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organic contaminant material from the environment,
present within the paperboard, derived either from a
source of cellulosic material, a printing chemical, a
coating chemical or from any contaminant in
intentionally recycled material, can be trapped by the
active barrier materials within the paperboard.

The invention has a variety of aspects including a
barrier laminate structure comprising at least one layer
of a cellulosic material with at least one layer of a
barrier or a barrier polymer film layer containing an
active barrier component. A next aspect of the
invention comprises a food or edible, comestible
material packagéd within the cellulosic packaging
material having the permeant or contaminate barrier or
trap. Further aspects of the invention comprise methods
of packaging materials in a cellulosic web having a
contaminate or permeant barrier or trap to protect the
food item from inappropriate flavors, aromas or odors.

Background of the Invention

Cellulosic materials such as a paperboard, a

boxboard, a cardboard or a chipboard consists of

. relatively thick, compared with paper, sheet materials
that are comprised of bonded, small discrete fibers
comprising cellulose. Such fibers are typically held

" together by secondary bonds that, most probably, are

hydrogen bonds. To form a cellulosic sheet, fiber is
formed into a rough, web or sheet on a fine screen from
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the paperboard can be further coated, embossed, printed
or further processed before rolling and distribution.
Paperboard, boxboard, chipboard or cardboard typically
has a thickness of greater than about 0.25 mm.
Typically, paper is considered a sheet-like material
having a thickness of less than about 0.25 mm.

Paperboard, boxboard, chipboard and cardboard are
made in many types and grades to service a variety of
uses. The final finishes of paperboard can be rough or
smooth, can be laminated with other materials, but are
typically thicker, heavier and less flexible than
conventional paper materials. Paperboard can be made
both from primary sources of fibers and from secondary
or recycled fibrous materials. The fiber used in making
paperboard largely comes directly from the forestry
industry. However, increasingly paperboard is made from
recycled or secondary fiber derived from paper,
corrugated paperboard, woven and nonwoven fabric, and
similar fibrous cellulosic materials. Such recycled
material inherently contains recycled organic material
such as inks, solvents, coatings, adhesives, residue
from materials the fiber source contacted and other
sources of material. These organics can pose some
threat of contamination of the contents of containers
made from such recycled materials.

The main components used in the manufacture of
paper products are mechanical/semi-mechanical wood pulp,
unbleached Kraft chemical wood pulp, white chemical wood
pulp, waste fiber, secondary fiber, non-wood fibers,
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by the fiber’s chemical compositions include color,
opacity, strength, permanence, and electrical
properties.

In the manufacture of paperboard, barrier coatings
are often required to improve resistance to the passage
of water, water vapor, oxygen, carbon dioxide, hydrogen
sulfide, greases, fats, oils, odors or other
miscellaneous chemicals through the paperboard material.
Water (liquid) barriers are known and can change the
wettability of the paper surface using sizing agents. A .
grease or oil barrier can be provided by hydrating the
cellulosic fibers to form a pinhole free sheet or by
coating the paper with a continuous film of a material
that is fat or grease resistant (lipophobic}. Gas or
vapor barriers are formed using a continuous film of a
suitable material that can act as a barrier to the
specific gas or vapor.

A variety of film materials have been developed as
barriers to the passage of water vapor, oxygen or other
permeants. Brugh Jr. et al., United States Pat. No.
3,802,984, teach moisture barriers comprising a laminate
of a cellulosic sheet and a thermoplastic material. '
Dunn Bolter et al., United States Pat. No. 3,616,010,
teach a moisture barrier comprising a laminated and
corrugated paperboard and a lamination layer of a
thermoplastic bag stock. Brugh Jr. et al., United
States Patr. No. 3,886,017, teach a moisture barrier in a
container comprising a laminate of high and low density
cellulosic sheets within thermoplastic film. Willock et
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similar materials. @Gibens et al., United States Pat.
No. 4,698,246, teach laminates comprising paperboard
polyester and other conventional components. Ticassa et
al., United States Pat. No. 4,525,396, teach a pressure
resistant paper vessel comprising a barrier film

laminate having gas barrier properties prepared from
paperboard thexrmoplastic films, paper components and
other conventional elements. Cyclodextrin materials and
substitute cyclodextrin materials are also known.

Other art related to this application include Pitha
et al., United States Patent No. 5,173,481 and
"gynthesis of chemically modified cyclodextrins," Alan
P. Kroft et al., Tetrahedron Reports No. 147; Department
of Chemistry, Texas Tech University, Ludwig, Texas,
79409, USA, (October 4, 1982), pp. 1417-1474. Pitha et
al. disclose cyclodextrins and substituted
‘cyclodextrins. The major use of cyclodextrin materials
is in formation of an inclusion complex for the delivery
of an inclusion compound to a use locus. The
cyclodextrin material has a hydrophobic interior pore
that is ideal for complexing a variety of organic
compounds. Unmodified cyclodextrin inclusion complex
materials have been used in films, see Japan Patent
Application No. 63-237932 and Japanese Patent
Application No. 63-218063. The use of cyclodextrin
inclusion compounds is discussed in detail in
"Cyclodextrin Inclusion Compounds in Research and
Industry®, Willfrom Saenger, Andgew. Chem. Int. Ed.
Engl., Vol. 19, pp. 344-362 (1980). The cyclodextrin
inclusion compounds are used in a variety of delivery
applications. Materials including deodorants,
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and others. Yashimaga, JP 4-108523, teaches a
permselective membrane used for separation of chiral
compounds using a polyvinyl chloride film containing
high loadings of a substituted cyclodextrin and a
plasticizer. Yoshenaga, JP 3-100065, uses an
unsubstituted cyclodextrin in a film layer. Nakazima,
United States Pat. No. 5,001,176; Bobo Jr. et al.,
United States Pat. No. 5,177,129; and others use
cyclodextrin materials to act as an inclusion complex
for film stabilizing components. Zejtli et al., United
'States Pat. No. 4,357,468 shows one specific application
of the use of cyclodextrin materials as servants in
separation techniques. The particular cyclodextrin
material is a polyoxyalkylene substituted material used
in separation schemes.

Many allegedly barrier materials have been
suggested in the art but currently there is no suitable
material that can act as a barrier for the large variety
of potential contaminants that can pass through
packaging materials into the contents of the package.

Accordingly, a substantial need exists for the
development of new paperboard materials or laminants
from virgin fiber, recycled fiber or mixtures thereof.
The paperboard contains a barrier layer that can act
both as a barrier to the passage of contaminants and as

. a trap for contaminant materials that can arise in new
materials or from the recycle of fiber in the
manufacture of paperboard.
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which can act as a trap or barrier to the passage of a
permeant or contaminate through the web or from the web
into the container. The improved cellulosic web
operates by establishing a sufficient concentration of
cyclodextrin compound, free of an inclusion complex
compound, in the path of any permeant or contaminate
passing through or passing from the cellulosic web. The
cyclodextrin compounds that can be used in the invention
include unsubstituted cyclodextrins and cyclodextrins
that contain substituents on the available primary or
secondary hydroxyl groups of the cyclodextrin rings.
Such barrier layers can be corrugated or sheet laminated
with or on the cellulosic web. Alternatively, the
cyclodextrin material can be included in a coating
composition that is coated on a surface or both surfaces
of the cellulosic web after web formation. Such
coatings can be formed in a variety of networks
including extrusion coatings, Rotogravure coatings, etc.
Further, the cyclodextrin material can be included in a
thermoplastic film that can be used as one layer in a
bilayer or multilayer laminate containing a cellulosic
web. Such a laminate can contain additional layers of
cellulosic materials or other types of barrier layers.
The laminate can contain additional layers of a film
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For the purpose of this application, the term "“web"
refers to any non-woven sheet-like assembly of randomly
oriented cellulosic fiber. Such webs are typically
continuous webs and contain no substantial apertures.
Such webs can take the form of thin paper sheets, heavy
paper, cardboard, paperboard, card stock or chipboard
stock or laminates made from paper, paperboard,
thermoplastic webs or coated sheets thereof.

For the purpose of this application and claims the
term "permeant" refers to a chemical compound or
composition that, at ambient temperatures and pressures,
can be transported through at least a portion of the
cellulosic web. Such permeants can arise in the ambient
atmosphere or environment, can be absorbed on one
surface of the web and be transported through the
cellulosic web interior to be released on the opposite
web surface. Additionally, such permeants can arise as
contaminants in the web or from ingredients used in
manufacturing, and can be transported from the interior
of the web to a surface of the web for release either
into the ambient atmosphere or into any internal
enclosed space surrounded by the web.

As used in this application, the term "trap" refers
to a cyclodextrin or cyclodextrin derivative that can
act to absorb and immobilize, within the web, any
impurity in the web arising from impurities present
during the paper making process. Such impurities can
arise from contamination of the source of cellulosic
fiber, for example, recycle of used cellulosic materials
or by contamination arising from any other source. The
term "barrier" means the prevention of transport of a

permeant from one surface of a cellulosic web through
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Detailed Discussion of the Inventio
Cellulogic Web
Paper or paperboard has a thin layered network of
randomly oriented fibers bonded together through

hydrogen bonding. Paper or paperboard products are made
from bondable fibrous material and form a layered
structure of fiber in random orientation. Cellulosic
fibers are the prime material for papermaking, however,
any paper or paperboard material can contain other
fibers in combination with cellulosic materials.

Paper and paperboard are made from aqueous
suspension of fibers. Cellulosic fibers are readily
dispersed or suspended in water that serves as a carrier
before the suspension is applied to a screen in the
papermaking process. The primary source of fibrous
materials used in paperboard manufacturing include wood
pulp, waste paper such as newspaper, corrugated
paperboard, deinked fiber, cotton, lint or pulp, and
other materials. Waste paper also known as secondary
fiber is becoming more and more important in paper and
paperboard manufacture. The percentage of paperboard
recycle as secondary fiber has substantially increased
since 1980 becoming a major source of fiber. Cellulosic
pulp typically made from hard and soft wood but can be
made from any planned source of cellulosic material
include ground wood pulp, pressurized ground wood pulp,
ground wood pulp from chips, refinery mechanical pulp,
chemi-refiner mechanical pulp, chemi thermomechanical
pulp, thermochemical pulp, sodium sulfite treated TMP



WO 97/ 33044 ' PCT/ US97/ 02580

6 Brief Discussion of the Invention W have

- found that the barrier properties of non- woven cel |l ul osi ¢ webs can be
substantially inmproved with a barrier layer conprising a film
cont ai ni ng an effective barrier amount of a cyclodextrin. The passage
of permeants tWORIgBO4er t he rel ease of contamni nant per melBERYS. a
cel lul osic web, can be reduced or preventgd by forming the cellulosic
web with a barrier | ayer containing an effective perneant or
contam nate abgaiBi nQquE}&HHed)fclﬁpCHﬁBO\dedl&émibagf pm@;bstahaahed or

derivati zed cyclodex rrn co cyc odextr| us
this role is a cycl 5&‘8%‘3‘?‘?‘?1?%%6% L% & €I e{ﬁse ree ong edd
i ncl usi on conpl ex ceflpwahed tempengtiugie G:bmmae@l a%d@\lttlr\eq& endpathesr to the

passage of a pﬁ%ﬁﬁ@%l@afé’@ﬁ@d@b@chh{:%@&atm L el th(eomabaetav&b
into the container. The | nproved cel.l yl osic erate i
establishing a suffuéf"gH?' E‘bmé?ﬂ%agn oft the :E%Yq}tfgﬁrrPH E’&ﬁgoﬂﬂd free

of an inclusion corrsbebndary fisgpoindhel nseefpaeh f typigadiyeantroduced
contam nat & A33EB9ah 1L sorba‘%‘l‘zs%bﬂﬂa%ﬁﬁq%@evé‘ﬁéﬂi) 3% Entfibeathe

cycl odextrin conpoun used.in t venti on I ncl ude
unsubstituted cycl odEREr FﬁEaﬁ"H'cF &he GeAbtPRdc compenepts of &hg paper

substituents on theiaval fabée ad nmemover ink coatiwgulamd tteexyphtgrbaps of

the cyclodextrin rin %%ﬁ; r layers can be corrugated or sheet
_ h ?Sélf e y g or shee
| am nat ed wth ortefﬁcé ce (%lc web. Alterpatively, the

cyclodextrin material caRaBeri9r|RRRRFHORTE dBaMARY in a t3EHksadition that is
coated on a surface feuraeiniédrpfsas processl usbrg cel foihaiiiniwebpapeer web

Formation. Such %gh' D9STE2TedE LALIRY blod: Viidiete HUyplRliayks

i ncl udi ng extrusion coa I NgS ravure co ]C:]
comprises a head box for the clean pulp, a screen

section for initial web formation rollers and presses in
connection with the fourdrinier screen that removes
additional water from the rough web. Presses that
regulate thickness and surface quality and finally a
take-up reel or storage portion. In the fourdrinier
process, a stock aqueous pulp enters the head box and
delivers a ribbon of aqueous stock to the fourdrinier
water had a uniform dilution thickness and add-on speed.
The head box contains a slice, a narrow opening in the
head box through which the stock flows in a controlled
thickness onto a wire mesh. The wire is a continuous
belt of woven material originally metal wire but now
most frequently a plastic web. The wire travels over a
series of rollers that both keep the wire level and
remove water from the rough cellulosic web. Water is
removed from the pulp first by gravity, then by low
pressure and finally by suction devices located under
the wire. The paper web leaves the wire at this point.
The wire in a continuous loop returns to the head box
for additional stock. The rough cellulosic web, when in
the press section comprising hard rolls that squeeze the
paper gently to remove water, is compressed to promote
bonding and to form a rough thickness. The cellulosic
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. containing a cellulosic web. Such a |lam nate can contain additional

"~ layers of cellulosic materials or other types of barrier |ayers.

- The lam nate can contain additional layers of a film WO 97/ 33044
PCT/ US97/ 025390 97/33044 7 mat @CT/ABITIORSP can
contain the cyclodextrin barrier or tr material or can optionally
cont ai n ot her i ngredi ents. The cycl odeif?i n can be part of the film

| Dy extrusion or %&ﬁf&sﬂeggggs;lasxkﬂw%%%W%g 53¥€fies of gt film

. For the purpose of t i cation term refers to any
non- woven sheet - | iﬁéeuééiséﬁ%‘l“? salladodrrgc cans Shat,remoye| ¥egisdiad fi ber.
- Such webs are typiwldy by evapomhtibonus Ielcheadtyeensacticw, eHsdiaatlisal

_apertures. Sug . ak f f. 1 hi t vy
paper, cardboard, cpa}p‘(}feﬁ%%%%{a %grg %?%%lé%érgsgrﬁop%ggr gﬁ??écégﬁc%eopﬁi.
| ami nat es made frd¥h papefinigbipgoapd, of the machipgl axei ealrudrroreedat ed
sheets thereof. and rewirder kbelputRaseadd ddipresdBPthéaghest and cl ai ns

D% LM PegERL RSBl i B SR UL BhickneodOHRELY! O
é finishing, the web is wound on a reel for further
transport to use or further treatment.

The dried paper webs can be modified to improve
properties. Both internal and external sizings can be
used to prove water resistance. Wet strength agents and
bonding additives can be used in forming the cellulosic
web to aid in retaining wet strength. The web can be
physically modified using a calendaring process.

Machine calendar is a stack of steel rolls at the dry
end of a paper making machine that compresses the web
forming a flatter, smoother surface. This flat surface
accepts print, feeds more smoothly in use in machines
and can also adjust thickness. The surface of the web
can also be pigmented with a pigmented coating.
Pigmented coatings typically comprise a pigment and a
binder material. Typical pigments include a clay,
calcium carbonate, titanium dioxide or plastic pigments.
The pigments are typically applied in the form of an
aqueous suspension or dispersion of pigment material in
the finder or adhesive composition. Typically binders
or adhesives include starch, proteins, styrene butadiene
dispersions or latices, polyvinyl acetate and latices,
acrylic latices and others. Coatings are applied with
conventional application equipment that ensure the
coating is applied uniformly to the entire surface, the
amount of coating obtains the appropriate or desired
thickness or coat weight on the entire web and results
in a smooth surface finish.

The cellulosic webs of the invention include
newsprint on coated ground wood paper, coated papers,



can be transported through at |east a portion of the . cellulosic web.

Such perneants can arise in the anbi ent at nosphere or environnment, can
be absorbed on one surface of the web and be transported through the
cellul osic web interior to be rel eased on the opposite web surface.
Addi tionally, such neants can arise as contam nants in the web or
from i ngredi ent™O ¥ manuf acturi ng, and can be transPeFVEI8Hm
the interior of the web to a surface of the web for rel ease either
into the anbi ent atnosphere or into any internal encl osed space

surrounded by the wacoated free séﬁelt%edwirltmgs;aw,i (‘eﬁlﬁrieQBpet Beor m
trap"” refers kﬁﬁg og@e éldirbo¥cg0d X%ﬁiékéj %%% F¥e hat can

act to absorb and i T hEORE ] h the web
arising frominpuri unb%ewb%@rnackaglnaur WHQPP#@S ﬁmpmﬁﬁgkpsbeelss ba&uch

i mpurities can aaai s&ck rm@@ngﬁm@ hgnumlémxéa)wx%@totzrsﬁbih@ osic
fiber, for exanple, cIe of used ce SIC mat

cont anmi nation ari si ﬁ Onvjé"i'ﬁp]&f%égrtoéz r8 1PR}Rg smcq‘t e PRFLPY, ?F%¥k neans
the prevention of tsahigoweodfpulp papegboardnt wibleadied suafhcpapérioaryd,

cellulosic web throygReached 1inddOrd&rd30ddrton- %ype board stock, milk

PCT/ US97/ 02580 carton board stock, heavy weight cup stock, bleached

paperboard stock, recycled paperboard, construction
paper and board, structural insulating board and others.

The paperboard of the invention can also include
corrugated paperboard materials. Corrugated paperboard
is typically made by first manufacturing a single facer
comprising a fluted medium adherently attached to a top
liner making a single faced board (one flat layer bonded
to a corrugated sheet). In manufacturing the single
facer material, the web is first corrugated and then
combined with the liner board using commonly available
starch-based corrugating adhesives. Once combined in
the single facer, the corrugated material and the liner
are permitted to bond and dry. After the single facer
is complete, it is then bonded to a second liner using a
similar corrugating adhesive material. To make double
wall board or further layers of corrugated paperboard,
gsimilar process steps are repeated until a sufficiently
number of layers is complete for the desired
application.

- The paperboard and corrugated paperboard materials
of the invention can be used to manufacture various
types of packages. Folded packages including corrugated
container boxes, folding carton can be made from
corrugated medium solid bleached or unbleached
paperboard. Flexible containers can be made as bags,
sacks, pouches, wrappers and labelled items made from
paper laminates comprising a web film or foil clay
coated paper laminates, thermoplastic material coated
paper laminates or multilayer paper laminates. Rigid



the interior of the web for rel ease on the opposite surface of the

web. Brief D scussion of the Draw ng FI GURE 1
is a graphical representation of the di mensi ons of the cyclodextrin
nol ecul e wi t hout derivatization. An [err]-, [err]- and
[err]-cyclodextrin is shown. Det ai | ed Di scussion of the
I nvention  wWO97/33044 _ Cellulosic Wb PCT/OB9302580 1
paperboard has a thin | ayered network of randomy oriented fibers

- bonded together through hydr ogen bondi f’ré. Paper or paperboard products

are made frOﬁ&??ﬂ&@@%ﬁ}g%ﬁ#ﬁﬁfieggt95ﬁ35 fﬁfbéfﬁaaéaf5§¥ﬁgegriety of

~structure of fiber“in ran tation. CeiL ul osic ers are
prime material foPapkpSindiderfs R\ 8f, for shipping hottdespapdr hass d
- material can cont gafisOhh@rdrums, fandeothes colbairdrsan wWhehcenkhihessc

“materials. p acg.gE; AL e g%ﬂ%a f ue
" suspensi on of fi b&FS. %eﬁ?f?%lg i le%gggg%lgérfea 1y ﬂo%e@%i,sgg?gg or
suspended i n wat ematpriaker kardyare aafr vértually Rmboihee cORSPRASi Oh i s

applied to a screglanBciigl item RRREEAFAKYNGPESE §Sfokaliagnr i mary source of
fibrous materials used in paperboq._r ch:l Ay %g}luri ng 1 nclude wood

pul p, waste paper such as newspaper, ¢ paper board, dei nked
fiber, cotton, |int orTheal¢cllndsic wepshef whe cinvantiopacoatpaper al so

kngwn as Secongarxgclode%'tbﬁs &5 ab@%@itmeuaeaeoﬁn%bfwa%iig@aoa tant in papler
26 secondhry 11 boFVFRBIEthE AR T Foabotte TheRRRIaSto60PBEEM ny o
maj or source of fiFberthite| inyention, compakpblepneans \thadgdsher om hard and
soft wood but cancheiodextrin material can be uniformly dispersed into

the cellulosic fiber or web, can retain the ability to

trap or complex permeant materials or polymer impurity,

and can reside in the polymer without substantial

reductions in the important packaging characteristics of

the web. Compatibility can be determined by measuring

web characteristics such as tensile strength, tear

" resistance, permeability or transmission rates for

permeants, surface smoothness, etc.

Cyclodextrin is a cyclic oligosaccharide consisting
of at least five, preferably at least six glucopyranose
units joined by «(l-4) linkages. Although cyclodextrin
with up to twelve glucose residues are known, the three
most common homologies (o cyclodextrin, B cyclodextrin
and y cyclodextrin) having six, seven and eight residues
have been used.

