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forming components containing as one component, the

barrier forming materials. Such a film sheet or coating

15 material can act as a barrier to a variety of permeants
including water vapor; organics such as aliphatic and
aromatic hydrocarbons, aliphatic and aromatic halides,
heterocyclic hydrocarbons, alcohols, aldehydes, amines,
carboxylic acids, ketones, ethers, esters, sulfides,

20 thiols, monomers, etc.; off flavors and off odors, etc.
The thermoplastic barrier compositions of the invention
can be extruded, laminated or molded into a wvariety of
useful films, sheets, structures or shapes using
conventional processing technology. Further, the

25 monolayer, bilayer or multilayer films can be coated,
printed or embossed.

Background of the Invention

Much attention has been directed to the development
30 of packaging materials in a film, a semi-rigid or rigid
sheet and a rigid container made of a thermoplastic
composition. In such applications, the polymeric
composition preferably acts as a barrier to the passage
of a variety of permeant compositions to prevent contact
35 between ,e.g., the contents of a package and the
permeant. Improving barrier properties is an important
goal for manufacturers of film and thermoplastic resins.

Barrier properties arise from both the structure
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by using other useful structures. Internal polymeric
10 structure can be crystallized or ordered in a way to
increase the resistance to permeation of a permeant. A
material can be selected, ﬁor the thermoplastic or ‘
packaging coating, which prevents absorption of a
permeant onto the barrier surface. The material can
15 also be selected to prevent the transport of the
permeant thfough the barrier. Permeation that
corresponds to Fick’s law and non-Fickian diffusion has
been observed. Generally, permeation is concentration
and temperature dependent regarding mode of transport.
20 The permeation process can be described as a
multistep event. First, collision of the permeant
molecule with the polymer is followed by sorption into
the polymer. Next, migration through the polymer matrix
by random hops occurs and finally the desorption of the
25 penetrant from the polymer completes the process. The
process occurs to eliminate an existing chemical
concentration difference between the outside of the film
and the inside of the package. Permeability of an
organic molecule through a packaging film consists of
30 two component parts, the diffusion rate and solubility
of the molecule in the film. The diffusion rate
measures how fast molecule transport occurs through the
film. It affects the ease with which a permeant
molecule moves within a polymer. Solubility is a
35 measure of the concentration of the permeant molecule
that will be in position to migrate through the film.
Diffusion and solubility are important measurements of a



by using other useful structures. Internal polyneric 10 structure can be
crystalli zego®kweelered in a way to i ncrease the resiBTIVES/03999
perneation of a perneant. A mat erial can be selected, for the

t Her nopl astic or packagi ng coating, which prevents absorption of a
pernmeant onto the barrier surface. The materizal can 15 also be selected
to prevent the transport of the per meant through the barrier.
Pernmeation that Dbarrieer fé3poadsetfofrakis. | &ivered aven-tkickiyprsdpff usi on

has been 0b§ }esﬂls&%gn%%%%e ;}w@@éf Q) %@%@g?va%&%he and

t enper at ure dependént regardin fFansport per meat i on
process can be de@@ﬁm§é§1a§ ahrough P@ﬁk@gﬁﬁﬁ)ﬁﬁkﬂﬁ qan%%?ardbﬁﬂpylaﬁdof
the perneant ac@kz@%hedwftbswﬁ poc{:é/;BTﬂlatx%r f@dvp\&eﬂrobxegors&tamn into

t he pol yner. Next, nlgratlon throu trix random
hops occurs and f MRAECHL Fﬁepaé'@%?‘b gb‘f'&fﬁé plr%’ thlﬁ%ﬁ‘f)?ﬁ@s
pol ymer conpl et es nichig apr ovhss. ishet cours¢wanxnndaxmnahid(iamtmmenaheaan

exi sting Chen]cal@19H5P8%9n%%?%5?&|OnTgéfé erneaﬁgﬁh%ﬁpg¥knga%%%slde of the

film and th € package organic
nmol ecul e t hrough difdclkeagnngcbhshstonst S$@lld¢¢1lzmqwfc@rh?o®@ﬁﬁtp‘émi§

the diffusion rat q_n%%daﬁola'f?ét:%&*yely nonoﬁﬁof&fs "ol 166 Wee dHe tihgibid m The
diffusion rate nmeasur es _how fast ecul e transport occurs through

t he fil Mo | susEpeer sOEREVEASB WYPGHi e &£ & nddder 2 mol ecul e

nmoves within a polisRenceakybhl gkadiénﬁ (hi) dmasHrpfidhecqreent ration
of the perneant nol ecu

the fitm SEPERELRCAAE) soRihi TFH2 & DOt AR HERCE BF a

a lower concentration. In non-porous polymeric films,
therefore, the mass ﬁransport of a penetrant includes

15 three steps - sorption, diffusion, and desorption.
Sorption and desorption depend upon the solubility of
the penetrant in the film. The process of sorption of a
vapor by a polymer can be considered to involve two
stages: condensation of the vapor onto the polymer

20 followed by solution of the condensed vapor into the
polymer. For a thin-film polymer, permeation is the
flow of a substance through a film under a permeant
concentration gradient. The driving force for
permeation is given as the pressure difference of the

25 permeant across the film. Several factors determine the
ability of a permeant molecule to permeate through a
membrane: size, shape, and chemical nature of the
permeant, physical and chemical properties of the
polymer, and interactions between the permeant and the

30 polymer.

A permeant for this application means a material
that can exist in the atmosphere at a substantial
detectable concentration and can be transmitted through
a known polymer material. A large variety of permeants

35 are known. Such permeants include water wvapor, aromatic
and aliphatic hydrocarbons, monomer compositions and
residues, off odors, off flavors, perfumés, smoke,
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acid, etc. Such polymers are available commercially and
offer some resistance to permeation of gases, flavors,
aromas, solvents and most chemicals. 'PVDC is also an
excellent barrier to moisture while EVOH offers very
good processability and permits substantial use of
regrind materials. EVOH copolymer resins are commonly
used in a wide variety of grades having varying ethylene
concentrations. As the ethylene content is reduced, the
barrier properties to gases, flavors and solvents
increase. EVOH resins are commonly used in coextrusions
with polyolefins, nylon or polyethylene terephthalate
(PET) as a structural layer. Commercially, amorphous
nylon resins are being promoted for monolayer bottles
and films. Moderate barrier polymer materials such as
monolayer polyethylene terephthalate, polymethyl pentene
or polyvinyl chloride films are available.

Substantial attention is now directed to a variety-
of technologies for the improvement of barrier
properties. The use of both physical barriers and
active chemical barriers or traps in packaging materials
are under active investigation. In particular,
attention has focused on use of specific copolymer and
terpolymer materials, the use of specific polymer
alloys, the use of improved coatings for barrier
material such as silica metals, organometallics, and

The
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10 are intended to alleviate problems associated with metal
or metallic tastes or odors. Such systems include
compounds including ascorbic acid (vitamin C) and salts.
A recent introduction involves organometallic molecules
that have a natural affinity for oxygen. Such molecules

15 absorb oxygen molecules into the interior polymer .
chemical structure removing oxygen from the internal or
enclosed space of packaging materials.

Packaging scientists are continuing to develop new
polymeric films, coated films, polymeric alloys, etc.

20 using blends of materials to attain higher barrier
properties. Many of these systems have attained some
degree of utility but have failed to achieve substantial
commercial success due to a varilety of factors including
obtaining barrier performance at low cost.

25 One problem that arises when searching for polymer
blends or compounded polymeric materials, relates to the
physical properties of the film. Films must retain
substantial clarity, tensile strength, resistance to
penetration, tear resistance, etc. to remain useful in

30 packaging materials. Blending unlike materials into a
thermoplastic before film extrusion often results in a
substantial reduction of film properties. Finding
compatible polymer materials for polymer alloys, and
compatible additives for polymeric materials typically

35 require empirical demonstration of compatibility and
does not follow a cleérly developed theory. However
compatibility can be demonstrated by showing that the
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PCT/ US95/ 0599% hermoplastic polymer can be 1mproved, without any '

important reduction in clarity, processability or

structural properties, by forming a barrier layer with a

15 dispersed compatible cyclodextrin derivative 'in the
polymer. I have developed two embodiments. | The first
comprises a barrier made using the thermoplastic
technology containing the cyclodextrin derivative. The
second, a coating made by casting a solution or

20 suspension of a film forming polymer or polymer forming
material combined with the cyclodextrin derivative to
form a barrier layer. The cyclodextrin molecule without
a compatible substituent group is not sufficiently
compatible in the bulk material to result in a clear

25 useful barrier layer or packaging material. The
compatible cyclodextrin derivative is a compound
substantially free of an inclusion complex. For this
invention the term "substantially free of an inclusion
complex" means that the gquantity of the dispersed

30 cyclodextrin derivative in the film contains a large
fraction having cyclodextrin rings free of a permeant in
the interior of the cyclodextrin molecule. The:
cyclodextrln compound will be added without complex, but
some complex1ng can occur during manufacture from

35 polymer degradation or from inks or coatings components.
The internal cavity of the cyclodextrin remains
unoccupied by any complexed molecule.
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on the cyclodextrin molecule are selected to possess a
composition, structure and polarity to match that of the
15 polymer to ensure that the cyclodextrin is sufficiently
compatible in the polymer material. Further, a
derivatized cyclodextrin is selected that can be blended
into the thermoplastic polymer, formed into film,
semirigid or rigid sheet or other rigid structural
20 materials using conventional thermoplastic manufacturing
techniques. Lastly, we have found that the cyclodextrin
material can be used in forming such thermoplastic
barrier structures without any substantial reduction in
structural properties. The film can provide a trap or
25 barrier to contaminant materials from the polymer matrix
and from the product storage and use environment.
Thermoplastic polymers used in manufacturing packaging
film materials are typically products made by
polymerizing monomers resulting from refinery processes.
30 Any refinery stream used in polymerization chemistry,
contains residual monomer, trace level refinery
hydrocarbons, catalyst and catalyst by-products as
impurities in the polymer matrix. Further, the
environment in which materials are packaged after
35 production, stored and used, often contain substantial
proportions of contaminants that can permeate through a
barrier film or sheet and can contaminate food or other
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cav1t1es between the polymer chains. As the permeant
diffuses through the polymér on a tortuous path, the
uncomplexed cyclodextrin is available to complex _ ' ‘
‘permeant molecules as they diffuse through the film.
Some continual complexation and release of the same
guest between cyclodextrin molecules in.the film is
possible. In other words, the cyclodextrin dispersed in
the £ilm is complexing and releasing. The diffusion
rate may increase due to the number and size of the
cavities caused by the presence of cyclodextrin. The
modified cyclodextrin preferably has chemical properties
that are compatible with the polymer and are of a size
and shape that does not adversely affect the film's

. barrier property.

