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FIG 'l is a schematic perspective view of a snoking article according to
this disclosure; FIG 2 is a schematic view of a wapper paper according
to this disclosure; FIG 3 is an enlarged partial cross-sectional view
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Further embodiments 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 fo resulting features of the smoking article including without limitation ignition
propensity and self-extinction characteristics.

In accordance with one aspect of the invention, there is provided a smoking article
having an ignition propensity value less than about 25 and a self-extinction value less than
about 50, comprising: a quantity of tobacco; a wrapper paper surrounding the quantity of
tobacco and defining a tobacco rod having a mouth end, the wrapper including a pattern of an
add-on material having been applied as an aqueous starch solution including an anti-wrinkling
agent selected from the group consisting of starch at about 1.5g/m®, and propylene giycol in
the range of about 0.36g/m? to about 0.90g/m? and a filter attached to the mouth end of the
tobacco rod.



30FIG 22 is a side view of _,the snoking article using the w apper of
FIG 18 with the snoking article on a substrate and oriented so that a
first side portion of the snoking article contacts a substrate;

FIG 23 is a side view of the snoki nngSi ng the wapper of FIG 18 with
the snoking article on a substrate and*®riented so that a second side
portion of the snoking article contacts 35the substrate; WO
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cross-sectional view taken along line 37-37 of FIG 36; FI
38 is an enlarged partial cross-sectional view of an alternative
enbodi ment, simlar zoto FIG 31; FIG 39 is a perspective view of
anot her enbodi nent of a snoking article according to this disclosure; FIG
40 is a partial plan view of the wapper of another enbodi nent;

FIG 41 is a perspective view of a further enbodi mnent of a snoking article
according to 25this disclosure; FIG 42 is a side elevation view of
a still another enbodi nent of a snoking article according to this

di scl osure;
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FIG 43 is a side elevation view of a yet still another enbodi nent of a
snoking article according to this disclosure; 30FIG 44 illustrates an
enbodi ment of a snoking article conprising helical |ongitudinally banded

regions aR@ Beshgtilssal angle f3 of about arctangent (2, %ﬁ“gﬁ{lg‘m is the

| ength of the tobacco rod and Cis the circunference o

article as described herein; FRlG 45 illustrates an enbodi rrent of a
snoking article conprising hel i cal | ongi tudi nal |l y banded regi ons and a

hel i cal anglRG670& @bchtmatic GAsan @€ virafpbr |2cE)rdiag t6les aurinee @nibdigient oS G 46
illust {Pacfzs an enbodi ment of a snoking article conprising helical

| ongi t ot ngf‘"l' banded regions and a helical angle 13 of about arctangent
(VO as des (FrEGb&ds laeschematic iew of wrapper Geeotding ltd yett aradtfess embpliaient o thiof a
wr apper isfcﬁ:{ uBKing a tobacco rod with longitudinally banded regions;

FI G 48d ustrates an enbodi nent of a snoking article conprising

| ongi t udi nalAl§. diardedlarged schematia cedsk-sectionalaiewdalgsint aletigribe lira@-8 obfIGt Bie

snmoki ng art iggg e1@% Q%Eﬁé:ﬁat?ﬁ‘%r&%rs‘é!c{bnaﬁﬂeﬁ s:‘n’fﬂaﬂ E: ﬁleg? %P%%bli{‘fag&} ?éﬂ‘m‘)f. a

snoking article according to this dlsclosure is a sch IC View
of a WCRPHEICEPVIi ng a crenel | at ed banded regi on FIG 51 is a

schematic wrw o1 ig a%@@ﬁ@fc h@w 86 adRRbRE h@ﬂ@oglahamﬁnaﬂi RteRliRg Hahadsed
banded regi on 52 is a schematic view of " a wapper having a

furt her®¥Modi ment of a cr enel | at ed ' Tobanded region; FIG 53 is a
schematic ViFeS: o ilstaté peilarnaieivngt & waipediat dnemngaﬁbtadfacnsenbd Gfithanhelical,

crenel I FIG 54 is a schematic view of a wrapper
havi ng aggg? F%r‘?d%g?%? '°8g'bodi ment of a crenell ated banded regi on; 15FI G
55 i s a sché&hat 13cs aipemspedtive viewogfséll anathverregnbadiotehtof sesrholihgaetitle efcoeding

crenel | regi on; FIG 56 is a schematic view of a wrapper
t& i Qaa&;!.ﬁ.g 9 pp
havi ng anot?ler odi nrent of a crenell ated banded region; FI G

57 is a sch&Wat i4 s PBenisroes cleasyprationalwiew ok thensmeking ertislsdpasiiianed b

creel |s@b§ﬁbtéﬁmll‘i§@r‘3tlr‘g3&'ﬂ9\moasmolden &al;58 is a cross-sectional view of a
snoking arti Eé § risi ng anot her . enbadi ment of | ongi tudinally banded
F8c18 Be d

regi ons as RRIATGES, cross-sectiongy) view 19§ thegsmoking, arigle  remoyes frosm the
gr avur eupstrand amdiltatessmoniid ab&ne!démﬁg guabduci ng enbodi ments of print

banded wr PG, 98 tgl 36 e?s%%gwge\rn W bf angmokmg article in accordance with another
embodiment; |

20 FIG. 17 is an enlarged plan view of an unwrapped portion of wrapper used in the
construction of the smoking article of FIG. 16;

FIG. 18 is an enlarged plan view of a wrapper for the smoking article illustrating another
quadrilateral pattern; '
FIG. 19 is an enlarged plan view of a wrapper for the smoking article, illustrating a

25  further quadrilateral pattern;

FIG. 20 is an enlarged plan view of a wrapper for the smoking arficle, illustrating a still
another quadrilateral pattern;

FIG. 21 is an enlarged plan view of a wrapper for the smoking article, iliustrating a
triangular pattern;

30 FIG. 22 is a side view of the smoking article using the wrapper of FIG. 18 with the
smoking article on a substrate and oriented so that a first side portion of the smoking article
contacts a2 subsirate;

FIG. 23 is a side view of the smoking using the wrapper of FIG. 18 with the smoking
article on a substrate and oriented so that a second side portion of the smoking article contacts

35 the substrate;



25FIG 60 is a collection of photographs showi ng the effect of
anti-wrinkling agents on w apper paper. BACKGROUND DEFI NI TI ONS Referring
to FIG 1, this disclosure concerns a snoking article 120, such as a

ci garettewofogMiksh preferably conprises a tobacco ro %@% &%‘?ﬁ filter
131 attached to the tobacco rod 122 with tipping paper E abl Y,
the tobacco rod 122 conprises a colu of shredded tobacco ("cut filler")
and a w apper 123 di sposed about the colum of tobacco, which wapper 123
i s constructE@. 2t inecidedden eof Wi brnblelag:hitinlgalsudgitbél wragpgeowof FiGe 18 elxdare rod
122 has ) nd 130 mhlc e case
of non- ?rﬁ?duéa&%é}%:o ggﬁsdtb'gfsrat‘é‘%%%é eg%ﬁgeéwr (ﬁe orjftbc’u"t %?%fw? he
ci gar et ¢edtartedthe suhgfrale; | | er tobacco is an industry- st andard desi gnatl on
Further, theygo
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seal ed al ongri@. 27018 @i cdresdisBationaBASH biahd %mﬁgrﬁn&@%ﬁe&aoﬁ&%elﬁz? of FIG. 22; The
t obacco rodﬁé nom nal Ien‘gth measured fromthe edge 131 of the tipping

paper to th S@H&"@Pdl{nﬁgt Braaly st bandadgreions: | ongi t udi nal axis of
snoki ng art ikGE29 By paaml @bsSseetetapliow tdkbﬁbloﬁ%iﬂeﬂiaé 29-@96? ARy, lie in the

f ab t 123
ey pa B et b g g BrateliBIOB oot rom 1 o

woodP pul p, deBll leswaﬂlabzro$5-iﬁctl¢rfwvmwmpn alvdg theylinava1af plcusal i ty of

banded regi gig 33 ﬁaﬁg Pr ef erably, the banded
region 126 is g;)ga %dﬁ%&%‘tﬂgﬁg%ggpﬁk%ﬁeg?%éer 123 in the sense of how
t he wrapper FI833%8 aratiabaoss-sastienahview takeb aloo theding 38438 of BIGad20 rod 122.