Cyclodextrin is produced by a highly selective
enzymatic synthesis. They consist of six, seven, or
eight glucose monomers arranged in a torus or donut
shaped ring, which are denoted a, B, or y cyclodextrin
respectively (See Figure 1). The specific coupling of
the glucose monomers gives the cyclodextrin a rigid,
truncated conical molecular structure with a hollow
interior of a specific volume. This internal cavity,
which is lipophilic (i.e., is attractive to hydrocarbon
materials in aqueous systems and is hydrophobic) when



made from any planned source of cellulosic materi al I ncl ude ground
wood pul p, pressurized ground wood pul p, ground wood pul p from chi ps,
-refinery mechanical pulp, chem -refi ner nechanical pulp, chem

. t her nonechani cal pul p, thernmochem cal pulp, sodiumsulfite treated TWP
WD 97/ 33044 PCT/ US97/ 02580

9 pul p, WOPHUIM44d chip and mechani cal pul p, tandem PCT/US97/02580

t her nonechani cal pul p. In any of these processgs, water el evat ed
tenperature chem cal additives and ot her naterials are added to chip

wood to reduce the woad 1o @ to cheUsfELtidy) B TR %yagtruacﬁm rRGehe ok
pul pi ng of secondary fihers, ,the used fiber egﬁiglcaléy I ntroduced

into an aqueous bat HFR&IYS t519arPE?VlQﬁn3ﬂﬁ§% tH& separate
the cellulosic conpdnehtcanfbonhpopapen of conpltex fiobecudes termpve ink
coatings and ot her @}&Jat%'c% Flcohal%heaI]SFJYQJaQngépﬁﬁd aliphatic Paper of

paperboard is made in _a typica ourdrinier per process using a
fourdrini er paper hal%ﬁﬁ@hlﬁérb?ﬁ¥l$6u?ﬁﬁ shiagd §§ﬁéF REERYFe S5Filcal Mpe
conprises a head boxcdmplexed ambtatupslpust satriedy the sieetdwitdrdion Bift i al
web formation rollers; ang Pressst NpartiaPAPIGRY 2leVblb1bdibed, Ay dri ni er

screen that renoves
internal cavity, resulting in an inclusion complex.

CYCILODEXTRIN TYPICAL, PROPERTIES
PROPERTIES : o-CD 8-CD y¥-CD

Degree of
Polymerization 6 - 7 8
(n =)

Molecular Size (A°)

inside diameter 5.7 7.8 9.5
outside diameter 13.7 15.3 16.9
height 7.0 7.0 7.0
Specific Rotation [a]?® +150.5 +162.5 +177.4
Color of iodine

complex Blue Yellow Yellowish

Brown

Solubility in water

{(g/100 ml) 25°C
Distilled Water 14.50 1.85 23.20

The oligosaccharide ring forms a torus, that can be
visualized as a truncated cone, with primary hydroxyl
groups of each glucose residue lying on a narrow end of
the torus. The secondary glucopyranose hydroxyl groups
are located on the wide end. The parent cyclodextrin
molecule, and useful derivatives, can be represented by
the following formula (the ring carbons show
conventional numbering) in which the vacant bonds
represent the balance of the cyclic molecule:



addi tional water fromthe rough web. Presses that regul at e thickness

and surface quality and finally a take-up reel or storage portion. In
t he fourdrinier process, a stock aqueous pulp enters the head box and
delivers a ribbon of aqgueous stock to the fourdrinier wat er had a

‘uni formdilution thickness and add-on speed.. The head box contains a
'slice, a narrwa9ussesi ng in the head box through whi ch trcrmspezksef | ows
in a controlled t hi ckness onto a wire nesh. The wire is a continuous
bel t -of woven nmaterial originally netal wiretbut now nost frequently a
pl astic web. The wire travels over_a series of rollers that both keep
the wire |l evel and r enov magsﬂ.fro_ the rough cellulosic web. Water
S renoved fromthe pul pjfir gfavity, then by | ow pressure

and finally by suction device

: _ _ Rt edl! u QQIr_,_,,mu,}hgdy\g,{yq., The paper web
| eaves the wire at this point

ré in a continuous |oop returns
CRThE P BUYH AR TUPd&i ¢ web, when

to the head box for addi{ional 8foc

in the press section conprising hard"rolls that squeeze the paper
gently to renove water, is conpressed to pronote bonding and to forma
rough thickness. The cellulosi& . WD 97/ 33044

PCT/ US97/ 02580 wherein R, and R, are primary or:ﬁ?condary hydroxyl as

shown.

Cyclodextrin molecules have available for reaction
with a chemical reagent the primary hydroxyl at the six
position, of the glucose moiety, and at the secondary
hydroxyl in the two and three position. Because of the
geometry of the cyclodextrin molecule, and the chemistry
of the ring substituents, all hydroxyl groups are not
equal in reactivity. However, with care and effective
reaction conditiong, the cyclodextrin molecule can be
reacted to obtain a derivatized molecule having all
hydroxyl groups derivatized with a single substituent
type. Such a derivative is a persubstituted
cyclodextrin. Cyclodextrin with selected substituents
(i.e.) substituted only on the primary hydroxyl or
selectively substituted only at one or both the
secondary hydroxyl groups can also be synthesized if
degired. Further directed synthesis of a dexrivatized
molecule with two different substituents or three
different substituents is also possible. These
substituents can be placed at random or directed to a
specific hydroxyl. For the purposes of this invention,
the cyclodextrin molecule needs to contain sufficient
compatible substituent groups on the molecule to insure
that the cyclodextrin material can be uniformly
dispersed into the cellulosic material. Apart from the
introduction of substituent groups on the CD hydroxyl
other molecule modifications can be used. Other
carbohydrate molecules can be incorporated into the
cyclic backbone of the cyclodextrin molecule. The
primary hydroxyl can be replaced using SN, displacement,



web then passes through and around a series of steam filled druns

call ed dryer cans that renove residual wat er by evaporation. In the
~dryer section, chenicals can be added in a size press to the surface
of the web. At the finishing end of the nachine are cal endar reel

and rewinder rolls that act to press the sheet, to snoot h t he sheet,
and to control WO#EBO44hi ckness. After fini shing, the webPFRUSBOAOon 2
reel for further transport to use or furtjher treatnent. The
dri ed paper webs can be nodified to inprove properties. Both internal

and external sizingoxi@izea dialdelppde tor plcddegwblps ¢£5iks Famed\\Ebr

strength agents and quepondhng; A0 11 68,430 bes g ofedibd OO e

cel lul osic i n re ren Veb Can
physi cal |y nodi fi ed awowg\aaychvémlmg;qﬂ @@eggacted angremevedalleaddndi s a

stack of steel roll %nafunfsaﬁuﬁéhfed ronqnctcofwhacaaeeﬁ B@kawm&c%&eewaéf
conpresses the web

a1l
surface accept é‘n&anfeagggﬁi %% &%ﬁ?§%hﬁ£%§%r4 ??C‘W&’ ??% Igt and

can al so adjust thi dores . dghavatiied anafecuie .weBurther cameglogompre ring
pigmented with a pi adogoehér@lycan mﬂe&?eahﬁdbéoééér{&lﬁ tloy preahb¥ a

conprise a pignent a ri I ca rrents I pcl ude.a
cl ay, cal ci um Eﬁaﬁgﬁgﬁes"g?t an &%&é%ggp?% t te%ﬂisgﬁ@ﬁt e used
The pignents are tymocakﬂtyOQppéle@npartxhlehfmnm ghbanituent gyoapsson the

suspensi on or di sperc'i;d;@,dg&tphgnﬁ@iemtgrl al in the finder or adhesive
conposition. Typicall'y binde hesi ves |nclude starch, proteins,

styrene butadi ene di ?ﬁePgFgﬁ%r%‘? H%ﬁﬂaféé"“}fo?ﬂjwml Of SFQPNCARY 2
| ati ces, acryl idedikicdesdacyc ddextsrinCoatengsl ahaeviagpla dhnettibnal

convent i onal appl i calian %aubae?ﬂietmh Uk Belh 1asclcc%t1wgr' h@@ﬁb&@d

unlforn1y to the entire surface, anount o coatllﬁgo tains t
appropriate or desi r&gctions; ﬁFcHﬂ%s%r’d?azé’o&tr fEFgREaty hydraxyisr efwkBeand

results cyclodextrin molecule. Broadly we have found that a
broad range of pendant substituent moieties can be used
on the molecule. These derivatized cyclodextrin
molecules can include acylated cyclodextrin, alkylated
cyclodextrin, cyclodextrin esters such as tosylates,
mesylate and other related sulfo derivatives,
hydrocarbyl-amino cyclodextrin, alkyl phosphono and
alkyl phosphato cyclodextrin, imidazolyl substituted
cyclodextrin, pyridine substituted cyclodextrin,
hydrocarbyl sulphur containing functional group
cyclodextrin, silicon-containing functional group
substituted cyclodextrin, carbonate and carbonate
substituted cyclodextrin, carboxylic acid and related
substituted cyclodextxrin and others. The substituent
moiety must include a region that provides compatibility
to the derivatized material.

Acyl groups that can be used as compatibilizing
functional groups include acetyl, propionyl, butyryl,
trifluoroacetyl, benzoyl, acryloyl and other well known
groups. The formation of such groups on either the
primary or secondary ring hydroxyls of the cyclodextrin
molecule involve well known reactions. The acylation

reaction can be conducted using the appropriate acid



in a snmooth surface finish. The cellul osic webs of the invention

~include newsprint on coated ground wood paper, coated papers

© WD 97/ 33044 PCT/USQ?/OZESB
11 uncoated free sheets, witing paper, envelope stock, kraft
stock, bristol board, tabulated card stock, unbl eached packagi ng,
wr appi ng shi pigigssack stock, bag and sack stock, packecy/wRg7/0a¥0 eached
craft wrapping stock, wrapping stock, shipping stock, waxing stock,
solid wood pul p paperboard, unbl eached crafﬂGpaperboaTd, unbl eached

| i ner board, ton-t b d eyl
A g o o

t
. paper boafd stock,” recyc paper board,
construction ppapecokad Revasylatedc cvebPdexaiimdang bSoBrEeand ot hers.

Igfefﬁgfgbogg ?r 85%@?&9)/%%&1%;@@&1@ haviAg| Uses than &AL bgakesiaipbs boar d
. er bqar 1S, typicall [ : '
manuf act uring a s}‘ﬁg?%’%;%te?u%s‘:ltuggﬁ‘rp?"flglknguéﬁf?yucf"{é}d%’ea Yﬁ%ﬂ é%ﬁ%r“gfﬁrfy
attached to a topone or|moms afakiheybalahagl ef f tee AVRIdAPLEOREAFPAYLS ayer
bonded to a gELLLgRLEss Saat Jorhed Fanutashal igwnigee single facer

material, the - :

board usi ng copﬁgnii aéé?i%éﬁ%ﬁgﬂg%%gfgﬁgﬁ%ngﬁd‘%%%?%gg?%%geéhﬁg%écgs!'ner

Once combi ned in alkylating agents to produced an alkylated cyclodextrin.
Alkylating groups can be used to produce peralkylated
cyclodextrin using sufficient reaction conditions
exhaustively react available hydroxyl groups with the
alkylating agent. Further, depending on the alkylating
agent,; the cyclodextrin molecule used in the reaction
conditions, cyclodextrin substituted'at less than all of
the available hydroxyls can be produced. Typical
examples of alkyl groups useful in forming the alkylated
cyclodextrin include methyl, propyl, benzyl, isopropyl,
tertiary butyl, allyl, trityl, alkyl-benzyl and other
common alkyl groups. Such alkyl groups can be made
using conventional preparatory methods, such as reacting
the hydroxyl group under appropriate conditions with an
alkyl halide, or with an alkylating alkyl sulfate
reactant. :

Tosyl (4-methylbenzene sulfonyl) mesyl (methane
sulfonyl) or other related alkyl or aryl sulfonyl
forming reagents can be used in manufacturing
compatibilized cyclodextrin molecules for use in
thermoplastic resins.

The primary -OH groups of the cyclodextrin
molecules are more readily reacted than the secondary
groups. However, the molecule can be substituted on
virtually any position to form useful compositions.

Such sulfonyl containing functional groups can be
used to derivatize either of the secondary hydroxyl
groups or the primary hydroxyl group of any of the
glucose moieties in the cyclodextrin molecule. The
reactions can be conducted using a sulfonyl chloride



the single facer, the corrugated material and the |iner are permtted

to bond and dry. After the single facer Is conplete, it is then bonded
to a second liner using a simlar corrugating adhesive nmaterial. To
make doubl e wal | board or further |ayers of corrugated paperboard,
simlar process ste are repeated until a sufficiently nunber of

| ayers is conﬂ@?@’gﬁr t he desired appl i cati on. PCTRIRY/02580
paper board and corrugated paperboard materi als; of the invention can be
used to manufacture various types of packages. Fol ded packages

i ncl udi ng corrugat etbactantC@hb8i 881 PFasivieQlylirBgct alith Lithdie praaari,r om

corrugated medi um sgl S%g%l,,ggggeﬂyg{@*@bl ealfﬁée@ul onyfa&?frgﬁacfd Flugég %Eed

contai ners can be nadé as ouc WF appers and
itens nmade from apq;r@mlamnm&ee%ammaeﬁélagm the mumbeoiof cl ay

coated paper | ani naiaa@ett RYEFBRY BSGESUPERLIGT ithle RO2E6Ele requiafielg | ami nates

or nmultilayer paper es. R 97/ 3304
PCT/ US97/ 02580 ubggltu ion. Qogh symmetr1ca¥[2per éL‘%ﬁﬁHﬁﬁ% cal

cont ai ners can al scdwwovede Wothaavainele seflfonyl peitkty)i myr needs such as

for shipping bottlgmARfheltdital (the GFimaARd alEUBEcoRdsP HYRIr291kal ners.

The containers
substituted with a mixture of groups including sulfonyl
derivatives) can be prepared using known reaction
conditions. Sulfonyl groups can be combined with acyl
or alkyl groups generically as selected by the
experimenter. Lastly, monosubstituted cyclodextrin can
be made wherein a single glucose moiety in the ring
contains between one and three sulfonyl substituents.
The balance of the cyclodextrin molecule remaining
unreacted.

Amino and other azido derivatives of cyclodextrin
having pendent thermoplastic polymer containing moieties
can be used in the sheet, film or container of the
invention. The sulfonyl derivatized cyclodextrin
molecule can be used to generate the amino derivative
from the sulfonyl group substituted cyclodextrin
molecule via nucleophilic displacement of the sulfonate
group by an azide (N,') ion. The azido derivatives are
subseguently converted into substituted amino compounds
by reduction. Large numbers of these azido or amino
cyclodextrin derivatives have been manufactured. Such
derivatives can be manufactured in symmetrical
substituted amine groups (those derivatives with two or
more amino or azido groups symmetrically disposed on the
cyclodextrin skeleton or as a symmetrically substituted
amine or azide derivatized cyclodextrin molecule. Due
to the nucleophilic displacement reaction that produces
the nitrogen containing groups, the primary hydroxyl
group at the 6-carbon atom is the most likely site for
introduction of a nitrogen containing group. Examples
of nitrogen containing groups that can be useful in the



can be used for transporting foods, powders, garden materi al s,

hardware and virtually any other consuner or I ndustrial itemrequiring
robust packagi ng. Cycl odextrin The
cel I ul osic webs of the invention contain a cycl odextrin or a
substituted or derivatized - cyclodextrin conpatible with the

t her nopl ast i wopahyuaer . For this invention, conpatibl e PEXARI7TO2%8 t he
cyclodextrin material can be uniformy dispersed into the cellulosic
fiber or web, can retain the ability to trap or conpl ex perneant
material s or polyner rif e n ol ut
subst anti al FEH&EEP§n51%¢} %3%§§§§Rggﬁ?ép§*§ﬁ?$,ﬁ; c?ac¥g$|é%?%§80f

the web. Conpati bithciydéng methidkamifioneethylaBiRRr i PiFYL aml%b
characteristics sygBpasyiansnde fﬁdﬁ%ﬁﬁ#lamﬁﬁat hexyldmiticst ande pther

pernmeability or tr ssion rate t noot hness
etc. 8&%33%???3 ?gp%fiﬁﬁﬁnts ollgoséccgaf$%e caﬂgﬁgtﬁng of
at least five, prshbsabtyeatslGﬁnanﬂ@h%y beopgararbse Wwith qgliers j oi ned by

[err] (1->4) |inkaggg, oﬁhhgoﬂﬂﬂtcﬂéééﬁﬁwﬂﬂm Rhe nltﬁbééhtﬁth)ddNEhrehekucose
resi dues are known, P

onol o extrin,
[err] cyclodextri ﬁlerl"atéﬁﬂ f}é?r?m(ﬂﬁ:lgtﬁ?é’?t ri ﬁfnﬁﬁv‘f’%%s ?TS]S?( %slgéé g’nd ei ght
resi dues havedateainisgdsubstituents mmgeﬂialkylagnm@y@@dagy a

highly selective gipern 5%&3&'Cdf@%ﬁiﬁﬁﬁfho,TBQ§e§96§ﬁ§t ﬁﬂbéﬁi&an&?Ven or
ei ght gl ucose nonoiers arranged in

whi ch are denot ed qU&tErnagy, Fyb sﬁt‘fre‘?‘f] Lﬁi}& SHeQFY?‘ nammonlun} é: Sff'l gel y
(See Figure 1). Thﬁﬂﬂﬂﬂ&h&hﬁscohaloggp(ﬁerlvatlveheoglgmnknﬁqnnnymgrgag|Ves

the cyclodextrin g, tidihe cturedtéé’n&afé'éii %‘E@cﬁakogoizl?&%ﬁ{uﬁcﬁ:%ube with
a hol | ow |nter|or P ecl

ic volume. This Ln]6 é
which is |ipophiligyqliodextrig EP%?%H&?\E?Q%?H%%&FSCH?B n °°mpaﬁﬁﬁ? AEAPE i n
aqueous systens argbyiSratuseophahi shchhesmpounds the primary or secondary

hydroxyl groups are substituted with a halogen group
such as fluoro, chloro, bromo, iodo or other
substituents. The most likely position for halogen
substitution is the primary hydroxyl at the 6-position.

Hydrocarbyl substituted phosphono or hydrocarbyl
substituted phosphato groups can be used to introduce
compatible derivatives onto the cyclodextrin. At the
primary hydroxyl, the cyclodextrin molecule can be
substituted with alkyl phosphato, aryl phosphato groups.
The 2, and 3, secondary hydroxyls can be branched using
an alkyl phosphato group.

The cyclodextrin molecule can be substituted with
heterocyclic nuclei including pendent imidazole groups,
histidine, imidazole groups, pyridino and substituted
pyridino groups.

Cyclodextrin derivatives can be modified with
sulfur containing functional groups to introduce
compatibilizing substituents onto the cyclodextrin.
Apart from the sulfonyl acylating groups found above,
sulfur containing groups manufactured based on
sulfhydryl chemistry can be used to derivatize
cyclodextrin. Such sulfur containing groups include
methylthio (-SMe), propylthio (-SPr),
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conpared to the exterior, is a key structural feature of t he

providing the ability to the hydr ocar bon portion of

conpl ex nol ecules (e.g., aromatics, al cohols, alkyl halides and

al i phatic

hal i des, carboxylic acids and their esters, etc.). The
conpl exed nol edMP@73344k satisfy the size criterion of

partially into the cycl odextrin i nt er nal vity, resulting in an

i ncl usi on conpl ex.

PROPERTI ES

De

7.

gree of

)
8

9.5

Pol ; t ; ) 7. 8
Vol ecul o EBBEEAY AP 1thio, Bhenythignopapstituted 5 7

oythengd thiaepeaminoalkylthio andi3ofhers. 13B#sed onlghe

CYCL RI N TYPI CAL PROPERTI ES
t-butylthio [e:d(@h),), HyR¥rokyEPhylch€s ! {-4Lu,cH,08),

ether or thioether chemistry set forth above,
cyclodextrin having substituents ending with a hydroxyl
aldehyde ketone or carboxylic acid functionality can be
prepared. Such groups include hydroxyethyl, 3-
hydroxypropyl, methyloxylethyl and corresponding oxime
isomers, formyl methyl and its oxime isomers,
carbylmethoxy (-0-CH,-CO,H), carbylmethoxymethyl ester (-
0-CH,CO,~CH,) . Cyclodextrin with derivatives formed
using silicone chemistry can contain compatibilizing
functional groups.

Cyclodextrin derivatives with functional groups
containing silicone can be prepared. Silicone groups
generally refer to groups with a single substituted
silicon atom or a repeating silicone-oxygen backbone
with substituent groups. Typically, a significantly
proportion of silicone atoms in the silicone substituent
bear hydrocarbyl (alkyl or aryl) substituents. Silicone
substituted materials generally have increased thermal
and oxidative stability and chemical inertness.

Further, the silicone groups increase resistance to
weathering, add dielectric strength and improve surface
tension. The molecular structure of the silicone group
can be varied because the silicone group can have a
single silicon atom or two to twenty silicon atoms in
the silicone moiety, can be linear or branched, have a
large number of repeating silicone-oxygen groups and can
be further substituted with a variety of functional
groups. For the purposes of this invention the simple
silicone containing substituent moieties are preferred
including trimethylsilyl, mixed methyl-phenyl silyl
groups, etc. We are aware that certain BCD and
acetylated and hydroxy alkyl derivatives are available
from American Maize-Products Co., Corn Processing

Division, Hammond, IN.

f i PCIA§I7AR580c st

(n



hei ght 7.0 7.0 7.0 Specific

Rotation [err] +150. 5 +162. 5 +177. 4 Col or of i odine

conpl ex Bl ue Yellow Yell ow sh
- Brown Solubility in water (g/100 m) 25[err]C Distilled
Wat er 14. 50 1.85 23. 20 The ol i gosaccharide ring
fornms a torusWOfHI04Lan be visualized as a truncated cd@CEUSKI25E80

pri mary hydroxyl groups of each gl ucose26esi due lying on a narrow end
of the torus. The secondary gl ucopyranose hydroxyl groups are

| ocated on the wide end. The parent cycl odegf{hn - ol EC:J| e,( ﬁnd usef ul
derivatives, can be represented by fhe followng fornmula (the ring

car bons show convgtﬁ"tel S}?&Flﬁﬁnﬁéﬁ'—‘]ﬁ@nq PRRFTERt fanveR ot thenderm

represent the bal aftea afoatied cpdliutosit el &ir a cellulosic web/film
laminate. The cyclodextrin can be a part of the web, a
thin film or both. A film or a sheet is a flat
unsupported section of a thermoplastic resin whose
thickness is wuch smaller than its width or length.
Films are generally regarded as being 0.25 millimeters
(mm) or less, typically 0.01 to 20 mm thick. Sheet may
range from about 0.25 mm to several centimeters (mm),
typically 0.3 to 3 mm in thickness. Film or sheet can
be used in combination with other sheet, structural
units, etc. through lamination. Important properties
include tensile strength, elongation, stiffness, tear
strength and resistance; optical properties including
haze, transparency; chemical resistance such as water
absorption and transmission of a variety of permeant
materials including water vapor and other permeants;
electrical properties such as dielectric conétant; and
permanence properties including shrinkage, cracking,
weatherability, etc.

