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EXAMPLES 30The following illustrative, non-limting exanples are intended
to provide further explanation. The results provided in Tables |I and I
conpare the initial viscosity and tinme stability of a printing solution

wi t hout an anti-winkling agent additive in accordance with the invention
and to the initial viscosity and time stability of a printing solution
with the anti-winkling agent additive. The observations recorded in Table



50 Day 2 71 51 Day 3 77 50 Day 4 88 -- Day 6 -- 52 Day 7 147 58 Day 8 --
61 Da§ 9 -- 66 Da§ 10 225 70 Day 16 114 . 1CaCC8 added to a
sol ution of 24%dry starch in water; ratio by wei ght of added CaC®3 to 5in
the solution is 0.8:1.0. 2CaCO3 added to a solution of 24%dry starch in
water; ratio by weight of added 1,2 to added CaCO3 to dry starch present

i n t hecogwrigihg cn mibgurk. & cal®ur: catbéhate (or chalk) particles, starch, and the anti-wrinkling
agent preferably is applied as an aqueous solution, but a non-agueous soiution also fails within
the spirit and scope of this disclosure.

While many types of starch are contemplated, tapioca starch is presently preferred for

5 the starch component. A suitable commercially available starch is FLO-MAXS8 available from
National Starch & Chemical Co.

Similarly, many types of calcium carbonate particles are contemplated as falling within
the spirit and scope of this disclosure. Presently, however, calcium carbonate available from
Solvay Chemicals, inc., as SOCAL 31 is a suitable commercially available caicium carbonate.

10 SOCAL 31 is an ultrafine, precipitated form of calcium carbonate having an average particle
size of about 70 nm (nanometers). Larger particies of calcium carbonate have been observed
to not function as well in this application when compared to the ultrafine, precipitated form of
calcium carbonate, due at least in part to the tendency of larger particles to precipitate from
solution more quickly and due at least in part to the need for greater quantities to attain the

15 beneficial characteristics discussed herein.

This disclosure contemplates that glycerin or propylene giycol is used as the anti-

“wrinkling agent. Glycerin is a preferred anti-wrinkiing agent. Presently, however, 1,2 propylene
glycol is the most preferred anti-wrinkling agent.

Generally speaking, this disciosure contemplates that either (i) the anti-wrinkling agent

20 or (i) 2 combination of the anti-wrinkling agent and calcium carbonate will be added to a nominal
aqueous starch solution to obtain the add-on solution to be used for printing. For the nominal
aqueous starch solutions used in this description, the starch may comprise from about 10% to
about 28%, by weight, of the nominal solution. Preferably, the starch may comprise from about
20% to about 24%, by weight of the nominal solution. Most preferably, starch may comprise

25 about 22%, by weight, of the nominal solution.

The anti-wrinkling agent is added to the nominal starch solution, with the weight of the
anti-wrinkling agent being in the range of about 10% to about 120% of the weight of the starch
in the nominal starch solution. When the anti-wrinkfing agent is 1,2 propylene glycol, the weight
of the anti-wrinkiing agent is more preferably in the range of about 50% to about 120% of the

30 weight of the starch in the nominal starch solution: even more preferably in the range of about
60% to about 110%; and most preferably in the range of about 90% to about 110%. When the
anti-wrinkiing agent is glycerin, the weight of the anti-wrinkling agent is more preferably in the
range of about 10% to about 45% of the weight of the starch in the nominal starch solution;
even more preferably in the range of about 20% to about 40%; and most

35



[ % starch
dry starch present propylene glycol Table Il Viscosity of 20 _
sol>/ution + pCaCCBl Viscosity of 20% starch solution + CaCO3+ gl ycerin2 Day
1 51 centipoise (cp) 41 cp Day 2 50 cf Days 66 cp 52 cp Day 6 78 cp Day
7 102. cp --- Day 8 --- 55 cp Day 12 --- 62 cp Day 14

preferably about 20% to about 30%. Where glycerin is used as the anti-wrinkling agent at about
40 to about 45%, the glycerin appears to adversely affect the drying quality of the add-on
solution.

If calcium carbonate, or chalk, is added to the nominal starch solution in addition to the

5 anti-wrinkling agent, the weight of chalk may lie in the range of 0% to about 100% of the weight
of starch in the nominal solution; preferably in the range of about 40% to about 100%: and most
preferably in the range of about 60% to less than about 80%. Chalk may be added to the
nominal starch solution to adjust the reflectance of the resulting add-on material so as to be
comparable to the reflectance of the uncoated base web material. With such reflectance,

10 banded regions constructed from the add-on material are less visible to the casual observer.