I'n the manufRGIay i akideRASRLINER i 51%1&Qﬁibbﬁlﬁneﬁtod?%ts%‘i\thh%ﬂlc%f %' ous
enbodi nﬁntds 10f EI’I nt banded paper disclosed herein, suc manu act u

usual | Y™ Ri4S°PYE] ude the production of a roll of base web of several f eet

azr mﬁs (u f EJ{IG y3saban enihrged 3Bﬁﬁedrbssasébﬁtﬁﬁl Aéw ta‘Reﬂti é@@#@ﬂnﬁ@3ﬂ3?€fﬁ%ﬁ@i
ichis s ins i ratjons are prefera
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equi val ent t egr al
nunber of sm éﬁg%@ﬁ?geﬂ‘ﬂﬁ% &%SVE%WOA,ERQ sucﬁ'l; Qﬂiq ﬁs2370§ﬁh2@:5% fns are
adapt ed for FIRe38F @R eﬂme@anaﬂeﬁ grapesections Kiewcpf g aliérnative stitbedimeal sievilar
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resul t, h Wa%ed%‘?e e gy ©f apqiher SMRedingnL et 3 emeking prigly aceridieg tom
al ways thiadisalobwegi t udi nal seam wi th an exact overl ap. For purposes
of this dis ) refers. to . the direction along the

| ength of a%{lcgbégd%gp?%' f]:?éﬁlgk;%%sm&a °fa%<"P§'ei%‘Hb‘?‘$f"?ﬂtG 1), or along the
| engt h of aFHas¥ inelperspective vipw ofar fudher eabodimeRt G.a 2nokisg drticie dckerding to

pr epar ahik @Rci@éurdw apper that, in turn, may be used to fabri cate a 25

t obacco rod. For purposes of this di scl osure, "transverse" refers
to the direfiGof? i ﬁcﬁﬂﬁ alpwiion afiaw o&raosmcanathreolsar@g@meotdofm3n(os-eg i 1),
or trara@u@aﬁgkdlm@fdlguoga@e web 140 (e g., arrow 144 in FIG 2) used in the

preparation B%)g (#) g in tur ¥ used to fabricate a tobacco
rod. For pufpostsisstsidep "%ﬂ°§c‘1‘eﬁ‘é8fr%yaa5t t?&ﬂ’ﬂéﬂeff‘@{ﬂ"ﬁ?f“ oh@ smaingarticle an
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satlsfactor% or inproved lgnition Propensity ch racterl icS 'and may al so

obt®in inpr !ﬁ%cﬁﬁs'ﬁlfsﬂfﬂ@itanﬁjnﬁ@rmw alsaokiog erticte: ¢omprising helical longitudinally

banded regions and a helical angle 8 of about arctangent (JC) as described herein;



WD 2008/ 146159 PCT/ | B2008/ 001840 9 The regions 126 of add-on
material are spaced al ong the base web 140 such that at |east 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 snoking article, but nore
preferably at | east two regions of addCon nmaterial appear on the tobacco

rod 122. T on 6 of add-on material 5 preferabl xtends in the
ci rcunfer eEfq a‘ﬁ%‘l’%ﬁ ge[s %H'aat‘" P%l""rﬁ%‘?ﬁé?%rdﬂ%'%gg Pdﬁ%ﬂcp‘dﬁ‘%‘?a’lﬂdﬂﬁ'gﬁﬂ‘@”%ﬂ% s
134, pandsadieggngr ound t he tobacco rod 122 of the snoking article 120.

Wil e the iqQn 126 of add-on material js depjcted in this disclosure as
be: ng subs{: E'%!ﬁ%aflhl' &S AN ‘?ﬂ]B‘Efgmith {%S'EPEF'E%FPF@ cHRAMRLsing; IprgiudBally Bangsd
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m"cre | at refers e n of multi spaced,
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cont ivmappesr per.d banded regi on 126. A crenell at ed pattern or band can al so
be descri bed as notched or appearing WD 2008/ 146159PCT/ | B2008/ 001840
BACKGROUND DEFINITIONS
Referring to FIG 1, this disclosure concerns a smoking article 120, such as a cigarette,
30  which preferably comprises a tobacco rod 122 and a filter 131 attached to the tobacco rod 122
with tipping paper 132. Preferably, the tobacco rod 122 comprises a column of shredded
tobacco (“cut filler”) and a wrapper 123 disposed about the column of tobacco, which wrapper
123 is constructed in accordance with teachings which follow. The tobacco rod 122 has a
lightable or lit end 124 and a tipped end 130 (which in the case of non-filtered cigarettes, is
35  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



10 simlar to a pulse wave. As used herein, "crenels" refer to openings,
or valleys, in a crenellated edge, while "nerlons" refer to raised
portions or plateaus of a crenell ated edge, between crenels. The term
"undul at i W@ 20@p4kied herein includes a crenellate edggGHpihbhngs Proader
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characteristics. 5For purposes of thigs disclosure, "layer" refers to a
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2. 5X 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)
30 on an underlying base web 140 to which an add-on material has been applied. The banded
region typically exhibité_ a Mo-dimensional pattern or array on the base web 140. More
specifically, the patiern 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
35  140. The regions 126 of add-on material are applied to the wrapper 123 to obtain satisfactory or
improved Ignition Propensity characteristics and may also obtain improved self-extinguishment

characteristics.



10.7 4.5X 19.9 1.0X 4.6 3.0X 12.3 5.0X 22.4 1.5X 6.8 3.5X 13.6 5.5X 24.7
2.0X 10 4.0X 17.8 6.0X 27.8 When the phrase "weight ratio" is used
herein with respect to the starch conponent of a starch solution, the

"wei ght rabi2g0suéisé he ratio of the weight of the additigqha % g/%g{ﬂi al
conpared to the weight of starch used to prepare:the starc ution.

Moreover, for purposes of this disclapgure, references to an "X% starch
sol ution" refer to an 6v\gfueous starch solution in which the starch wei ght
i s X% of t hdhgdegiensoh6.eli afiston waigrial areispanedafongtthe bhsaliveb d4@ sbgh thabasum of

st arch ek G (i SUBRHSERRDE N odioRbl betwegn the TICIBBE erdiclpydes

base web whi ch "typi cal ¥ pernmeable to air. Pernea wWrapper is
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regions of add0on material appear on the tobacco rod 122. The region 126 of add-on material

5  preferably extends in the circumferential direction at one or more spaced tocations 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 being substantially continuous in its
circumferential direction, other configurations for the add-on material are within the spirit and
scope of this disclosure.