Thermoplastic materials can be formed into barrier
film using a variety of processes including blown
thermoplastic extrusion, linear biaxially oriented film
extrusion and by casting from molten thermoplastic
resin, monomer or polymer (agueous or organic solvent)
dispersion. These methods are well known manufacturing
procedures. The characteristics in the polymer
thermoplastics that lead to successful barrier film
formation are as follows. Skilled artisans
manufacturing thermoplastic polymers have learned to
tailor the polymer material for thermoplastic processing
and particular end use application by controlling
molecular weight (the melt index has been selected by
the thermoplastic industry as a measure of molecular
weight -- melt index is inversely proportional to
molecular weight, density and crystallinity). For blown
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14 [err] wherein R err] and Rerr] are
primary or secondary hydroxyl as shown. Cycl odextrin
nol ecul es have avail abl e for reaction with a chem cal reagent the
- primary hydroxyl at the six position, of the glucose noiety, and at
t he secondary WO9733¢4roxyl in the two and three position. BREIESE72680 he
- geonetry of the cycl odextrin nolecule, and thg, chem stry of the ring
substituents, all hydroxyl groups are not equal in reactivity.

However, with care @{&n@‘ﬂl%ttweextmsi&@ffsdl%lgmﬁgt i(ﬁ|8§yallj%§e]§‘a gﬁfé%@%ﬁ rin
eri.vatl z nol ec

nol ecul e can be r.eact o.obtain X

hydroxyl groups derf4&h iazs.eg“g\f/i‘%‘t Aoy g?ﬂ@’r%ey ﬁﬁ}é‘ﬁtthygﬁf‘e' LLD?Eg'/plgl.neﬁfclJr%’

derivative is a perdersitiyt podgrethylenycl KR thiigh dépskbgepolyethyilicne)

sel ected SubstitUeni the dse®elefubitiy Uisih AletmBRybbe: ObIRmeA AT OxY!
ot e secon

Pydr oxyl or oups. car? iR POFNPRERY}Eke | vLon, @eirsaes, FTR@R: oot ed
synthesi s of a deripaltyceedonate apéesomhetimdash uswd df hakerblewbHiilimuent s or-
three di 11 er ero U AibleRys; L1 A S % e 3BERerom o SRR bt ent s
can be placed at random or direCted to a
grams/10 mins., a density of about 0.910 to about 0.940
grams/cc, and a molecular weight (Mw) that can range
from about 200,000 to 500,000. For biaxially oriented
film extrusion the polymer most often used are olefin
based -- chiefly polyethylene and polypropylene (melt
index from about 0.1 to 4 gm/10 mi. Preferably 0.4 to 4
grams/10 mins. and a molecular weight (Mw) of about
200,000 to 600,000). Polyesters and nylons can also be
used. For casting, molten thermoplastic resin or
monomer dispersion are typically produced from
polyethylene or polypropylene. Occasionally, nylon,
polyester and PVC are cast. For roll coating of aqueous
based acrylic, urethane and PVDC, etc. dispersions are
polymerized to an optimum crystallinity and molecular
weight before coating.

A variety of thermoplastic materials are used in
making f£ilm and sheet products. Such materials include
poly(acrylonitrile-co-butadiene-co-styrene) polymers,
acrylic polymers such as the polymethylmethacrylate,
poly-n-butyl acrylate, poly(ethylene-co-acrylic acid),
poly(ethylene-co-methacrylate)}, etc.; cellophane,
cellulosics including cellulose acetate, cellulose
acetate propionate, cellulose acetate butyrate and
cellulose triacetate, etc.; fluoropolymers including
polytetraflﬁoroethylene (teflon), poly(ethylene-co-
tetrafluoroethylene) copolymers, (tetrafluorocethylene-
co- propylene) copolymers, polyvinyl fluoride polymers,
etc., polyamides such as nylon 6, nylon 6,6, etc.;
polycarbonates; polyesters such as poly(ethylene-co-
terephthalate), poly(ethylene-co-1,4-naphthalene



specific hydroxyl. For the purposes of this invention, t he

cycl odextrin nol ecul e needs to contain sufficient conpati bl e
substituent groups on the nolecule to insure that the cycl odextrin
material can be uniformy di spersed into the cellulosic material.
Apart fromthe I ntroduction of substituent groups on the CD hydroxyl

ot her nol eculwonsTId44 cat i ons can be used. O her car bohydrmseoassbecul es
can be incorporated into the cyclic backbone of the cyclodextrin

nol ecul e. The pri mary hydroxyl can be Fﬁblaced usi ng SN2 di spl acenent,

WO 97/ 33044 -—co- #fas,] 0

- 15 oxi di zed d&icgfggﬁégt%)r' a‘i:?l&’ (g?ruga%gngaﬁobggé rr.ec#]%%)_:r%%' _ further
‘reaction with der PPa¥APLAR BRERELALlst PolygEhylene spataials Hpgluding can be
reacted and renbvadw @emnkigy polysthylsmi;uldhedr Ieow dmsiMyi ch can be added

a variety of nt.s. 0 rpss a.doubl e.bond_to
forma derivati zeglé%grpggg.ﬁggglzu%%}gﬁeno%ﬁgygggrlrg‘rg%ﬁq[f%%e' hlglg’of&?&gﬁu Xt he
gl ycan noi ety canwsdgbbchéghtdengidaimelyethyleneacetye sidlapropyiene,
techni ques and ot paakiGalyberisetbd polypRobPlEndl Cso HRTAldMR, ! ib%h%gally

substituent groups_Qn_th cycl odext.r i ecul e. , e
preferred prepar af’gfﬁ%Sﬁeﬁ%lY%Fyrperrbedué'ilﬁl Er'aﬁ!]'“‘s including polyvinyl

chloride, (vinyl chloride-co-vinyl acetate) copolymers,
.polyvinylidene chloride, polyvinyl alcohol, (vinyl
chloride-co-vinylidene dichloride) copolymers, specialty
filme including polysulfone, polyphenylene sulfide,
polyphenylene oxide, liquid crystal polyesters,
polyether ketones, polyvinylbutyral, etc.

The thermoplastic f£ilm materials can be laminated
to a cellulosic web using commonly available typically
heat driven laminating techniques. 1In such techniques,
the film can be joined to the cellulosic web substrate
using two common methods. The film can be extruded
directly onto the cellulosic web and bonded to the web
with conventional thermal techniques. In extrusion
coating processes, plastic pellets containing the
cyclodextrin derivative are melted at high temperatures
{commonly greater than about 350°C). The molten plastic
is extruded through a narrow slit or die. At the same
instant this molten material comes into contact with a
cellulosic web. It is immediately pressed with a very
smooth and relatively cool chill roll (30-40°C). Such
an operation imparts a smooth impervious surface of the
plastic as well as forming a strong laminating bond to
the cellulosic web. Appearance and nature of the
coating is typically a function of the type of chill
roll used and is not a characteristic of the plastic
material.

Additionally, the film can be taken from a roll of
film and laminated to the cellulosic web using heat
techniques or through the use of a bonding layer which
is commonly heat activated. A pre-extruded or precast



derivatized cycl odextrin material having a functional group conpati bl e
with the thernoplastic polyner involves reactions at the primary or
secondary hydroxyls of the cycl odextrin nol ecule. Broadly we have
found that a broad range of pendant substituent noieties can be used
on the nol ecul e. These derivatized cycl odextrin nol ecul es can i ncl ude
acyl at ed cycl W3¢ al kyl at ed cycl odextrin, cycl odexRGHVSIZER58} S
such as tosylates, nmesyl at e and ot her re ated sul fo derivatives,
hydrocar byl -anmi no cycl odextrin, alkyl phosphonho and al kyl phosphato

cyclodextrin, im dﬁI%Y&a&%@tﬁ into Eé{ﬁﬁéﬁ@ﬁfﬂrﬂthEYEbﬁlﬂﬁosm
substituted cyclodextrln ocarbgFlld dﬁ%ur conkglnln ctlona

group cycl ode¥EPr nhedfed é‘d’n % FAFRER F3%alPgPodp® ™ 1€ point
substitut ed cycloden&rthencsstmmuﬁdaaandycarbsmadew1th a smbsthtumeh chill

cyclodextrin, carbgxyjic §ﬁﬂﬁifaﬁid5ﬂ1§§egroc ssé%"ggé &gggaﬁif 20 f{Féﬁ.and

ot hers. The substituent nol et |nc reg
conpatibility uanﬁh%eH%ﬂﬁvaF}igﬁcﬁﬁﬁéFléfscrlbed ab°VeAcy$u e Gups t hat
can be used as compahihaticah nan be ikmpmrotredmasimy Gl adheslvdemacetidl,

propi onyl, butyr Yl cpae cal Mdfd UH RGRINL aPBOARN £ WeByb.ﬁQMagé her wel |

known gr oups. or Mef 1 on gr oups on primary
or secondary ring ByeRoRgrerigls l?éfecF@F“E‘HE%YrWﬁted Omﬁlhécﬁllé‘“t | the wel |
known reactions. TheldaYb&id Gieb priore@eot hedt Coredinedgnduct ed using the

appropriate acid The cyclodextrin materials can be incorporated into
a barrier cellulosic web by coating the cellulosic web
or a similar structure containing a cellulosic layer
with a liquid coating composition containing an
effective amount of a cyclodextrin or substituted
cyclodextrin. Such coating compositions are typically
formed using a liquid medium. Liquid mediums can
include an aqueous medium or organic solvent media.
Aqueous media are typically formed by combining water
with additives and components that can form a useful
coatable aqueous dispersion. Solvent based dispersions
based on organic solvents can be made using known
corresponding solvent base coating technology.

In forming the barrier layers of the invention,
coatings can be formed either on a film which is later
laminated on a f£ilm which is later laminated onto the
cellulosic web or can be coated to form a film on the
cellulosic web. Such coating processes involve the
application of liquid to a traveling cellulosic web.
Such coating processes commonly use machines having an
application section and a metering section. Careful
control of the amount and thickness of the coating
obtains optimized barrier layers without waste of
material. A number of coating machines are known such
as tension sensitive coaters, for example, coaters using
a metering rod, tension insensitive coating stations
that can maintain coat weight even as web tensions vary,
brush coating methods, air knife coaters, etc. Such
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16 anhydri de, acid chloride, and well known synthetic prot ocol s.
Peracyl at ed cycl odextrin can be made. Further, cyclodextrin having

| ess than all of available hydr oxyl s substituted with such groups can
be made with one or nore of the balance of the avail abl e hydroxyls
substituted wwae78sdder functional groups. Cycl odexeaxmssmaisss i al s
can al so be reacted with al kyl ati ng agegés to produced an al kyl at ed
cycl odextrin. Al kyl ati ng groups can be ed to produce peral kyl at ed

cycl odextrin using, ég‘f‘iﬁi “gg}ﬁnggcgbgnbgo?%#lwscoat ong_xggug{.’%ﬂelydreact

avai | abl e hydr oxyl g g{
dependi ng on the af tenible filmenr, °Pﬁé“% Eﬁi nOfpRetal MR i n

the reaction egmdltlons cycl odextrin substituted at Iess than all of
the avail abl e hydroxyl s, & r d s of alk
groups useful in formn Ko %at}r;i I“i% ?{9#8% de;-é@i§&+ a(?é)x %ﬁm ? ?r:@fh%//l
propyl, benzyl, i sbj |com9091tﬂ@ptpan9atmﬁqa ,a iy fOrmlnglmaE#$Qalubenzyl
and ot her | conzpadi@ived tHaAURsn BYTP ﬁéiﬂ{'argi HARtadR PBeNBELLin

roup under  appr op? P L] AAGRY HFER Gpe SFrediiRe e ot e 00
al kyl ating al kyl sey¢hedextrin cxasubatituted cycloderggin(nateriyl berthene
o) e (Tt swibanal o, ot sghaed slaeor
ignpg?Ybllized cgcg%ﬁg $¥iﬁﬁ é@uFEg Fg?aﬂs%9§9fnéjas a?ﬁ@?%ﬁﬁ?a%Q|q}gh
resins. mdlﬁcqiarnﬂq#ghCH gFfbepuoplastic Eedlyméest orn
crosslinking polymers can both be used. Such binders
" are grouped into certain overlapping classes including
acrylic, vinyl, alkyl, polyester, etc. Further, the
compositions described above are materials that can be
used in forming the polymer films also have
corresponding materials that can be used in the
formation of agqueous and solvent based coating
compositions. Such coating compositions can be made by
combining the liquid medium with solid materials
containing the polymer, the cyclodextrin and a variety
of useful additives. Commonly, the cyclodextrin
" materials added to the coating composition as part of
the solids component. The solids present in the coating
composition can contain from about 0.01 to about 10 wt%
of the cyclodextrin compound, preferably about 0.1 wt%
to 5 wt%, most preferably about 0.1 wt% to about 2 wt¥%
of the cyclodextrin material based on the total solids
in the solvent based dispersion composition.
Packages and Packed Items
The cellulosic web containing the cyclodextrin or
compatible derivatized cyclodextrin inclusion complex
can be used in a variety of packaging formats to package
a variety of items. General packaging ideas can be
used. For example, the items can be packaged entirely
in a pouch, bag, etc. Further, the web can be used as a
paper closure on a rigid plastic container. Such



nol ecul es are nore readily reacted than the secondary gr oups.

However, the nol ecule can be substituted on virtually any position to
form useful compositions. Such sul fonyl containing functional
groups can be used to derivatize either of the secondary hydroxyl
groups or theéﬁéinar hydr oxyl group of any -of the gl ucose noieties
in the cycl od | ecul e. The reacti ons can be conBGHPEIOE®Pnhg a
sul fonyl chloride WO 97/ 33044 25

PCT/ US97/ 02580 17 reactant that can

effectively react wdntadnelper canihavey a rectangatapndainculeds,0xguaréher
sul fonyl ehoride IS disedndben croBPRIORIIRL CaTPA £ N3OS AGREAH! Befn e

nunmber of tar grou ecule requirin
substitution. Both taanmﬁppéar:hep@nfsw@tr fided paperammhm omrﬁ gan

singl e sul fonyl noiK ¥ader of the UfiseamByldstak ebaee@rdmamameaecondary
hydr oxyl s substltute

xture of ou ud|n su
derivatives) can be" réﬁgggdohsFﬁ% kndﬂﬂuTgécthﬁgae éﬁ%éﬁ¥ éf?onyl
groups can be ccnﬁNQQataﬁ o dapinated mptegipyb gfoths gueation b?nabe

sel ected by the  ygeRXR@r tﬁEnEGfmatl—f&I Idf, b'lQBQéf'bﬁéd:lE tﬁ&&a@ﬁl_qodezaﬁu m can

be made wherein a single ucose. npi et n.th t ai ns etmeen
one and three sul f i} S&%?FI H%%?iureél tub, gray, btc. Frodudts that

can be packaged in the methods of the invention include
coffee, ready to eat cereal, frozen pizza, cocoa or
other chocolate products, dry mix gravies and soups,
snack foods (chips, crackers, popcorn, etc.}, baked
foods, pastries, breads etc., dry pet food (cat food,
etc.), butter or butter-flavor notes, meat products, in
particular butter or butter-flavor notes used in the
manufacture of microwave popcorn in microwaveable paper
containers, fruits and nuts, etc.

The above explanation of the nature of the
cyclodextrin derivatives, thermoplastic films, coatings
or manufacturing detail regarding the production of film
coatings and webs, and the processes of cyclodextrin to
make compatible derivatives provideé a basis for
understanding technology involving incorporating
compatible cyclodextrin in a cellulosic web ox
paperboard structure for barrier purposes. The
following examples, film preparation and permeation data
provide a further basis for understanding the invention
and includes the best mode.

After our work in producing derivatives of
cyclodextrins and compounding the cyclodextrins in
thermoplastic films, we have found that the
cyclodextrins can be readily derivatized using a variety
of known chemical protocols. The cyclodextrin material
can be melt blended into thermoplastic materials
smoothly resulting in clear extrudable thermoplastic
materials with the cyclodextrin materials uniformly
distributed throughout the thermoplastic. Further, we



The bal ance of the cyclodextrin nol ecul e remaini ng unr eact ed.

Am no and ot her azido derivatives of cyclodextrin havi ng pendent

t her nopl astic pol ymer containing noieties can be used in the sheet,
filmor container of the i nvention. The sul fonyl derivatized

cycl odextrin nol ecul e can be used to generate the am no derivative
fromthe sul Wm9i33gdoup substituted cycl odextrin - mol ec BCEUSITH2580

nucl eophi | i ¢ di spl acenent of the sulfonate group by an azide (Nerr])
ion. The azido derivatives are subsequeﬁ%ly converted into substituted

am no conpounds havebioﬁﬁﬁUEﬁ%Qnthéaé}Qﬂdﬁém‘iﬁﬁ QErH?QéPvéE'&% Ye am no

cycl odextrin derivatives haye, been mapufact ured ﬁg derivatives can
be manufactured i FEPIREG WeEh a broadjanistye #fatrRENgPIRF ] (HITs -
derivatives wth tThe @yclodextpir matewialls azndbeginupspeyaneel rintal fthe

di sposed on the film&thpgeégaégeféégéﬂé¥1 cfﬂae t§¥ﬂnggﬁé§ﬁﬂ %&;onsue

substi t ut ed am ne or azil t|ze extrln
to the nucl eophi l iTél&tjicyﬁalaéewémnr%%HW%ét eﬁf“@& beekic materials cABgen

contai ni ng groups,bd M dwn AREY BYUOXyt varyingy @hpcRhesdcard Cc&frb(ibl& atomis
t he nost Ilkely si,t.e _for d of a _nitrogen contal | ni.hg group.
Exanpl es rh]t ,5'6195 c€oR atl"%liﬁgyﬁr oﬁ'ﬂr ratm:can g ﬂﬁse elertf t he
WO 97/ 33044 variation. We have also found thpgjng;wggugﬁxprs can

be formed from polymer dispersions containing the
cyclodextrin. We have found in our experimentation that
the barrier properties, i.e. reduction in transmission
rate of aromatic hydrocarbons, aliphatic hydrocarbons,
ethanol and water vapor can be achieved using the
cyclodextrin derivative technology. We have also found
that the use of cyclodextrin materials improve the
surface properties of the film. The surface tension of
the film surface and surface electrical properties were
also improved. Such a result increases the utility of
the films of the invention in coating, printing,
laminating, handling, etc. In initial work we have also
found (1) several modified cyclodextrin candidates were
found to be compatible with the LLDPE resin and provide
good complexation of residual LLDPE volatile
contaminants as well as reduce organic permeants
diffusing through the f£film. (2) Unmodified BCD
adversely affects transparency, thermal stability,
machinability, and barrier properties of the f£ilm.
Conversely, selected modified BCD (acetylated and
trimethylsilyl ether derivatives) have no affect or
transparency and thermal stability. The machinability
of the extruded plastic material is effected somewhat
causing some surface defects, thereby reducing the
barrier properties of the film. (3) Films containing a
modified BCD composition (1% by weight) reduce aromatic
permeants by 35% at 72°F (22.22°C) and 38% at 105°F
(40.56°C); aliphatic permeants were reduced by only 9%
at 72°F (22.22°C). These results would improve
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18 ThisS siBeer Repladetide acet yl ami

incIudinH ” et hyl am no, ut yl am no,

i sopropyl m no, and othe[__~__f§ffy$ bstituents. The
am no or al kyl am no substituents can gactive with other
conpounds that react with the nitrogen atomto further derivatize the
am ne group. WHYBMMssi bl e nitrogen cont ai ni ng subst i t HEHPEPO28Y ude
di al kyl am no such as di met hyl am no, diethyl am no, piperidino,

pi peri zi no, quaternary substituted al kyl or aryl amoni um chl ori de

substituents, hal OQQQnﬂﬁiéa\&%ly’qﬁf %z@xchaa@x.&mémﬁaﬁa testlh manuf act ured
as a feed stock for Hb‘érranufacture of r| n m) ul e
c

substituted with a®gB PRT 1Y Fot usegeF?vté? l&‘ﬂ‘fh ounds the
pri mary or secondafgmplexatiir m@ﬂengm‘psdaféemmqmtag@muh anfhal ogen

group such asaﬁhﬂﬂéﬁhccﬁgfﬁéént%rOnﬁllhgdébﬁiafﬁﬂ3§'modlfléabéébtﬁgans
The nost |ikely p0|t|onfor sbstltutlo,nls

o {Lxé¥1on ra m { Erln%ﬂﬁb
hydroxyl at the 6- P§SFEF opo™P EG8r bRRr AmARHE: i ?35831 BRosytono or
hydr ocar byl sobpounds e o hpho sdliphat g olpsintaimd e nksegpe o compowtdsle.

conpati bl e derivat p¥gserBt sy ! *'ﬁl‘&b’@o‘i%ﬁ%rhgd ﬂgﬁlrﬁca«ntlg’eggwegﬁ al kyl

hydr oxyl, the cycl odextrin (i % substitu

phosphato aryl ph&GSPRA ?Eab‘l'%ﬁéfua iphatif compoppd §ha§e€6'HHaF§fchydroxyl S

can be branched USngpounds an(sl 180D pbasphaing gatylic coatings wdhe the

cycl odextrin mol ecy ggfp Welddctfig"hl onar ic JAEHBEACKCHEGm HE o
| m léa group dt

I ncl udi ng pendent azol e groups
pyridino and subst PRt etihile ar?ﬂﬂﬁ%ﬁsnﬂeﬁﬁoﬁﬁguce bY 29%. Cyclodextrln

derivatives can be nodified with QUALISATIVE PREHA®RATION functional groups
to introduce comphi ] 15} NYeS pRabhEEE ESuP Wittt GLOPEXE T N-

films. Three of the films contained B-cyclodextrin BCD
at loading of 1%, 3% and 5% (wt./wt.) while the fourth
was a control film made from the same batch of resin and
additives but without BCD. The 5% loaded BCD film was
tested for complexation of residual organic in the test
film. Even though BCD was found to effectively complex
residual organics in the linear low density polyethylene
{({LLDPE) resin, it was incompatible with the resin and
formed BCD particle agglomerations. _

We have evaluated nine modified fcyclodextrins and
a milled B-cyclodextrin (particle size 5 to 20 microns).
The different cyclodextrin modifications were
acetylated, octanyl succinate, ethoxyhexyl glycidyl
ether, quaternary amine, tertiary amine, carboxymethyl,
succinylated, amphoteric and trimethylsilyl ether. Each
experimental cyclodextrin (1% loading wt/wt) was mixed
with low density polyethylene (LLDPE) using a Littleford
mixer and then extruded using a twin screw Brabender
extruder.