The beneficial effect of cyclodextrin over other
high-barrier film technolbgies is twofold. PFirst,
cyclodextrin has the ability to complex residual organic
volatile contaminants inherent in all polyethylene and
polypropylene packaging films. Secondly, cyclodextrin
offers the unique ability to complex permeants that may
otherwise diffuse through the package film-improving
product quality and safety. '
| Since all packaging films are permeable to organic
vapors, measuring the amount that permeates through the
film over time is an important performance measurement
of a particular packaging film. The permeation process
described above is fast for low-water-activity packaged
foéd products (crackers, cookies, cereals). The process

s
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activity inside the package) shelf-life storage
conditions to accelerate the outcome of the testing.
The organic permeant concentration used has been
obtained from food products contaminated by inks used in
15 printing on packaging materials, adhesive éystems used
in polymer or paper or foil laminations, or numerous
environmental contaminants originating from gasoline,
diesel fuel, paint solvent, cleaning materials, product
fragrance, food products, etc. The relative humidity,
20 water activity and permeant concentration have been used
to test numerous high-barrier films presently used in
the industry today. The testing has effectively
demonstrated performance differences between various
high-barrier films. Four test parameters are important
25 1in the performance of the high barrier film. First is
the time it takes the permeant to begin diffusing
through the package wall known as "lag-time", second,
the rate the permeant diffuses through the film, third,
the total amount of permeant that can pass through the
30 film over a given time, and fourth, the effectiveness of
the barrier to the permeant challenge.

Figure 1 is a graphical representation of the
dimensions of the cyclodextrin molecule without
derivatization. The o, 8 and y cyclodextrins are shown.

35

Figure 2 is a schematic diagram of the extruder

used to form the films set forth in Table I.



The cycl |.n derivative has a substituent group t he
SEHhE. rsgS e,

cycl odex cule that is conpatible - with the pol'ymeri¢ material.
Cycl odextrin is a cyclic dextran nol ecul e havi ng six or nore glucose *
noieties in 5 the nol ecul e. Preferably, (%he cyclodextrin is an [err]-
cycl odextrin ([err]CD), a- [e_rr]-cyclodext} n ([err]CD), a [err]-

cycl odextrin ([err] Qo fre 1 X(dires hereploe W RS QU yoeq shal the
ecule is es F

derivatization of the cyclodextrin nolecule _ sential” for form ng
a cycl odext ri n HRRSIG I e Regreabid itye off it ifiidmg Isifettdied into t he.

t her nopl asti ¢ bBWHdentiong pol yner material with no loss in clarity, _
processability or. structur or, packagi nq properties. The
substituents dif tk}?é’ecfgﬁﬁjgauﬂ% %tegﬁﬁcguér‘é’rbéﬂfe&h@d to possess a
conposi ti on,s stayuliadextanch pEmEvMatives nat ahe dlereodleticlmaceeliwigr to
ensure that the cyglodexirin is ff.dci |y conpatible in the .
pol ymer materi zﬁé.: tliher ﬁ?(é}re,ntalon cHf l&‘%rr??\r}}a ioztérl rcfc}:locg’ e‘r%‘t *n 9%s t??l ected
that can be bl eidet] such as isunfade temaimpl &ftatd pabamge, propeed iiest o

film  SeHd IgH b 0o A e/ iIRIvd Il dgiciingley 20
mat eri al s usi ng conventi onal thernmoplastic nmanufacturin ~“techni ques.

Lastly, we haveFuRPRHAT (fF i odextGaaring and prigbing .cafhse used in
form ng sucty t hgfdplaaedtin derivatiard infitedtiraled WS by tikRUuRAY in a :

substantial reductiaqgn i struct ural_.properiies. The filmcan
provide a trap Vo‘.’l'rleqiys onfo':f]’ rriheerr“lot?]tacﬁﬁja%fr%ﬂ aﬁﬁi é’ﬁeﬁts from the pol yner
- matrix and fromthe product storage and use environnent.
Ther opl asti ¢ POLNTeT S U] JF MRS BACHAY Mhvaneacyl || 10 M ET1
refinery processes. 30 Any refinery streamused in polynerization
chem stry, 15 contains residual nmonongfimtrace level refinery
hydrocarbons, catal yl-\?[fialnrr(\j grataalgﬁéetby{sprméts uanssupported section of
a thermoplastic resin whose thickness is much smaller
than its width or length. Films are generally regarded
. as being 0.25 millimeters (mm) or less, typically 0.01
20 to 20 mm thick. Sheet may range from about 0.25 mm to
several centimeters (cm), typically 0.3 to 3 mm in
thickness. Film or sheet can be used alone or in
combination with other sheet, fabric or structural units
through lamination, coextrusion or coating. For the
25 invention the term "web" includes film, sheet, semi-
rigid and rigid sheet and formed rigid units. Important
properties include tensile strength, elongation,
stiffness, tear strength and resistance; optical
_properties including haze, t:ansparency; chemical
30 resistance such as water absbrption and transmission of
a variety of permeant materials including water vapor
and other permeants; electrical properties such as
dielectric constant; and permanence properties including
shrinkage, cracking, weatherability, etc.
35 Thermoplastic materials can be formed ihto barrier
film using a variety of processes including blown
thermoplastic extrusion, linear biaxially oriented film



I Mpurities in the polynmer matrix. Further, the envi ronnment in which
mat eri al s awe spasdémged after 35 production, stored and URERIJSISDINON

cont ai n substanti al proportions of contam nants that can perneate

t hrough a barrier filmor sheet and can contam nate food or other
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8 packaged itens. Residual polynmer volatiles are conpl exed by

di spersi ng cycl od&%ErfiPat anfobY epr8ting from meditgmethesmeglamgtést r uder .

The residents ti M@e@Rni ¥bASmer or péIPnd GRnhamR:t %@?Qﬁhx_ﬁ%lbgnwe
barrel of the .extruder initiates the conplexation of residual polyner

p¢
vol atiles. Wth efNfP6hReAtal CORTAMPRRE RYS (Sildg known maRuEaGRUE RBS
pol ynmer, unconpl exedcedakredext Tha chspestsadistics ﬁhnthbepPQbMFEr I's o
believed to resid . bet ween t he pa I ecul e.chai ns, but
i n vaguely def?neghegﬁépg§%¥%$§st %&v&%ﬁgtﬁﬂaﬁgbqfﬁég%%hggﬁg}eﬁsffﬂ@
per meant di £purzesiohr aughas heobbdwarer Shildecortrtidgsnpgat h, the '

unconpl exed cycl Oﬁ'ﬁéhffge;:{ﬁgiglé‘?%@ﬁh@pié% -%Trﬂc@ytmers nake! ﬁlﬁa%eHDLSCU' es

as they diffuse through Sone “cont | nua exat1on and

rel ease of the safBllOT5thguRSIYHRY BAPTIRY JAe CheATRBILeELR ESPFACEABLAG] m
I's possi bl eanlinpaibeeuv@F dend tis: Gy 10dXdnN by $paEsed1ifg the

filmis compleying and teleasing, fhe diffUSTON, nas pLBLeSIRLCLDGTSE00 due

the thermoplastic industry as a measure of molecular
weight -- melt index is inversely proporticnal to
molecular weight, density and crystallinity). For blown
thermoplastic extrusion polyolefins (LDPE, LLDPE, HDPE)

15 are the most frequently used thermoplastic‘polymers,
although polypropylene, nylon, nitriles, PETG and
polycarbonate are sometimes used to make blown film.
Polyolefins typically have a melt index from 0.2 to 3

_ grams/10 mins., a density of about 0.910 to about 0.940

20 grams/cc, and a molecular weight 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 0.4 to 4 grams/10 mins. and a molecular

25 weight 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

30 1roll 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 film and sheet products. Such materials include

35 poly{acrylonitrile-co-butadiene-co-styrene) polymers,
acrylic polymers such as the polymethylmethacrylate,
poly-n-butyl acrylate, poly(ethylene-co-acrylic acid),



cavities caused by the presence of cyclodextrin. The 20 nodified

cycl odexWOi9%/0p268f er abl y has chemical properties t hRCTHEBIMDat i bl e
with the polyner and are of a size and shape that does not adversely -«
affect the films barrier property. The beneficial effect
of cycl odextrin over other 25 high-barri%r filmtechnol ogies is twofold.
First, cycl.odextrin has the ability to conplex residual organic

vol atile contaMQﬁﬁﬁﬁghX%%QQ§ﬁP'ﬂﬁﬁ%ﬁcrﬁ P%@Shyﬁéﬁefaﬁallophanﬁolypropylene
packagi ng fil mneelSedanrdlas icydlddext dellulose akkenset heeliugueeability to

conpl ex permeants . that . t ] I f ou t he .package
fiIn}inproving%é%taa%bfggﬁgfnﬁﬁgVi%fag%gbggfgffigig EnEyrng gpﬁce al
packagi ng fi | nsedrlalpsendalilacetateng&ticc ;. fluorpppdyeerseasgiiudgnghe anmount

that permeatses it dfitioroet nylie® QYEILHIE b137ekAPaLhRNLoREr f OF mance
measur enent 35 Il m “The perneation process

of a particul ar packagin
descri bed abovéQQ¥QQ%H94aﬁthX$ﬁnﬁdt2F5§§3WV%Fy paCkzgéduoroethyigyg-

products (crackeys preppkieats) epedlykerstheolyvedesd fluoride P64 OREEE,
PCT/ US95/ 05999 per neati on

can be faster SrSsioRSFYRPIGH F§Sh ah&yion 6’r§V&%Fv3'ﬁunF %rj out si de
t he package angpdlhegrmshattess polyesttearsageichemsepatlyriethid enkecpel ati ve
humi di ty O%Rficgérephthalate), poly(ethylene-co-1, 4-naphthalene
dicarboxylate), poly(butylene-co-terephthalate);
polyimide materials; polyethylene materials including '
low density polyethylene; linear low density
polyethylene, high density polyethylene, high molecular

15 weight high density polyethylene, etc.; pdlypropylene,
biaxially oriented polypropylene; polystyrene, biaxially
oriented polystyrene; vinyl films including polyvinyl
chloride, (vinyl chloride-co-vinyl acetate) copolymers,
pblyvinylidene chloride, polyvinyl alcohol, (vinyl

20 chloride-co-vinylidene dichloride) dopolymers, specialty
films including polysulfone, polyphenylene sulfide,
polyphenylene oxide, liquid crystal polyesters,
polyether ketones, polyvinylbutyrl, etc.

Film and sheet materials are commonly manufactured

25 using thermbplastic techniques including melt extrusion,

'~ calendaring, solution casting, and chemical regeneration
processes. In many manufaéturing steps an axial or a
biaxial orientation step is used. The majority of £film
and sheet manufactured using melt extrusion techniques.

30 In melt extrusion, the material is heated above its
melting point in an extruder typically having an
introduction section 27, a melt region 28 and an
extruder section 29. The melt is introduced to a slot
die resulting in a thin flat profile that is rapidly

35 quenched to solid state and oriented. Typically the hot

' polymer film after extrusion is rapidly chilled on a
roll or drum or using an air stream. Ultimately, a



t he package increase, the pressure .' --------- at—hetw =19 5 the outside
and inside {pepomsage i s greater. ihe di pEBUSHIEDD

and/ or the higher the t enper a e organi c permeants
will di ffuse through the fil TeTE to test the film
sanples in this research used the worst casel(aGO% 10 relative humdity
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shelf-life st oragquenchingohdtbi oas bo ased| erBiexrnidid aatticomatet-ible can
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nunmer ous hi gh- bar |vé’f“ey rergeggggeggﬁ{ &?g lar gid (:}I’Ie?fdeu glay The

testing has effec enons per or mance 8t’vveen
vari ous hi glyubear nseaxpanded Pourix ese ot anetforuy dre |tn;p‘@|St ans

in the performancengtitheghbol;baceser fAd Mndiddle iSime the tc'&%l&hge E
t akes the perrreant to begin_diffusing t hrough the pack nown

as "lag-time" 1%ed8RE, 31T flOY’h%O}a?lélee rﬁé?r?%t*%“flﬂ%é‘s A€ugh t he
film third, extiadeat alt AN@URG1 Ddw pel rRdEy tdwss:%d@am tzhrouqhat he

30fi|mover a given_ ti and fourth, .the effec nes

barrier to the pe%ﬁ@?n%%ﬁaﬁ?eﬁagfaps‘éd within Ifa}é}u'rsg1 %g%gaﬁFaaﬁl 855 is
representation of nithped at tHenendiofstid fiweneyicligdenctllisn 240 ecukeapi t hout
derivatization. The,a W1E§£ﬁ] tﬁ@%#@ér&oﬁé{éﬁ Ozgﬁ%gfé ns H%rﬁss'}‘l"‘@nd 28°draw

Figure 2 is a schematic_diagram o he extru
15 the film from the die maintaining a continuous

production of the extruded tube.