10 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

15 circumferentially around a tobacco rod), the "width" of the banded region 126 is measured in the
longitudinal direction 142 from the eading edge 146 to the trailing edge 148 and is preferably

- lies in the range of from about 5mm {o 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

20  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 matérial reduce
permeability of the wrapper to the range of from about 0 to about 12 CORESTA, more
preferably the range of from about 0 to about 10 CORESTA.

For purposes of this disclosure, "band spacing" refers to the distance between the

25 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

30 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 thé banded region126. In
creneliated embodiments, the overall width "W" of the banded region is measured from the
farthest forward extent of the leading edge to the farthest trailing extent of the trailing edge, as is
illustrated in FIG. € with the width "W".

35 As used herein, the term "crenellated” refers to a pattern of multiple, spaced,
geometrically shaped spaces removed from an otherwise substantially continuous solid banded
region 126, A crenellated pattern or band can also be described as notched or appearing



10 permeability in terns of volunetric flowrate (La, cnB/sec) per unit
area (Le, cn2) per unit pressure drop (L a, cmof water). The base web of
conventional wapper also has well-known basis weights, neasured in grans

per squarwoeistlieis®/ n2) . The perneability and basis wg 2509@015&9 base
web of typical snoking article papers comonly used in the industry are

set out in the table below 15 Perneajility, CORESTA units Basis
Weight/(g/n2) 24 25 33 25 46 25 60 26 For purposes of this
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forming compound, a concentration of about 14% to about 26% may be particularly
advantageous, and a concentration of about 16% is presently most prefefred.

An "anti-wrinkiing agent” is a material which inhibits transverse shrinkage of the base
20 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 -
25  template, or any other suitable technique. If desired, the banded regions 126 of add-on material
can be formed by printing multiple, successive layers, e.g., two or more successive iayers
registered or aligned with one another. Given the tolerances in gravure printing equipment, for
example, adjacent layers are considered to be in registry where their respective overlying edges
are within about 0.4mm of one another when measured in either the longitudinal or transverse
3  direction of the base web 140. Furthermore, when layers are used to form the banded regions
of add-on material, the material in adjacent layers may be the same or different. For example,
one layer may be starch while the next layer may be starch and calcium carbonate.
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
35 table below sets out the volumetric equivalents for "X" in terms of billion cubic microns, or
"BCM"™
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SCHEMATIC vs ACTUAL DEPICTIONS
25 Depictions of cross sections taken through a banded paper, such as FIG. 3, are believed
to be useful schematic representations of a paper web having banded regions fashioned from
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When the first portion or layer of add-on material 164 is applied (see FIG. 4C), the add-

on material shows on the surface of the base web 140 due principally to the presence of chalk

(or cailcium carbonate) in the material. in the sample which has been magnified in FIG. 4, the

second portion or layer of add-on material 166 is applied (see FIG. 4C) on the surface of the

35 base web 140 and is posifioned on the firs layer 164. The second layer 166 begins at about the
location 168 (FIG. 4C). While it appears that the second layer 166 is not aligned so as to start

at the same location as the first layer 164, the tolerances involved in application techniques
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resulting in visually unacceptable smoking articles.

10 ANTI-WRINKLING AGENT
Surprisingly, applicants have discovered that the inclusion of an anti-wrinkling agent
(preferably, such a propylene glycol) in an aqueous starch solution used to make banded
wrapper in a manner consistent with the teaching herein can reduce transverse shrinkage to
operationally manageable levels, alleviate pronounced wrinkling and essentially eliminate
15 creasing problems that first presented themselves. Inclusion of an anti-wrinkling agent has
been found to have additional benefits, too. For example, when an anti-wrinkling agent is
incorporated into the aqueous starch solution, the anti-wrinkling agent functions as a plasticizer
so that the starch is more elastic during the drying process and in the finished paper. Cracking
and flaking at banded regions was alleviated. In addition, the presence of the anti-wrinkling
20 agent appears to cause the starch solution to reside more on the surface of the base web with
less penetration into that material, and thus enhance film formation. Shrinkage of the wrapper
in the vicinity of banded regions formed from an aqueous starch solution that includes an anti-
wrinkling agent has been observed to be in the range of about 1.6mm to 3.2mm (0.0625 inch to
0.125 inch) for a 92cm (36 inch) wide base web; a range which does not result in creasing nor
26  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 exhibiting more intricacy ghan solid band
30 regicné, because print registration can be more precisely maintained from print station to print
station. In addition, the pot life of the aqueous starch solution is materially improved by the
inclusion of an anti-wrinkling agent as disclosed herein,
The foregoing advantages will be better understood by those skilled in the art from the
following teachings. Referring now to FiG. 2, the regions 126 of add-on material determine and
35 regulate the ignition propensity and self-extinguishment 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.
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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

20  operations can achieve both desirable ignition propensity values {performance) and desired

self-extinguishment vaiues (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. 10 at Smfs
{1000 feet per minute), with acceptable paper appearance (ie., without quality defects ) and

25  without elevated or unaci:eptable statistical occurrences of creases or wrinkles.

One object of this description is fo provide wrappers 123 (see FIG. 2) produced af
commercial-scale high-speed which, when formed into a tobacco rod, exhibit ignition propensity
values no greater than 25% and self-extinguishment values no greater than 50%. Accordingly,
deposit rates and characleristics of the resulting printed regions are important features of high-

30 speed printing here. While those ignition propensity and self-extinguishment values are
considered to be adequate at this time, even more preferred is an ignition propensity value for
the resulting smoking article no greater than about 15%; and the most preferred ignition
propensity value for the resulting smoking article is no greater than about 10%. Lower self-
extinguishment values are aiso desired. In this connection, a more preferred self-

35  extinguishment value is less than about 25%; while the most preferred self-extinguishment
value is less than about 10%.
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with a starch solution that includes an anti-wrinkling agent. While an aqueous starch solution is
5 presently preferred as the aqueous component is readily dried, use of a non-agueous starch
solution is also within the spirit and scope of this disclosure. In another embodiment, the
regions of add-on material may be printed with a solution comprising a mixture of calcium
carbonate {or chak) particles, starch, and an anti-wrinkling agent. As with the starch and anti-
wrinkling agent solution, the solution comprising a mixture of calcium carbonate (or chalk)
10 particles, starch, and an anti-wrinkling agent preferably is applied as an aqueous solution, but a
non-aqueous solution also falls within the spirit and scope of this disclosure.
This disclosure contemplates that various anti-wrinkling agents are suitable to attain the
desired characteristics described herein. In particular, the anti-wrinkling agent is selected from
the group consisting of glycerin, propylene glycol, and 1,2 propyiene glycol. Glycerin is a
15 preferred member of the anti-wrinkling agent group. Presentiy, however, 1,2 propylene glycol is
the most preferred member of the anti-wrinkling agent group.
Generally speaking, this disclosure contemplates that either (i} an anti-wrinkling agent or
(i) a combination of 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
20 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
14% to about 26%, by weight of the nominal solution. Most preferably, starch may comprise
about 16%, by weight, of the norinal solution.
An anti-wrinkiing agent is preferably added to the nominal starch solution, with
25  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 sclution. When the anti-wrinkling agent is 1,2
propylene glycol, the weight of the anti-wrinkling agent is more preferably in the range of about
40% to about 120% of the weight of the starch in the nominal starch solution; even more
preferably in the range of about 40% to about 80%; and most preferably in the range of about
30 55% to about 65%. Where 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 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
35 solution.
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EXAMPLES