The nine modified cyclodextrin and milled
cyclodextrin LLDPE profiles were examined under an
optical microscope at 50X and 200X magnification. The
microscopic examination was used to visually check for

compatibility between LLDPE resin and cyclodextrin. Of



Apart fromthe sul fonyl acylating groups found above, : sul fur

cont-ai ni ng groups manuf actured based on sul fhydryl chem stry can be
~used to derivatize cycl odextrin. Such sul fur contai ning groups
“include met hylthio (-SMe), propylthio (-SPr), WO 97/ 33044
PCT/ US97/ 02580 19 t-butylthio

(-S-C(CH err WQ&/@4p, hydr oxyet hyl t hi o (-S CH[ err] CH er r] OHpCT/USY7/02580
i m dazol yl met hyl t hi o, phenylthio, substitute 9 phenyl t hi o,
am noal kyl thi o and others. Based on the ®ther or thioether cheni stry

set forth above, the cevclgdextekerhgasuhisl tugpts sadiqw vith a

hydr oxyl al de (h g. 5{ Ii:oge or % lic acid unctlona Ity can be
prepared. Such gro@%? Yréthde RGLR inate and tyimetdgisidy)l ether)

met hyl oxyl et hyl améreofpesgomilsnglbxitee be compaeiBls,with He MRiDPE! and its
oxi me isomers, res3ar byl met hoxy ( OCHerr]-Cgerr]H,

car byl net hoxyrret hyl ester O CHerr]CJerr]-CHerr]). Cyclodextrin
with derivatives for ma&bmpaexﬁgl Reiduyal didmcNehrbiles oeare memaumed

conpati bi | i zi ng uSJ.nbuanDbrIai)p:gng)Ln&ﬁ)cedure to tesY BPPVH FiAnd8hin %S@éi ves
wi th functional %pghree eggm@é@é%w t Ielscgggtac‘?gub&e&s (t%[/g,d) SiTicone

gr oups generally refer to grou a si'ng
acetylated BCD octanyl succinate BCD and trimethylsilyl

ether. The method consists of three separate steps; the
first two are carried out simultaneously while the
third, an instrumental technique for separating and
detecting volatile organic compounds, is conducted after
one and two. In the first step, an inert pure, dry gas
is used to strip volatiles from the sample. During the
gas stripping step, the sample is heated at 120°C. The
sample is spiked with a surrogate (benzene-ds)
immediately prior to the analysis. Benzene-d, serves as
an internal QC surrogate to correct each set of test
data for recovery. The second step concentrates the
volatiles removed from the sample by freezing the
compounds from the stripping gas in a headspace vial
immersed in a liquid nitrogen trap. At the end of the
gas-stripping step, an internal standard (toluene-d8) is
injected directly into the headspace vial and the vial
is capped immediately. Method and system blanks are
interspersed with samples and treated in the same manner
as samples to monitor contamination. The concentrated
organic components are then separated, identified and
quantitated by heated headspace high resolution gas
chromatography/mass spectrometry (HRGC/MS).

The results of the residual volatile analyses are
presented in the table below:



silicon atomor a repeating silicone-oxygen backbone W th substituent
groups. Typically, a significantly proportion of silicone atons in the
‘silicone substituent bear hydrocarbyl (alkyl or aryl) substituents.
Silicone substituted materials generally have increased therna

and oxidative stability and chem cal inertness. Further, the silicone
groups i ncreasew8Pdance to weat hering, add diel ectri c PEUSAYREOaNd
i mprove surface tension. The nol ecul ar styycture of the silicone group
can be varied because the silicone group can have a single silicon
atomor two to twenty silicon atons in faAt.Esi1l | cone noiety, can be

| i near or branched, have a | arge nunmber of repeating silicone-oxygen
groups and can be further substltuted with a varvellptolef complexzalion
groups. i Compa nt
cont ai ni ng substituent nnletles are preferred I ncl udi ng
trimethylsilyl, mxe8®ngE groups, etc. §@ are aware

msr
that certain [err]CIi Y ate géig@i :groxy al kyl derféatlves are

avail abl e from rn PrOCESSIE
Di vi si on, Hamond, | 1led
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In these preliminary screening tests, BCD
derivatives were shown to effectively complex trace
volatile organics inherent in low density polyethylene
resin used to make experimental film. In 5% BCD loaded
LLDPE film, approximately 80% of the organic volatiles
‘were complexed. However, all BCD films (1% and 5%) had
an off-color (light brown) and off-odor. The color and
odor problem is believed to be the result of direct
decomposition of the CD or impurity in the CD. Two
odor-active compounds (2-furaldehyde and 2-
furanmethanol) were identified in the blown £ilm
samples.

Of the three modlfled compatible CD candidates
(acetylated, octanyl succinate and trimethylsilyl

. ether), the acetylated and trimethylsilyl ether CD were
shown to effectively complex trace volatile organics
inherent in the LLDPE resin. One percent loadings of
acetylated and trimethylsilyl ether (TMSE) BCD showed
approximately 50% of the residual LPDE organic volatiles
were complexed, while the 6ctany1 succinate CD did not
complex residual LLDPE resin volatiles. Milled BCD was
found to be less effective (28%) than the acetylated and
TMSE modified BCD’s

Plastic packaging materials all interact to some
degree with the food product they protect. The main
mode of interaction of plastic packaging of food is
through the migration of organic molecules from the
environment through the polymer film into the head space
of the package where they are absorbed by the food



Film The barrier packaging material can be in the form of a

.coated cellulosic web or a cellulosic web/film | am nate. The

cycl odextrin can be a part of the web, a thin filmor both. Afilmor
a sheet is a flat unsupported section of a thernoplastic resin whose
t hi ckness is much smaller than its width or |ength. Films are

general ly regd¥@8u3d4t being 0.25 nmillineters (mm or | e®€TUSYYO2S8A! | v
0.01 to 20 mmthick. Sheet my range frg& about 0.25 mMmto several
centinmeters (mm, typically 0.3 to 3 nmTh thickness. Filmor sheet

can be used 'ggfﬁﬁﬁﬁﬂuﬂ'M%@rﬂtEBnOBPeEréHE¥§f o%tByﬁag{@Jmoleﬁuﬂgg o

etc. through | am nation ortant . properti e t ensi
strength, elongati orP® ﬁ?@%s Bg 2654, cg‘l’?’é’ﬂgtsﬁ°§ﬁﬂer esf gL B cal
properties includi ngwnonnteaﬁ:e,l toadipaoms csuchc anteaperasusd anstorageh as

vat er absor pt | O ANl YEHLLSShO T Slimdneift IEBLY0L REIEAMunigsry,

materi al s includi ng wat'er_ vapor an per nea
properties such as tNRE &f qrgagdfsmgheculssy and Coﬁéﬁﬁﬁﬁéﬁ'ﬁ’e‘éﬁ prisp@aties
i ncl udi ng shrinkagemlgféﬁjdﬂu;an haveMbﬁtheqw&mﬂﬁwtMcoﬁbﬁmer resistance)

Ther nopl asti c mat erj cﬁ&&:ﬁ%&g?&@@nfﬁ%xﬁér ri 8c i é’n ut5| na%]ﬁagm

variety of processes | nc EX{T US] Pne
bi axially oriented f’rjrq'nteStanXt1Fu§PoﬁeWQ)>l’%§Pﬁﬁgfi¢o‘HﬁlJﬁ?biql@-‘n may

t her mopl asti ¢ imaendmrtmemahapl afregsad)@yéaouadwlauﬁaﬁm&dsol vegt )

di spersion. These LU I ng. rocedures. The
characteristics in lﬁdasﬁe%’ c%ﬁera?%&“sﬁ% EFﬁgfnﬁ’e%%lpt]oo“le&FE&f ul
barrier film fiﬂmlm fpod agOﬂBFF%wsthﬁSmelslteagawws‘awsducted at a

manuf act uring t her npghgst a&ﬁéolosfrmnsph@mizmm%dt Q0S°F (4@Ié@fc>t,h%nd a
pol ymer material fof t}ierrm astl.c proc gin and particul end use
appl i cation by cont r%zh o umldﬁgV Sg §$ & Pﬁg‘Pﬁgﬁ s has been
sel ected by humidity conditions are probably similar to those found
in uncontrolled warehouses, in transit, and in storage.
If a polymer is moisture sensitive, the relative
humidity can affect the film’s performance especially in
low-water-activity food products. Because a packaging
film during actual end-use conditions will be separating
two moisture extremes, relative humidity in the
permeation device was controlled on both sides of the
film. The environment side, representing the outside of
the package, was maintained at 60% relative humidity,
and the sample side, representing the inside of a
package containing a low-water-activity product, at
0.25. |
A combination of permeants was used to measure the
function and performance of the CD. A combination was
used to be realistic, since gasoline (principally an
aromatic hydrocarbon mixture) and printing ink solvents
(principally an aliphatic hydrocarbon mixture) are not
formed from a single compound but are a mixture of
compounds.
The aromatic permeant contained ethanol (20 ppm),
toluene (3 ppm), p-xylene (2 ppm), o-xylene (1 ppm),
trimethyl-benzene (0.5 ppm) and naphthalene (0.5 ppm].



the thernoplastic industry as a nmeasure of nol ecul ar wei ght -- nelt

I ndex is inversely proportional to nol ecul ar wei ght, density and
crystallinity). For bl own WO 97/ 33044

PCT/ US97/ 02580 21 t her nopl asti c
extrusion pol yol efins (polyal pha ol efins such as LDPE | ow densit

pol yet hyl ene, MABBE4| near | ow density pol yet hyl ene, HdBE“ﬁ%WW%%nsity
pol yet hyl ene) are the nost frequently usad thernopl astic pol yners,

al t hough pol ypropyl ene, nylon, nitriles, PETG and pol ycar bonate are

sonetinmes used to mhkeabliphatic|permeant,Pal yolmérasal \wyaiodl Ispliene Blerdt

i ndex fromO0.2 to %onta&n%ﬁﬁS?é%{ﬁiﬁdE%al hfq%ﬁg#t¥%ﬁy fﬂ&%@id%a%lo t o about

0. 940 grans/ cc, an ar wel at ‘can rangeée from
about 200, 000 to 5GOMPOUNAEerwaF ;80 AH™ ori ent ed filmextrusion the

DO: ymer rr})st Olzteln usedTheepéthéatlion testagedice ﬁ&h@iél%g R )&%h?hgggl ang .
pol ypropyl ene (nelt Lngex_ JJom alRqut s - M. rereraply U.
grams/ 10pr%rr'?§.atéﬁ‘§ ceH? oza%q%s}{gi éﬁ%g( :{T%ersat%utlgoﬁ 1

to 4. ' a nol ecular we 200, 000
to 600, 000). Pol yesteavdrgnueny| ekl @ foedospde) and (3 mlFdsampiei ogll

nmol t en t her nopl ast igy pREMBaling siddyononer dispersion are typically
produced from Experimental film performance was weasured in the
closed-volume permeation device. High-resolution gas
chromatograph (HRGC) operated with a flame ionization
detector (FID) was used to measure the change in the
cumulative penetrant concentration as a function of
time. Sample-side (food product side) compound
concentrations are calculated from each compound’s
response factor. Concentrations are reported in parts
per million (ppm) on a volume/volume basis. The
cumulative penetrant concentration on the sample-side of
the film is plotted as a function of time.

We produced Eour experimental test films. Threé of
the films contained BCD at loading of 1%, 3% and 5%
{(wt/wt) while the fourth was a control f£ilm made from
the same batch of resin and additives but without ACD.

A second experimental technique was alsoc undertaken
to determine whether BCD sandwiched between two control
films will complex organic vapors permeating the f£ilm.
The experiment was carried out by lightly dusting BCD
between two control film sheets.

The testing showed the control film performed
better than BCD loaded films. The permeation test
results also demonstrated the higher the SCD loading the
poorer the film performed as a barrier. The test
results for sandwiching BCD between two control films
showed BCD being twice as effective in reducing
permeating vapors than the control samples without BCD.
This experiment supported that CD does complex
permeating organic vapors in the film if the film’s
barrier qualities are not changed during the



pol yet hyl ene or pol ypropyl ene. QOccasionally, nylon, pol yester and PVC

are cast. For roll coating of aqueous based acrylic, urethane and
PVDC, etc. dispersions are pol ymeri zed to an optinmumcrystallinity and
nmol ecul ar wei ght before coating. A variety of thernoplastic
materials are used in maki ng filmand sheet products. Such materials

i ncl ude WQAIRPEr yl oni tril e- co- but adi ene- co-styrene) p@ECINISSHY2580
acrylic polyners such as the polynethylnethggrylate, pol y- n- but yl

acryl ate, poly(ethylene-co-acrylic acid),

pol y(et hyl ene- co- HEM@&‘JM&%@ prSEEss 8k APRARE £i1m a igysa%f)fé%\%ﬁ €l ose

I ncl udi ng cel lul ose acetate, "cel |l ul ose acetate proplon
acetate butyrate BRfFier- ceIIquse triacetate, etc.; fluoropolymers
i ncl udi ng pol yt etThef Imsormsshm:Bnﬂim eﬁaisars)l,lgmuy( Bebyteneh&D-the

tetrafl uoroethyl epe y?&%%orl r%cn( Eﬂﬁafi&prqﬁg h)élsgr)lefPr rer&g&ﬁropyl ene)

copol yners, polyvin e poly ch as
nyl on 6, nylon 6,3&romatic Permeaﬁé?yéﬁr%%ﬁ%l%%? %iﬁergdéisgsmgheas

pol y(et hyl ene- co-modifidderaphppahea) to Nedve eidik@revemesat 4- napht hal ene

WO 97/ 33044 05 9L 0258
22 decar boxyl at egor pa%iom 61’]? PeRE¥L & erep gra{?g Z F Qboth 1%

TMSE BCD and 1% acetylated BCD are approxlmately 13%
more effective removing aromatic permeants than 72°F
(22.22°C). The 1% TMSE film was again slightly better
than the 1% film (36% -vs- 31%) for removing aromatic
permeants.

The 1% TMSE film was more effective initially
removing aliphatic permeants than the 1% acetylated BCD
film at 72°F (22.22°C). But for the duration of the
test, 1% TMSE BCD was worse than the control while 1%
acetylated BCD removed only 6% of the aliphatic
permeants. )

We produced two experimental agqueous coating
solutions. One solution contained hydroxyethyl BCD (35%
by weight) and the other solution contained
hydroxypropyl BCD (35 by weight). Both soclutions
contained 10% of an acrylic emulsion comprising a
dispersion of polyacrylic acid having a molecular weight
of about 150,000 (Polysciences, Inc.) (15% solids by
weight) as a film forming adhesive. These solutions
were used to hand-coat test film samples by laminating
two LLDPE films together. Two different coating
techniques were used. The first technique very slightly
stretched two film samples flat, the coating was then
applied using a hand roller, and then the films were
laminated together while stretched flat. The Rev. 1
samples were not stretched during the lamination
process. All coated samples were finally placed in a
vacuum laminating press to remove air bubbles between
the film sheets. Film coating thicknesses were



pol yam de materials; polyethylene materials including | ow density

pol yet hyl ene; linear |ow density pol yet hyl ene, high density

pol yet hyl ene, hi gh nol ecul ar wei ght high density pol yethyl ene, etc.;
pol ypr opyl ene, bi axially oriented pol ypropyl ene; pol ystyrene,

bi axi ally oriented polystyrene; vinyl filnms including polyvinyl

chl oride, (virmnybowsderi de-co-vinyl acetate) copolyners, 4 ﬂ?ﬁ%ﬂ?”idene
chl oride, polyvinyl alcohol, (vinyl chIo$£de-co-vinyIidene di chl ori de)
copol yners, specialty films including polysul fone, pol yphenyl ene

sul fi de, pol yp, A)&Q{%t@i?d@u 0bbgUi Ay St AnelR@l ¥BSESLEed films and

pol yet her ket ones, yvi nyl butyr al

et C. The_thernoplastic film
material s can be | g methy SealEi??%l?Eﬁ§?4M98n55Pﬁggtiﬁﬁnﬁﬁﬁf
avai | abl e typi cal | ysubsequtaatlydtiesesdl ani nating techni ques. In such

t echni ques, the fil i ol.pe lLyl: Q8L £ €%§§§t
usi ng ?mn conmon nethodggh%%ﬂmgﬁﬁﬁlggngﬁgﬁg§?$5§§gaﬁlgﬁhgfrect y o%%gkﬁﬁé

cel lul osi ¢ web and hdeewetdnlhSRepoating i § [greateeninohle Fikftfgeveral
techni ques. I n extrysies of expodaireNgoPtRE cefRs; apldathen Afhieisheomtvami ng

t he cycl odextrjin derivaj] re : hi e
(commonly greater t 1A %%Fu?t% grs'r gké%&iml t}%%h%?gg?#@%gi‘& is
extruded through a abiphaiid Mapersdtbanprematicyapors wagsaapievad Pihol ten
nmaterial cones intopgON@Rtodthyd BCD cé8ting 0Misnal. bblibbed FBdHALE! Y
pressed with a very. .snng%BF%?g.rglatlvely gg%% chbhl rgll  za
(30-40[err]C). Suchfuncticq ASHEPRDRAFT Gt A RPErvT otis®Sur f ace
of the pl asti ¢ (fseveldliphatdenicagpausds oy |swaildgri Ahaborenaric t he
cellulosic web. Appgan 1ANd ALPhALeE pEfmeants w3l REahEed Y CAlY Yas?
function of the type o chéltl th rokl ﬁsed ar}r |§tn§to a gQ%{aCt,?{'dSt'C of
the plastic mefQppared to the conggal, o¥eh | TRE 4% EOPF| KRR PH Yken
froma roll of Réduot tonl dfaanemasdct vapors ved A9%5sas aewpaseddhdde
control over the 17 hour test period.
The Rev. 1 coated hydroxyethyl BCD reduced the
aliphatic permeants by 87% as compared to the control
over the 20 hour test period. It is not known if the
method of coating the film was responsible for the
additional 41% reduction over the other hydroxyethyl BCD
coated film.
The hydroxyethyl BCD coating was slightly better
for removing aromatic permeants than the hydroxypropyl
BCD coating (29% -vs- 20%) at 72°F (22.22°C).
These coated films are useful for lamination on
cellulosic webs to form the barrier layers of the

invention.

LARGE SCALE FIIM EXPERIMENTAL
Preparation of Cyclodextrin Derivatives

Example I
An acetylated f-cyclodextrin was obtained that

contained 3.4 acetyl groups per cyclodextrin on the
primary -OH group.



techni ques or through the use of a bonding |ayer which I's comonly

heat activated. A pre-extruded or precast WO 97/ 33044

PCT/ US97/ 02580 23 filmcan be
brought into contact with the cellul osic web, heated to a tenperature
greater than its nelt point and then is immedi ately pressed with a
snmoot h cool WhY¥33044 roll. Such | am nating processes arePCYPST@RISy

conpl et ed usi ng well known processes g;scrlbed above. Such a

| am nati on can be inproved using an adhesi mat eri al that can aid in

form ng a bonded filmweb |amn nate. Exatiffile Mt erials are comonly coated
on the film on the cel]lulosic web priar 1o heat treatnent.