We have found that in the preparation of biaxially
oriented film and in the production of blown
thermoplastic film that the melt temperature and the die

20 temperature are important in obtaining the permeability
or permeant transmission rates preferred for films of
the invention, to reduce melt fracture and to improve
film uniformity (reduce surface defects). Referring to
Figure 2, the temperature of the melt at the melt region

25 28 should range from about 390-420°F, preferably 395-
415°F. The temperature of the extrusion die 29 should
ranze from about 400-435°F, preferably 410-430°F. The
extruded polymer can be cooled using ambient water baths
or ambient air. The extruder can be operated at through

30 put such that production rates can be maintained but the
polymer can be sufficiently heated to achieve the melt
and die temperatures required. Production of the films
of the invention at these temperatures ensures that the
cyclodextrin material is fully compatible in the

35 thermoplastic melt, is not degraded by the high
temperatures and a clear compatible useful barrier film

is produced.
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used to formthe filns set
PCT/ US93Y9 2860
is a diagram of a|ftges

NTabl e 1. WO 96/
\ o 99%995/05999F qure 3

ey . measuring the perneability of =
the films of the REUEaEFs W have al so found that

I nclusion of the ‘*”Ergaextrln derivatives in the thernDpIastlc

mat eri al s O BREShIKARI LAB, GBI LD OVRaOLI L D1 0PET S AT A 10
filmsuch.as surfacé tension, ti ar ropert ot her
properties thaFOEﬁﬁréﬁéoﬂhErﬁﬁaﬁﬁaBPIP??d@$e tallo?ﬁ@sfbbmr¢érsﬂ%§erlaI to

coating and pr p@baagtsTaaaptéQ Q&SChOﬁQi‘titﬂlQ?réﬁétﬂlyé mebeE| 81 Sm&RE be

i ncluded in a riety of at ernnglas ic filmand, sheet.

Det ai | ed EEschBPVBﬁroFYPﬁ FRvENP BR mOrejkayers of melt are

Film 5 colxtirbfedr ia aheeextsuaibhaiiensappavéed SEtmlaﬂtnf a
t hernopl astic resin S S r th m&dth or
| ength. Filns a?gsaéﬁggangpF%EQSg SEEeHUEPoﬁnggtﬁ lﬁyiﬁs ﬁg ers (mm

or |less, typicgheyddffereneOprdyRerAMPrhieRinshase ﬂayblaﬁ@ebYrenthbDut
0.25 mmto blending the materials in melt before extrusion or by

parallel extrusion of the different thermoplastics. The

10 melt flows laminarly through the die and onto a gquenched
drum. The film is processed conventionally and may be
oriented after cooling. Films can contain a variety of '
additives such as antioxidants, heat stabilizers, UV
stabilizers, slip agents, fillers, and anti-block

15 agenté. '

The barrier layer of the invention can be made by
casting an aqueous dispersion or solvent dispersion or
‘solution of a f£ilm forming polymer and the cyclodextrin
derivative. The agqueous or solvent based material can

20 be formed by commonly available agqueous or solvent based
processing of commercially available polymers, polymer
dispersiohs, polymer solutions or both polymer and
common agueous or solvent processing technology. The
cyclodextrin derivative material can be combined with

25 such agueous or solvent based dispersions or solutions
to form a film forming or readily formed coating
material. Such barrier layers or barrier coatings can
be formed using commonly available coating technology
including roller coating, doctor blade coating, spin

30 coating, etc. While the coatings can be made and
removed from a preparative surface, commonly coatings
are formed on a thermoplastié or thermosetting polymer
web, and remain in place'to act as a barrier layer on a
polymeric web used in a packaging. The typical coatings

35. can be made from the same thermoplastic polymer
materials used in film sheet or other structural layers

using substantially similar loadings of the cyclodextrin
[ —
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several centinmeters (cm, typically 0.3 10 3 mmin . thickness. Film or
sheet can bgpws@shs@l one or in fﬁﬂ@gpr@pHmmemtger RONAER95/0999%r i ¢ or

structural units through | am nafion, m@eXCEDSI ONn coating. For the
25 invention the term "web" incl udesliitrm—sheet SER— rigid and
rigid sheet and fornmed rigid units. Inportanus properties include
tensil e strength, elongation, stiffness, tear strength and

resi stance; opticderivativepmaperiags iTioé Uchmgicadayetr anspareney;

cheni cal 30 resj. St S S [ 3 S

o Vari ety of por meSeriRER, FHEReAUThE! ACCEIDY QA HATREL S e
permeants; el ectriCOSLoRREHELR] égrwehra% can be whad &t @@@A@t aﬁﬁtlaad

per manence proper iiz§e Bel BdhNBe used usftinﬂkmlecrcafalﬂl@@ sweatharability,
etc. 35 !herm)lagtlc rratirlals can be forned into i er

filmusing a vari 158 Br BEEELEE 1R¥FRPhg W oWe on one Fﬁé%ﬁﬁ | §46pPE
extrusion, |inear dfi axisakhigtaraenfetimf o nsheet whARHO@HL0260 used with

PCT/ US95/ 05999 ) Si d. f I th | astic
esin. mononer or SESETEr St e stle Bl S LERR Bk L BB TR TR
These nethods ar e ageltiinkndawrenanafdcotrenglayers qamsducesl the
characteristics iR fRaA0LY™bod packhSiABP! ésddafe st HodRRd drRKalergssf ul

barrier film
10 etc.

Cyclodextrin
The thermoplastic films of the invention contain a

cyclodextrin having pendent moieties or sgbstituents

15 that render the cyclodextrin material compatible with
the thermoplastic polymer. For this invention,
compatible means that the cyclodextrin material can be
uniformly dispersed into the melt polymer, can retain
the ability to trap or complex permeant materials or

20 polymer impurity, and can reside in the polymer without
substantial reductions in polymer film characteristics.
Compatibility can be determined by measuring polymer
characteristics such as tensile strength, tear
resistance, etc., permeability or transmission rates for

25 permeants, surface smoothness, clarity, etc. Non-
compatible derivatcives will result in substantial
reduced polymer properties, very high permeability or
transmission rates and rough dull film. Qualitative
compatibility screening can be obtained by preparing

30 small batches (100 grams-one kilogram of thermoplastic
and substituted cyclodextrin). The blended material is
extruded at production temperatures as a linear strand
extrudate having a diameter of about one to five mm.
Incompatible cyclodextrin materials will not disperse

35 uniformly in the melt and can be seen in the transparent
melt polymer immediately upon extrusion from the
extrusion head. We have found the incompatible
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formatio follo & sans - manuf act
thernnplgg?*@mgﬁlyne \ngﬁ@ = tailor the H%vﬁgﬁmﬂﬁ?erla
for thernoplastic prcessi and particul ar end use application by

control ling 10 nol melght (the nelt_index has been sel ected by
the thernoplastic industry as a neasure of  nol ecul ar wei ght -- nelt
index is inver cylﬁésp@ﬂﬂ W dyrade A A for4§N8I Ly, and
crystallinity). bl own téber noplaat{sr:gl C ext A u5| on poﬁ y(ﬂ S r‘?g’“( LDPE,

LLDPE, HDPE) ‘1%0 FEE theEMTACH e | \PuRdd flssmfosidesnt iin pal yner s,
al t hough pol yprepytesieon ny st f iveehaREFoudid that ifRAImAlRARAte are

soneti nes ‘used :gﬁhg Pol yal efi ns typical'ly have a nelt

i ndex fromaO0. 2 %§h éﬁfﬁMEan/9ﬁ¥%ﬁru;bsg§%§ﬁ%; urg d1o the about
0.940 20 d¢r argttepudativ velnm:h amgl dre Wittt achaty oamuaangels‘ge@mon about
200, 000 to 500,144} 1,F0re Hil @%tﬁlddét% 'c%{H%% éﬁitm nto Cﬁmﬁ{rus' on the polymer

nost often used are -ol efin based - §1§ﬁ S1nd
pol ypropyl ene (FRIES15RRBAONEd aq@wﬂﬁ%ﬂiﬂﬁd(ys¢ﬂgbam-gmansﬁﬂu)mnqrpsc@@@ a
nol ecul ar . 25 weifiliad oifncaﬁq;gtlzﬂ,(g 000 to 600, 000). Polyesters and

nyl ons can al so_be u . For castln t her mopl astic resin or
nmonomer di sper siX cﬁ %@cdt[ y'Vis rg'g’rlt?d&é‘ed" he fhegmopdasfione or
pol ypropyl éife. matrix Occa:yaiMeI&t,ruwlm a pyloidst mlmala\é@a&ﬁ@ecas'f . For

30 |1 t I t PVDC tc.
di s:)grm g(r)lg ;Pgel:dé;l nmer | zedﬁb?a?):e;ine%csrtyﬁllg‘ gl%cg%%—”a Osgl Iul%tlsy Jg,}aleﬁngaézcm ar

wei ght before &b Linkages. A%&hﬂﬂgheFVGdbd@ﬁ@ﬂnMpMasmlmpnaberlals ar
used in fﬁﬂ@lﬁkfgldﬂdﬁgjﬁ3§¥aud§W%@%Pm§ow§UcQh@ak%&%gl%os@c gﬂ%on 35

pol y(acryl oni tr| I e co- but adi e CO- st, ene)
pol ymers such &% {%7&31?31 é:YdOdeXtﬁéPyaﬂdbmyl acryl ate,
pol y(et hyl erte- Gnﬂﬂmmidxurﬂnm(ﬁbylng 6 .7 and 8 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 donut shaped ring,

20 which are denoted «a, g, or v 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

25 lipophilic (i.e.,) is attractive to hydrocarbon
materials (in aqueous systems is hydrophobic) when
compared to the exterior, is a key structural feature of
the cyclodextrin, providing the ability to complex
molecules (e.g., aromatics, alcohols, halides and

30 'hydrogen halides, carboxylic acids and their esters,
etc.). The complexed molecule must satisfy the size
criterion of fitting at least partially into the
cyclodextrin internal cavity, resulting in an inclusion
complex.