The following illustrative, non-limiting examples are intended to provide further
explanation. The results provided in Tables | and I compare the initial viscosity and time
stability of a printing solution without an anti-wrinkling agent additive and to the initial viscosity
5 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
solution centaining 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 solution

Viscosity of 24% starch
+ 80% CaCO; + 100% 1,2

solution + 80%.CaCoO;'

propylene giycol®

Day 1 65mPa-s (cP, centipoise) 50mPa-s
Day 2 71mPa-s 51mPa-s
Day 3 77mPa-s 50mPa-s
Day 4 88mPa-s -

Day 6 - 52mPa-s
Day 7 147mPa-s 58mPas
Day 8 - ' 61mPa-s
Day 9 - 86mPa's
Day 10 225mPa-s 70mPa-s
Day 16 - 114mPa-s

10
'CaCO; added to a solution of 24% dry starch in water; ratio by weight of added CaCQ,
to dry starch present in the solution is 0.8:1.0.
2CaCO; added to a solution of 24% dry starch in water; ratio by weight of added
1,2 propylene glyeol to added CaCO, to dry starch present in the soiution is 1.0:0.8:1.0.

15
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Table Il
Viscosity of 20% starch solution Viscosity of 20% starch saolution
+ CaCO,' + CaCoO; + glycerin?
Day 1 51mPas (cP, centipoise) 41mPa-s
Day 2 50mPa-s -
Day 5 66mPa-s 52mPa-s
Day 6 78mPa-s -
Day 7 102mPa-s -
Day 8 - 55mPa-s
Day 12 “ 62mPa-s
Day 14 - 72mPa-s

' CaCOjs added to a soiution 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 CaCO; 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 anfi-wrinkling agent in the
material épplied to the add-on regions thus improves rheological properties of the printing
solution used to form the regions of add-on matenal.

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 | demonstraies, with the addition of an anfi-wrinkiing 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 llf and IV indicate that addition of an anti-wrinkling agent
to the printing solution reduces free-burn self-extinguishment without unacceptably affecting
ignition propensity performance (i.e., while maintaining an acceptable ignition propensity levels}.
For purposes of the information presented in Table NI, batches of 40 cigarettes were tested to
obtain the ignition propensity performance, while batches of 20 cigareties were tested at each

angutar position o obtain the self-extinguishment performance.
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Table il
Print solution with 22% Starch + 100% 1,2 propylene Glycol' + CaCO;
{SE is self-extinguishment)
width  ignition propensity

CaCO; % SE (0°) SE (45°y  SE(90°)
mm 1% {average)

7 40 85 100 75 .

40 7 0 35 90 100 75
6 0 75 100 100 Cooe2.
6 5 0 ’ 60 100 - 53
7 0 10 80 100 63
7 0 10 75 95 60

80 6 5 25 85 100 70
6 10 5 40 50 32 .
7 7.5 5 60 80 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 CaCQO; 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 Wi, certain conclusions ¢an be drawn. For example, the ignition propensity
stayed well under the 25% target value for 7mm bands. In addition the ignition propensity
stayed well under the 25% target value when CaCQ; weight was less than 80% of the starch
weight. Further, the average self-extinguishment vaiues was less than or equat to 70% when
CaCO; weight was greater than 40% of the starch weight; and self-extinguishment 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 {V, smaller groups of cigarettes were
tested; namely groups of five. The cigareties 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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' 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

For both solutions containing an anti-wrinkiing agent, all of the cigarettes self-
extinguished before the coal reached the filter line in the ignition propensity test. However, in
the self-extinguishment test (at 0°), for the solution without an anti-wrinkling agent, 60% of the
cigarettes self-extinguished before the filter fine, whereas for the solution containing an anti-

10 wrinkling agent, only 20% of the cigarettes self-extinguished before the fitter 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 (self-extinguishment) without

15 adversely affecting ignition propensity (ignition propensity) performance.

tnciusion 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 materiai are less prone to separate from the base web during

20 handling and use than bands on wrapper where an anti-wrinkling agent is not used in the
formulation. Furthermore, as nated above, incorporation of an anti-wrinkling agent in the add-on
material gives rise to improved self-extinguishment performance in a smoking article fabricated
from wrapper having bands of add-on material inciuding an anti-wrinkling agent — but without
degradation of ignition propensity performance.

25 While the operation of the anti-wrinkling agent in the starch solution is not fully
unders_tood, it appears that the anti-wrinkling agent also functions as a plasticizer in the starch
solution. A starch solution without an anti-wrinkfing 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

30 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 92cm {36 inch) wide
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2008/ 146159PCT/I82008/ 001840 30 Referring to Table V, wapper A
conprises a slit band arrangenent, having three regi ons of about 2mm each,
for a total width of 6mmfor the printed banded region with add-on rates
in the various regions ranging fromabout 3.5x to about 5.5x. An add-on
rate of 5.5x results in about 8g/n2 to about 9gln2 of add-on material on a



5 wrapper has a noninal basis weight of about 26.5g/n2. Lower add-on rates
woul d be expected to provide proportionally adjusted values for the weight
of the add-on nmaterial, nmeasured on a dry wei ght basis. The w dths of the

banded regigofsaéRet ypi cally measured in the |ongi _tudll;aﬁ. §&ﬁ§1§, and
have a 27mm phase (i.e., the spacing fromthe | eading edge o anded

region to the | eadi ng edge of the nextg or subsequent banded region). 10
Table V  Banded Regi on Total Banded Base Wb W apper Confi guration
Regi on W dt FPYoB e Fnpement & tayersin divirb@BledOREST A2B proviieg apotbersutprising

and beneficial attribute for the wrapper. When the first layer of the banded region 126 applied to
the base web contains both calcium carbonate and starch, the presence of the banded region
126 is less evident when observed or examined from the side of the base web opposite to the
5 side on which the banded region 126 is applied, ie., the side opposite from the side where
machine vision operates. In fact, as the calcium carbonate levels approach high levels which
are the subject of this disciosure, presence or existence of the banded region 126 becomes less
visible to a consumer, and may actually become substantiaily invisible to an ordinary consumer.

Such visual masking is important because consumers of smoking arlicles are

10 accustomed to products in which the wrapper exhibits a uniform, homogeneous appearance.
The preferred arrangement for the layers 150, 152 (see FIG 3) vields a further significant
advantage to a smoking article manufactured using the wrapper of this disclosure.

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

15 Solvay Chemicals, Inc., as SOCAL 31 is a suitable commercially available calcium carbonate.
SOCAL 31 is an ultrafine, precipitated form of calcium carbonate having an average particle
size of about 70nm (nanometers). Larger particles of caicium 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 particies to precipitate from

20 solution more quickly and due at least in part to the need for greater quantities to attain the
beneficial characteristics discussed herein.

