﬁwuaxiesatthmlglaoom .
simlar_to the ge tric terns and concepts. r suc s /genera "oan
" subst0th PYMEIENT. (estassa e Gpichan SepPRRSGS BIRBHRSIRIAGY oS R 9o BRo s
bot h BrewR ARUNBERIBYIGigHt. t he associated terns and concepts as well as to

n,, and/ or

provi de reasonable latitude which is consistent with for functi

neani ng. With respedh; 19 tﬁ%mf%p%sgf?gr é’ﬁt NEo PR ss‘ﬁli&q'lopecfﬂ%n'ntCFP@sﬁ t StFey
this &Oﬁcérr]\frbﬁ?i iromed@cméd bhb%&luﬁ?m%ﬂs cit_it@‘stddhwi&ndriﬁoﬁmlmduglsbILBiﬂika apeard iocl e,
wr apper . t her ef or nd. process., for i ng,.the wr.apper and snoking article.
o Bhate st Bami: IR o JRF IR oLHah QFtery ARR ey e Poise. Wb
modi f imm?mﬁer maf-fko@mir@rfengt&::nbmw lesd eSIciuﬁﬂghrBtﬂw'tdw ﬂéﬁdeh d@ri:icetthﬁmram&eWe)us
aspects of the s in rtic W er an rocess that have been

descr P%@'?%‘nﬁﬁ’%gg%% ‘g(ng?ftd‘&EgF‘? be ﬁ]g% %[tPi?P@.eBAccor dingly, it is expressly

i ntended tTaé ainblespss oBshbilite atedodss, registrationonRsyuireiests tanti presnotas dother
equi vahent s. that fall within the spirit and scope of the invention, as

def i nEHCIRPCERIUIRPRIILG- ¢l ai s, be enbraced thereby. WO
2011/ 01222QtAcH thE2AbEY/ 562 39 uskdinVihis shecificitionde esnndctionkvitha muaprieal valaper
rticle conprisin

for a.smokin .the ste f:,supplyi 3, base b,
pr epaltnBeradtatofie Seteaire SUPArT R AeCe R th hisrerared bt di e e pelsy
wei ghhumeegtaeaiueabidtec?Ofoviienaleterendd ¥ matié tovpertkshiaggs agend spycifieationt it of
star Cpriter?cne% that those percentages are based on weight, i.e., weight percentages.
The terms and phases used herein are not to be interpreted with mathematical or
geometric precision, rather geometric terminology is to be interpreted as meaning approximating

or similar to the geometric terms and concepts. Terms such as “generally” and "substantially"

43



bet ween about 30% and about 80% chal k by wei ght of starch; and applying the
aqueous starch solution to the base web in a pattern by a single printing
step. 2. woppooasxoof maki ng wrapper paper for a snoki ng@CarmpeelmoLenpri si ng
the steps of: supplying a base web having a nom nal transverse w dth;
prepari ng an aqueous starch solution containing: at |east 25%starch by

wei ght of solution before additives; between about 30% and about 80% chal k

by weizgéintehdedt & &fboniHids %uebfwée HRaAINGSI ok ti a@dbcmd témisndﬁ{d BEhcepebs
and applying the aqueous starch solution to the attern by a

si ngl &veYrasiPiPFRYida i@gsonghis lahae g e SOrS@NEIL ISR TS, SRAIcT AR ng

agent is saf @mtrRW waﬁpérlaﬁqttoahbsélmm& RAfthé BR tﬁ&ﬁh@%pebﬁéﬁtﬁiﬁedé%n%éjb thelw)
the pattern is less t 3. A process accord |ng to claim2 in which

the amsgiv. ad nanohyipys wh'nglaﬁgc'%g@mpersthpeeégr AR RTORSSE Y MAKiRd the,vranper

starchind dmokin@’ HE8ES ﬁcwmr disBIbé Oa;ﬁJaaérm th fHosé dkilfedh@Y tHEORY thsk NeLndrBLS1g
the starch solution_ and base web A process according to claim1l or