The CaCOs-to-starch ratio may also be a significant factor in determining IP and SE
performance of a smoking article fashioned from the wrapper paper of this disclosure, when
prepared by high-speed printing. The CaCOs-to-starch ratio is determined as the ratio, by
weight, of calcium carbonate to starch for the zone of add-on material. More specifically, a

15 CaCOg-to-starch ratio of less than about 0.8 is preferred to obtain IP and SE (at 0°)
performance less than about 25%.

From the foregoing description and the attached drawings, those skilled in the art will
understand that a method of manufacturing a banded wrapper paper for smoking articles has
been described. In that process, banded regions 26 (see FIG. 2) of add-on material are

20  established as spaced locations on one surface of the base web 23. Spacing of those banded
regions 26 may be selected so as to be substantially greater than the width of those banded
regions 26 in the longitudinal direction 42 of the base web 40. The width of the banded regions
26 may be selected to lie in the range of about 5 mm to about 10 mm (millimeters); and the
spacing between those banded regions 26 (that spacing being measured as the distance from

25 the trailing edge of one banded region to the teading edge of the next adjacent banded region)
may be in the range of about 12 mm to about 40 mm.

The base web 40 with the banded regions 26 may be suppiied as a roll, the base web 40
may be slit in its longitudinal direction into portions having a transverse width corresponding to
the circumference of a tobacco rod pius the width of a glue seam. After spilitting individual

30 portions of the web, those portions may each be wound on a corresponding bobbin. Using
conventional equipment, such as a cigarette making machine, the base web 40 is fed from a
bobbin into the machine where cut tobacco filler is deposited along the side of the paper web 40
to which the banded regions 26 have been applied so that the banded regions 26 are on the
inside of the resulting tobacco rod 22. Also in conventional manner, the wrapper paper is

35  wrapped around the cut tobacco filler and sealed with a longitudinal seam to form a tobacco rod
22 (see FIG. 1).
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The typical reservoir 58 contains the mixture of add-on material for forming banded

regions on the wrapper discussed above. The reservoir 58 communicates with a suitable pump

80 which is capable of handling the viscous add-on material. The add-on materia! may then

flow to a suitabie heat exchanger 62 where the temperature of the add-on material is elevated

20 so that the viscosity of the add-on material is adjusted to a leve! which is suitable for printing.

The viscosity of the add-on material may increase over time (e.g.. upon remaining in the

reservoir), to a level where the viscosity of the add-on material is no longer suitable for printing.

Due to its rheoiogical properties, the add-on material has a finite shelf life, or pot-life, after which

the material loses its usefulness. However, the addition of an anti-wrinkling agent in

25 accordance with the invention to the add-on material formulation, has been shown to: (1)

reduce the initial viscosity of add-on material; and {2) increase the shelf life, or pot-ife, of the
add-on material compared to material not having the anti-wrinkling agent.

EXAMPLES

30 The foliowing illustrative, non-fimiting 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 in accordance with the
invention and to the initial viscosity and time stability of a printing solution with the anti-wrinkling
agent additive. The observations recorded in Table | (for 1,2 propylene glycol) and Tabie i (for

35  glycerin) show that a printing 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.
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Table |

Viscosity of 24% starch Viscosity of 24% starch solution

solution + 80% CaCO;' + 80% CaCOQ; + 100% 1,2 propylene glycol
Day 1 65 centipoise (cp) 50
Day 2 71 51
Day 3 77 50
Day 4 88 -
Day 6 -- 52
Day 7 147 58
Day 8 -- 61
Day 9 - 66
Day 10 225 70
Day 16 -- 114 B

1CaCO3 added to a solution of 24% dry starch in water; ratio by weight of added CaCO; to dry starch present
5  in the sofution is 0.8:1.0.

2CaCo, édded to a solution of 24% dry starch in water; ratio by weight of added 1,2 propyiene glycol
to added CaCO; to dry starch present in the solution is 1.0 : 0.8 : 1.0.