The materials used for the regions of add-on material can be important in the ignition
propensity and self-extinguishment performance of a smoking article manufactured using the
wrapper discussed herein. In one embodiment, the regions of add-on material may be printed

25 with a starch solution that includes an anti-wrinkfing agent. While an agueous starch solution is
presently preferred as the aqueous component is readily dried, use of a non-agueous starch
solution is also within the spirit and scope of this disclosure. In another embodiment, the
regions of add-on material may be printed with a solution comprising a mixture of calcium
carbonate (or chalk) particies, starch, and an anti-wrinkling agent. As with the starch and anti-

30 wrinkling agent solution, the solution comprising a mixture of caicium carbonate {or chalk)
particles, starch, and an anti-wrinkling agent preferably is applied as an aqueous solution, but a
non-aqueous solution also falis within the spirit and scope of this disclosure.

Generally speaking, this disclosure contemplates that either (i} an anti-wrinkling agent or
(i) a combination of anti-wrinkling agent and calcium carbonate will be added to a nominal

35  aqueous starch solution to obtain the add-on solution to be used for printing.

As discussed in more detail above, incorporation of an anti-wrinkling agent in the

starch solution permits the aqueous starch solution to be applied in a single printing step or



33 CORESTA C 2.5-2-2.5 7mm 60 CORESTA D 3-2-3 Bmm 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
advanceswignoe/fasismni Ng t obacco rod. 15 Thus, the 2.5- 2CZ/IB2EHMBYur ati on
(see FIG 5) of the banded region 126 neans that the first portion or zone
202 (see FIG 6) of the total banded2%egion wdth is 2.5mm the second
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disclosure. For example, a pattern comprising a plurality of solid transversely extending bands
has been described (see FIG. 2). Solid bands may be either transversely extending,
{ongitudinally extending 220 (see FIG. 11), or helical 222 (see FiG. 12). The description as
being solid meaning, for purposes of this disclosure, that the regions of add-on material are

10 applied in a single step.

The foregoing discussion also makes clear that the regions of add-on material may, if
desired, be applied in two or more successive steps or applications. Gravure printing
techniques, as well as other printing techniques, are weill-suited to such successive steps, or
multiple applications.

15
IMPROVED SELF-WEXTINGUISHMENT PERFORMANCE WHILE MAUNTAINING IGNITION
PROPENSITY PERFORMANCE

As noted above, it is desirable to achieve ignition propensity performance that meets
and exceeds governmental requirements. Such is achievable with a solid band configuration

o0 such as that described with reference to FIG. 10. Moreover, as also previously noted, that
desired ignition propensity performance often adversely impacts the self-extinguishment
perfoﬁnance of the smoking article. Stated differently, while the ignition propensity performance
may meet or exceed the governmental requirements, that ignition propensity performance is
typically associated with a smoking article that will self extinguish when hand held by a smoker,

25 a self-extinguishment of 100%. Since smokers ordinarily prefer not to need to relight a smoking
article, improvement of self-extinguishment performance while maintaining ignition propensity
performance constitutes a highly desirable feature for improved wrappers. Applicants .have
discovered arrangements of the banded regions on wrapper that provide such improved self-
extinguishment performance while maintaining the ignition propensity performance. For

3o example, the inclusion of chalk content in the embodiment described with reference to FIG. 10
contributes enhancement of self-extinguishment performance amongst other attributes.

In addition to or in lieu of applying chalk to improve self-extinguishment performance,
certain band configurations and patterns disclosed herein are useful in constructing smoking
articles having both improved seif-extinguishment performance and desired ignition propensity

35 performance. For example, a slit band configuration such as shown in FIG. 5 and others is
capable of better sustaining smoldering during free bumns, yet when placed adjacent a

substrate, does not sustain smolderning.



1 Add-on Rate Per Layer 5x 3.5-4x 5x Total Add-on Material 5x 3.5-4x 5x

WD 2008/ 146159PCT/ | B2008/ 001840 31 Table VII - Details of Wapper B Zone
1 Zone 2 Zone 3 Wdth 2.5mm 2mm 2. 5nm Layers of Add-on Material 1 1
WO 2008/146159 PCTAB2008/001840
30

Referring to Table V, wrapper A comprises a slit band arrangement, having three
regions of about 2mm each, for a total width of 6mm 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 8g/m?® to about 9g/m* of add-on material on a dry weight basis, where the

s  wrapper has a nominal basis weight of about 26.50/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 widths of the banded regions are typically measured in the longitudinat
direction, and have a 27mm phase (i.e., the spacing from the leading edge of a banded region
to the leading edge of the next or subsequent banded region).

10

Table V

Banded Region Total Banded Base Web

Wrapper ] . )
Configuration Region Width Permeability
A 2-2-2 Smm 33 CORESTA
B 2.5-2-25 7mm 33 CORESTA
C 2.5-2-25 7mm 60 CORESTA
D 3-2-3 ' 8mm 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.

15 Thus, the 2.5-2-2.5 configuration (see FIG. 5) of the banded region 126 means that the first

portion or zone 202 {see FIG. 6) 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

20 be encountered next by the advancing coal, and the third portion 204 would be encountered last
by the advancing coal.

Table V! — Details of Wrapper A
Zone 1 Zone 2 Zone 3

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




1 Add-on Rate Per Layer 5x 3.5-4x 5x Total Add-on Material 5x 3.5-4x 5x

Table VIII - Details of Wapper C Zone 1 Zone 2 Zone 3 Wdth 2.5mm 2mm
2.5mm Layers of Add-on Material 1 1 1 Add-on Rate Per Layer
WO 2008/146159 PCT/TB2008/001840
34

Table VIl - Details of Wrapper B

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

Table VIil - Detaiis of Wrapper C

Zone1 Zone2 Zone3d
Width 2.5mm 2mm 2.5mm
Layers of Add-on Material 1 1 1
Add-on Rate Per Layer 5x 3.5-4x 5x
Totat Add-on Material Bx 3.5-4x 5x
5 Table IX — Details of Wrapper D
Zonet1 Zone2 Zone3d
Width 3mm 2mm 3mm
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. 5) 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

10 starch, chalk or célcium carbbnate, and 1,2 propylene glycol. A presently preferred mixture for
that aqueous solution inciudes starch, chaik, and 1,2 propyiene 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 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, aboui
50% to about 60% of the propylene glyco! 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

20 agents during the drying process. However, such weight loss has not been observed with



5x 3.5-4x 5x Total Add-on Material 5x 3.5-4x 5x 5Table I X - Details of
W apper D Zone 1Zone 2 Zone 3 Wdth 3mm 2nm 3mm Layers of Add-on Materi al
1 1 1 Add-on Rate Per Layer 5x 3.5-4x 5x