2 where?d 'qaﬁeHSarV@r'aWSnmmﬂa@eaﬂd P%wwwweéﬁéfcmvyeews asgectsiop fscerseking

accor ¢rfitde,t Ardppdt End SocessMigit hdve! BEer? HasOiedS IndtHeN de@lied ideRcrigtioncabse. t o
a tenperature In the range of about 35C to about 60C (about 100F to about

140F) Accgrdingly, r'b@e@@r%%mw@dt@ab plhiskeh mndificalipns: ¥aFakaNs, SHPSENPNS ARG ns

at | eaguivaRatdMAN RN WiRkh Qe sphit afdHCBRE DS tRE FREAIIIH) asCdeTindl By thehdphaed he
banded regi on has at |east one cross-web discontinuity.
claims, be embraced thereby.
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WO 2011/ 012220PCT/ EP2010/ 004239 9. A process according to claim 7 wherein
t he banded region contains a cross-web discontinuity neasuring about 1Immto
about 2nmWO 2001/01228r ocess according to claim 7 wherei n Ph&ERANAOH28Lgi on
contains at |least two discontinuities in a cross-web direction measuring
about 1mmto about 2mm 11. The process of claim 10 wherein the

di scontinuities are spaced | ess than about 25mm apart. 12. A process
accord@ugMs? claim1 or 2 wherein the single printing step is a gravure
prlntlngs 13. ,A tpbacco ro I‘ISI of t

wr apper pa;férpr%‘fﬁsfo(lfn@iaﬁ'agt‘ﬁ@paﬁ P?’ 05¢3 158%5@90%8%& prising ﬁ"'d’ o%
materi al apppplhgtadbddeenss;apper paper in a pattern, the add-on material
containing starch, chalk, and an anti -vvrl nkl i ng agent, wherein the add-on
mat eri al hdLERAEG aé‘p?ﬂqe@Hsé SRR e8talIBg . h “sol uti on contai ning at | east
25% starch by wedt@dyst 25%/starthbylwastigre, r od accor di ng to claim13 wher e| n the

anti-winklin is b bo 0%.to arch
15. A tobaccogrg%?‘ﬁ%%?mlﬁé t/btocﬁ%gi“ﬁ#ﬁ a&ﬁﬁié{‘f’@ EP "géy /ejght HE?‘PH‘@ i's
propyl ene gl yC0|betwééi1 about B0 amd aleslit BOGOSHAIK Y Wéigﬁt' dflsmr&k'ﬂ amgerein t he
chalk is beth bout 300\%*?8 abolui 8 O/ b wei \g%g] S F 17. A tobacco
rod accor didr§¥g Iea‘?q‘dei’gs el Spiufi léqsﬁ {raf 8 an )éés?'"%ﬁé’”ﬂﬁ'?ﬂjed

regi orstgpxt ending circunferentially around t he tobacco rod. 18. A tobacco
rod according to claim 17 wherein the banded region contains a
di scontinuity measuring about 1mmto about 2mm 19. A tobacco rod
accor d.ng tAdpricasswfirdakihg weappet papenfapp emokiag articleaconsprizingthalstdpstof: of about
60 CORESTA. . . . —_
supplying a base web having a nominal transverse width;
preparing an aqueous starch solution containing:
at least 25% starch by weight of solution before additives;
between about 30% and about 80% chalk by weight of starch; and
an effective amount of an anti-wrinkling agent; and
applying the aqueous starch solution to the base web in a pattern by a single printing
step,
wherein the effective amount of the anti-wrinkling agent is selected such that shrinkage of the

nominal transverse width in the pattern is less than 1.04%.

3. A process according to claim 2 in which the amount of an anti-wrinkling agent is less
than 35% by weight of the starch.

4. A process according to claim 1 or 2 further comprising drying the starch solution and the
base web.

5. A process according to claim 1 or 2 wherein the anti-wrinkling agent is propylene glycol.
6. A process according to claim 1 or 2 wherein the aqueous starch solution is heated to a

temperature in the range of about 35°C to about 60°C (about 100°F to about 140°F).