35
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12 pwbyweeedsy | ene- co- net hacryl ate), etc.; cell ophane,PCT/US95/05999
cellul osics including cellulose acetate, cellul ose acetate

priopi onate, cellul ose acetate butyrate and cellul ose triacetate,
etc.; fluoropolynmers including 5 pol ytetrafl uoroet hyl ene (teflon),
pol y(et hyl ene-co- tetrafl uoroethyl ene) copol yners,

(tetrafl uoroet hyl ene- COYCRODBYIROK) TYPDOAL rBRCGRERTIRSVI nyl fl uori de

pol ymers, ebRopeReky¥am des such as. onnOQCDnonn @C , etg. .
pol ycar bonat es; p6?7é§TETS‘EUCh—aS—pUTyté#hyrenercur-—‘ge—gerep%tg%Iate),

poly(ethylene-co-éegrggpgghalene di car boxyl ate),

pol y(butyl ene- go-t epgpPhbat A4 €3 on pol yi m dg materiaks; polygthylene
materials including(n = )low density polyethylene; linear |ow density
pol yet hyl ene, high density pol yethyl ene, high nolecular I5werght high
density pol yet hyl mokecelar; spod yopyl ene, biaxially oriented '
pol ypropyl ene; pol ystyrene, biaxially ori ented pol ystyrene; vinyl
films includiag pohpidayfiiameterchl oride, (vingl.7chlori de8co-vinglsacetate)
copol yners, OpéEZdén@ia@%h@rchloride, pollpvi7nyl al&oBol, (véngl 20
chl ori de-co-vi nyl tdichloride) copolymers 7sfecialty.0 fVlos

i ncl udi ng pol ysul f one, polzphenylene %Flfide, pol yphenyl ene oxi de,
liquid crysta£5p0§9%§%€%§, otatiomolqat her KetB@nSs, ﬁéﬁ%vﬁnylbh??r%, etc.

Color of iodine
complex Blue Yellow Yellowish
Brown

20
Solubility in water
(g/100 ml) 25°C

Distilled Water 14.50 1.85 23.20
25

The oligosaccharide ring forms a torus, as a truncated
cone, with primary hydroxyl groups of each glucose

30 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)

35 in which the vacant bonds represent the balance of the

cyclic molecule:

40 3

|
0
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5 Ry=Primory Hydroxytis
Rzz R,=Secondory Hydroxyls
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83 used. The majority of film

bi axi al orientation step

and sheet manufactured using nelt extrusi on t echni ques. 30 In nelt

extrusion, the
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hewi-uder section 29. The nelt is introduced to a sl ot

die resulting in a t@*b'loﬁ'e&ftrﬁhofnbﬂ@chhéb havéaalvauabwe%ogugasé@s!o%o

solid state and o ent éalcall theh gﬁF E filmafter
extrusion is r&pic WP@ peggent the, primgry hygrBxvisphgths 8K
stream UItBnapebﬁtlan, of the glucose moiety, and at. the seconddry

guenchi ng bath

The hot nelt poly
tube form 21. Teemetry iof the prﬂéﬁéﬁtWﬂﬂthﬂﬁcpéée and theethegs)stuoya

di ameter 5 dekﬁr%h%e@1gb %ﬂ%s@@%h%%@sf'bquthH%Bk&§5g§BQpQYare nBEactical

I's "extrud In an annhu

handl i ng consideratiqns. "As the hot nelt g ener%es rromthe
b cr

annul ar di e, tﬁ&ué%tﬂﬂdéﬁaFGEVIty -t uBeWEYeExp

(4) tinmes iios

BFSarP
reaction cond;tlons, the cyclodextrin molecule can be
reacted to obtain a derivatized molecule héving 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

20

25

30

35

desired. Further directed synthesis of a derivatized
molecule with two different substituents or three
different substituents is also possible. These
substituents can be placed at réndom or directed to a
specific hydroxyl. For the purposes of this invention,
the cyclodextrin molecule needs to contain sufficient
thermoplastic compatible substituent groups on the
molecule to insure that the cyclodextrin material can be
uniformly dispersed into the thermoplastic and when
formed into a clear film, sheet or rigid structure, does
not detract from the polymer physical properties.

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, oxidized dialdehyde or acid groups can be
formed for further reaction with derivatizing groups,
etc. The éecondary hydroxyls can be reacted and removed
leéving an unsaturated group to which can be added a

reglon
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initial die dianeter. At the sane tine the cooling air 10 (see air flow
20) chills wosswelsoformng a solid extruded wth a hol | ROY/GSs0IMWNr
cross section 21. The filmtube is collapsed within a V-shaped franme 23
and is ni pped at the end of the frame (nip rolls 24) to trap air
within the thus forned bubble. Rolls 24 and 25 draw 15 the filmfromthe
di e mai ntai ning a continuous production of the extruded tube.

W have found t hatvamietiye gfr &mawat reagehitbi axaaldan add @ entosd i doukidd i n

the production of hl.own . ¢ 4.ner HBPE@éEiEeé hRddate the nelt tenperature
and the die 20 tenperature are I npor In o ta| ning the perrreablllty

or permeant transm ssi GHMItEEESs Sﬂéf@?r@@r$o¥l¢$I9ﬁ¥§ﬁn of tihee Jl¥¢ention, to

reduce melt fract thfieQ:@d @ b@pbgéﬁea tof blodwed fa)rﬁatcstl(vrr:eci%% surrhaee
defects). Ref err| n

t he tenpe ure of t nel't at the
nelt region 25 Zé:eg%"’lﬂqél‘ersaﬁ&g PFBﬁfﬁb‘éﬁ? %(51%92%[’:& A TPPYS®16[ err] O,
preferably 395- 415#ﬁmqﬂdib@23212g3babstIﬁuenﬁh;nmqmﬂenauﬂmec@hlodexmh&n '
extrusion die 29 range from about 400-435[err]F (204-224[err] O,
preferably 410-43 err (210 221[err]C). The extruded pol yner can be
cool ed using anbi ent wither prafRrred poePandtery sgheme Tiar ®uadyddndgcan be

operated at thrOugﬂmvatweds%gth&ﬁ@ict@mdru&ééﬁhlr BB RA %nr&'l%@lned
but the pol ymer can be sufficient]ly heated to achieve the nelt and

di e tenperatur’ds B SPTPREARLEt WoRPo Fh?h%h?¥m939a5t1Qﬁpqq¥¥qrhﬁéﬁpﬂﬁﬁ5at
these tenperat ur esentalilcds tRathbhpr3hargyst oseadrdarayeidody liss dfulchg
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broad range of pendant substituent moieties can be used
on the molecule. These derivatized cyclodextrin

15 molecules can include acylated cyclodextrih, alkylated
cyclodextrin, cyclodextrin esters such as tosylates,
mesylate and other related sulfo derivatives,
hydrocarbyl-amino cyclodextrin, alkyl phosphono and
alkyl phosphato cyclodextrin, imidazoyl substituted

20 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

25 substituted cyclodextrin 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, butyrvl,

30 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

35 anhydride, acid chloride, and well known  synthetic
protocols. Peracylated cyclodextrin can be made.
Further, cyclodextrin having less than all of available



14 w@&&% iIced. Oten two thernoplastic mat i‘%@gfﬁ’%&’ j oi ned

in a sion process to produce tailored filmor products
adapted to a particular end use. One or nore 5 polyner types in two or
nore |layers of nmelt are coextruded in a% oextrusion die to have a film
wth versatile properties dried from bo | ayers. Layers of t he

di fferent polynRfs Oy L Hubs i eRTING] LIRS calll 82diBget B8 cn
materials in nelt before extrusion aqr by 10 parallél _extrusion of the

di fferent ther MR &% iNQEe Afe the Rglandeons the fyeiy abdeoiydrorylgi e and
onto a quenchedubsulrdiBed M tH |dBHex PeReIIRAICQPRRP.onal |y and may be
oriented after cool '(Pﬂ: ocgai Itm;. can cor}_tfgﬂsn a vfarl!set?é ofr o %%gi t,i gles such
as antioxidants, heat! stEbiTiZ&t S k12 SPIHIF 7S, ?Flﬁ it
fillers, and amtliklascikng agegae $.0 producedlize kdiyilert eldayyrclotetdtierin .
| vention can be WAGR fe grdan Idih A AUEPYS ng%%rc%i PerAnSAaLe
di spersion or solut1 on “of filmformng polynmer and"the cyclodextrin 20
derivative. THYBRASKIEG wWHing fuifdsdenrat@aciicgasondifdonsr ned by
commonl y avai | alilipnasienilsy Gescd i 1038 hydridx9Qe S sOfviCaMBkci al |y
avai |l abl e pol yners,. pol ynmer di sper.si ons,. pol r solutions or bqgth
pol ymer and R or 3@1 'pf%%ﬁ%éﬂﬁﬁ'chﬁ I Y1pfhd ngs
cycl odext rixo dexgerst, whearatyerlicdexxanrbencd@dhilrethswidsin thesuedcadweous or
sol vent based ‘Héﬁ&?éﬁéHEi‘%yé¥8d5£é¥¥h substituted at less than all of
the available hydroxyls can be producéd. Typical ‘
examples of alkyl groups useful in forming the alkylated
cyclodextrin include methyl, propyl, benzyl, isopropyl,
15 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
20 .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
25 thermoplastic resins. |
The primary -OH groups of the cyclodextrin molecules are
more readily reacted than the secondary groups.
Howewver, the molecule can be substituted on virtually.
any position to form useful compositions.
30 Such sulfonyl containing functional groups can be
used to derivatize either of the secondary hydroxyl
croups or the primary hydroxyl group of any of the
glucose moieties in the cyclodextrin molecule. The:
reactions can be conducted using a sulfonyl chloride
35 reactant that can effectively react with either primary
or secondary hydroxyl. The sulfonyl'chloride is used at
appropriate mole ratios depending on the number of



to forma filmformng or readily forned coating material. Such barrier
| ayers or bawo%6026doat i ngs can be fornmed using conmonl y PEVASIHEPE
coating technol ogy 30 including roller coating, doctor blade coating, spin
coating, etc. Wile the coatings can be nade and removed from a
preparative surface, commonly coatings arad formed on a thernoplastic or
t hernosetti ng pol yner web, and remain in place to act as a barrier

| ayer on a 35 pol yrasrdat wesingsed grodppaéRaghagroipeuls preatiniont i ngs

can be made from tdig, R dikel TOBLRS! sGmRBLY¥IBAL (peFBE@Sd@Sydiged in film
sheet or other structural_|ayer . Substantially simlar

S , usin
| oadi ngs of the cyRTRAMGS yith adéﬁ?ﬁé?i§élﬂﬁP%fi%.?eﬁﬁécﬁérrier | ayer or
bari er coat i ngmdaimterd-itsiing thie pki narf oandl nge pohgarey ardkrd:hd s
cycl odextrin derivat,ive . .can use LngLke | r..or be
used in a mul tie%l & %Sattﬁtg\lgzes#r%ﬁgtsnure%ixgu%%v?%\ggg&géér P?%?Rf%i%i Sc?ﬁifcoo t'i ng
on one or both sidésrivatiofesd slarubeupakbprired veinddetowhixdratadiorbe used