WO 2008/146159 PCT/IB2008/001840
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respect to the starch and calcium carbonate constituents of the add-on material during the
drying process. _
The region 126 of add-on materia! may be substantially continuous transverse of the
paper web, as shown (see FIG. 2), or may have one or more longitudinally extending
5 separations so as to define a C-shaped region when formed into a wrapper for a tobacco rod
(see FIG. 7), or may have several arcuately-shaped portions 127’ {(see FIG. 8) generally
symmeirically positioned around the tobacco rod when viewed in cross section transverse to the
longitudinal axis 134 of the tobacco rod 122.
In addiion, the region 126 of add-on material on the wrapper 123 may be divided into
10 two or more substantially ring-shaped portions (see FIG. 5) 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.
It is also within the contemplation of this disclosure that the region 126 on the wrapper
15 123 may comprise a plurality of patches 127 (see FIG. 8) 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 U.5. Patent Applfcation Serial No.
60!924,666.ﬁ1e entire contents of which are incorporated herein by this reference thereto.
20 The regions of add-on material are preferably applied in a single layer 210 (see FIG. 9).
it should be noted that the representation of the base web cross section in FIG. 9 is schematic.
As discussed above, the aciual 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 30 microns (i.e., 30 x 10° meters or 30um). Actual thickness of the add-on
25  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 resulf, material build-up in the regions of add-on material
can be schematically shown as boxes (as in FIGs. 3, 6, and 9), 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 regions of add-on maierial, the resulting structure is nearly impossible to
a0 resolve into the individual layers. That resolution into individual, or separate, Iayérs is further
| complicated when aqueous solutions are applied because subsequent layers tend to re-wet the
previous layer and aliow components such as chalk to settle through the material of the prior
layer.
The application rate of the material in the preferred single layer (see FIG. 9) may be in
35 the range of about 4X fo 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



Total Add-on Material 5x 3.5-4x 5x Tables VI-1X show that the
mul ti zone banded region 126 (see FIG 5) may be fashioned in a single pass
printing operation with the application rates indicated in those tables.
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35 the range of about 4X to about 6X. For these purposes, the "X' has been
descri bed above. \Were the base web has a nom nal CORESTA val ue of about
33, a presently preferred application rate of about 5X is believed to be
appropri gteoodNeis®® t he base web has a nomnal WO PCT/IB2008/001840

2008/ 146159PCT/ | B2008/ 001840 33 CORESTA val ue of about 60, a presently
preferred application rate of about 845X is believed to be approprr ate.
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Additionally, for a particular chosen pattern, the ability to extinguish the smoking article

35 may depend more on providing minimum lengthwise extent of add-on material (e.g., a film-

forming compound), rather than a particuiar weight per area of film-forming compound at

iongitudinal iocations. The length of a rectangular region, for exampie, may be no less than



can be drawn through the base web 140 of the wapper. Mre specifically,
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separated by the second zone. The wrapper has greater permeability ajong the second zonhe
than along the first and third zones. The second zone has a width less than either width of the
first and third zones (which can have equal or unequal widths), so that lit smoking articles
10 domprising the first, second and third zones exhibit statistically reduced occurrences of self-
extinguishment under free burn conditions, as compared to smoking articles comprising
wrappers whereon the first and third zones are applied as a single continuous band, while
maintaining statistically few or no_' occurrences of total burn through. Preferably, the first and
third zones are of uniform add-on material across the first and third zones. Optionally, the
15 second zone may have a width Vessentially equal to the first and third zones.

Total weight of add-on material for the banded region preferably lies in the range of
0.5 grams per square meter to 15 grams per square meter (g/m?). Conventional cigarette paper
is permeable, with the permeability commonly designated in CORESTA, which measures paper
permeability in terms of volumetric flow rate {lLe., Cm‘_"lsec) per unit area (i.e., cm?) per unit

20 pressure drop (ie., cm of water). Permeability of the cigarette paper normally exceeds 20
CORESTA and preferably, the cigarette paper has a permeability of about 33 to about 60
CORESTA and a basis weight of about 22g/m? to 30g/im®. However, permeability through the
banded regions and the underlying cigaretite paper preferably lies in the range of 0 to 15
CORESTA. The reduction in permeability preferably restricts air flow needed to support

25  combustion of the cigarette coal in the vicinity of the banded region.

The first and third zones preferably have a greater basis weight in grams per square
meter than the intermediate second zone: for example, the basis weight in grams per square
meter of the first and third zones may be at least twice the basis weight in grams per square
meter of the second zone. The second zone may comprise a gap. As used heréin, the term

0 “gap’ refers to a discrete area of a banded region, between the first and third zones, lacking any
permeability reducing add-on material (i.e: , containing no layers of permeability reducing add-on
material). In order to aid combustion in the second zone, the wrapper may comprise iron oxide
at the location of the second zone. The second zone preferably has a greater permeability than
the first and third zones.

35 The at least one transverse banded region.preferably comprises a first printed layer
contacting the base web and a second printed layer, preferably having an equal or greater basis
weight in grams per square meter than the first pfinted layer, on the first printed layer. However,
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the second and/or subsequent layers may be iess in basis weight than the first layer. For
example, the basis weight in grams per square meter of the second printed layer may be at
least twice the basis weight in grams per square meter of the first printed layer. in an
embodiment, the second zone may comprise a single printed tayer and the first and third zones
5 may each comprise at least two printed layers (more preferably three or more layers).
Alternatively, the first and third zones may each comprise at least three or four printed layers,
and the second zone may comprise only one or iwo or no printed layers.
| Non-banded areas of the base web preferably do not comprise permeability reducing
add-on material. As described below with reference to FIG. 30, the transverse banded region
10 may comprise greater than three zones. For example, thé transverse banded region may
comprise, for example, five zones, with the second and fourth zones separating the first, third
and fifth zones and the wrapper having greater permeabiiity along the second and fourth zones
than along the first, third and fifth zones. -.

Also provided is a wrapper of a smoking article comprising a base web and a fransverse

15 banded region of add-on material. The transverse banded region is designed to cause
extinguishment of smoking articles comprising the transverse banded region when left upon a
substrate. The wrapper further comprises a more permeable, intermediate zone along the
transverse banded region such that the occurrences of self-extinguishments of smoking articles
comprising the wrapper is statistically reduced over those without the intermediate zone.

20 In a further embodiment, a wrapper of a smoking article comprises a base web and at
least one transverse banded region compris'ing first, second and third zones on the base weB.
The at least one transverse banded region can be free of fillers and optionally at least one of the
sones 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. The first and third zones are

.5 outward of the second zone, and the overall wrapper structure at the second zone has a greater
perrrieabiiity compared to the overall wrapper structure at the first and third zones.

Additionally provided is a wrapper of a smoking article comprising a base web and 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

30 permeability compared to the first and third zones, and the second zone and the first and third
zones comprise add-on material.

Moreover, provided is a method of making a banded wrapper of a smoking article
compyrising supplying a base web and forming at least ohe transverse banded region comprising
first, second and third zones on the base web. The first and third zones are outward of the

35 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.
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Optionally at least one of the zones is formed at least in part from an add-on material which
includes a filer. 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 aricle
comprising supplying a base web and forming at ieast one transverse banded region comprising

5 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.

10 FiGs. 28-33 illustrate smoking articles comprising slit banded paper as described herein.
Specifically, FIG. 28 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 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 2-5 mm

15  wide, and the second zone 404 may be, for example, about 1-2 mm wide. More specifically, the
first and third zones of add-on material 400, 402 may each be, for exampie, about 3 mm wide,
and the second zone 404 may be, for example, about 1.5 or 2 mm wide. The first and third
zones of add-on material 400, 402 preferably comprise multiple layers of add-on material, such
as, for example, two, three or four layers of add-on material. The add-on material is preferably

20  uniform across the first and third zones 400, 402, ‘

FIG. 30 illustrates a sriloking 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 416, 418, which ray be in the form of gaps (see FIG. 31) or in the form of reduced levels
of add-on material (see FIG. 38). The first, third and fifth zones of add-on material 410, 412,

25 414 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 zdnes 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 multiple layers of

30 add-on material, such as, for example, two, three or four layers of add-on material. The add-on
material is preferably uniform across the first, third and fifth zones 410, 412, 414.