Table Il
Viscosity of 20% starch Viscosity of 20% starch solution
solution + CaCO;' + CaCO; + glycerin®
Day 1 51 centipoise (cp) 41 ¢cp
Day 2 50 cp -—
Day 5 66 cp 52 ¢cp
Day 6 78 cp —
Day7 102 cp | -
Day 8 — 55 ¢p
Day 12 -— 62 cp
Day 14 — 72 cp

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

10 *CaCO; and glycerin added to a solution of 20% dry starch in water: the ratio by weight of added
glycerin to added CaCQ; to dry starch present in the solutionis 1:5 - 5.
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The foregoing Tables demonstrate that the useful shelf-life of the printing solution using
an anti-wrinkling agent in accordance with the invention, as measured by its viscosity,
essentially doubles the shelf-life of a printing solution without the anti-wrinkling agent. The
addition of the anti-wrinkling agent in the material applied to the add-on zones thus improves

5  rheological properties of the printing solution used to form the zones 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 addg-
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 in accordance with the

10 invention 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 feast two or more compared to material not having the anti-wrinkling agent.

The results provided in Tabies Ill and IV indicate that addition of an anti-wrinkling agent

in accordance with the invention to the printing solution reduces free-burn SE without affecting

15 IP, i.e., while maintaining an acceptable IP level. For purposes of the information presented in
Table I, 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.

Table Il
Print solution with 22% Starch + 100% 1,2 propylene Glycol' + CaCO,

20

CaCO; % | Width, mm IP% SE(0°) SE(45°%) | SE(90°) | SE(Avg)
7 0 40 85 100 75
40 7 0 35 90 100 75
6 0 75 100 100 92
6 5 0 60 100 53
7 0 10 80 100 63
7 0 10 75 95 60
%0 6 5 25 85 100 70
6 10 5 40 50 32
7 7.5 5 60 90 51
80 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.
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For both solutions containing an anti-wrinkling agent in accordance with the invention, all
15 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 the anti-wrinkiing agent, 60% of the cigarettes self-

extinguished before the filter line, whereas for the solution containing the 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 excelient,

20 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 accordance with the invention in the

zones of add-on material reduces free-burn self-extinguishment (SE) without negatively
affecting ignition propensity (IP) performance.

Inclusion of an anti-wrinkling agent in accordance with the invention in the add-on

25  material also enhances characteristics of the resuliing banded wrapper paper. More

particularly, the anti-wrinkling agent has been found to increase flexibility of add-on material

when dried on the wrapper paper (i.e., it acts as a plasticizer). As a result, bands of add-on

material are iess prone io separate from the base web during handling and use than bands on

wrapper paper where the anti-wrinkling agent is not used in the formulation. Furthermore, as

30 noted above, incorporation of an anti-wrinkling agent in accordance with the invention in the

add-on material gives rise to improved SE performance in a smoking article fabricated from
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fil nPPS‘FGfH”ﬁd’eQQ’QQﬁtBG @adesk regieas év@ls@i on. More particul arly, inclusion of
the anti- 5 winkling agent in the add-on material seens to enhance the
filmformng characteristic of the add-on material wth respect to the
surface of the base web to which the add-on material is applied. That
improved filmform ng characteristic is believed to enhance the IF
performance of banded w apper papers constructed fromthe add-on material.
Moreover, the filmform ng characteristic enhances the desired occl usive



35proportionally adjusted values for the weight of the add-on naterial,
measured on a dry weight basis. The width of the banded regions and the
zones are typically nmeasured in the I?)%gi tudinal 13 direction, and have a
27 nm phase (i.e., the spacing fromthe |eading edge of a banded region to
the | eadi ng edge of the next or subsequent banded region). Table V 5

W appesdudad.d édchrepighnincombiaing ahé @Rtieinal ?Bagui@@h fRROdiSven \YoRtibn BBERe 4R
Perﬁg 'llrgﬂ C @g@n% mllgoSS gorestellBZm 2-2 mm 33 Corega@e

2.5-21 H%F%?Y“PS‘?@E‘E"& D 3-2-3 8 nm 60 Coresta

A further advantage of the anti-wrinkling agent in accordance with the invention
concerns the film-forming attributes of the solution. More particularly, inclusion of the anti-
5 wrinkling agent in the add-on material seems to enhance the film-forming characteristic of the
add-on material with respect to the surface of the base web to which the add-on material is
applied. That improved fim-forming characteristic is believed to enhance the IP performance of
banded wrapper papers constructed from the add-on material. Moreover, the film-forming
characteristic enhances the desired occlusive effect of the layer sufficiently that the desired

16 reduction in permeability in the banded region can be effected with a single printing application
of the add-on material, thereby effectively eliminating multi-pass applications that may have
been needed with solutions not having the anti-wrinkling agent.