W th other coatdng Jyes s is&q'fufl&ﬂgg%hggi 84| @aeé&ubﬁ&ee@rwskth &AAting
| ayers and ot her | ayers conventional "1 n~10_" packagi ng, tood packagi ng,
consuner product ﬁg@Kﬁ@gﬁggroupseg@perlcally as se€lected by the

experimenter. Lastly, monosubstituted cyclodextrin can
10 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
15 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
20 molecule via nucleophilic displacement of the sulfonate
group by an azide (N;'}) ion. The azido derivatives are
subsequently converted into substituted amino compounds
by reduction. Large numbers of these azido or amino
cyclodextrin derivatives have been manufactured. Such
25 derivatives can be manufactured in symmetrical
substituted amine groups {those derivatives with two or
more aminc or azido groups symmetrically disposed on the
cyclodextrin skeleton or as a symmetrically substituted
amine or azide derivatized cyclodextrin molecule. Due
30 to the nucleophilic displacement reaction that produces
the nitrogen containing groups, the primary hydroxyl
gcoup 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
35 invention include acetylamino groups (-NHAc), alkylamino
including methylamino, ethylamino, butylamino,
isobutylamino, isopropylamino, hexylamino, and other



Cycl odextrin The thernoplastic filnms of the invention contain a 15
cycl odexwo p6i00a60/i ng pendent noieties or substituents PCHABINSIer the -
cyclodextrin material conpatible with t he thernopl astic polyner. For
this invention, conpati bl e neans that the cyclodextrin material can be
uniformy dispersed into the nelt pol yrrer2aan retain 20 the ability to
trap or conplex perneant materjals or | ymer inpurity, and can reS|de
in the pol yneraifFyhapino suksbstesrtal r?ﬁﬁuﬂ@%ﬂﬂ;Q#]%kﬂxﬁﬁﬂlHQIrn

chracteri sti cssubsti€oanesibihifureher hee dﬁa&ftmxftedubih nasdy i ng pol ymer
characteristics such as tensile stre resi stance, etc

permeabi | ity of “TY3N3HF ssiidn Fates vrnl%xqihe &Jrrrf‘é%ﬁré QW 1o & Wildttthness,
clarity, etc. débivatizecohpainibhe geouwatiVEsemipdssigsid tnidrogutbst ant i al

reduced pol yne e gg@g) t SI on
rates ang r%ug%mg ??E{IHJ éubg%]%%tg%lj\?qgé diéﬁfﬁbarﬁllr%y s'rs%%r}g(regm ng can be
obt ai ned by prépagthyglaning npiiepay %ﬂ&nq.lm@@@ﬁklm B e zimaf

t her nopl astic uat@fﬂaﬁ(lbﬁbéyi@@t@acagdwtﬁ Nryl Hifndd BRsechimtedd al is

extruded at production ures as | i near sirand extrudat e having
a di aneter of %B]Bﬁ’fl'bﬁ%n’f% flil"i'f O r’r‘Fﬁ%’n‘b‘%ﬁ ECYSQILI I FAR er i al s
wi Il not dispebsemanufaotiived] ysia foed netdclantbr arhdanmeefudtutdient a

transpareni, .. 0BLheROLYHBRo1OPEHL AL Gy A EXFIUS QIO 08 5 /3 ng
derivative. In such compounds 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
15 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

20 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 substltuted w1th

25 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

30 compatibilizing substituents onto the cyclodextrin.
Apart from the sulfonyl acylating groups found above,
sulfur dontaining gfoups manufactured based on
sulfhydryl chemistry can be used to derivatize
cyclodextrin. Such sulfur containing groups include

35 methylthio (-SMe), propylthio (-SPr),
t-butylthio (-S-C(CH;),), hydroxyethylthio (-S-CH,CH,OH),
imidazolylmethylthio, phenylthio, substituted



16 extrusion head. W have found the inconpatible cycl odextrin
can degr adewsx96@8260usi on t enperatures and Droduce a chaP@EUEASI08299C
"burnt flour" odor in an extrusion. Further, we have found that

i nconpatible 5 cyclodextrin can cause substantial nelt fracture in the
extrudate which can be detected by visual insymection. Lastly, the
extrudate can be cut into small pieces, cross-sectioned and exam ned
using an optical rRRewEkYpe, amingsliydtiiconpdt PbherdO Bystddextulia
clearly visible |rbiﬁ%%téuﬂﬂﬂﬁﬁégﬂéﬂ3chem1@%&§'éet syehogdexyLin is a cyclic

ol i gosacchari de con |st|ng of .at |east six g ucopyranose units j oi ned
by a(1l[err]4) ¥ T Ry SYOesdEren Fnewirlhgdrbl% a hyqugsiwie
gl ucose residues aalBidknois kdtme RireearbskytQaNBOid SEuhOfDb RIS 2 can be
cycl odextrin, r odextJs jn and err cl odextrrﬁ having 6, 7
and 8 residues ”ha\fl eagne€5e§dCh bt L&/Efigdéﬁlﬁ)ﬁ Y$Et odticed by a
hi ghly sel ective hydnﬂxxpnﬂpYi,synﬁhedpxyl¥hhylcanéls®rréspnnd1ngﬂdﬂemy' 20

ei ght gl ucose nnnqggg 2 danut, gs e (o ¥h|ch are
denoted a, [err], err cy Io eext I n %Keisgg%t?:{(/%lrg lsom? ge Figure 1).

The specific coupI‘F W%nygl(u@o%z COzHﬁDn§ﬁ§b§1QEVb§XYhéthyblmiee@trr-n a

rigid, truncated o-ce0ios,)nol egutraaeﬁtfyﬁtw@nvnéﬂ@adlq}ésowcﬂrme%r'Or of
a 25 speC|f|c vol une.” Thi.s |nte%pal %aV|t¥ which, is | i.paophi | i
FOGRS Br

(i.e.,) is attthctisAd & TYnfitBr FAPE3ER n° Jsﬁﬂsltrkﬁrs is

hydrophobr c) when functcignpdr edrcdupst.he exterior, is a key structural

feature of Cyclodextrin derivatives with functional groups
containing silicone can be prepared. Silicone groups
generally refer to groups with a single substituted

15 silicon atom or a repeating silicone-oxygén 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

20 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

25 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

30 silicone containing substituent moieties are preferred
including trimethyleilyl, mixed methyl-phenyl silyl
groups, etc. We are aware that certain BSCD and
acetylated and hydroxy alkyl derivatives are available
from American Maize-Products Co., Corn Processing

35 Division, Hammond, IN.

Packages and Packed Items



the cyclodextrin, providing the ability to conplex 30 I e.g.
ar omat | WO 9690268101 s, hal i des and hydr ogen hal i des, g‘%@@%?’l%%gsam ds and
their esters, etc.) . The conpl exed nol ecul e nust satisfy the size :

criterion of fitting at |east partially i$ o the cycl odextrin internal
cavity, resulting in an inclusion 35 conpféx. WO 96/ 00260
PCT/ US95/ 05999

. . 17 .
'CYCLODEXTRI N TYPI CALPRPEIIRESStC CobErfigshe compatibly, [err]-CD

[err]-CD [ edefiGirized cy@empextoin cars be medmrn mticriety of 6
! 8 xddihg format®! &SP kadZ % (AlEddy of 4Qnd Nside di aneter
5.7 7. g Packqging formard ¢ sdikade s Y of fbmg 19142 A

16.9 hei¢preral packaging ideas cary jp used7 @or exampje, the

Speci fic Rofatiwsmé addersd packagdderitirelhpZrd a Fillfn .gbuch,S bag,
etc. Further, the film can be used as a film closure on
a rigid plastic container. Such containers can have a
rectangular, circular, square or other shaped cross-
section, a flat bottom and an open top. The container
10 and a thermoplastic f£ilm closure can be made of the
thermoplastic materials of the invention. Further, the
thermoplastics of the invention can be used in the ' ' '
formation of blister pack packaging, clam shell type
enclosures, tub, tray, etc. Generally, two product
15 types require packaging in thermoplastic film of the
invention having substantial barrier properties. 1In one
product type, protecting the product from contamination
from permeant sources outside the packaging material is
important. Protecting food items from contamination by
20 aromatic and aliphatic hydrocarbons, fluorocarbons, ink
and packaging residue, exhaust from transportation
equivalent and other internal combustion engines,
perfumes commonly used in a variety of consumer products
" such as scented paper products, bar soap, scented bath
25 products, cleaners, fabric softeners, detergents, dry
bleaches, disinfectants, etc. All food items are the
most common material requiring protection from outside
contamination, other items can be sensitive to odors.
Further, a variety of materials must be packaged in
30 barrier materials preventing the odof of the material
from exiting the package. A large variety of food odors
are readily_transmittéd by a variety of packaging
materials. Such food odors can attract insect and
rodent pests, can be objectionable to customers or
35 employees or can result in the substantial loss of
important fragrance notes from packaged materials
reducing product value. Important odors requiring



Col or of iodine conpl ex Bl ue Yellow Yell ow sh
Brown 20 wo9n00@6d ubility in water (9/100 m) 25[ ero1}s395/05999
Distilled Water 14. 50 1.85 23. 20 25 The
oligosaccharide ring forms a torus, as a truncated cone, with primry
hydr oxyl groups of each glucose 30 residuedying on a narrow end of the
torus. The secondary gl ucopyranose hydroxyl groups are |ocated on
the wi de end. The pabrerantial doextidns nmcdadee pdand der%ve@sf&¢$ ifffee,
derivatives, can b r he £al | owm.n ornul a_(the ring
car bons show conveﬁ?éﬁiﬁa’?&ﬁé}n%g?%eg%l' ff zi?glm%ﬁlg%ﬁ'tﬁ%c?/%c%ﬁto Tidls
represent the bal afleecotatyproductsyy ryc migl stavées apdrsdups, snack

foods (chips, crackers, popcorn, etc.), baked foods, dry

5 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.

10 The above explanation of the nature of the
cyclodextrin derivatives, thermoplastic films,
manufacturing detail regarding the production of film,
and the processes of cyclodextrin to make compatible
derivatives provides a basis for understanding

15 technology involving incorporating compatible
cyclodextrin in thermoplastic f£ilm for barrier purposes.
The following examples, film preparation and permeation
data provide a further basis for understanding the
invention and includes the best mode.

20 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

25 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
have found that the cyclodextrin derivatives can be

30 combined with a broad variety of thermoplastic films.
The cyclodextrin materials can be incorporated into the
films in a broad range of cyclodextrin concentrations.
The cyclodextrin containing thermoplastic materials can
be blown into films of varying thickness and can be

35 blown free of melt fracture or other film or sheet
variation. We have found in our experimentation that
the barrier properties, i.e. reduction in transmission
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invention,1p 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 film. (2) Unmodified BCD
15 adversely affects transparency, thermal stability,
machinability, and barrier properties of the film.
Conversely{ selected modified BCD (acetylated and
trimethylsilyl ether derivatives) have no affect on
transparency and thermal stability. The machinability
20 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 and 38% at 105°F; aliphatic
25 permeants were reduced by only 9% at 72°F. These
results would improve significantly if worst case shelf-
life testing conditions were not used to test the films.
(4) Complexation rates were different for aromatic and
aliphatic permeants. Films containing modified BCD had
30 better complexation rates for aromatics (gasoline-type
compounds) than aliphatic (printing ink-type compounds) .
Conversely, film coating had significantly better
complexation of aliphatic compound than aromatic
compounds. (5) BCD containing acrylic coatings were the
35 star performers reducing aliphatic perméants from 46% to
88%, while aromatics were reduced by 29%.

This Sheet Has Been Replaced
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10 (LLDPE) resin, it was incompatible with the resin and
formed BCD particle agglomerations.