FIG. 32 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,

35 about 2mm to 3mm wide, and the second zone of less add-on material 424 may be, for
exampie, about 1mm to 2mm 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 lass add-on
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may comprise, for example, one or two layers of add-on material. The add-on material is
5  preferably uniform across the first and third zones 420, 422. Although second zones 424 are
operative at a tmm width, the e:ﬁbodiment performs better at a 1.2mm width or greater.

_ Referring to FIGs. 28-33, 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

10 {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 multifude 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

15  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).

Referring to FiGs. 34-37, further embodiments may include banded regions wherein the
| zones extend longitudinally instead of circumferentially. More specifically, FIG. 34 corresponds
to banded region configuration of FIG. 30 with the zones extending longitudinally instead of

20 circumferentialiy,.and FIG. 36 corresponds to banded region configuration of FIG. 32 with the
zones extending longitudinally instead of circumferentially.

in a preferred embodiment, the first layer of each banded region is preferably formed
using an aqueous occlusive composition, which exiends completely across the banded region.
The successive layer (or layers) of each banded region may be formed by using the same

25 aqueous film-forming composition or different aqueous compositions. For example, multiple
layers may all comprise layers containing exclusively starch or multiple layers may comprise
one or more layers containing exclusively starch and one or more layers containing calcium
carbonate (in any order). During gravure printing, the ccclusive composition is preferably
heated 1o a temperature where iis viscosity lies within the range of viscosities suitable for

a0 gravure printing. When the heated occlusive compaosition is applied, the occlusive composition
is cooled or quenched and may be gelatinized. Thus, a portion of the free water in the occlusive
composition becomes bound and unavailable to soak or migrate into underlying fibers of the
base web. That binding of free water inhibits formation of waviness, cockiing, and/or wrinkling '
in the base web. Successive layers of the banded regions preférably have increased thickness

35 relative to the first layer. The banded regions provide a reduction in permeability to the
underlying base web, which preferably restricts air flow needed to support combustion of the
cigareite coal in the vicinity of the banded region.
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The occlusive composition used in the occlusive composition may be sefected from the
group consisting of starch, alginate, carrageenan, guar gum, pectin, and mixtures thereof.
Preferably, the occlusive composition comprises starch, more preferably oxidized starch, such
as, for example, tapioca starch, more specifically oxidized tapioca starch. In fhese

5 embodiments, the occlusive composition preferably does not contain fillers, such as, for
example, calcium carbonate, which would increase the burn rate through the banded region. In
a preferred embodiment, the occlusive composition used for printing comprises water and about
20% to about 50%, by weight, of the occlusive composition. At higher concentrations of the
occlusive composition in the composition, the composition may experience gelatinization when

10 its temperature is rapidly reduced. Thus, the binding of free water into the printed banded
region may Oceur. '

At room temperature (about 23°C), the high-solids-content occiusive composition has a
viscosity- exceeding about 200mPa-s (centipoises (cP)) and is unsuitable for gravure printing;
however, at a temperature in the range of about 40° to about 80°C, the viscosity of the occlusive

15 composition is decreased sufficiently for use as a gravure printing composition. For gravure
printing, the upper limit of suitable viscosity is about 200mPas. Most preferably, the occlusive
composition has a viscosity of about‘ 100mPa-s at a temperature in the range of 40°C to 90°C
so that the composition can be quenched on contact with the paper after gravure printing at that
temperature. The viscosity of the compoéition at room temperature is also important. The high

20  viscosity at room {emperature is needed so that the occlusive composition gels at room
temperature. ‘

_ Preferably, the banded regions are applied to the wrapper using a successive gravure
printing process. Gravure printing operations are capable of precise registry of successive
printing operations. Accordingly, gravure printing can be used to. effectively print not only the

25 first layer of the banded regions, but also the optional successive tayers.

EXAMPLES

' The following examples are intended to be non-limiing and merely illustrative.

Cigarettes with five different wrappers (ie., wrappers with five different banded region
30 configurations), were tested for ignition propensity (“ignition propensity”) and self-

extinguishrnent at 0° (horizontal). The base web of each of the wrappers had a permeability of

33 CORESTA and basis weight of 259/m?.
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Table X
[P is ignition propensity, SE is self-extinguishment
. Total
Banded '
o Banded P P iP P
Wrapper Region . SE@0°
i Region Run1 Run2 Run 3 | average.
Configuration® _
Width
A control Gmm | 0% 0% 0% | 0% 95%
B 3-1-3 7mm 0% 25% 0% | 08% | 60%
C 3-2-3 Bmm 0% 0% 5% 1.7% 25%
D 2-2-2 8mm 2.5% 0% 0% 0.8% 45%
E 2-1-2-1-2 8mm 25% 25% 25% | 25% 20%

* Numbers refer to zone widths in mm {see Tables XI-XV below)

- Referring 1o Table X, wrapper A was a control, comprising. a continuous, solid 6 mm
printed banded region, having an add-on rate of 5.5X. As used herein, an add-on rate of 5.5X
results in 8 g/m? fo 9g/m’ of add-on material on a dry weight basis, and a basis weight of
26.5g/m? for 6mm banded regions with a 27mm phase (i.e., the spacing from the leading edge

10 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-.
o Table XI — Details of Wrapper B
- Zone 1 Zone2 Zone3l
Width 3mm 1mm 3mm
Layers of Add-on Material 2 1 2
Add-on Rate Per Layer 1.5x/4x 1.5%/0 1.5x%/4x
Total Add-on Material 5.5% 1.5x 5.5x
Table Xil — Details of Wrapper C
Zone 1 Zone2  Zonel
Width 3mm 2mm 3mm
Layers of Add-on Material 2 1 2

Add-on Rate Per Layer 1.5x/4x 1.5%/0 1.5x/4x
Total Add-on Material 5.5x 1.5x 5.5x%

15
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Details
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Table XIll - Details of Wrapper D
Zone1 Zone2 Zone3d
Width 2mm 2mm Zmm
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 Zoned
Widtﬁ 2mm imm 2mm 1mm 2mm
Layers of Add-on Material |2 1 2 1 2
~ Add-on Rate Per Layer 1.5%4x  1.5%/0 1.5x/4x  1.5%/0 1.5x/4x
Total Add-on Materia_l 5.5x 1.5% 5.5x 1.5x% 5.5x

As compared to control wrapper A, wrappers B-E exhibited the desired reduction in self-
extinguishment while maintaining ignition propensity (i.e., without significantly increasing ighition
propensity). In particular, wrapper B exhibited an improvement over control wrapper A, as
evidenced by the decrease in self-extinguishment 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 self-extinguishment average decreased from 60% to 25% (while approximately
maintaining the ignition propensity value). Thus, the width of the second zone is preferably
greater than 1mm, preferably about 1.5mm or about 2mm. While good resuits were also shown
by wrappei" ¢, which exhibited an self-extinguishment average of 45%, the best results were
shown by wrapper E, which exhibited an self-extinguishment average of 20%.

It should be noted ihat 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. tn 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 arlicle 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 secohd
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
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j USt  The add-on material is preferably uniform across the first and third zones.