Some further advantage has been observed when 1,2 propylene glycol is used as the
anti-wrinkling agent. Specifically, 1,2 propylene glycol can be effectively used where the ratio of

15 1,2 propyiene glycol weight to starch weight in the solution is about 100%. By contrast, glycerin
can be effectively used when the ratio of glycerin weight to starch weight in the solution is less
than 40% because at that ratio the drying time for the starch-and-starch-piasticizer solution
becomes unacceptable. That difference in drying time may result from the difference in boiling
point for glycerin (290°C) and the boiling point for 1,2 propylene glycol (187.3°C) -- a difference

20 of about 100°C. For 1,2 propylene glycol, the boiling point is closer to the boiling point of an
aqueous solvent than is the boiling point of glycerin.

With the addition of an anti-wrinkling agent in accordance with the invention to the starch
solution, permeability of the banded region is improved, ie., the permeability is more uniform
and is lower than permeability for a band that does not use plasticizer. This phenomenon is

25  significant because it permits the required quantity of starch solution to be applied or printed in a
single printing step. Those skilled in the art will appreciate that, in the past, mulliple printing
steps were typically needed to effect the necessary permeability reduction in the banded
regions. Of course, it may still be desirable - for other reasons - to continue use of multilayer
printing operations.

30 Referring to Table V, wrapper A comprises a slit band arrangement, having three zones
of about 2 mm each, for a total width of about 6 mm for the printed banded region with add-on
rates in the various zones 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

35 proportionally adjusted values for the weight of the add-on material, measured on a dry weight
basis. The width of the banded regions and the zones are typically measured in the longitudinal



V, the "banded region configuration” is a shorthand description

l)p Iﬁgl\?\jd"[h of portions 019 the band, viewed in the direction which the
coal advances in a burning tobacco rod3 Thus, the 2. 5-2-2.5 configuration
nmeans that the first portion of the total banded region width is 10 2.5
mm the second portion of the total banded_riﬂtl on \é\ngth IS ngntagdfittlgt
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bor 11 o vonL o b6 et o agerrret MyreRnd aEbline o e ek gesion
tobac38ﬂfeolﬁ?d’f‘%§d%%€Uﬁﬂ NB¥rarisyhseavenidanded negiemit er ed next by the coal
advance, and the third portion woul d be encountered [ ast by the coal
advance. 15Table VI - Details of Wapper A Zone 1 Zone 2 Zone 3 Wdth 2
mm2 mm 2 mm Layers of Add-on Materifablel¥1l 1 Add-on Rate Per Layer 5x

3.5-4x 5x Total Add-on WMat elri aL §x 3. 5-4x Table VIl - Details of Wapper
B Zone 1 Z n\?v r;ppée?n' S BLAHELE Redlof™ | Total Banded Base Web
Configuration Region Width Permeability
A 2-2-2 6 mm 33 Coresta
B 2.5-2-2.5 7 mm 33 Coresta
C 2.5-2-2.5 7 mm 60 Coresta
D 3-2-3 8 mm 60 Coresta

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 means that the first portion of the total banded region width is

10 2.5 mm, the second portion of the total banded region width is 2 mm, and the third portion of the
total banded region width is 2.5 mm. Here, the first portion would be encountered first by the
advance coal of a burning tobacco rod, the second portion would be encountered next by the
coal advance, and the third portion would be encountered last by the coal advance.

15 Table VI — Details of Wrapper A
Zone 1 Zone 2 Zone 3
Width 2mm 2 mm 2 mm
Layers of Add-on Material 1 1 1
Add-on Rate Per Layer 5x | 3.5-4x 5x
| Total Add-on Material - © 5x 354x | 5x

* Table Vil - Details of Wrapper B

Zone 1 Zone 2 Zone 3
Width 2.5 mm 2mm 2.5mm
Layers of Add-on Material 1 1 1
Add-on Rate Per Layer 5x 3.5-4x 5x
Total Add-on Material S5x 3.5-4x ox




2 mm 2.5 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 5x 14 Table VIII - Details of
W apper C Zone 1 Zone 2 Zone 3 Wdth12.5 mfmm 2 mm 2.5 nmm Layers of Add-on