We have evaluated nine modified Bcyclodextrins and
a milled B-cyclodextrin (particle size 5 to 20 microns).
The different cyclodextrin modifications were-

15 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

20 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

25 microscopic examination was used to visually check for
compatibility between LLDPE resin and cyclodextrin. Of
the ten cyclodextrin candidates tested, three
(acetylated, octanyl succinate and trimethylsilyl ether)
were found visually to be compatible with the LLDPE

30 resin.

Complexed residual film volatiles were measured
using cryotrapping procedure to test 5% BCD film sample
and three extruded profiles containing 1% {(wt/wt)
acetylated BCD octanyl sucecinate BCD and trimethylsilyl

35 ether. The method consists of three separate steps; the
first two are carried out simultaneously while the
third, an instrumental technique for separating and
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cycl ode erial having a functional 10 group conp e Wth the

t her nopl astic pol ynmer involves - reactions at the primary or secondary -
hydr oxyl s of the cycl odextrin nolecyl e. Broadly we have found that a
broad range of pendant substituent noieti'’eés can be used on the
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cycl odextrin, 93% © rH%ﬁPﬁ@hFﬁﬁp's FPTEGT &iSnitTG e &S §/4° Cgr odpe
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carboxylie aci . substitut cl odextrin and 2rs> The
substituent an lﬂﬁﬁﬁﬂ?} S SUFEIgREE & EgiraRcth&achr setded sespatibility
to thte_ g_elr! Vatdazt%ﬁﬂ&t?réc%ﬂtv_-ery.l The secthd : sé&re‘f)ulé%tntc:é%ttx%.%%_sb%h:éseg as .
conpatibilizin , uncti o roups inc e.ac , .propionyl, butyryl,
30 trifluor oaﬁ%éllﬁ&mw%’?ﬁﬁ%&ﬁ%&n&aﬁpﬁ& %&Ixyel?ﬁém the ° groups.
The for naticon cefmpsiietdsgringps the atidigpimiee gas in pr iheadgpacesedandary ring
hydr oxyl s of t. extri : X | & _i_nvol | I _kno reactions.
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|l ess than all of available _,
is capped immediately. Method and system blanks are

15 interspersed with samples and treated in the same manner
as Samples to monitor contamination. The concentrated
organic componenté are then separated, identified and |
quantitated by heated headspace high resolution gas
chromatography/mass spectrometry (HRGC/MS). The results

20 of the residual volatile analyses are presented in the
table below: '

TABLE 1
25
% Volatile Complexation
Sample Identification _ as_Compared to Control
5% BCD Blown Film 80
30 1% Acylated BCD Profile - 47
1% Octanyl Succinate BCD Profile 0
1% Trimethylsilyl ether Profile 48
1% BCD Milled Profile 29
35

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 f£ilm. In 5% BCD loaded

40 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
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one or nore of the bal ance of the .xailahkahm,5?§§§wﬁ' substi t ut ed
wi'th other functional groups. \g...._ materials can al so
be reacted with 5 al kyl ati ng agents to preoducea—=an al kyl at ed

cycl odextrin. Al kyl ati ng groups can be used to produce peralkyl ated
cyclodextrin usi ngdstfptshim iIeaeiliieredondi beoBRe result exhadbtémel y react

avai | abl e hydroxyl_ gr ssWth t al.kyl ating. agent . .Further,
dependi ng on the %T%/rﬁpgcgsllhtgwn Oﬁ%%’&egp, thémé}léllg}ﬁex?re}r\e n%LF'ec & used in

t he reaction odox-oreh o mnopeldsddetfunagdbsyde uvard 2t | ess than al
of the avag), Yl £an e cRE9dyCced. + hd YBI : exanpl es
of al kyl groups use?%l“ﬁelér}y%%% r%the laéﬁkyl at ed ¢ }Qj&%ofdle%(?ri n incl ude

nmet hyl , propyl5 b#aEgiesisopropyl, 15 tertiary butyl, allyl, trityl,

al kyl -benzyl and otherof the tix@ETRAAlEk¥d gbRBRSibRYCHD adiydi s can be
T ot 5 SR SR Sart ELCES, ouch. a5, LR o
hal i de, or w th astldkyl adthangatyilated hatetrim@0hybatinhtether CD were
felated alkyl or IO o g Ve PRI Erace woldt Lot datles ¢!
manuf act uri ngl0 inhexempain Bilg Z&PPEy gesdaxt r PRenbeEEeesleaiinge ¢h 25

ther nopl asti ¢ residstylated and'eArdMyL 1 10E0HBs Ohushe Sus! QEaKd i n
mol ecul es are approximately 50% of the residual LPDE organic volatiles
were complexed, while the octanyl succinate CD did not
complex residual LLDPE resin volatiles. Milled BCD was
15 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

20 through the migration of organic molecules from the
environment through the polymer f£ilm into the head space
of the package where they are absorbed by the food
product. Migration or transfer of organic molecules of
the package to the food, during storage, is effected by

25 environmental conditions such as temperature, storage
time, and other environmental factors (e.g., humidity,
type of organic molecules and concentration thereof).
Migration can have both quality {(consumer resistance)
and toxicological influence. The objective of packaging

30 film testing is to measure how specific barriers may
influence the quality of packaged individual foods. To
simulated accelerated shelf-life testing for low-water-
activity food products, the testing was conducted at a
temperature of 72°F and 105°F, and a relative humidity

35 of 60%. These temperature and humidity conditions are
probably similar to those found in uncontrolled
warehouses, 1in transit, and in storage.
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conposi tions. 30 Such sul fonyl containing functional groups can be-
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prinmary hydroxyl group of any of the - glucose noieties in the

cycl odextrin ol eculfe.s A ymer is MRAGORS sedRiReveonduet edi14shing a
sul fonyl chloride ., 35 reactant that Q$ﬁbeffect|vely react wiith_either
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hydr oxyl groups |n%ﬁ¥lQ%ﬂ%§§ﬁ%%|%§€bFﬁengondltlogﬁbéﬁggupﬁoﬁebgggﬁlng

symret ri cals (Fao SNEESUUNg @ktremes,cgdaide wWumidityi dgl éhsul f onyl noi et y)
or UnSY'B@tn{éaQ:%.'on( 8RN RIS i XAy paver %’i)ﬂ'e% of ®he

substituted with a mxture of groups | Iud| sul f qny derlvatlves)
can be preparéajﬁbln hen GRY % Q5wsl &FFPG&?Q Sher GRFSig€oGEs can
be conbi ned witHe amdkage, wa@ rraiﬂﬁ,dalgrewm gonerealtiyeanuseigeeled by the

2B ngl o gl ueGEE IS R 9o mg PSR IaREL kS BBBigen g and ¢ hree |
sul fonyl swbstpaakarges contalning 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 gascline (principally an

15 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),

20 toluene (3 ppm), p-xylene (2 ppm), o-xylene (1 ppm),
trimethyl-benzene (0.5 ppm) and naphthalene (0.5 ppm).
The aliphatic permeant, a commercial paint solvent blend
containing approximately twenty (20) individual
compounds, was 20 ppm. ' '

25 The permeation test device Figure 3 consists of two
glass permeation cells or flasks with cavities cf 1200
ml (environment cell or feed side) and 300 ml (sample
cell or permeating side) .

Experimental film performance was measured in the

30 closed-volume permeation device.. High-resoluticn 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

35 concentrations are calculated from each compound’s
response factor. Concentrations are reported in parts
per million (ppm)-on a volume/volume basis. The
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PCT/ US95/ 05999 The testing showed the contrel film performed
better than BCD loaded films. The permeation test
results alsc demonstrated the higher the BCD loading the

15 poorer the film performed as a barrier. The test
results for sandwiching £CD between two contreol films
showed BCD being twice as effective in reducing
permeating vapors than the control samples without SCD.
This experiment supported that CD does complex

20 permeating organic vapors in the film if the film’s
barrier qualities are not changed during the
manufacturing process making the film a less effective
barrier. '

The 1% TMSE BCD film was slightly better than the

25 % acetylated BCD film (24% -vs- 26%) for removing
aromatic permeants at 72°F adding more modified CD
appeared to have no improvement.

For aromatic permeants at 105°F, both 1% TMSE BCD
and 1% acetylated BCD are approximately 13% more

30 effective removing aromatic permeants than 72°F. The 1%
TMSE film was again slightly better than the 1% £ilm
{26% -vs- 21%) for removing aromatic permeants.

The 1% TMSE film was more effective initially
removing aliphatic permeants than the 1% acetylated BCD

35 £ilm at 72°F. But for the duration of the test, 1% TMSE
BCD was worse than the control while 1% acetylated SCD
reﬁoved only 6% of the aliphatic permeants.
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the cyclodextrwelgﬁk¢cageacemlmeformln SHQﬁééivéed ¥h%9eaé§¥ tpggéphato

aryl phosphato groups. The 2, and 3, secondar ydr ox 15 Tan
branched usi ngWwere usgd 5Pk9Pnﬁh6§BHaP655r5Hbm SamP es by 1%@1@@ti@@extr|n

nol ecul e cap b€w§Uh§DPEUEQQmBﬂEBgetﬁ5rhet@ﬁ@caﬁfférQH€|@éatﬂﬁéUd'ng pendent |
i m dazol e grou PSin |gt| ing, | n%gazglrsgroug H(gyrl IPO and
substi tuted By AFGFnBeHRoHBE PaieYe ryerves ¥@RF18s can
be nodi fi ed wi shretched 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
15 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
approximately 0.0005 inches. These CD coated films and
20 hydroxylmethyl cellulose coated control films were
subsequently tested.

A reduction in aromatic and aliphatic vapors by the
hydroxyethyl BCD coating is greater in the first several
hours of exposure to the vapor and then diminishes over

25 the next 20 hours of testing. Higher removal of
aliphatic vapors than aromatic vapors was achieved by
the hydroxyethyl BCD coating; this is believed to be a
function of the difference in their molecular size
(i.e., aliphatic compounds are smaller than aromatic

30 compounds). Aliphatic permeants were reduced by 46% as
compared to the control over the 20 hour test period.
Reduction cf aromatic vapors was 29% as compared to the
control over the 17 hour test period.

The Rev. 1 coated hydroxYethyl BCD reduced the

35 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
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PCT/ US95/ 05999 . : 23 phenyl t hi o,

am noal kyl thi o aﬁﬁEEFﬁ%fggﬂEased or the ether or thioether chemstry
set forth above, They dysgexyethYhafFRgCeabity t washt St ighh iy kettbexa

hydr oxyl al ah Wi KARN @ rehatAEDREYhEEneS | Ehinneld arAddiEape 5
prepared. Such g&ﬁyps |nclu§§ bydrquetbyl, 3., hydr oxypropyl,

met hyl oxyl et hyd SEENordidig oxeme®®’ 2t T2ofers, fornyl methyl and
Its oxenme isoners, _carbylmethoxy (-O-CHerr]-CJerr]H),

car byl met hoxynet hyl ester (- LARGEC§ §r§i£§I£§§é-f§ﬂ§¥id). Cycl odextrin
with derivatives forned 10 Usrng—séﬁitune—t+mnn1§7jr1znrcontain

conmpati bilizing f unerepaxbtionupf Cyclodextrin DRmilveddwmes n

derivatives with functional groups containing silicone can be

repared. Silicone groups
prep 10 9 P Example I

An acetylated f-cyclodextrin was obtained that
contained 3.4 acetyl groups per cyclodextrin on the
primary -OH group.