7. A process according to claim 1 or 2 wherein the pattern contains at least one banded
region.
8. A process according to claim 7 wherein the banded region has at least one cross-web

discontinuity.
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20. A tobacco rod according to claim 13 wherein the add-on material is
printed. WD 2011/012220PCT/ EP2010/ 004239 21. A tobacco rod according to
cl ai m 13 wbhensii212he add-on materi al has been applied bpCa/ERe@0@0£3printi ng
step. 22. A tobacco rod according to claim 13 wherein the pattern contains
at | east one banded region extending circunferentially around the tobacco
rod. 23. A tobacco rod according to claim 22 wherein the banded region

cont aigns  ata Ippsiselss t MR ofdiirks O LAl 71 RRerBRING ID38ded Tehiod EBritaIn& d WrosdWweb
24. A tobacco rod according to.claim?23 wherein the discontinuities are

spaced'sceRinuity measyang abept MM 2Rt mma . 25, A tobacco rod according
to claim 13 wherein the wapper paper has a CORESTA perneability of about

60. 26. AsiRdde’ds adcbiding t6 Wi Ji RHerir ANALRAAdED Gegioh Ofdhtdlfs 1A @B Bo
clainms, 13 to 25. 27. A sn&.ki ng article accordi ng to ?I aim 26 conprising a
filt ediscentipuitiesiin g cressave AP Mpastipg ekt 1gYn 1o alput AMmy hog of abat i ng
the tendency of wapper with an aqueous starch-based printed pattern to
wr i nkle. durtineCprbésssnaruidimct Qvbersimihe distghtiniies bepSpaded lesithanrgbdub@5mm
avail abi ity of unbounded water in a printing operation; and
count @&8%ting a tendency of the unbounded water to cause wrinkling with an
anti-winkling agent.

12. A process according to claim 1 or 2 wherein the single printing step is a gravure printing

step.

13. A tobacco rod, comprising:

a quantity of tobacco;

a wrapper paper surrounding the quantity of tobacco; and

an add-on material applied to the wrapper paper in a pattern, the add-on material
containing starch, chalk, and an anti-wrinkling agent,
wherein the add-on material has been applied as an aqueous starch solution containing at least
25% starch by weight.

14. A tobacco rod according to claim 13 wherein the anti-wrinkling agent is between about
20% to about 35% by weight of starch.

15. A tobacco rod according to claim 13 wherein the anti-wrinkling agent is propylene glycol.

16. A tobacco rod according to claim 13 wherein the chalk is between about 30% to about
80% by weight of starch.

17. A tobacco rod according to claim 13 wherein the pattern contains at least one banded

region extending circumferentially around the tobacco rod.

18. A tobacco rod according to claim 17 wherein the banded region contains a discontinuity

measuring about 1mm to about 2mm.

19. A tobacco rod according to claim 13 wherein the wrapper paper has a permeability of
about 60 CORESTA.

20. A tobacco rod according to claim 13 wherein the add-on material is printed.
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21, A tobacco rod according to claim 13 wherein the add-on material has been applied by a
gravure printing step.

22. A tobacco rod according to claim 13 wherein the pattern contains at least one banded
region extending circumferentially around the tobacco rod.

23. A tobacco rod according to claim 22 wherein the banded region contains at least two

discontinuities measuring about 1mm to about 2mm.

24. A tobacco rod according to claim 23 wherein the discontinuities are spaced less than
about 25 millimeters apart.

25. A tobacco rod according to claim 13 wherein the wrapper paper has a CORESTA
permeability of about 60.

26. A smoking article comprising a tobacco rod according to any of claims 13 to 25.

27. A smoking article according to claim 26 comprising a filter is attached to an end of the
tobacco rod.

28. A method of abating the tendency of wrapper with an aqueous starch-based printed
pattern to wrinkle during its manufacture comprising the steps of:

reducing the availability of unbounded water in a printing operation; and

counteracting a tendency of the unbounded water to cause wrinkling with an anti-

wrinkling agent.
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