The cycl odextrin mat erFAPEEREh FRLYhERDSSr SFcf-PRELPASXEXID par v er
cellul osic web by coattnmng &hzottaty Wvegioratelr equipped avixitnad aoost ruct ure

containing a cel lm‘i'l‘i fleclai‘y‘:’éund boe’EcIfrJ‘ ﬂa%kqﬂ %0&‘{&}%&9@%%' gb@ge,

cont ai ni ng an ctive anount R or Subst It
cycl odextrin. Suéﬁ‘té'@ébllcﬁé Bbrpostte s @Pe%}bi%hﬁ*ﬁ N, peromipuEeisi ng a

liquid medium Livag gleediutEréd@Miters ldicaadeta?lméredlmﬁboeher gani c

LR, o ime IS L SR Gy omb! ing vt er
cyclodextrin. The B-cyclodextrin was rotated and
digsolved in dimethylformamide at 60°C. After
dissolution, the flask was removed from the rotary
evaporator and the contents were cooled to approximately
18°C. 1Into the flask, placed on a magnetic stirrer and
equipped with a stir bar, waz added 295 milliliters of
hexamethyldisilylazine (HMDS- Pierce Chemical No.
84769), followed by the careful addition of 97
milliliters of trimethylchlorosilane (TMCS - Piexce
Chemical No. 88531). The careful addicion was achieved
by a careful dropwise addition of an initial charge of
20 milliliters and after reaction subsides the careful
dropwisge addition of a subsequent 20 wmilliliter
portions, etc. until addition is complete. Af.er the
addition of the TMCS was complete, and after reaction
subsides, the flask and its contents were placed on the
rotary evaporator, heated to 60°C while maintaining an
inert nitrogen atmosphere flow of 100 milliliters of N,
per minute through the rotary evaporator. The reaction
was continued for four hours followed by removal of
solvent, leaving 308 grams of dry material. The
material was removed from the flask by filtering,
washing the filtrate with deionized water to remove the
silylation products, vacuum oven drying (75°C at 0.3
inches of Hg) and stored as a powdered material and
maintained for subsequent compounding with a
thermoplastic material. Subsequent spectrographic
inspection of the material showed the g-cyclodextrin to
contain approximately 1.7 trimethylsilylether
substituent per B-cyclodextrin molecule. The



coat abl e aqueous di spersion. Sol vent based di spersions based on

, organi ¢ solvents can be nmade using known correspondi ng sol vent base

~ coating technol ogy. In forming the barrier layers of the invention

coatings can be fornmed either on a filmwhich is later | am nated on a

filmwhich is later |am nated onto the cellulosic web or can be coated

to forma fil mW¥Q%73a« cel lul osi c web. Such coating proce8SEYSIRIPye

t he application of liquid to a traveling ggllulosic web. Such

 coating processes commonly use machi nes havi ng an application section

~and a netering sectisibstGanefidth appeatédtt®lbofcdniidndount a JpEiddtheleness of

~the coating obtigég%(ngg&m.zed.barrler | ayers without waste of
material. A nunber o co§¥|ng machi nes are known such as tension

sensitive coaters, for exanple, coaters uéﬂﬁgpls_;li nmetering rod, tension
i nsensitive coating statigNhydroxypbapylap- e It ré Aala ¥Cbitl i fRERids Web

t ensi ons vary, rush goatin thods, air knife coaters, etc. Such
WO 97/ 33044 f{ékiyé%oxyprgpgﬁ groups Pﬁﬁ:ﬂqﬁggy §o88che prlmary 6-
24 coati ng mad¥ rexournwfh&hgsB@Pt o coat one or both sides of a

. flexible filmor one or both sides of a cegk & CTV

An hydroxyethyl B-cyclodextrin was obtained with
1.5 hydroxyethyl groups per molecule on the primary 6-OH
group of the BCD.

Preparation of Films

We prepared a series of films using a linear low
density polyethylene resin, BCD and derivatized BCD such
as the acetylated or the trimethylsilyl derivative of a
B-cyclodextrin. The polymer particles were dry blended
with the powdered B-cyclodextrin and B-cyclodextrin
derivative material, a fluoropolymer lubricant (3M) and
the antioxidant until uniform in the dry blend. The dry
blend material was mixed and extruded in a pellet form
in a Haake System 90, 3/4" conical extruder. The
resulting pellets were collected for film preparation.

Table IA displays typical pelletizing extruder
conditions. The films were blown as follows. A thermal
plastic tube was extruded through a first die. The tube
was then collapsed by a second die and layered by
rollers into the f£ilm. The extruded tube was then
inflated using air under pressure blown through an air
inlet tube. The thermoplastic was melted in the
extruder. The extruder temperature is taken at the
mixing zone. The melt temperature is taken in the melt
zone while the die temperature is taken in the die. The
extrudate is cooled using an air blown cooling stream
from a cocling ring. The foregoing general description
is representative of the Kiefel blown film extruder, 40
mm die diameter, used in the actual preparation of the
blown £ilm. -The f£ilm is manufactured according to the
above protocol and reported in Table IB. The film was



web. Coati ng nmachi nes descri bed above commonly apply a

| i quid conposition containing a filmformng material, addi tives that
can help formand maintain the coating conposition along with the
effective anount of the cycl odextrin or substituted cyclodextrin
material. The filmformng materials are often called a binder. Such
bi nders exi st wiow738m@4f i nal coating as a polynmer of high PGRSU93/0358¢

‘wei ght. Thernopl astic polynmers or crossllnking pol ymers can both be
used. Such binders are grouped into certgln over | appi ng cl asses:

1 ncl uding acrxggg edVESY ! b r A dithles 100 xsgasrateacvaﬁtgtgh%rf, the

:conmposi tions descri above are material s that, can ed i.n formng
the polyner films ER¥arpapental 99&9%9%9B§nd|ﬁﬁvh53¥9?¥ﬁ§§ FﬁﬁF Eﬁﬁdbﬁlﬂgﬁd
in the f or mat aee shownUselswy dnd Tablleelil . based coati ng

conpositions. Such coating conpositions can be nade by conbi ning the
liquid nmediumwi th solid materials ~containing the polyner, the
cyclodextrin and a variety of useful additives. Conmonly, the

cycl odextrin mat eri al s added to the coating conmposition as part of

t he solids conponent. The solids present in the coating conposi tion
can contain fromabout 0.01 to about 10 W % of the cycl odextrin
conmpound, preferably about 0.1 W% to 5 % nost preferably about 0.1
wt% to about 2 wt% of the cyclodextrin material based on the total
solids in the solvent based dispersion conposition.

Packages and Packed Itens The cellul osic web containing the

cycl odextrin or conpati bl e derivatized cycl odextrin inclusion conplex
can be used in a variety of packaging formats to package a variety of
itens. General packaging ideas can be used. For exanple, the itens can
be packaged entirely in'a pouch, bag, etc. Further, the web can be
used as a '



paper'closure on arigid plastic container. Such WO 97/ 33044

PCT/ US97/ 02580 25 cont ai ners can
have a rectangul ar, circular, square or - other shaped cross-section, a
flat bottom and an open top. Both the container and a paper or web
cl osure can be made of the thernoplasti-c coated or | am nated
materials of YR M¥ntion. Further, the thernoplastic BOHPEg/ogi80
| am nated materials of the invention cag7be used in the formation of
bl i ster pack packaging, clam shell type enclosures, tub, tray, etc.
Product s that can be packaged in the nethods of the invention include
coffee, ready to eat cereal, frozen pizza, cocoa or ot her chocol ate
products, dry m x gravies and soups, snack foods (chips, crackers,
popcorn, etc.), baked foods, pastries, breads etc., dry pet food (cat
food, etc.), butter or butter-flavor notes, nmeat products, in
particular butter or butter-flavor notes used in the manuf act ure of
m crowave popcorn in mcrowaveabl e paper containers, fruits and nuts,
etc. The above expl anation of the nature of the cycl odextrin
derivatives, thernoplastic filnms, coatings or manufacturing detail
regardi ng the production of film coatings and webs, and the processes
of cyclodextrin to e
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under st andi ng
The
provi de a
I ncl udes the best

conpati bl e cyclodextrin in a
and

paperboard structure for barrier purposes.
filmpreparation and perneation data

make conpati bl e derivatives provides a basis for
further basis for understanding the invention

t echnol ogy i nvol ving incorporating

cellulosic web or
‘foll owi ng exanpl es,
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be blown into filnms of varying thickness and can be bl own free of nelt
fracture or other filmor sheet vari ation. W have al so found that
barrier layers can be formed from pol ymer di spersions containing the
cycl odextrin. W have found in our experinmentation that the barrier
properties, i.e. reduction in transm ssion rate of arommtic

hydrocar bons, VP PHH#84 ¢ hydr ocar bons, et hanol and wat er PCEYST/R pe
achi eved using the cycl odextrin deriVv3ive technol ogy. W have al so

f ound that the use of cyclodextrin materials inprove the surface
properties of the film The surface tension of the filmsurface and
surface electrical properties were al so i nproved. Such a result
increases the utility of the films of the invention in coating,
printing, | am nating, handling, etc. Ininitial work we have al so
found (1) several nodified cyclodextrin candi dates were found to be
conpatible with the LLDPE resin and provide good conpl exation of

resi dual LLDPE vol atile contam nants as well as reduce organic

per neant s diffusing through the film (2) Unnodified [err]CD
adversely affects transparency, Jhernal stabilit o machi nability, and
barrier properties of thﬁ fllgn £ :Cbnéersely el egted nodified [err] CD
(acetyl ated and trigmethyd sidyl &theg derlvatﬂ vesj have no affect or
transparency and thewmals stalgligy. 3Ihe Bachlnabrﬁltyu of the extruded
plastic material is gf f t ed songwhak causi soge surface defects,

t hereby reduci ng the g barﬂl %Iprgper i es of t e fglm (3) Filns
containing a nodi f i%ed [err] conp03|t|on (1/6by wei ght) reduce
aromatic per mean tst a% 72%errgF (22.22]err]C and 38% at
105[err]F (40. 58[ger’r] C) ;3 phafic ferneants’ wer® reduced by only 9%
at 72[err]F (22. 22[er];) E?ese result& woul d hnproye
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7 ppm aromatic plus 20 ppm ETOH.




27 si gni ficant
not used to test th
aromati c and al
5 better conpl exat

than aliphatic (printing ink-type conpounds) ..
had si gni fi canMO87330¢ or

aromatic compou
star perforners red
aromatics were redu
Initially, we produ
contained [err]-cyc
(wt./wt.) while the
of resin and & d
was testeg f
Even though [érr
in the |inear 8 o
inconpatible Wt
We have eval u&t edy
[err]-cycl odextr i
[err]).  The differ

oct anyl succi nate,
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ly if worst case shelf-life testing condi tions were
e films. (4) Conpl exation rates were different for

i phatic pernmeants. Filns containing nodified [err]CD had
ion rates for aromatics (gasoline-type conmpounds)
Conversely, filmcoating
conpl exati on of aliphatic conpoRGEIHSII2S80

nds. (5) [err]CD contai Adng acrylic coatings were the 10
lici ng al i phatic perneants from46%to 88% while

ced by 29% QUALI TATI VE PREPARATI ON
Ced four experinental test films. Three of the filns
odextrin [err]CD 15 at loading of 1% 3% and 5%
fourth was a control filmnmade fromthe sanme batch
itives but without [err]CD. The 5% | oaded [err]CD film
onpl exation of residual organic in the test film
was found to effectively conplex 20 residual organics
bnsity pol yet hyl ene (LLDPE) resin, it was

he resin and formed [err] CD particle aggl onerations.
ne nodified [err]cycl odextrins and amlled
(particle size 5 to 20 mcrons 25 (50,000 to 200, 000
ent cycl odextrin nodi fications were acetyl at ed,
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et hoxyhexyl glycidyl ether, quaternary amne, tertiary am ne,

:car boxynet hyl , succi nyl ated, anphoteric and trimethylsilyl ether. Each
‘experinmental cyclodextrin 30 (1%l oading wt/wt) was mxed with | ow density
pol yet hyl ene (LLDPE) using a Littleford m xer and then extruded using a
twi n screw Brabender extruder. The nine nodified cyclodextrin and
mlled cycl Wea¥sI0# LLDPE profiles were exanmi ned under an PEB/USSIN2580;|

m croscope at 50X and 200X magnification. The,; mcroscopic exam nation
was used to visually check for conpatibility between LLDPE resin and

cyclodextrin. O THO S 3XHSE the testlng show tha;_ the inclusion
PCT/ US97/ 02580

ten
cycl odextrin candi daPEs?t EQPRYEIRYG Syclodextri t‘WEﬁ et d‘@t gﬁ?l succi nat e
and trjmethylsilyl ethert)\oplastwerfeﬂmwmd Vhsuan'irqmtmrb@umncpat:iiblbyw th

the LLDPE resi Nimproves the GA¥YiRredrbpei-diual By lyaNRliaki E?ﬁngﬁf.@slon
nmeasur ed usi ng cr¥otr€p% procedqure to_test hJ film s

and three extruded pfBFfI® ?é;é‘ieiﬁyné’ 1 BCERERRES - 5%{5%? Ean?e?

oct anyl succi nat e [ eimpGbvement rimeidapssiisglion ratetiw rshofine bedowortn the

consists of three Seﬁéﬁ%ﬁiﬁé%a thres. first two are carried out
si mul taneously while the hird, an instrunental technique for

separating and



detecting volatile organi c conpounds, is conducted after one and two.

In the first step, an inert pure, dry gas is used to strip volatiles
fromthe sanple. During the gas stripping step, the sanple is heated
at 120[err]C. The sanple is spiked with a surrogate (benzene-d6)
i medi ately prior to the anal ysis. Benzene-d[err] serves as an
internal QC WO%8¥W44e to correct each set of test dat adrassyressoery.
The second step concentrates the volagtil es renoved fromthe sanple by
freezing the conpounds fromthe stripping gas in a headspace vi al
immersed in a liquid nitrogen trap. At the end of the gas-stri pping
step, an internal standard (toluene-d8) is injected directly into the
headspace vial and the vial is capped i medi ately. Method and system
bl anks are interspersed with sanples and treated in the sane manner
as sanples to nonitor contam nation. The concentr at ed organi c
conponents are then separated, identified and quantitated by heated
headspace hi gh resol ution gas chr omat ogr aphy/ mass spectronetry
( HRGC/ Mb) . The resukts of the residual volatile anal yses are
presented in the table bel gw WO 97/ 33044
PCT/ US97/ 02580 a7 29
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TABLE 1

Sanpl e Identification as 5% [err] CD
Blown Film 80 ]CD Profile
47 1% Oct anyl Succinate [err]CD Profile 6 1%
Trinmethylsilyl ether Profile 48 1% [err]CD Mlled Profile
29 WOPTBMM4 e prelininary screening tests, [err] CD PCT/USI702580
derivatives were shown to effectively conpl 8% trace vol atil e organics
i nherent in | ow density pol yet hyl ene resin used to nmake experinental
film In 5%/[err]CD | oaded LLDPE film approximately 80% of the
organic vol atiles were conpl exed. However, all [err]CD filnms (1% and
5% had an off-color (light brown) and off-odor. The col or and
odor problemis believed to be the result of direct deconposi tion of
the CD or inpurity in the CD. Two odor-acti ve conpounds (2-fural dehyde
and 2- furannet hanol) were identified in the blown film sanpl es.
O the three nodified conpatible CD candi dates (acetyl ated, octanyl
succinate and trinmethyl silyl ether), the acetylated and trinethylsilyl
ether CD were shown to effectively conplex trace volatile organics
i nherent in the LLDPE resin. One percent | oadings of acetyl ated and
trinethylsilyl ether (TMSE) [er|#CD showed approxi mately 50% of the
resi dual LPDE organic volatil gsgH wer e conpl exed, while the octanyl
succi nate CD did not cor’g)ﬁ resi dual LLDPE resin volatiles. MIIled
[err] CD was Loy sse
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found to be less effective (28% than the acetyl ated and TMSE

nodified [err] CD s. Pl asti c packaging nmaterials all interact to
some degree with the food product they protect. The nain node
of interaction of plastic packaging of food is t hrough the mgration
of organic nol ecules fromthe envi ronment through the polymer film
i nt o the headwepaswdis of the package where they are absadraseimessche
f ood WO 97/ 33044 44
PCT/ US97/ 02580 30 pr oduct .
M gration or transfer of organic nol ecul es of t he package to the food,
during storage, is effected by envi ronnental conditions such as
t enperature, storage time, and other environnental factors (e.g.,
hum dity, type of organic nol ecul es and concentration thereof).
M gration can have both quality (consuner resistance) and
t oxi col ogi cal influence. The objective of packagi ng filmtesting is to
nmeasure how specific barriers may i nfluence the quality of packaged
i ndi vi dual foods. To si nmulzat ed accel erated shelf-life testing for
| ow wat er - activity food pgrogucts, the testing was conducted at a
tenmperature of 72[err]F (22.22E§§B]C3 and 105[err]F (40.56[err]C), and a
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relative hum dity of 60% These tenperature and hum dity conditions

~are probably simlar to those foun =rareontrof |led war ehouses, in
. transit, and in storage. frHaB-ﬁbEE]\’@ASiBoEEH\D., sture sensitive, the
relative humidity can affect tlhe fi IRBPLAGEDf or nafice especially in
| ow-wat er-activity food products. € d packagl ng filmdurin
actual end-useWO@¥¥#ons will be separating two noi st urRCTST ,
relative humidity in the per meati on dé4%¥ice was controlled on both
. sides of the film The environnent side, representing the outside of
. the package, was maintained at 60%relative humdity, and the sanple
© side, representing the inside of a package containing a
~lowwater-activity product, at 0. 25. A conbi nati on of
~ perneants was used to neasure the functi on and perfornmance of the CD.
. A conbi nati on was used to be realistic, since gasoline (principally an
- aromatic hydrocarbon m xture) and printing ink solvents (principally
- an aliphatic hydrocarbon m xture) are not formed froma single
conpound but are a m xture of conpounds. The aromatic
per meant cont ai ned et hanol (20 ppm, t ol uene (3 ppn), p-xylene (2
. ppm), o-xylene (1 ppm, trimethyl -benzene (0.5 ppm) and napht hal ene
- (0.5 ppm. WO 97/330{§
PCT/ US97/ 02580 29
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31 The aliphatic perneant, a commercial paint solvent blend

contai ning approximately twenty (20) individual conpounds, was 20 ppm
The perneation test device consists of two gl ass perneation cells or
flasks with cavities of 1200 m (environnment cell or feed side) and
300 mM (sanple cell or perneating side). Experimental film
per f or mance WR87/33dsured in t he cl osed- vol une per neat PEWUSEIRESE

Hi gh-resol uti on gas chromat ograph (48RGC) operated with a flanme

i oni zation detector (FID) was used to neasure the change in the

cunul ative penetrant concentration as a function of time. Sanple-side
(food product side) conpound concentrations are cal culated from each
conmpound' s response factor. Concentrations are reported in parts

per mllion (ppm) on a %ol yine/ vol une basis. The cunul ati ve penetrant
concentration on the sabple-side of the filmis plotted as a function
of tine. We p'ﬁ ced four experinental test filnms. Three of

the filnms contained [er,ﬁ at Ipadi ngg of 1% 3% and 5% (wt/w) while
the fourth was a controf fy | m nele ¥ rBm t he sane batch of resin and
addi tives but w thout [eIE‘r> CD. A second experinental technique
was al so undert aken "t deternine whet her [err] CD sandw ched between
two control films will conplex organic vapors perneating the film
The experinent was carri out by lightly dusting [err]CD bet ween two
control film sheets. The testing showed the control film

per f or med better th&m [ egr]XDY odded filns. The perneation test
results al so denonstrat e@- hemhlghef khe [err]CD | oadi ng the poor er
the filmperfog®ed as a ri ér.«The ¥est results for sandw ching
[err] CD bet weenit wo cont firlng = o

@
(]
~
-

TOE§B3V
TranSm Rate”

0.25 Aw
60% RH

Improvement

Over Control
0%
36%
10%
34%

Aromatics %

Temperature 72°F (22.22°C)
Environment:

Comparison of Transmission Rates
Sample Side:

Modified g-Cyclodextrin - LLDPE F

3.76E-04
2.42E-04
3.39E-04
2.48E-04

Aromatic

(Roll #1)
0.5% CS-001

(Roll #7)
1% CS~-001

(Roll #5)

2% Cs-001
(Roll #8)

Control Film



showed [err] CD being twi ce as effecti
than the control sanples w thout [err

that CD does conpl ex per neati ng

films barrier qualities are not

97/ 33044 T7 O

32 manuf WOIBPMY process making the filma | ess effect RE/USIN02580
barrier. The 1% TVMSE [err] CD fil @7was slightly better than the
1% acetylated [err]CD film (24% -vs- 26% for renoving aromatic
permeants at 72[err]F (22.22[err]C) adding nore nodi fied CD appeared
to have no i nprovenent. For aromatic perneants at 105[err]F
(40.56[err]C), both 1% . TVMBE [err] CD and 1% acetyl ated [err]CD are
approximately 13% nore effective renoving aromati c pernmeants than
72[err]F (22.22[err] O he 1% TMSE fil mwas again slightly better
than the 1%film (36%-vs- 834 for renoving aromatic per meants.