Material 1 1 1 Add-on Rate Per Layer 5x

Table VIl - Details of Wrapper C

Zone1 | Zone2 | Zone3
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

Table IX — Details of Wrapper D

Zone1 | Zone?2 | Zone 3
Width 3mm 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 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 agueous solution containing starch, chalk

10 or calcium carbonate, and 1,2 propylene glycol. A presently preferred mixture for that aqueous
solution includes starch, chalk, and 1,2 propylene glycol in a weight ratio of about 100 (for
starch), to about 40 to about 80 (for chalk), to about 100 (for 1,2 propylene glycol), in weight
percent. The starch alone may be in the range of about 20% to about 24% in the aqueous
solution. _

15 We note that 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, it has been observed 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

20 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 zone 26 of add-on material may be substantially continuous transverse of the paper
web, as shown (see FIG. 2), or may have one or more longitudinally extending separations so

25 as to define a C-shaped zone when formed into a wrapper for a tobacco rod (see FIG. 4), or
may have several arcuately-shaped portions generally symmetrically positioned around the
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In addition, the zone 26 of add-on material on the wrapper paper 23 may be divided into
two or more substantially ring-shaped portions (see FIG. 3) that are spaced from one another
along the axis 34 by a distance, w, that typically does not exceed the width of the rings 26, when
measured in a direction generally paraliel to the axis 34 of the tobacco rod 22. Such a spacing
feature provides a "slit" in the band structure.

It is also within the contemplation of this disclosure that the zone 26 on the wrapper
paper 23 may comprise a plurality of patches 27 (see FIG. 5) disposed circumferentially around
the tobacco rod 22, with patches 27' of an adjacent zone 26 being circumferentially displaced
from patches of other adjacent zones 26. In addition, the patches 27, 27' may be arranged
according to a predetermined pattern such as taught in commonly assigned U.S. Patent
Appilication uSeriai No. 60/924,666, the entire contents of which are incorporated herein by this
reference thereto.

The zones of add-on material are preferably applied in a single fayer 80 (see FIG. 6). It
should be noted that the representation of the base web cross section in FIG. 6 is schematic.
The actual cross section of a base web is a siice through the myriad of fibers which form the

. base web. In the case of cigarette wrapper paper, that thickness may be on the order of about

20

25

30

35

30 microns (i.e., 30 x 10° meters or 30 pm).  Actual thickness of the add-on material < 2 Mm,
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 zones of add-on material can be
schematically shown as boxes (as in FiGs. 6 and 7), but actually are nearly imperceptible to the
unaided eye. To that end, it will be appreciated that, if multiple layers are used to form the
zones of add-on material, the resulting structure is nearly impossible to resolve into the
individual layers. That resolution into individual, or separate, layers is further complicated when
aqueous solutions are applied because subsequent layers tend to re-wet the previous layer and
allow components such as chalk to settle through the material of the prior iayer.

The application rate of the material in the prefetred single layer (see FIG. 6) may be in
the range of about 4x to about 6x. For these purposes, the "X" is a nominal value conventtonally
used in gravure printing to describe the relative quantity of material being deposited, relative to
a basic minimal application rate. 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.

Although the zones of add-on material are preferably applied in a single pass,
application, or layer, this description also contemplates application of the add-on material in

5x
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gravure printing to describe the relative quantity of material being
deposited, relative to a basic mninmal application rate. Were the base
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When the phrase "weight ratio" is used herein with respect to the starch
conponent of a starch solution, the "weight ratio" is the ratio of the

wei ght of the additional materi al con’xred to the weight of starch used to
prepare the starch solution. Mreover, for purposes of this disclosure,
references to an "X% starch solution" refer to an aqueous starch sol ution
i n whgchAm$t he starch weight is X% of the solution weight (e.g., weight of
starch divided by the sumof starch weight and aqueous conponent weight).
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7. A wrapper according to claim6 wherein the weight ratio of an
anti-wrinkling agent to starch is abo 0.3 to about 0.6; and the weight
rati o of cal cium carbonate to starch i's about 0.8. 58. A snoking article
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that does not include an anti-wrinkling agent.

9. A smoking article according to claim 8 having an ignition propensity no greater than
about 25%.

10. A smoking article according to claim 8 or 9 having average Self-Extinction at 0° of no
15 greater than about 25%.