Example II _
15 Trimethyl Silyl Ether of B-cyclodextrin

Into a rotary evaporator egquipped with a 4000
milliliter round bottom flask and a nitrogen atmosphere,
introduced at a rate of 100 milliliters N, per minute,
was placed three liters of dimethylformamide. 1Into the

20 dimethylformamide was placed 750 grams of (-
cyclodextrin. The B-cyclodextrin was rotated and
dissolved in dimethylformamide at 60°C. After
dissolution, the flask was removed from the rotary
evaporator and the contents were cooled to approximately

25 18°C. 1Into the flask, placed on a magnetic stirrer and
equipped with a stir bar, was added 295 milliliters of
hexamethyldisilylazine (HMDS- Pierce Chemical No.
84769), followed by the careful addition of 97
milliliters of trimethylchlorosilane (TMCS - Pierce

30 Chemical No. 88531). The careful addition was achieved
by a careful dropwise addition of an initial charge of
20 milliliters and after reaction subsides the careful
dropwise addition of a subsequent 20 milliliter
portions, etc. until addition is complete. After the

35 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
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30 silicone contaifling substituent noieties are preferred I ncl udi ng

trimet hyl si | yISilyilasd e Orpdushsny Vagiun oven drgiggnd 758Ccat OW8 are aware
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WO 96/ 00268@ thermoplastic material. SubsequentPEpeUS2b5R2HRS9C
inspection of the material showed the B-cyclodextrin to
contain approximately 1.7 trimethylsilylether
substituent per B-cyclodextrin molecule. The '
substitution appeared to be commonly on a primary 6-
15 carbon atom. '

Example III
An hydroxypropyl B-cyclodextrin was obtained with
1.5 hydroxypropyl groups per molecule on the primary 6-
20 OH group of the BCD.
' Example IV
An hydroxyethyl B-cyclodextrin was obtained with
1.5 hydroxyethyl groups per molecule on the primary 6-OH
group of the BCD. '
25 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 8-
cyclodextrin. The polymer particles were dry blended with
5 the powdered f-cyclodextrin and B—cyclodextrin derivative
material, a fluoropolymer lubricant (3M) and the
antioxidant until uniform in the dry blend. The dry blend
matefial was mixed and extruded in a pellet form in a Haake
System 90, 3/4" conical extruder. The resulting pellets
10 were collected for film preparation.
_ Table IA displays typical pelletizing extruder
conditions. The films were blown in the apparatus of
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formats to package a variety of itenss cenera ckagi ng ideas can be
used. For example, the 5 itens can be packaged entirely in a film pouch,
bag, etc. Further, the filmcan be use®X s a filmclosure on a
rigid plastic contai ner._Such containers can have a rect angul ar,
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perfunes co |y, ed in ri of n roducts, . such as
scent ed paprer:rpgr o‘?_ﬁ%t%‘?‘*%{% \s%'e?ﬁetz)s{)éenirglg %ég%EaP %%%W%%h%t%ﬁcwré’é’ﬁ’éfﬁf
fabric softeners,Fidpies gents repmpsentativp| efiches, Kik e hflelovantSiiret c. Al

food itens are th&eruder, MRSt QTER AREEELA! LEEGULL I NG RIALEELT on from
out si de contam natjion, other itens _can be sensitive to odors.

Further, a vari etRF 5RO Qs thesPlp¥nphéktgedTit filmoippanudactarred al s
preventing the odorcafdime tmttel above protbE6I &xd &b Fdal PAckagf e AR.

I arge varletyi§ﬁ fﬁgx%f¥%nﬁﬁs tested for transmission rates at a variety of

environmental conditions. Environmental test conditions
are shown below in Table II.
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| nsmtted by a variety of packaging p@ﬁﬁggk . Such
(gx%éﬁﬁattract I nsect and .rodent pests, can be objectionable

rs or 35 enpl oyees or gan result in the substantial |oss of
fragrance notes fron1packaged materi al s reduci ng product
ortant odors requiring WO 96/ 00260

/ 05999 ' 25 . substantial
Qf s include odors derived from coffee, ready- ta eat cereal,

bﬁg@ pi zza, cocoa or other chocol at e products dmy m X gravies and

, snack foods (chips, crackers, popcorn, &tc %@gbaked foods, dry

t food (cat food, etc.), butter or but t er - flavou 233 notes, neat
/Aprq ucts, in p@rtlcular butter or butter- fIavar nates used in the
SStafiuf act ur e of am Yap

B an% cr owave poepcorn in mcrowaveabl e pager contai ners,
fruits and C,nutsf,’ gtcd 1R The above exp@anaéﬁén of the nature
of the cﬁblodextrin derivatives, th rnDpIastlc—fllm&
manuf acturing detail regarding the product|i on of fglrn >»» and the
processes of cyclodextrin to make conpatifle

¢ deri vatifves provides a
basis for undersfagding° £5 technol ogy invoIV|ngqu@Q@QQrat|ng conpati bl e

. . . . | Ao = s el g b ot -
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ThHe foll ow ng exa Ies filmpreparation and perneation data provide
a further é@?g 6/99360 nder st andi ng t he i nvention and |HE?IH%§° ¥e best
node. 20 After our work in prodygcing derivatives of

cycl odextrins and conpounding the cycl odextrins ijF=z==-. thernnplastlc
films, we have found that the cycl odextri ns; dan‘be Fqu: =
derivatized using a variety of known cheni cal protocols 5% e

cycl odextrin materi al 25 can be nelt blended i'hto" thernnplastlc”
material s snmoothly resulting in clear extrudabl e thernoplastic
materials wth the cyclodextrin materials uniformy di stributed

t hroughout the thernoplastic. Further, we have found that the

cycl odextrin derivatives can be 30 conbined with a broad variety of

t hernoplastic filns. The cycl odextrin materials can be incorporated
into the films in a broad range of cyclodextrin concentrations.

The cycl odextrin containing thernoplastic materials can be bl own into
films of varying thickness and can be 35 blown free of nelt fracture or
other filmor sheet variation. W have found in our experinentation

t hat the barrier properties, i.e. reduction in transm ssion

26 rate of aromatic hydrocarbons, aliphatic hydrocarbons,

TABLE II
Test Conditionsg

Aromatic/Alcohol
Aromatic/Alcochol
Aromatic/Alcohol
Aromatic/Alcohol
Aromatic/Alcohol
Aromatic/Alcoho)
Aromatic/Alcohol

Permeant’

Environ.
Side

Rm % RH
Rm % RH
60 ¥ RH
30 ¥ RH
Rm % RH
15 ¥ RH
Rm % RH

RH
.60 Aw

%
Rm % RH
0.25 Aw

Sample
Side
Rm % RH
¢.25 Aw
Rm % RH

R

72
72

Temp .
(F)
7
72
0S
10%
72

Roll Sample
ID Nuwmber
Roll #2
Roll #3
Roll #5
Roll #6
Roll #3
Roll #ig
RoOll #7
Roll #5
Rall #8
Roll #7
Roll #5
Roll #8
Roll #2
Roll #3
Roll H4
Roll #S
Roll H6
Roll #8
Roll #12
Roll #7
Roll #5
Roll #8
Roll #13
Roll 14
Roll #9
RrRoll H9
Roll #11
Roll #1i2

7 ppm aromatic plus 20 ppm ETOH.
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et hanol ﬁa%)wgﬁ r.yapor can be achi eved using the cy ?b
derivative tech We have al so found that the use cyc odextrin
materi al s |npr0v§' 5 surface properties of the film The surface

t ensi on of _f 2 Phe #/1 1 m surface and surface el ectri cal properties were

al so |nprovedb aresult increas8 the utility of the films of the
i nvention: unNQS ing, printing, | am nating, handling, etc. In initial
wor k me’h@ﬁ so 10 found (1) several nodified cyclodextrin candi dates

V to be conpatible with the LLDPE resin and provide good
of residual LLDPE volatile — contam nants as well as reduce
or gani r meant s diffusing through the film (2) Unnodified [err]CD
15 adver¥ely affects transparency, thermal stability, machi nability,
and barrier properties of the film Conversely, selected nodified
[err] CD (acetyl ated and . trimethylsilyl ether derivatives) have no

af fect -on transparency and thermal stability. The machinability 20 of
the extruded plastic naterial is effected somewhat causi ng sone surface
defects, thereby reducing the barrier properties of the film (3)
Films containing a nodified [err] CD conmposition (1% by wei ght) reduce
aromatic pernmeants by 35%at 72[err]F and 38% at 105[err]F '
(40.5[err]C); 25 aliphatic perneants were reduced by only 9% at 72[err]F
(22[err]C). These results would inprove significantly if wor st case
shelf-life testing conditions were not used to test the filns. (4)
Conpl exation rates were - different for aromatic and aliphatic perneant
Films 30 containing nodified [err]CD had better conplexation rates f Qr
aromatics (gasoline- type hpounda) than aliphatic (printing ink-type
conpounds) . Convegrsel yg afllmacoaiaﬁm] 2 [ad significantly better

conpl exati on of gllphagic £2 connpuné‘thgn aromati ¢ conpounds. (5) [err]CD
cont ai ni ng
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35 acrylic coatings were the star perforners reducing al i phatic

permeants fWORsAEH to 88% while aronmatics wer e r educed®EUPH05999

WD 96/ 00260 PCT/ US95/ 05999

27 QUALI TATI VE PREPARATI ON Initially, we
produced four experinmental test films. FAree of the filnms contained
[err]-cycl odextrin [err CD at | oading of 1% 3% and 5% (w./wW .

while the fourth § HEEWHES oPf fihen tRRTFE NS ShovhEhaanshBalBRIBFLPRSPH
and addi tives caﬁbambmuz:y&:%dé@m Hae:e%éloa@he@h[eelthb%mwu\as

tested for conpl exation esi dual ani.c .in .th

rouch o 1] o vettB8natt shEr HaterLErs Bummiame 1412y Shozpuss thr phartecrn
the |inear Iom1depsbpyrpmé;ebhyfémmnlngikrdﬂdﬁ]@ﬁncmexamg bf wasariety of

i nconpatible w.th_t resin errl: icle.
agglorreratlons5 pe@%eaﬁ% agﬁ%v%a%%a g;ﬁﬁﬁé ﬁ%%g§%h§%k n
[err]cyclodextrlnsranemlsSlonarﬁt¢ltﬁl$hﬂwqJ@QGWbdéyﬁhenf@é&ﬁW#@Bedgtze 5
to 20 microns). ¢sp1eghe different cyclodextrin nodifications were 15

acetyl ated, octanyl succinate, ethoxyhexyl glycidyl et her, quaternary
am ne, tertiary am ne, carboxynethyl, succi nyl at ed, anphoteric and
trimethylsilyl ether. Each experinental cyclodextrin (1% | oadi ng
wt/w) was m xed with | ow density pol yethylene (LLDPE) using a