The 1% TMSE fil mwas nore efifeefti e u.nl.q:la.ll,y « « enoving aliphatic
permeants than the 1% acet yfA&tdd [2rRGD S & Rl & 72[err]F
(22.22[err]C). But for the &Sgption of the
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test, 1% TVMSE [err] CD was worse than the control while 1% acetyl at ed

[err]CD renoved only 6% of the aliphatic per meants. We
produced two experinmental aqueous coating sol utions. One sol ution
cont ai ned hydroxyethyl [err]CD (35% by wei ght) and the other solution
cont ai ned hydr oxypropyl [err]CD (35 by weight). Both solutions
contai ned 1WRYR3eM acrylic enmul sion conprising a di spermesmn2ssd
pol yacrylic acid having a nol ecul ar wei gfat of about 150, 000
(Pol ysciences, Inc.) (15% solids by weight) as a filmformng
adhesi ve. These sol utions were used to hand-coat test film sanples by
| am nati ng two LLDPE filnms together. Two different coating
techni ques were used. The first technique very slightly stretched two
filmsanples flat, the goating was then applied using a hand roller,
and then the filnms were, - |amnated together while stretched flat. The
Rev. 1 sanpl es meQ§E@ t stretched during the | am nation process.
Al'l coated sanpl es meregﬁh ally placed in a vacuum | am nating press to
renove air bubbl es bet vggR s ®he f1 msheets. Filmcoating thicknesses
wer e VO 97/ 33044 '
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approxi mately 0.0005 inches. These CD coated filnms and

. cellulose coated control filns were subseguentl vy st ed.
reduction in aromati c and aliphatic Fﬁm§shEthﬂSBEEN'
coating is greater in the first severial REFIAQCED Of ex
and then di m ni shes over t he nex ng. Hi
of al i pha™MO97338Mbr s t han aromatic vapors was achi eved by*

hydr oxyet hyl [err]CD coating; this is beli&Jed to be a
difference in their nol ecul ar size (i.e

hydroxylnethyl

ydr oxyet hyl

[err]CD

posure to the vapor

Sl

val

function of the

., aliphatic conmpounds are

smal l er than aromatic conpounds). Aliphatic perneants were reduced by
46% as conpared to the control over the 20 hour test period.

contr ol

Reducti on of aromatic vapors was 29% as conpared to the

the 17 hour test period. The Rev. 1 coated hydroxyet hyl

over

[err] CD

reduced the al i phatic perpeants by 87%as conpared to the control
nmet hod of coating
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i nvention.
Preparation of Cyclodextrin

cgntai ned 3.4 acetyl
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Exanpl e 11 Trimethyl Silyl Ether of [err]-cyclodextrin

Into a rotary evaporator equi pped with a 4000 mlliliter round bottom
flask and a nitrogen atnosphere, introduced at a rate of 100
mlliliters ‘Pg"‘ber m nut e, was pl aced three |iter SPGHUSIT2580

di net hyl f ormam de. Into the di net hybdé or manmi de was pl aced 750 grans of
[err]- cyclodextrin. The [err]-cyclodextrin was rotated and

di ssolved in dinethylformam de at 60[err]C. After di ssol ution, the
flask was renoved fromthe rotary evaporator and the contents were
cool ed to approximtely 18[err]C. Into the flask, placed on a magnetic
stirrer and equi pped with a stir bar, was added 295 mlliliters of
hexanet hyl di si |l yl azi ne (HVDS- Pi erce Chem cal No. 84769), followed by
the careful addition of 97 mlliliters of trinethylchlorosilane (TMCS
- Pierce Chemi cal No. 88531). The careful addition was achieved

by a careful dropw se addition of an initial charge of 20 mlliliters
and after reaction subsides the careful

0%

Ovexr Control
-23%
-65%

Naphtha %
Improvement

Room ¥ RH
Room % RH

9.43E-03
1.16E-02
1.56E-02

Aromatic
Transmission Rate’

Temperature 72°F (22.22°C)

Sample Side:

Comparison of Transmission Rates in
Modified @-Cyclodextrin - LPDE Films
Environment:

Sample Identification
Contrel Film (Roll #1)
1% TMSE (Roll #12)
2% TMSE (Roll #1S5)



dropwi se addition of a subsequent 20 m portions, etc. until -

~addition is conplete. After the agd CS was conpl ete, and
~after reaction subsi des, the flas ere placed on the
- rotary evaporator, heated to 60[err] C v e 1Al W i nert
 nitrogen atnosphere flow of 100 mlliliters of NZ—==fdr m nute through
' the rotary evaP®¥f¥M4 The reaction was continued for fobfT
. foll owed by renoval of solvent, leavirsd 308 grans of dry nmaterial. The
- material was renoved fromthe flask by filtering, washing the filtrate
Wi th deionized water to renove the silylation products, vacuum oven
drying (75[err]C at 0.3 i nches of Hg) and stored as a powdered
mat eri al and mai nt ai ned for subsequent conpounding with a
thernoplastic material. Subsequent spectrographic i nspection of the
material showed the [err]-cyel ofextrin to contain approxi mtely 1.7
trimethylsilylether subst,if uent per [err]-cyclodextrin nolecule. The
WO 97/ 33044 48D PCT/ US97/ 02580
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An hydroxypropyl [err]-cyclodextrin was obtained with 1.5

hydr oxypr opyl groups per nolecule on the primry 6- OH group of the
[err] CD. Exanmple 1V An hydr oxyet hyl
. [err]-cyclodextrin was obtained with 1.5 hydroxyet hyl groups per
- nol ecule on the primary 6-CH group of the [err]CD.
Preparati on JYOR{3M W prepared a series of fil mPCuEISIMP2580| | near
| ow density pol yethylene resin, [er62CD and derivatized [err]CD such
as the acetylated or the trinethylsilyl derivative of a
[err]-cyclodextrin. The polymer particles weré dry bl ended with the
powdered [err]-cyclodextrin and [err]-cyclodextrin derivative
material, a fluoropolyner |ubricant (3M and t he anti oxi dant until
uniformin the dry blend. Fhedry bl end material was m xed and

extruded in a pellet formua - in a Haake System 90, 3/4" conical extruder.
The resul ting pelletsn e collected for filmpreparation.

Tabl e |1 A displays typical f&8eti zi ng extruder conditions. The fil ns
were bl own as follows. A t@@? P & % plastic tube was extruded through a
first die. The tube wag @hen coll apsed by a second die and | ayered by

rollers into the film The® ruded tube was then inflated using air
under pressure blown through an air inlet tube. The thernoplastic was
melted in the extruder. ofhe extruder tenperature is taken at the
m xi ng zone. The nmelt tenpegajure is taken in the nelt zone while the
die tenperature is taken ingt egdne.vThe extrudate is cool ed using an
air blown cooling stream vg.SfE,orﬁ aftcooling ring. The foregoing general
description _gg represent tgve;oﬁ the Kiefel blown filmextruder, 40
nm di e dianmeter, psed in thg ctiual preparation of the blown film The
filmis nanufactug&d.accordg to the above protocol and reported in
. n (4] Hi
Table | B. The fil#gwes 2
go NEE
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We discovered we could form barrier films or
coatings from a liquid coating composition. Such
compositions can be aqueous or solvent based. We
prepared a series of agqueous coatings containing
hydroxypropyl BCD. One of the coatings was prepared
from a 10% acrylic emulsion (a polyacrylic acid polymer
having a molecular weight of about 150,000 purchased
from Polysciences, Inc.). The 10% acrylic emulsion
contained hydroxypropyl BCD at a 5% and 10% by weight
loading. These solutions were used to hand-coat test
film samples by laminating two films. The coatings were
applied to linear low density polyethylene film sheet
containing 0.5% acetylated SCD (Roll No. 7) and to a
second film sheet containing 2% acetylated SCD (Roll No.
8) using a hand roller and then laminating the films.
coated samples were placed in a vacuum laminating press
to remove air bubbles between the f£ilm sheets. The
acrylic coating thickness was about 0.0002 inch
(.000051mm). An acrylic coated control was prepared in
an identical manner containing no hydroxypropyl BCD.
The multilayer structure was tested with the 0.5%
acetylated BCD film facing the environmental flask side
of the test cell.

A second coating was prepared from a vinylidene
chloride latex (PVDC, 60 wt-% solids) purchased from
Dagax Laboratories, Inc. The PVDC latex coating was
prepared with two levels of hydroxypropyl SCD - 10% and
20% by weight of the derivatized cyclodextrin. These
solutions were used to hand-coat linear low density
polyethylene test film samples by laminating the two
films together. The coatings were applied to two
control film sheets (rolled into one) using a hand
roller and laminated together. The f£ilms were not
stretched during lamination process. All coated samples
were placed in a vacuum laminating press to remove air
bubbles between the film sheets. The PVDC coating
thickness was approximately 0.0004 inch (.00010mm). A
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PCT/ US97/ 02580 41 The results
of the testing show that the inclusion of a conpatible cyclodextrin
material in the t hernoplastic films of the invention substantial

i mproves the baWPi%B3M¢ operties by reducing transnission SUSIHR s&é
vari ety of pernmeants. The data show ng the g5l Mprovenent in transm ssion
rate i s shown below in the foll owi ng data tabl es.

PVDC coated control was prepared in an identical manner
but without hydroxypropyl BCD. These coatings are

. adequate for cellulosic web coatings. Such coatings are
made in smilar fashion with the film coatings.

The data following the preparatory examples showing
improvement in transmission rate was obtained using the
following general test method.

Method Summary

This method involves experimental techniques
designed to measure the permeability of selected organic
molecules through food packaging films, using a static
concentration gradient. The test methodology simulates
accelerated shelf-life testing conditions by
implementing various storage humidities, product water
activities and temperature conditions and using organic
molecule concentrations found in previously tested food
products to simulate outside-the-package organic vapors
in the permeation test cell. This procedure allows for
the determination of the following compoundé: ethanol,
toluene, p-xXylene, o-xylene, 1,2,4-trimethyl benzene,
naphthalene, naphtha solvent blend, etc.

Threshold
Environmental

Odor Conc. Cell Conc.
Test Compounds ul /L ppm ul/L ppm
Ethanol 5 - 5000 20
Toluene 0.10- 20 3
p-Xylene 0.5 2
o-Xylene 0.03- 12 1
1,2,3-Trimethyl Benzene NA 0.5
Naphthalene 0.001- 0.03 0.5
Naphtha Solvent Blend NA 40

Tab 1. Permeant Test Compounds
In a typical permeation experiment, three steps are
involved. They are (a) the instrument sensitivity
calibration, (b) film testing to measure transmission
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and diffusion rates, and (c) the quality control of the
permeation experiment.

Film samples are tested in a closed-volume
permeation device. High-resolution gas chromatograph
(HRGC) operated with a flame ionization detector {(FID)
is used to measure the change in the cumulative
penetrant concentration as a function of time.

Sample-side and environment-side test compound
concentrations are calculated from each compound’s
response factor or calibration curve. Concentrations
are then volume-corrected for each specific set of
permeation cells if permeant mass is desired.

The cumulative penetrant concentration is plotted
as a function of time on both the upstream (environment)
and downstream (sample) side of the film. The diffusion
rate and transmission rate of the permeant are
calculated from the permeation curve data.

1.0 Egquipment and Reagents
1.1 Eguipment
Gas chromatograph (HP 5880) equipped with flame

ionization detector, a six-port heated sampling valve
with 1 ml sampling loop and data integrator

J&W capillary column. DB-5, 30M X 0.250mm ID, 1.0
umdf.

Glass permeation test cells or flasks. Two glass
flasks with cavities of approximately 1200 ml
(environment cell or feed side) and 300 ml (sample flask
or permeating side).

Permeation cell clamping rings (2).

Permeation cell aluminum seal rings (2).

Natural Rubber Septa. 8 mm OD standard-wall or 9 mm
OD {(Aldrich Chemical Company, Milwaukee, WI).

Assorted laboratory glass ware and syringes.

Assorted laboratory supplies.

1.2 Reagents

Reagent water. Water in which interferences are
not observed at the MDL of the chemical analytes of
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interest. A water purification system is used to
generate reagent water which has been boiled to B80%
volume, capped, and allowed to cool to room temperature
before use.

Stock Ethanol/Aromatic Standard solution. Ethanol
(0.6030 gram), toluene (0.1722 gram), p-xylene (0.1327
gram), o-xylene (0.0666 gram), trimethylbenzene (0.0375
gram) and naphthalene (0.0400 gram) package in 1 ml
sealed glass ampules. Naphtha blends standard is a
commercial paint solvent blend containing approximately
twenty (20) individual aliphatic hydrocarbon compounds
obtained from Sunnyside Corporation, Consumer Products
Division, Wheeling, IL.

Triton X-100. Nonylphenol nonionic surface active
agent (Rohm and Hass). '

2.0 Standards Preparation
2.1 Permeation Working Standard

A stock permeant test standard solution is used.
These standards are prepared by weight from neat
certified reference compounds, actual weight and weight
percent are shown.

The working ethanocl/aromatic standard is prepared
by injecting 250 ul of the stock standard solution into
100 ml of reagent water containing 0.1 gram of
surfactant (Triton X-100). It is important that the
Triton X-100 is completely dissolved in the reagent
water prior to adding the permeant stock standard. This
will insure dispersing the test compounds in the water.
In addition, the working standard should be mixed
thoroughly each time an aliquot is dispensed. It is
advisable to transfer the working standard to crimp-top
vials with no headspace to minimize losses due to the
large headspace in the volumetric flask used to prepare
the standard.

A working naphtha blend standard is prepared by
injecting 800 puL of the "neat" naphtha solvent blend
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into 100 milliliters of reagent water containing 0.2
gram of surfactant (Triton X-100).

An opened stock standard solution should be
transferred from the glass snap-cap vial to a crimp-top
vial for short-term storage. The vials may be stored in
an explosion-proof refrigerator or freezer.

2.2 Calibration Standards

Calibration standards are prepared at a minimum of
three concentration levels by adding volumes of the
working standard to a volumetric flask and diluting to
volume with reagent water. One of the standards is
prepared at a concentration near, but above, the method
detection limit. The other concentrations correspond to
the expected range of concentrations found in the
environment and sample side cells.

3.0 Sample Preparation

3.1 Fi Sample Pr tio

The environment flask and sample flask are washed
before use in soapy water, thoroughly rinsed with
deionized water, and oven-dried. Following cleaning,
each flask is fitted with a rubber septum.

The film test specimen is cut to the inside
diameter of the aluminum seal ring using a template.

The film test specimen diameter is important to prevent
diffusion losses along the cut edge circumference. The
film sample, aluminum seals, and testing flask is
assembled.

The test cell is prepared. First the sample flask
and environment flask are flushed with dry compressed
air to remove humidity in the sample and environment
flasks. This is done by puncturing the sample system
and environment septum with a needle and tubing assembly
which permits a controlled flow of dry air through both
flasks simultaneously. The clamp rings are loosely
fitted to the flasks to eliminate préssure buildup on
either side of the film. After flushing both flasks for

approximately 10 minutes, the needles are removed and
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the clamp rings tightened, sealing the film between the
two flasks. Rubber faced aluminum spacers are used to
ensure a gas tight fit.

The sample side is injected with 2 ulL of water per
300 ml flask volume. Since the sample flasks vary in
volume, the water is varied to correspond to the volume
variations. The 2 ul. of water in the 300 ml flask
volume is comparable to a 0.25 water activity product at
72°F. Next, 40 uL, the permeation ethanol/aromatic
working standard or 40 uL of the naphtha blend working
standard prepared according to section 2.1, is injected
into the environmental flask. Either of these working
standards will produce a 60% relative humidity at 72°F
with a permeant concentration (parts per million-
volume/volume) in the 1200 ml volume flask indicated in
Table I. Other humidities or permeant concentrations
may be employed in the test method by using
psychrometric chart to determine humidity and using the
gas loss to calculate permeant concentration. The time
is recorded and the permeation cell placed into a
thermostatically controlled oven. Samples may be
staggered to accommodate GC run time. Three identical
permeation devices are prepared. Triplicate analyses
are used for QC purposes.

At the end of each time interval, a sample from the
group is rewmoved from the oven. The environwmental flask
is analyzed first, using a heated six-port sampling
valve fitted with a 1 ml loop. The loop is flushed with
a 1 ml volume of the environment-side or sample-side
air. The loop is injected onto the capillary column.
The GC/FID system is started manually following the
injection. Up to eight 1 ml sample injections may be
taken from the sample and environment side of a single
permeation experiment.
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Sample side and environment side test compound
concentrations are calculated from each compound’s
calibration curve or response factor (equation 1 or 3).
Concentrations are then volume-corrected for each
specific set of permeation flasks if permeant mass is
desired.

4.0 Sample Analysis

4.1 Instrument Parameters
Standards and samples are analyzed by gas

chromatography using the following method parameters:

Column: J&W column, DB-5, 30 M, 0.25 mm ID, 1 umdf

Carrier: Hydrogen

Split Vent: 9.4 ml/min

Injection Port Temp: 105°C

Flame Detector Temp: 200°C

Oven Temp 1: 75°C

Program Rate 1: 15°C

Oven Temp 2: 125°C

Rate 2: 20°C

Final Oven Temp: 200°C

Final Hold Time: 2 Min

The six-port sampling valve temperature is set to
105°C.

4.2 Calibration

A three point calibration is prepared using

standards in the range of the following test compounds:

Calibration
Curve Range

Test Compounds ppm (ul)

Ethanol 2 - 20

Toluene 0. 3 - 3

p-Xylene 0. 2 - 2

o-Xylene 0.1- 1
1,2,4-Trimethyl Benzene 0.05 - 0.5
Naphthalene 0.05 - 0.5
Naphtha Solvent Blend 4.0 - 40
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To prepare a calibration standard, add an
appropriate volume of the working standard solution to
an aliquot of reagent water in a volumetric flask.

4.2.1 Secondary Dilutions of Working Standard for

Calibration Curve

5 to 1 dilution: Place 5 ml of working standard
into a 25-ml volumetric flask, stopper, then mix by
inverting flask. ,

2.5 to 1 dilution: Place 10 ml of working standard
into a 25-ml volumetric flask, stopper, then mix by
inverting flask.

Analyze each calibration standard and tabulate
compound peak area response versus the concentration of
the test compound in the environment side cell. The
results are used to prepare a calibration curve for each
compound. The naphtha solvent blend is a commercial
paint solvent containing épproximately twenty (20)
individual aliphatic hydrocarbon compounds. The
response versus concentration is determined by totaling
the area under each of the twenty individual peaks.
Method of least squares is used to fit a straight line
to the calibration curve. The slope of each test
compound’s calibration curve is then calculated for
determining the unknown concentration. The average
response factor may be used in place of the calibration
curve.

The working calibration curve or response factor
must be verified on each working day by measurement of
one or more calibration standards. If the response of
any compound varies more than 20%, the test must be
repeated using a fresh calibration standard. 1If the
results still do not agree, generate a new calibration

curxve.
4.3 Analysig of Calibration Curve and Method
Detection Level Samples

Recommended chromatographic conditions are

summarized above.
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Calibrate the system daily as described above.

Check and adjust split vent rate and check rate
with soap film flow meter.

To generate accurate data, samples, calibration
standards and method detection level samples wmust be
analyzed under identical conditions.

Calibration standards and method detection samples
are prepared in the environment flask only. This is
accomplished by using a 1/2 inch (.127wm} plastic disk
and aluminum sheet disk the diameter of the environment
flange in place of the sample flask. A single sealing
ring is placed onto the environmental glass flange
followed by-an aluminum sheet, and then the plastic
disk.

The environment flask is flushed with dry
compressed air to remove humidity in the sample and
environment flask. This is done by puncturing the
environment septa with a needle and tubing assembly
which permits a controlled flow of dry air through the
flask. The clamp rings are loosely fitted to the flask
to eliminate pressure buildup. After flushing both
flasks for approximately 10 minutes, the needle is
removed and the clamp rings tightened, sealing the
aluminum sheet against the seal ring.

Next, 40 pl of the permeation ethanol/aromatic
working standard or secondary dilutions of the working
standard is injected into the environment flask.
Alternatively, 40 uL of the naphtha solvent blend or
secondary dilutions of the working standard is injected
into the environmental flask. The time is recorded and
the flask is placed into a thermostatically controlled
oven.

At the end of 30 minutes, the environment flask is
removed from the oven. The environmental flask is
analyzed using a heated six-port sampling valve fitted
with a 1 ml loop. The loop is flushed with a 1 ml
volume of the environment-side or sawmple-side air. The
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loop is injected onto the capillary column. The GC/FID
system is started manually following the injection.
4.4 Calculation of Re ts _

4.4.1 Test Compound Regponse Factor

Sample-side and environment-side test compound
concentrations are calculated for each compound’s
calibration curve slope or response factor (RF).
Concentrations are then volume-corrected for each
specific set of permeation cells if permeant mass is

desired.
Concentration of Compound in ppm = Peak Area (1)
Calibration Curve Slope
Compound Specific RF = Concentration of Cowpound in ppm (2)
: : Peak Area
Concentration of Compound in ppm = Peak Area X RF (3)

The cumulative penetrant mags is plotted as a
function of time on both the upstream (environment) and
downstream (sample) side of the film. The diffusion
rate and transmission rate of the permeant area
calculated from the transmission curve data.

4.4.2 Transmission Rate

When a permeant does not interact with the polymer,
the permeability coefficient, R, is usually
characteristic for the permeant-polymer system. This is
the case with the permeation of many gases, such as
hydrogen, nitrogen, oxygen, and carbon dioxide, through
many polymers. If a permeant interacts with polymer
molecules, as is the case with the permeant test
compounds used in this method, P is no longer constant
and may depend on the pressure, film thickness, and
other conditions. 1In such cases, a single value of P
does not represent the characteristic permeability of
the polymer membrane and it is necessary.to know the
dependency of P on all possible variables in order to
obtain the complete profile of the permeability of the
polymer. In these cases, the transmission rate, Q, is
often used for practical purposes, when the saturated
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54 We di scovered we could formbarrier filnms or coati ngs
froma liquid coating conposition. Su can be aqueous or
sol vent based. W prepared a seri esﬁgfsrﬁpIdtbﬁ%BEB%{tings cont ai ni ng
hydr oxypropyl [err]CD. One of the coat|ings REPLAHEE] froma 10%
acrylic emulwoemssps# pol yacrylic aci d pegrer=— havi ng a PEBUSEVMSE0 wei ght
of about 150, 000 purchased from Pol ysciences, Inc.). The 10% acrylic
enul si on cont ai ned hydroxypropyl [err] at a 5% and 10% by wei ght

| oadi ng. These SO'%%&P[#}e@u@eu%?dthg éé%e&ﬁ’é‘t ‘.Tt%zﬁ teglflgal m sanpl es by

Iamnatrngtwofr coat i ngs_wer | near_ | ow density
pol yet hyl ene fil niemRegature JéoﬁPQMFﬁga@r‘B%d'c?& Vildfed Permeaipiiief oo,

7) and to a FEDRE L J iWaberhaft coghnici AempdamBetiyl afedn| expidddddrol |
No. 8) usi ng, 2 hand roller and then lam nating the fil ns. coat ed
sanpl es were pl acé $nd vacuum | am nat i ng press ) to remove air bubbl es
between the filmsheets. THe= St f)( opons Rilhigkns 2 o about

0. 0002 inch (.000051mM) . At® acry |c coat ecf co trof’ was prepared in

an identical manner contai ® ag nolahguht 0ofi Permes The (5)

mul tilayer structure was tested with the 0

In this application, Q is represented in units of

gm-0.001 inches
100 in*-day.

One of the major variables in determining the
permeation coefficient is the pressure drop across the
film. Since the transmission rate Q includes neither
pressure nor concentration of the permeant in its
dimensions, it is necessary to know either vapor
pressure or the concentration of permeant under the
conditions of the measurement in order to correlate Q to
P.

The pressure-drop across the film from environment
side to sample side is principally due to water vapor
pressure. The water concentration or humidity does not
remain constant and is not measured during the time
intervals the organic compounds are analyzed, and
therefore the pressure across the membrane is not
determined.