10 In a preferred embodiment, the first layer of each banded region is preferably formed
using an aqueous occlusive composition, which extends completely across the banded region.
The successive layer (or layers) of each panded region may be formed by using the same
aqueous film-forming composition or different aqueous cormpositions. For example, multiple
Iaj_;ers may all comprise layers containing exclusively starch or multiple tayers may comprise

15 one or more layers containing exclusively starch and one or more layers containing calcium
carbonate (in any order). During gravure printing, the occlusive composition is preferably
heated to a temperature where its viscosity lies within the range of viscosities suitable fo'r
gravure printing. When the heated occlusive composition is applied, the occlusive composition
is cooled or quénched and may be gelatinized. Thus, a portion of the free water in the occlusive

20 composition becomes bound and unavailable o soak or migrate into underlying fibers of the
base web. That binding of free water inhibits formation of waviness, cockling, and/or wrinkling
in the base web. - Successive layers of the banded regions preferably have increased thickness
relative to the first layer. The banded regions provide a reduction in permeability to the
underlying base web, which preferably restricts air flow needed to support combustion of the

25 cigarette coal in the vicinity of the banded region. In embodiments which include a layer of
add-on material that includes calcium carbonate, that layer is preferably appiied as an upper
layer for a banded region intended for the outside of the wrapper or adjacent the wrapper for a
banded region or the inside of the wrapper so as to maximize its favorable effect on appearance
of the smoking article.

30  The occlusive composition of the banded regions may be selected from the group
consisting of starch, alginate, carrageenan, guar gum, pectin, and mixtures thereof. Preferably,
the occlusive composition comprises starch, more preferably oxidized starch, such as, for
example, tapioca starch, more specifically oxidized tapioca starch. In embodiments, the
occlusive composition preferably does not contain fillers, such as, for example, calcium

a5 carbonate, which would increase the burn rate through the banded region. In a preferred
embodiment, the occlusive composition used for printing comprises water and about 20% to

about 50%, by weight, of the occlusive composition. At higher concentrations of the occlusive
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20 fibrous cellulose (e.g., fibers, fibrils, microfibrils, or combinations thereof) or other add-on
material applied using various spray or coating techniques, including application techniques that
utilize a moving orifice applicator at the forming section of a paper-making machine as
described in US 5 997 891 and US 6 596 125, the contents of which are hereby incorporated by
reference in their entirety.

25 When the word "about" is used in this specification in connection with a numerical value,
it is intended that the associated numerical value include a tolerance of $+10% around the stated
numerical value. Moreover, when reference is made to percentages in this specification, it is
intended that those percentages are based on weight, /.e., weight percentages.

The terms and phases.used herein are not to be interpreted with mathematical or geometric

30 precision, rather géometric terminology is to be interpreted as meaning approximating or similar
to the geometric terms and concebts. Terms such as “generally” and "substantially" are
intended to encompass both precise meanings of the associated terms and concepts as well as
to provide reasonable {atitude that is consistent with form, function, and/or meaning.

" It will now be apparent to those skilled in the ar that this specification describes a new,

35 useful, and nonobvious smoking article. it will also be apparent to those skilled in the art that
numerous maodifications, variations, substifutes, and equivalents exist for various aspects of the

smoking articie that have been described in the detailed description above. Accordingly, it is



7. A snoking article according to any preceding cl ai mwherei n add-on

mat eri al containing calciumcarbonate is applied to the base web of the

wr apper paper, and add-on nmaterial substantially free of cal cium carbonate
i s appl i edloestimgsadd- on materi al containi ng cal ci um caTiIBres/emis408. A
snoking article according to any preceding claimwherein the base web has
a perneability of greater than about ®0 CORESTA. 9. A snpking article

according tg a recedjng.claimwherein.the pattern ingclude irs

o1 ur o 1997t SRRl % o ot PRty sl fori. aEsabliabaf el

spi ral wthirmtheapitiadd stpetcd ecioeention.as d&fined by thé spekdedgiaims, id embracat di ng
to clauF&% yherein the tobacco rod has an axis and a patch of the first
plurality 1s symmetrically spaced froma correspondi ng patch of the second
plurality relative to the axis of the tobacco rod. 11. A snoking article
according to claim10 wherein: each patch of the first plurality is
symmetrically spaced froma correspondi ng patch of the second plurality
relative to the axis of the tobacco rod, when the snoking article
is placed on a substrate that substantially obstructs airflowto the
snmoking article in the vicinity of a first side of the snoking article, no
patch of the first plurality and no patch of the second plurality is

| ocated in contact with the substrate at a first |ongitudinal |ocation of
the snmoking article, the snoking article self-extinguishes when an
advancing burn line reaches the first |ongitudinal |ocation; and

when the snoking article is not supported by a substrate, the advancing
bum line does not self-extinguish at the first |ongitudinal |ocation. 12.
A snoking article according to any precedi ng claimwherein the banded
region further includes cal ciumcarbonate in the range of about 0.64gln®
to about 1.2g/n2.
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CLAIMS:

1. A smoking article having an ignition propensity value iess than about 25 and a self-
extinction vaiue less than about 50, comprising:

a quantity of tobacco;

a wrapper paper surrounding the quantity of tobacco and defining a tobacco rod
having a mouth end, the wrapper inciuding a pattern of an add-on material having been
applied as an aqueous starch solution including an anti-wrinkling agent selected from the
group consisting of starch at about 1.5g/m? and propylene glycol in the range of about
0.36g/m? to about 0.90g/m? and

a filter attached to the mouth end of the tobacco rod. °

2. A smoking article according to claim 1 in which the pattern comprises at least one
banded region extending circumferentially around the tobacco rod.

3. A smoking article according to claim 1 or 2 wherein the pattern includes at least two
banded regions spaced apart longitudinally and disposed helically around the tobacco rod.

4. A smoking article according to claim 1, 2 or 3 wherein the pattern includes an array of
patches extending circumferentially and longitudinally along the tobaceo rod.

5. A smoking article according to claim 4 wherein the array of patches includes a

plurality of similar substantially geometric objects.

6. A smoking article according to any preceding claim wherein add-on material has one

fayer including calcium carbonate.

7. A smoking article according to any preceding claim wherein add-on material -
containing calcium carbonate is applied to the base web of the wrapper paper, and add-on
material substantially free of calcium carbonate is applied to the add-on material containing

calcium carbonate.

8. A smoking article according to any preceding claim wherein the base web has a
permeability of greater than about 20 CORESTA.

9. A smoking article according to any preceding claim wherein the pattern includes a
first plurality of patches and a second plurality of patches arranged along spiral paths around

the tobacco rod.
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10. A smoking article according to claim 9 wherein the tobacco rod has an axis and a
patch of the first plurality is symmetrically spaced from a corresponding patch of the second

plurality relative to the axis of the tobacco rod.

11. A smoking article according to claim 10 wherein:

each patch of the first plurality is symmetrically spaced from a corresponding patch of
the second plurality relative to the axis of the tobacco rod;

when the smoking article is placed on a substrate that substantially obstructs airflow
to the smoking article in the vicinity of a first side of the smoking article, no patch of the first
plurality and no patch of the second plurality is located in contact with the substraie at a first
fongitudinal location of the smoking article, the smoking article self-extinguishes when an
advancing burn line reaches the first longitudinal location: and

when the smoking article is not supported by a substrate, the advancing burn line

does not self-extinguish at the first longitudinal location.

12. A smoking article according to any preceding claim wherein the banded region
further includes calcium carbonate in the range of about 0.64g/m” to about 1.2g/m>.