The above examples of thermoplastic films
containing a variety of compatible cyclodextrin
derivatives shows that the invention can be embodied in
a variety of different thermoplastic films. Further, a
variety of different compatible derivatized cyclodextrin
materials can be used in the invention. Lastly, the
films can be manufactured using a variety of film
manufacturing techniques including extrusion and agqueous
dispersion coating to produce useful barriers.

———

Ti'us Sheet Has Been R,
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acetylated [err]CD filmfacing the environnental flask side of the

test cell. A second coating was prepared froma vinylidene
chloride latex (PVDC, 60 wt-% solids) purchased from Dagax
Laboratories, Inc. The PVDC | atex coating was prepared with two | evels
of hydroxypropyl [err]CD - 10% and 20% by wei ght of the derivatized
cycl odextrin. WO®383644  sol utions were used to hand-coat | i REIUSPHEHRSSO
density pol yet hyl ene test film sanples b)ésl am nating the two

films together. The coatings were applied to two - control filmsheets

(rolled into one) using enbapkbve spddlfieht@sd, | &Emplead drogabBel tudee
filnms were not stﬁﬁ%ched, during | agl?' tion @aresoc.essf.lAl I Ega{[ed. sanpl es
were placed in a vaf¥GHPREHTHLR er‘tﬁ?‘é’? SFERRIAS GG T11™ CRabBl 88 BelTiRen
the fil msheets. Thaamibiresaandgoated childkhessc wab dppioaitest shg 0004

inch (. 00010M) . A guts provid® & ¥a3i¥4or understanding the technical

PCT/ US97/ 02580 , , %5 > "PUDC coat ed
control was prepare@SPRChER PHHRS ARVeREAREr Since fiheyiOWsnt IRPIFRR VPR opy!
[err] CD. These coat mage ®ith a vawikagualfeehbodiments othe Wmbenasbnngs. Such
coatings are ”?‘%Eih@ssﬂl efa%ym%”lh\é&éfﬂﬂ%gf#g'éﬂpe%%@.“95-

The data foll ow ng e preparatory exanples s




i nprovement in transnission rate was obtai ned u5| ng the fol |l ow ng
general test method. i - ry

Thi's method invol ves experinental technqugggsHEEYﬁé' to measure the
perneability of selected organic 1| ecul REPLA dd packagi ng
films, using a static concentr at i ontgeeaeh 'he test nethodol ogy
sinulates WOoeIBaMer at ed shelf-life testlng condltlons by PCT/US97/02580

i npl ementing various storage hum dities, product water activities and
tenperature conditions and using organic &0l ecul e concentrations found
in previously teste&l Ei?%m- products to sinul ate outside-the-package
organi ¢ vapors I N e perneation test cell. This procedure allows for

the determ nation of thé-fobfl BanvRVen Ashivdesist faher web, havimgene,
p-xyl ene, o-xyl ene imprdvédt basEidy | o &l @xropert i88pi el RresRapbt Ba a

EﬁLYEQEngLEQF etCpermeant or contaminant, the web Eﬂ%?r ThreShokgll Cbne
Test Conpounds (a) @& /laygymeomprisgng| copinuous arEawanbl

5 - 5000 20 randEﬁiyeéﬁhented ce11u1051c fiber; dhdlO- 20

3 p- Xyl ene 2 Xylene
0.03- 12 1 1/8) 3. an‘r%%ﬁ“‘ﬁé’ﬁféﬁg effective peggeant

0.5 Napht hal ene absorbing amount «Ff @0tyclo8&xtrin cdihppund; Napht ha
Sol vent Bl end whereln the cyclodextri®d compound is substantildRyCfilee

Per meant Test Cbnpo%n
an inclusion complex compound and can act as a

barrier to the passage of a permeant from the ambient
environment or act as a trap of a contaminant arising
from the web.

2. The web of claim 1 wherein the cyclodextrin
compound comprises a cyclodextrin derivative compound
having at least one pendent moiety or substituent that
render the cyclodextrin compatible with the web.

3. The web of claim 2 wherein the cyclodextrin
derivative contains at least one substituent on a
cyclodextrin primary carbon atom.

4. The web of claim 1 wherein the cyclodextrin
comprises alpha-cyclodextrin, beta-cyclodextrin, gamma-
cyclodextrin or mixtures thereof. :

5. The web of claim 2 wherein the cyclodextrin
comprises an alpha-cyclodextrin, a beta-cyclodextrin, a
gamma-cyclodextrin or mixtures thereof.

6. The web of claim 1 wherein the layer comprises
about 0.01 to 10 wt% of the cyclodextrin.

7. The web of claim 1 wherein the layer comprising
the cyclodextrin compound is a coating layer.

8. The web of claim 1 wherein the layer comprising
the cyclodextrin compound is a laminate f£ilm layer.

9. The web of claim 1 wherein the cyclodextrin is
an acyl derivative.

10. A non-woven cellulosic fiber web, having
improved barrier or trap properties in the presence of a
permeant, the web comprising a laminate comprising:



In a typical perneation experinent, three steps are I nvol ved. They are

(a) the instrunment sensitivity calibration, (b) filmtesting to
measure transm ssion 9

PCT/ US97/ 02580 | THIS SHEET HAS BEEN and di ffusion
rates, and (c) the quality cont rol t he REPLACER, neat flon experi nent .
Fil msanpl es aw©®278384¢d i n a cl osed-volune perneat i on deRGIES97/02580
Hi gh-resol uti on gas chronat ograph ( HRGO) gperat ed with a flane

i oni zati on detector (FID) is used to mea&lire the change in the

cumul ati ve

penetrant conggntratd;qn,ag, e{.%ﬁﬂgl ti ®Bntinuous

Sanpl e-si de and envi ronnent-side test conpo concentrations are
cal cul ated from each conpbtdy dhaving Pe§B6ﬁ§%e‘F%tc‘f%I9§?rat@§l thaat Poh Bl ve.

Concentrati ons

ar e bdbheranddnine-crdeneetiedel Dilenich fipeei;f aadset of

pernmeation cells if perneant g?tssc# %e@%ﬁh QQ er comprisi QQ Eﬂgykﬁéjf%&iihc

penetrant concentration is pl

I e on

upstream (envi ronnent) fllmmmlmﬁr(gaﬂm@)efsﬁ%Wﬁ PREMEANEN  The

di f fusi on

rate and hpSOSHASSidMbduhdt 8£04 hH@ PRITRFM odeRtrin

calculated fromthe perngation gurve dat a.

compoun
wherein the modified cyclodextrin compound has
substituents rendering the compound compatible in a
thermoplastic polymexr, is substantially free of an
inclusion complex compound and can act as a barrier to
the passage of a permeant from the ambient environment
or act as a trap of a permeant arising from the web.

11. The web of claim 10 wherein the laminate
comprises a flexible laminate.

12. The web of claim 10 wherein the modified
cyclodextrin compound comprises an acetylated
cyclodextrin compound.

13. The web of claim 10 wherein the modified
cyclodextrin compound comprises a cyclodextrin having a
silicone substituent.

14. The web of claim 10 wherein the cyclodextrin
in present in the second layer at a concentration of
about 0.1 to 10 wt-% based on the thermoplastic film
forming polymer.

15. The web of claim 10 wherein the thermoplastic
film forming polymer comprises a homopolymer comprising
ethylene.

16. The web of claim 15 wherein the polymer
comprising ethylene comprises a copolymer.

17. .The web of claim 10 wherein the thermoplastic
film forming polymer comprises a polymer comprising
vinyl chloride.

18. A non-woven web comprising a cellulosic fiber,
having improved barrier or trap properties in the

presence of a permeant, the web comprising:



1.0 Equi prent and Reagents 1.1 Equi pnent Gas
chromat ogr aph (HP 5880) equipped with flane ionization detector, a
si x-port heated sanpling val ve §n$k3 @ﬁ joop and dat a

I nt egr at or J&W capillary cglu LE - .250mm 1D, 1.0

undf . G ass perneation tes .n' ' per PE sks wo gl ass

fl asks with cwoistdmss of approxi mately 1200 ni (envi r onreoTiUSeBoAss0r
feed side) and 300 ml (sanple flask or perneatlng si de) .

Pernmeation cell clanmping rings (2). 68per neati on cel |l al um num seal

rings (2). Nat ur al bher. t st andard-wal | _or
CD (Al drich Chem cal Corrpany(aBu l& 1%%9 gwgr:mng con%Aél?SP?eﬂr?%o?’g?ory
gl ass ware and syri ngesrandomly °r1€N§§érFEHlV%&EWQuﬂmhFISUQpﬂles

1.2 Reagents Reage(y) mat&uexwanercb@tmﬁ cdb:dp%%&h@r gNgEpmare
not observed at the I\/DLfoItmIrpe chem cal gnal ytgg 97/ 33044
PCT/ US97/ 02580 ing polymer and an-e %Gitl"e PerpgaRt PsoXbing of

purification systemis ameuptt ®f a cyclodextrin compound;
wherein the cyclodextrin compound is substantially free
of an inclusion complex compound and can act as a
barrier to the passage of a permeant from the ambient
environment or act as a trap of a permeant arising from
the web.

19. The web of claim 18 wherein the laminate
comprises a flexible laminate.

20. The web of claim 18 wherein the modified
cyclodextrin compound comprises an acetylated
cyclodextrin compound.

21. The web of claim 18 wherein the modified
cyclodextrin compound comprises a cyclodextrin having a
silicone substituent.

22. The web of claim 18 wherein the cyclodextrin
in present in the second layer at a concentration of
about 0.1 to 10 wt-% based on the thermoplastic film
forming polymerf

23. The web of claim 18 wherein the thermoplastic
film forming polymexr comprises a polymer comprising
ethylene.

24. The web of claim 23 wherein the polymer
comprising ethylene comprises a copolymer comprising
ethyiene.

25. The web of claim 18 wherein the thermoplastic
£film forming polymer comprises a polymer comprising
vinyl chloride.



generate reagent water which has been boiled to 80% vol ume, capped,
and allowed to cool to roomtenperature - - before use. St ock
Et hanol / Aromati ¢ Standard sol uti on. Et hanol (0.6030 gram, toluene
(0.1722 gram, p-xylene (0.1327 gram, o-xylene (0.0666 gran),

trimet hyl benzene (0.0375 gran) and napht hal ene (0.0400P3:rarg /&g&kage
in1lm woaheshagl ass anpul es. Naphtha bl ends standard i TS97
comerci al paint solvent blend containing P oxi mately twenty (20)

i ndi vi dual aliphatic hydrocarbon conpounds obt ai ned from Sunnysi de
Cor porati on, Consuner Products Di vi si on, Weeling, IL.

Triton X-100. Nonyl phenol nonionic surface active agent (Rohm and
Hass) . 2.0 Standards Preparation 2.1 Perneation Wrking

St andar d A stock perneant test standard solution is used.

These standards are prepared by wei ght from neat certified reference
conpounds, actual weight and warght percent are shown. The
wor ki ng et hanol /aromatic standagd i s prepaed by injecting 250 ul of
the stock standard solution int® s 100 gl #mof reagent water containing
0.1 gram of surfactant (Tr@t@n X-100)& B is inportant that the
Triton X-100 is conpletely di s&lsed in thg_' Sagent water prior to
addi ng the perneant stock standdr®l. This © Bwll insure di spersing the
test conpounds in the water. & <1 n addi tgpﬁ, t he wor ki ng standard shoul d
be m xed t horoughly each t§ge an aliq®ot is dispensed. It is

advi sable to transfer the-orkry aRdard¢eto crinp-top vials with no
headspace to minim ze | oss} | ar ge headspace in the
volunetric flask used to pyeparne . sdandar d. A wor ki ng
naphtha bl end standard i sngpgpréd y -

© o '

FIG.1

Dimensions of cyclodexirins |




infecting 800 AL of the "neat" naphtha sol vent bl end WO 97/ 33044

PCT/ US97/ 02580 . 58 into 100
mlildiliters of-reagent wat er containing 0.2 © gram of surfactant (Trlton
X-100 : oS

trans%erred fromthe %@ﬂ%ﬂﬂf‘ﬁﬁ Q%L%ﬂ@%%—nﬁw
short-term storage. The vials nay bEi e Inve pl osi on- pr oof
refrigerator or freezer. 2.2 Calibration Standards

Cal i bration standards are prepared at a mnini num of t hree_concentration .

|-evel s by addi ng volu

and diluting ta

sem MOl g ﬂhbﬁ%\f@:ﬁgﬁElw@ﬁc ﬁl@e:@fwékb'l@ S e dseds

prepared at a concentr tlon ne t .abqgve he met det e t|on
limt. The other ceﬁff'é'é;ﬁt ’at‘fl'b’réoc?:a&‘r#J é%odﬁ?i: + Papg oae’i%e%lf P
concentrations fomatemidle, whlclerhavearpmchamct Seamyt Beisi ake ccmidamnment

environnent fl ask an

3.0 Sanple Prepar q:t,_J. %%fﬁél@]ﬁ&?&ﬁ&?ﬁ%@%r at,h,%l reférrepd The

are was ore US I N Soapy

water, thoroughl y ha%wee:r vH%HﬁrbOarQi_é‘i%ﬁﬁere%il \EAT IDTFRA VIR BasRge O
Fol | owi ng cl eanj NnGermeanteafdt d+B6ks i Brdn Rl Hidierm rabhespsed Whrough
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the paperboard into packaging contents. Further, any
mobile or volatile, organic contaminant material from
the environment, presént within the paperboard, derived
either from a source of cellulosic material, a printing

chemical, a coating chemical or from any contaminant in

.intentionally recycled material, can be trapped by the

actlve barrier materials within the paperboard.

The invention has a varlety of aspects including a
barrier laminate structure comprising at least one layer
of a cellulosic material with at least one layer of a
barrier or a barrier polymer film layer contéining an
active barrier component. A next aspect of the
invention comprises a food or edible, comestible
material packaged within the cellulosic packaging
material having the permeant or contaminate barrier or
trap. Further aspects of the inverition comprise methods
of packaging materials in a cellulosic web having a .
contaminate or permeant barrier or trap to protect the
food item from inappropriate flavors, aromas or odors.

Backg;ound of the Inventlon

Nonwoven cellulosic fiber webs such as a
paperboard, a boxboard, a cardboard or a chipboard,

consists of rélatively thick, compared with'paper, sheet

materials that are comprised of bonded, small discrete
fibers comprlslng cellulose. Such fibers are typically
held together by secondary bonds that, most probably,
are hydrogen bonds. To form a cellulos1c sheet, fiber
is formed into a rough, web or sheet on a fine screen

AMENOZD SHEET
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The filmtest specinmen is cut to the inside di ameter of the al um num

seal ring using a tenplate. . The filmtest specinen dianeter is

important to prevent. di ffusion | osses al ong the cut edge

circunference. The fil msanple, alum numseals, and testing flask is’ 'n‘
-assenbl ed. The test cell |s preparea Flrst the sanple flask

and environment flask are _flushe ry.c ress to’ rerm

hum dity in the sgnp e%aﬁ enV|r% ens Og br %1 ?FrSLﬂ% Of fagﬁﬁé ﬁ? 1ned

puncturing the samwpitd §ybegnaddltlan6,equNQMMEntb&adamﬂmmudrxalneedle and
tubing assenbly  gecopagh B%@e&smat@e%&g' bed @yt or o¥1e@1'trs g

both - flasks sinultanéously rings are ed to
the flasks to eI|ﬁﬁﬁa?@eGFe§§uﬁ@rﬂﬁﬂl&Gpaoﬁlne SQ¥eﬁﬁert§ﬁdéQ@Bhtﬁ@eﬁq|%S

After flushingsbothehl @sked!0talendadplr axdmiugithekO pFodelstd e ragedices
are renoved and

PCT/ US97/ 02580 in a flnlmgg% sﬁeet having a coggrolled Fﬁécépﬁﬁﬁ'rlngs
ti ght ened, seal|ngmphevhdlsuhéaweequahety, oneworf magles cobitimer lbyeed,

al um num spacers @r;egsﬁgl%gufe coﬁF%HEe a+gas %M%Qkég't§666r sﬁeet The

sanple side is |nJected Wi of water
vol une. Since thef§§W§Ké0nléb@sP@QﬁFbpﬁrd can be further coated,

10 embossed, printed or further processed before rolling
and_distribution; Paperboard, boxboard, chipboard or
cardboard typically has a thickness of greater than
about 0.25 mm. Typiéally, paper is considered a sheet-
like material having a thickness of less than about 0.25

i5 mm._. : ' | '

Nonwoven cellulosic fiber webs such as paperboard,.
boxboard, cardboard or Chipboard are made in many types
and grades to service a variety of uses. The final
finishes of paperboard can be rough or smooth, can be

20 laminated with other materials, but are typically :
thicker, heaVier and less flexible than conventidnal
‘paper materials. Paperboard can be made both from
primary sources of fibers and from secondary or recycled
fibrous materials. The fiber used in making paperboard

25 largely comes directly from the foréstry industry.
However, increasingly paperboard is made from recycled
or secbndary-fiberldérived from paper, corrﬁgated
“paperboard, woven and nonwoven fabric, and similar
fibrous cellulosic materials. Such recycled material

30 inherently contains recYcled organic material such as

| inks, solvents;'coatings, adhesives, residue from
materials the fiber source contacted and other sources
of material. These organics can pose some threat of
contamination of the contents of containers made from

35 such recycled materials. '

_ The main components used in the manufacture of
paper products are mechanical/éemi-mechanical wood pulp,

AMENDED SHEET



vol une, the water is varied to correspond to the vol une ~variations.
The 2 [err]L of water in the 300 ml flask volume is conparable to. a
0.25 water activity product at - 72[err]F. Next, 40 [err]L, the
permeation et hanol /aromatic . wor ki ng stagggrd or 40 [err]L of the
naphtha bl end wor ki ng . standard prepared cording to section 2.1, is
injected i nt vnbAeachedr Eragnt ehemliask. wBbthheulef, whése uhéhh&al wood
'standards will pr e % iv y 2l err] E

per meant concentrgg?%n @ngé;EEBQE %FBBHHQ&& f§ % ke é% ﬁﬁg)fﬁﬁgfﬁe 1200
m volunme flask indicated in Table |. Ot her hunldltles or .per nmeant
concentrations may be enpl oyed in the test nethod by using :
psychronmetric chart to determne humidity and using the gas loss to .
cal cul'ate perneant concentration. The time = is recorded and the
perneation cell placed intoa thernostatically coéntrolled oven.
Sanpl es may be staggered to accommodate GC run tine. Three identical
perneati on devi ces-are prepared. Triplicate anal yses are used for C
pur poses. At the end of each tine interval, a sanple fromthe’
group is removed fromthe oven. The environmental flask is anal yzed
first, using a heated six-port sanpling ~ valve fitted with a 1 nl |oop.
The loop is flushed with alm volune of the environnent-side or
sanpl e- si de air. The. loop is injected onto the capillary colum.

The GC/FID systemis started manually follow ng the injection. Up to
eight 1 m sanple injections my be taken fromthe sanple and
environnment side of a single - per neati on experi nment. :

AMENDED SHEET
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concentratlons are cal cul ated from each conpound' s
pr response factor (equation 1 or 3).

PCT/U897/02580

Sanple si de and enV|ronnent ‘side t est. conpound

cal i bration curve.;
Concentrations-are then ... - .

vol.une-corrected for each ~specific set of* perneation flasks if

perneant mass i s
1 nstrunent Paraneter

nidef- Stat§ts [133(2: Sy § PR Va7 rtee%|mw gas

‘ds and ‘sarnples ‘a

chr omat ogr aphy usmﬁ@qﬂh9aﬁﬁIlﬂMhﬂ?ﬁﬁaiﬁﬂr[ﬁgnﬂﬂanars comprising aCol um:
J&W col um, DB-5, l%QllMath &F 'ﬁgﬂegbo]arléfﬂyolymer f11m a‘?ﬁ%ﬁne éé%q{aq_gen

Split Vent:

9.4 n
Fl ame Det ect or Teﬁﬁ

_rn | njectiqn’ Port egﬁ

@qy% layer. Valgig Stﬂ§§§WQa§ No.

Program Rate ‘15 13[@@@]@61 teaches @@akéamﬂ@ %onﬁaﬂﬂyﬂd‘a gas barrlerRate

2: 20[err]C
Time: 2 Mn
105[err] C

Fi.na OQl,err |naI
comprlﬁ%‘él 5% Wa§§m5’|% F[d'a\? e Fdripdrsie énds °§é’@1’t 0
similax? mggleitiedisi.onGibens et alA tmmaaemoﬁmhtﬁglmﬁkatlon

i's prepared usingyg, g4, 6§%aQQ%rd%ea%htH%mlﬁgggso%JH$%1éydémgéa%r oard

conmpounds:
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polyester and other conventional components. Ticassa et
al., United States Pat. No. 4,525,396, teach a pressure

resistant paper vessel comprising a barrier film

laminate having gas barrier properties-prepared from
paperboard thermoplastic films, paper comﬁonents and
other conventional elementé Cyclodextrlh materials and
substltute cyclodextrln materials are also known.

‘Other art related to this application include Pitha

et al., United States Patent No. 5,173,481 and
"synthesis of chemically modified cyélodextrins,“ Alan
P. Kroft et al., Tetrahedron ReportszNo._l47; Department
of Chemistry, Texas Tech University, Ludwig, Texas}
79409, USA, (October 4, 1982), pp. 1417-1474. Pitha et -
al. disclose cyclodextrins and substituted |

cyclodextrins. European Patent Application No. 0 454

910 Al, teaches a method of coating a solid substitute
with a polylsocyanate crosslinked cyclodextrin. The
major use of cyclodextrin materlals is in formation of
an inclusion complex for the dellvery of an inclusion
compound to a use locus. The cyclodextrin material has

- & ‘hydrophobic interior pore that is ideal for_compléxing

a variety of organic compounds. Unmodified cyclodextrin
inclusion complex materials have_beén used in films, see
Japan Patent Applicétipn No. 63-237932 and Japanese
Patent Applicaﬁion No. 63-218063. The use of
cyclodextrin incluSion compounds is discussed in detail
in "Cyclodextrin Inclusion Compounds in Research and

Industry", Willfrom Saenger, Angew. Chem. Int. Ed.
Engl., Vol. 19, pp. 344-362 (1980). The cyclodextrin
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éalibration - -Curve Range Test

Conpounds pn1([err]L) . Et hanol 2 - 20

Tol uene 3 p- Xyl ene 0. 2- .2 - -
o- Xyl ene 0 1 -1 ' 1,2,4-Trimethyl Benzene - 0.05-- -0.5.
Napht hal ene 0.05 - 0.5 4a Napht ha Sol vent Bl end

4.0 - 40 inc s B4 38Ohdounds are use in a variety of delivery

PCT/ US97/ 02580 - To prepare a
“calibration stafRRH AW MateJépp %p}?% PR u%%o%?r?ﬂe {vor ki ng
standard solution to an-aliquot of reagent water in a volunetric
flask. B 4.2.1 Secondary Dilutions of WrKking Standard for
Calibration Curve - 5to 1 dilution: Place 5 m of working standard

into-a 25-m volumetric flask, stopper, theh mix by ~ inverting flask.

AMENDIL Sodkd



2.5 to 1 dilution: Place 10 m of working standard = into a 25-m

volunetric flask, stopper, then mx by =~ ‘inverting flask.

Anal yze each calibration standard and t abul at e conpound peak area
_response versus the concentration of the test conpound in the ool Nt
envi ronnment si de ceII- The - ' results are @ded to prepare a calibration '
curve for each- Qun Th ha solv b .commerci a

pai nt sol vent con?%?ﬂf c%B§IXX|§aY tﬁ%ﬁ? %3%; i??g ké Fvitdual

al i phati ¢ hydr ocacbonditbapsunese fbe used tespQESetherﬁmémeoncéﬁtration is
determ ned by tOt&h?ﬂfxat1ofzh§a§é§awé‘£‘ge&éffgg?ﬁf: EBe E&‘Bﬁl%& ”Qh&' dual.

peaks. Met hod_ © east uares Is use a strai to
the calibration catighathe @Péﬁ@aﬁFseacﬁli@§tcontalébﬁﬁoﬂﬁ 1§1€§I§€Pahﬁén

curve is then galgatebedcbplexatift eatesi B8rt Aeomaknewn ( QE@EﬂhéaEyﬁé

The aver age res ons ac calibratio
curve. R E?L Eﬁ?lgﬁg?ﬁﬁﬁl ?EﬁlBEIPgsbB% EYPECFBWpoundSEust
be verified on eacbnmarkemg,dﬂylhycuaa$ngehadtsmgnlf;cannéyobeUDee

calibration Standgéﬁél?k%tggg 5§sgggé§ g{c compgﬂ¥dcgﬁg UPQB Fkgs:nnre,

‘than 20% the tes usrng-a fres on
standard. |f the compounéaLts(§i|BcDd@onbalagnGeacgﬁhéﬁa@@aalngﬁ/were the

calibration ;4 gug¥ep erformers rédécfﬁal ¥§i§h9f’.l@a éPﬁéEhEQ @5me4a@dto
Met hod Det ecti on Level Sampl e ggen ded

chronatographlc c%%ﬂrtWBh%ea?EOmatlc uﬂﬁﬁ?lfﬁﬂuﬁﬁév Y “3
QUALITATIVE PREPARATION

_ Initially, we produced four experlmental test
films. Three of the films contained B-cyclodextrin BCD

15 at loading of 1%, 3% and 5% (wt. /wt.) while the fourth
was'a control film made from the same batch of resin and
additives but without BCD. The 5% loaded BCD film was’
tested for complexation of residual organic in the test
fiim._ Even though BCD was found to effectively complex

20 residual organics in the linear low density polyethylene
(LLDPE) resin, it was incompatible with the resin and
formed BCD particle agglomerations.

We have evaluated nine modified Bcyclodextrins and

_ a miiled B-cyclodextrin.(particle size 5 to 20 microns

25 (50,000 to 200,000 A). The different cyclodextrin
modifications were acetylated, octanyl succinate,
ethoxyhexyl lecidyl ether, quaternary amine, tertiary
amine, carboxymethyl, sﬁdcinylated, amphoteric and

- trimethylsilyl ether. Each experimental cyclodextrin

30 (1% loading wt/wt) was mixed with low density |
polyethylene (LLDPE) ﬁsing a Littleford mixer and then
extruded using a twin screw Brabender extruder.

The nine modified cyclodextrin and milled

cyclodextrin LLDPE profiles were examined under an

35 optical microscope at 50X and 200X magnification. The
microscopic examination was used to visually check for
compatibility between LLDPE resin and cyclodextrin. Of

AMENDZD SHEE!



VO 97/ 33044 | | " PCT/ US97/ 02580

62 Calibrate the systemdaily as described above.
Check and adjust split vent rate and check rate wi th soap f|In1row
nmet er. To generate accurate data, sanples,: callbratlon
standards and net hod detection | evel sanples nust be “anal yzed under
identical conditions. Cal i bration standards and net hod detection
sanpl es ~are prepared in the environnent flask- only. This is
acconplished by using a 1/2 inch (.127nmm . pl astic di sk and al um num
sheet disk the dianeter of the environnent flange in place of the
sanpl e flask. A single sealing- ring is placed onto the environnental
gl ass fl ange foll owed by-an al um num sheet, and then the plastic
di sk. - The environnent flask is fiushed with dry ~conpr essed
air to renove hunmdity in the sanple and - environnent flask. This is
done by puncturing the envi ronnent -septa with a needl e and tubing
assenbly which permts a controlled flow of dry air through the
flask. The clanp-rings are loosely fitted to the flask to elimnate
pressure. buildup. After flushing bothg  flasks for approxinmtely-10
m nutes, the needle is renmoved g the clanp rings tightened, sealing
t he al um num sheet agai nst th;e_% | ring. Next, 40 [err]l of
the perneati-on ethanol/aronatlc E § 2 SNE T
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mbrking standard or secondary dilutions of the working standard is

injected into the environnent fl ask. Alternatively, 40 [err]L of the.
"napht ha sol vent bl end or . secondary diluti'ons of the working standard. .
is injected into the environnental flask. The tinme is recorded and ,,
the flask is placed into a thernostatically controlled oven. :
At the end of 30 mnutes, -the environnent flask is renoved fromthe
oven. The environnental flask is: anal yzed using a heated six-port :
sanpling valve fitted with-a 12 m loop. The loop is flushed with a 1
m volume of the environnment-side or sanple-side air. The WO
97/ 33044 _ PCT/ US97/ b2580
63 |l oop is injected onto the capillary colum. The GJ FI D -system
is started manual ly following the injection. = 4.4 Calculatlon of
Resul ts 4.4.1 Test Conpound Response Factor
Sanpl e-si de and envi ronnent - si de test conpound concentrations are
cal cul ated for each compound's cal i bration curve slope or response
factor (RF). Concentrations. are then volune-corrected for each .
: g oo
D
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spéci'fic set of perneation cells if perneant- pass is - desi red

Concentration of Conpound in ppm Peak Area (D)
Cal.i bration Curve Sl ope Compound Specific RF = Concentratl on of
Conmpound in ppm (2) Peak Area
Concentration of Conpound in ppm = Peak Area X RF (3) S . The
cunmul ative penetrant mass is plotted as a - function of time on both
t he upstream (environnent) and dovvnstream (sanple) side of the fil. m
The di ffusion rate and transm ssion rate of the perneant area
cal cul ated fromthe transnission curve data. 4.4.2 Transm ssion Rate
When a pernmeant does not istefact with the pol ymer, ' the perneability
coefficient, R is usuallyn“o characteristic for the pernmeant- pol yner
system This is the:p@g with the perneation of many gases, such as
hydrogen, nitrogen, oxygem 5and earfons digox#des threudh - many
polyners. |If a perneant irggPacts w'th pol yrere < « npplecules, as is.the
case with the perneant tes”t‘aﬁ conpounds used in this net hod P is no
| onger const ant and &gl depend on the pressure, filmthi ckness and - -
ot her conditions. In such cases, a single value of P does not .
represent the characteristi c.opermeabi lity of t he pol yner menbrane and
it is necessary to know thegy ‘dependency of P on all possible variables
in order to obtain thé“ orer eke é)I‘Q-fIL-e of qthe perneability of the
pol ynmer. In these cases, thﬁre;g ransm Ssi oﬁ’ rﬁt eé g |ﬁ-ls often used for
. ]| .
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64 '~ vapor pressure of the per nmeant at- a speci fi ed tenperature is

applied across the film Perneablllty of  films to water and organiec
conpounds is often expressed ‘thi's way. 5 p = ( Amount of
Perneant ) (Fi | m Thi ckness) (4). ' o , : peer
(Area)(Tlne)(Pressure drop Across the Film- : Q= (Amount of
Perneant) (Fi | m Thi ckness) (5) - . (Area) (Tlne)
10 In this application,. Q is represented in units of

gm 0. 001 i nches (0.025 nm) 100 in2 (0.0645
nmMerr])-day. 15 One of the najor ‘variables in determ ning the
permeation coefficient is the pressure drop across the -° film Since the
transm ssion rate Qincludes feither . pressure nor concentration of the
perneant in its 20 dimensi@nsg it is necessary to know ei t her vapor
pressure or the concentratf@f|of perneant under the ° conditions of the

measurenent in order to coﬁﬁeg atee L 10 » #P.e w « » The pressure-drop
across the filmfrom envirgrnent 25 & dé t@ sanﬁier6|8e I's principally due

1

- > N
to water vapor pressureg2dhe water concentratlon_or hum dity does not
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remai n constant and is not neasured duri.ng the tine intervals the

" organi ¢ conpounds are anal yzed, -and . therefore the pressure across the
menbrane is not 30 deterni ned. _ - The above exanpl es of thernoplastic
films containing a variety of conpatible cyclodextrin - derivatives
shows that the invention can be enbodied in - a'variety of different
thernoplastic filns. Further, a 35 variety of different conpatible
derivatized cyclodextrin materials can be used in the invention.
Lastly, the films can be manufactured using a variety of film
manuf act uri ng techni ques includi ng extrusion and aqueous di spersi on
coating to produce useful barriers. 40 - WO 97/ 33044 L
PCT/ US97/ 02580 65 ' . The above:
speci fication, exanples oﬂts bstituted : cyclodextrln ext ruded
thermoplastic filmcellul g web | ami nat es and ‘coat ed cel | ul osi c web
| am nates and test d&ba)prdylﬁe @ basis for understanding the
t echni cal aspects of>%‘ invefti®n. Since the invention can be
made wWith a variety of enpgcﬁ ments, the invention resides in the
clalns herelnafter ~appended. . -
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66 VE CLAI M 1. A nonwoven cellutosic fiber web, having

i nproved barrier or trap_properties;in*thejpresence of a - perneant or _
coptam nant, the web conprising: & -+ (a) a layer-conprising....
continuous array of “randomy oriented cellulosic fiber; and :
(b) a layer conprising a cyclodextrin : ‘conmpound; characterized
in that the |ayer of cyclodextrin has an 10 effective perneant absorbing
amount of cycl odextrin conpound and the cycl odextrin conpound is
substantial ly free_.of an inclusion conplex conpound and can act as a
barrier to the passage of a permeant fromthe ambient . ~environnent or
act as a trap of a contam ndnt farising 15 fromthe web. 2. The
web of claim 1l wherein the.gygE dextrin ' a
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conmpound conprises a cyclodextrin conpdund having at | east one pendent

noi ety or substituent that render the . .cyclodextrin conpatible with the
weh. 20 3. The web of claim2 wherei'n cycl odextrin conpound
contains at | east one substituent on a cyclodextrin primary carbon
atom 4. The web of claim1l wherein %ﬁe cycl odextrin

conprises al pha-cycl odextrin, beta-cyclodextr.i amma- 25 C l'odextrin or
m xtures thereof. M\rap.or press‘g.}rel.ﬁ:gf \f%be (ﬁerérreaa}rﬂ; Z-gf/\/r%r clt#feé/cgycl odextrin
conpri ses an al ph&-amymdratoxte iis apdictesl eyadtamiexthie ffilm. Permeability of
ganmma- cycl odext ri fe O it WaS 4 NelE Uraani ' |
o ST LT TP TR Bend eI

wherein the | ayer conprises 30 about O

7. The web of clenqﬁqﬁwm%wein the |l ayer conpri sing the cycl odextrin
conpound is a ®ating |ayer.p = (Amousk. of e edncO{riahaiHTcindserei n the (4)
| ayer conprising t he cycl odex®re¢al (Ebuep dRmegsure -dromAtyrssctifel Fyam) ayer .
: ' Q = . {Amount of Permeant) (Film Thickness (5)
(Area) (Time) '
10
In this'application, Q is represented in units of
gm-0.001 inches (0.025 mm)
100 in? (0.0645 m?)-day.
15

. One of the major variables in determining the
permeation coefficient is the pressure drop across the -
film. Since the transmigsion rate Q includes neither :
pressure nor concentration of the permeant in its

20 dimensions, it is necessary to know either vapor
pressuré or the concentration of permeant under the
conditions of the measurement in order to correlate Q to
P.

The pressure-drop across the film from environment

25 side to sample side is principally due to water vapor
pressure. The water concentration or humidity does not
remain constant and is not measured during the time
intervals the organic compounds are analyzed, and
therefore the pressure across the membrane is not

30 determined. |

- The above examples of thermoplastic films

containing a variety of compatible cyclodextrin
derivatives shows that the invention can be embodied in.
a variety of different thermoplastiC'films. Further, a

35 variety'of different compatible derivatized cyclodextrin
materials can be used in the invention. Lastly, the
films can be manufactured using a variety of film
manufacturing techniques including extrusion and aqueous
dispersion coating to produce useful barriers.

40
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5 9. The web of claim1 wherein the cyclodextrin - ed
cycl odextrin conpound. 10. . A nan;woeen: cel | ul o'slil,l&ﬂl!!&ﬂ“@" ,ii, _
havi ng i nproved barrier or trap properties in the prese Nds @ w
permeant, the web conprising: 10 (a) a first layer conprising ..
a conti nuous - WE CL&fMay, having a thickness of greater than 0.1 nmm
of randomy oriented cellulosic fiber; and : (b) a second

|l ayer |am nated on the iirsA nonwoven ¢t@V®iloshe SeBeAdwbBYECha¢OAPri Sing a
t hernmopl astic 15 filmformng polynmer and a nodified cyclodextrin
conpound:; char BEPEPYS@ dOART 1 ¢t OF herap cphePeEyEpShis Bhecbresenge of a
per meant absorbing_ a o] 1fied cl odextri ~__conpound and the
nodi fi ed cyclodex???n %%éts% 2?&%%%ﬁ%%§%5’rgﬁ eV?ngc?ﬂ%r%% Biinds ,
conpatible in g thernopl asti¢a) a D&Y&FEEompSiSURGt Pt Bhliyulr&8rdf 88

I ncl usi on conplex - conpound and can -act as a barrier to the passage of
a  perneant fromtheran@iomhy envéntederelbrlasicaiberragnd of a
pernmeant arising fromthe meg. 25 11. The web of fl i m10 wherein
the | am nate conprises =2} e%i HrEET FPMRFLSing a cyclagex§prin ep of
claim 10 wherein the nmodigh&dng; ' - '

characterized in that the layer of cyclodextrin has'én

10 effective permeant absorbing amount of cyclodektrin
compound and the cyclodextrin'compound is substantially
free of an inclusion complex compound and.can act as a
barrier to the passage of a permeant from the ambient
environment or act as a trap of a contaminant arising

15 from the web. |

2. The web of claim 1 wherein the cyclodextrin.
compound comprises a cyclodextrin compound having at
least one pendent moiety or substituent that render the
cyclodextrin compatible with the web.

20 3. The web of claim 2 wherein cyclodextrin
compound contains at least one substituent on a
cyclodextrin primary carbon atom.

4. The web of claim 1 wherein the cyclodextrin
comprises alpha-cyclodextrin, beta-cyclodextrin, gamma-

25 cYélodextrin or mixtures thereof.

5. The web of claim 2 wherein the cyclodextrin
comprises an aipha—dyclodextrin, a beta-cyclodextrin, a
gamma-cyclodextrin or mixturés thereof.

6. The web of claim 1 wherein the layer comprises

30 about 0.01 to 10 wt% of the cyclodextrin.

) '
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r\-,.t J\ \J\“"

RN



cyc”mm lllmmm d conprises an acetylated: cycl odextrin conpound.
b of claim 10 wherein the&7odified cycl odextrin
conpound conprlses *a cycl odextrin: haV|ng a . silicone substituent.

68

is present in the second | a}8r WaP 2fcEhedmt Lathekedn the

10 wt % based on t
15. The web of c
pol ymer conpri ses
16. The web of cl
conpri ses a copo
t her nopl asti c «
conpri sing vinyl-
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14. The web of claim 10 wherein the cycl odextrin

fie! E%T\%ﬁl&%ﬁ:&ﬁ %blnghund is o cogfe&?ﬂgnaa%&y e . 5

erel ernDp filmform ng
a hOBDpOThéEWebOGﬁrCSamg 1 whereln théhih?@Q comprising
aim 15 wherein the polyne conpr|5|ng et hyl ene

Yher cyclodexggin CohpaindThs AeBaginetal FI10 WAFEE: n the
chl or 2ge. The web! bF E?B%“Q gk X%% %% E&%ﬁodexi%n

an acylated cyclodextrln compound.

10. A non-woven cellulosic fiber web, having
improved barrier or trap properties in the presence of a
permeant, the web comprising:

(a) a first layer comprising a-continﬁdus

array, having a thickness of greater than 0;1 mm,

of rahdomly oriented cellulosic fiber; and

(b) a second layer laminated on the first
layer, the second layer comprising a thermoplastic.
film forming polymer and a modified cyclodextrin _'

compound ; .
characterized in that the second layer has an effective
permeant absorbing amount of modified cyclodextrin.
compound and the modified cyclodextrin has substituents
rendering the compounds~compatibie in a thermoplastic
polymer, is substantially free of an.inclﬁéion complex
compound and can act as a barrier to the passage of a
permeant fromlthe ambient environment or act as a trap
of a permeant arising from the web.

o 11. The web of claim 10 wherein the laminate
comprises a.flexible laminate. |

12. The web of claim 10 wherein the modified
cyclodextrin cqmpound comprises an acetylated
cyclodextrin compound.

13. The web of claim 10 wherein the modifiéd
cyclodextrin compound comprises a cyclodextrin having a

silicone substituent.
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1%““1“&‘”&““1“ mcorrpri sing a cellulosic fiber, havi ng

i - trap properties in the 68 15 presence of a perneant,
t he Web® cdnpri si ng: (a) a layer conprising a E
continuous array of random-y oriented cellulosic fiber; and

(b) a flexible coating Havi fiPa ¥¢P re¥ ey 10 wherein the gyrlodextmina
cycl odextrin conpound, 0. c el in the flexible coating having
an _ ef_felé%]idglléesp%?rmza%{rlltE}g%g%%‘g#%%eg%gﬁtg%f TR HPR bf o
conpound and the cysdwelexiito compatHbdsedUbst enéi ehé¥moplastic £ifmee of
an inclusion conplex conpound and canact as a barrier to the
passage of a per meZenning e hanembi ent 25 environnent or act as a

web of ol ai m 18 wher el it he TRAITRPE clait Fo Fretn the thommrineric”
The web of cl ai m 16 e i LoD AR LAES COTRMOR Lymer oo istng ™
conprises a cycl odebltylendavi ng a : silicone substituent
16. The wgb of claim 15 wherein the polymer .
comprising ethylene comprises a copolymer.

10 | 17; The web of claim 10 wherein the Ehermoplastic
film forming polymer comprises a polymer
comprising vinyl chloride.

18. A non-woven'weblcomprising_a ceilulosic fiber,
having improved barrier or trap properties in the '

15 presence of a permeant, ﬁhe web comprising:

(a) a layer comprising a continuous array of
- randomly oriented cellulosic fiber; and ‘
(b) a flexible coating having a film férﬁing
polymer and a cyclodextrin compound;

20 | characterized in the flexible coating having an
effective perﬁeant absorbing amoUntlof a cyclodextrin
compound and the cyclodextrin compound is substantially
free of an inclusion complex compound and can act as a
barrier to the passage of a permeant from the ambient

" 25 éhvironment or act as a trap of a permeant arising from
~ the web. '

20. The web of claim 18 wherein the modified
cyclodextrin cqmpoﬁnd comprises an acetylated
‘cyclodextrin compound.

30 21. The.web of claim 18 wherein the modified_

cyclodextrin compound comprises a cyclodextrin having a

silicone substituent.
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6E||m ﬂm l"”m” l!ll 22. The web of claim18 wherein the cyclodextrin
second | ayer at a concentr&Pion of about

0.1to 10 wﬂ@bbased on the thernDpIastlc film form ng -
pol yner. 5 The ¥€b of , claim 18 wherein the
r

t her nopl asti ¢ 22. T??rW?% rﬁ}i&ﬂy%%rw%%ﬁ%+?s%%ea¢¥ﬁ}9%%$tr1n '

conpri si ng ‘sh%¥eseﬁﬁh¥ﬁe9ﬁe second_la er ?%y? g@nceﬂyfawfgnong|a'n]-

23 wherein the poly conpr|5| g e ene conprises a
copol yner conpri sabgut 0.1 to 100wk lyd®a@.on the thermoplasti@5tiladhe web
of claim 18 wherein the thernoplastic ' filmform ng pol yner
forming polymer. : '
5 _ 23. The web of claim 18 wherein the thermoplastic
film forming polymer cdmprises a pol§mer comprising'
ethylene. . _ .
24. The web of claim 23 wherein the pol?mer-_
comprising ethylene comprises a copolymer comprising
10 ethylene. -

25. The web of claim 18 wherein the thermoplastic
film forming polymer ' :
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