Littleford



20 mxer and then extruded using a twin screw Brabendepeyusesigdyde uder .
The ni reoseoli2b® ed cycl odextrin and mlled

wer e exam ned under an
magni f.i cation. The

cycl odextrin LLDPE profiles
opti cal4gri croscope at 50X and 200X '
25 mcroscopi c exam nation was used to visually check
onpatibility between LLDPE resin and cycl odextrin. O t he

extrin candi dates tested, three (acetyl ated, octanyl

and trinmethylsilyl ether) were found visually to be

e wwth the LLDPE 30 resin. Conpl exed residual film

A usi ng cryotrappi ng procedure to test 5%
filmsanple and three extruded profiles containing 1% (w/w)
ed [err] CD octanyl succinate [err]CD and trinmethylsilyl 35 ether.
hod consists of three separate steps; the first two are carried

| t aneously while the third, an instrunmental technique for-
yti ng and . WD 96/ 00260

_ 28 det ecti ng
vol ati |l e organi ¢ conpounds, is conducted after one and two. In the
first step, an inert pure, dry gas is used to strip volatiles from
the sanple. During the gas stripping step, the sanple is heated at
120[err] C. The 5 sanple is spiked with a surrogate (benzene-d6)

Tot. Volitile

in

sion Rates
LPDE Films
n Rates in
- LPDE Films

Arcmatics %
3.79E-04
3.61E-04
2.55E-04
3.31BE-04
3.82E-04
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Transmigsion Rate’

Improvement
Over Contro}l
(1]
5%
a0%
20%
s%
Aromatic
Transmission Rate
47.81E-03

1.67E-03
7.378-03
6.53E-03

1 #7)

1% Cs-001 (Roll #S)
2% €5-001 {Roll KB}

A e

Aromatic A
Transmission Rate
3.35E-04
3.18E-04
2.01E-04
2.67E-04
3.51E-04
Sample Identification
Control Film (Roll #1)

0.5% C5-001 (Rol

Identification
Control Film
1.0% CS-001
(Roldl #2)
1.0% CsS-001
(RO11 #3)
1.0% CS-001
(Roll #5)
1.0% CS-001
(Roll #6)

Sample

R
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i medi ately prior to the analysis. Benzene-d[err] serves as

an
CTEB¥8¥Bvery.

i nternal QCvWRIe93#t e to correct each set [fol %es
The second step concentrates the VO aW} m t he sanpl e by
freezing the 10 conpounds fromthe sgyil dspace vi al
immersed in a liquid nitrogen trap. At the end of the gas-stri pping
step, an internal standard (tol g¢eng-d8) is injected directly into the
headspace vial and the vial mu'l"S capped i medi ately. Method and system
bl anks are 15 interspersed vw”?t%**sarrpl es and treated in the sanme manner
as sanples to nonitor contaninaty®f. The :copcentrat ed or gani c
conponents are then separated, idertified amd quantitated by heated
headspace hi gh resol uti on gas .%3 chr omat ogr aphy/ mass spectronetry
(HRGC/ MS) . The results 20 of tHédresidual volatile anal ysg§| are presented
in the tabl e bel ow ﬂ'é E1l 25
% Vol atil e Conpl exation Sanpble | dentification 298 ,.as Lonpared
to Control 5% [err] CD BIoersFlIm 204 BO¥330 1%
Acyl ated [err]CD Profile 3:: « w43 1% Cct agigd3} Succi nat e
[err]CD Profile 059 zlongf”lrrethylsHyl ethét Profile
48 1% [err]CD MIled Profil2y =& = 29 35
In these prelimnary screening te§gs, I:eru[] derivatives were shown
to effectively conplex trace pgvolatile organics inheregt,in | ow
density pol yet hyl ene B H g
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resin u ke experinental film In 5% [err]CD | oad LDPE
film agg(g%é(‘fbﬁéﬁ?el y 80% of the organic vol atiles V\E&E/Ué%%ﬁ?’éxed.

However, all [err]CD filns (1% and 5% had an off-color (light brown).
and of f - ogt The col or and . 29

odor believed to be the result of direct deconposi tion of

t he CD rity iﬁ°t e CD. Two odor-actlve conpounds (2-fural dehyde
and 2- rannethgrgﬂ;) were identified in thg own film 5 sanples.

O the :ﬁr nmodi fi e £Bnpati bl e CD candi dates 7 g5 (acgtyl ated, octanyl
succi SHhd trlrretlﬂy‘étgllyi % Sether), the acBf\f at el aﬁndﬁrgnmhylsnyl

it o ef fect vely conpl ex EEQI e volatile organics 10

i nhey/enatej/n t he LLDPI;g sin. One percent | oadi ngg of acetyl ated and

tri ilyl ether ( E) [err] CD showed appoxi mately 50% of the
re LPDE organic volatiles were conpl exed, while the octanyl
suc e CD did not gg conpl ex residual LLDPE ge$in volatiles. MIled 3CD
was 15 found to be | es§ effective (28% than th8 cetylated and TMSE
nodified [err]CD's. ®g 3 Bagtig packaging rrgt riabs @l 5 iAtefadt to
sone degree with %» fo,Qd ;prggdu[g,t t hey protegt Thga r@u @ @@
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mode of interaction of plastic packaging of food is 20 through the

m grati on owos@arec nol ecul es fromthe envi ronnment t hr poplosdsheospol yner
film into the head space of the package where they are absorbed by

f ood product. Mgration or transfer o043 organi c nol ecul es of t he
package to the food, during storage, is effected by 2 envi ronment al

condi tions such as tenperature storage time, and/ nyi ronment al
factors (e.g., humdity, type of organic noleculd£ ﬁduapﬁpEﬁFFaﬁgp

t hereof). M gration can have both quality (consumbL_respst §§ﬁE:N and
t oxi col ogi cal ifEuence. The objective of packaging 30 TfTﬂ}Iés@lng hﬁ to
measure how specific barriers may i nfluence the quality of packaged

i ndi vidua foods. To sinmul ated accel erated shelf-life testing for

| ow wat er - activity food products, the testing was conducted at a
tenperature of 72[err]F (22[err]C) and 105[err]F (40.5[err]C), and a 35
relative humdity of 60% These tenperature and hum dity conditions-
are probably simlar to those found in uncontroll ed warehouses, in
transit and ingstgrage. WD 96/ 00260

PCT/ US95/ 05999 ;; ¢ 30 If a

pol ymer is noi §tuke sensitive, the relative hum dity can affect the
films perfornence especially in | ow-wat er-activity food products.
Because a packagi ng filmduring actual end-use conditions wll be

separating

$.95E-04
8.32E-04
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5 two moisture extrenes, relative humdity in the ermeat i on devi ce

was cont MO8 bot h si des of the film The enviPCHHINN5P de,

representi o,/ utsi de of t he package, was naintained at 60%
ity and the sanghie side, representing the inside of a

10 packa LAl ning a lowwater-activity product, at 0. 25.

A conbin /a perrf?an S was used to neasure the function and
perform /' the CDrwofgconbination was dsed to be realistic, since
gasol / nci pal | yiarg) 15 aromatic hydrocar Eo@jjrri xture) and printing

i nk 4 (pe@ritipdl |y an @ i phatic hydr@garbor mkxtare) aresnot
for) a single £8mpound but?are a m xturegof® ~ conmpounds~ &
Th ) i ¢ permeant . &ant ai ned et hanol (20 ppm.&4g 20 tol uene (3 ppm,
p-xyl ong (2 ppm), o-xXyT'éhe (1 ppm, t ri metHy8l benzene (0.5 ppm) and

The aliphatic perneant, .a conmercial paint,

i ni ng approxi mately twenfy (20) individual
25 The perneation % st device Figure 3
ss yesmeat icon cells or flasks with cavigiegs of
t %g of feed side) andigod nf (Sarfpl& S < cell

5 o Expgrimental film ferd obmaificd was BeaSured
par ngatj on; device. Hi gh;'gesmol Ut i :én;ga§ : 9
chromat ogr aph (HRGC) o ated with a flane ionizafEgon etect Oor (FID)
was used to neasure theihange in the cunulfagli ve penetrant
concentrati Quas a function of tLre. Sanpl e-side (food product side)
conmpound 35:,concenta\rgb' ons are cal cur'ét ed from each conpound's
response fagﬂ}‘br. Concgft4 ati ons are reﬁ&rted inm@ﬁts per mllion
(ppm on a df unet gol. bagi Sar -Ef‘eg o -

3 ~
t

napht hal ene (0.5 ppn).
sol vent bl end -copfy
compounds, was 20 ppm & &
consists of two o
1200 m (environ
or perneating side). >3g
in the 30 closed-volgr

%

t
t

ow o o o o o°
o o m ) £~ [ —
~—t N — mn — (2]

1

p
tec

F

%

%
Aroma
Improwv
Over C

Room % RH
Room % RH
Aromatic
Improvem
Over Con

Room
Room
Temperature 72°F

Temperature 105°
Sample Side:
Environment :

Sample Side:
Environment:

Aromatic
Transmission Rate’
4.34E-04_
4,.03E-04
5.00E-04
3.96E-04
Aromatic
Transmission Rate’
3.09E-04
2.50E-04
2.37E-04
2.67E-04
4 _85E-04

Comparison of Transmission Ra
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31 cunul ati ve penetrant concentration on the sanple-side of th
filmis pl o™W@¥WI0 function of time. V& produced PEEYS95/05999
experinmental test filns. Three of the films contained [err]CD at

| oading of 1% 3%and 5% 5 (w/w) whisgke the fourthiv 3 film
made from the sanme batch of resin and additives dpt VV?E-?HSEII‘H[L\grBrE

A second experinental technique was al so undertaken -‘.—Q\.I:_Qf*_cié’\t.etabne
whet her [err] CD sandwi ched between two contr ol film WTT—&
organi ¢ vapors perneating the film 10 The experinent was carried out by
lightly dusting Rerf] D between two control filmsheets. The
testing showed the control film perforned better than [err] CD | oaded
films. The perneation test results al so denponstrated the higher the
[err]CD |l oading the 15 poorer the filmperfornmed as a barrier. The test .
results for sandwi ching [err] CD between two control filns showed
[err]CD being twice as effective in reducing perneati ng vapors than the
control sanples wthout [err]CD. Thi s experinment supported that CD does
conpl ex 20 perngating organic vapors in the filmif the films barrier
qualities are nof, c@arglged during the manuf act uri ng process naking the
filma less effegtiyey

™M MM

18%
10%
9

2.54E-04

2.79E-04

2.81E-D4
* 24 hrs.

(Roll #16)
{ROll #17)
- 0.001 in.
100 in?*

{Roll §#15)
2% TMSE

2% TMSE

2% TMSE
qm
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e 1% TVSE [err]CD filmwas slightly er than the 25
film(24% -vs- 26% for renoving pg{vﬁ?%f?ﬁ?ig?c

7(22[ err] C) adding nore nodified CD appeared to
have no i nproy« @@ ‘ For aro#étic perneants at 105[err]F
(40.5[err]Q /’@W- /1% TVBE [err] CD and 1% acetylated [err]CD are

appr oxi mate{/ 1-@’ 30 nore effective rem)w,pg romati c pernmeants than

barrier
1% acet W %‘1’6@32([0
permeants at 72 efr

72[err] F. ;Z‘. ‘err]C). The 1% TMSE fil m3w®g again slightly better than
the 1% f % -vs- 3199 for renoving arbiw ic per neants.

The 1% | mwas nore effectlvelnltlaﬂgg orediod] ng aliphatic

per mean n the 1% acetylated [err]CD S 2 Jilmat 72[err]F (22[err]C).
But for t duration of the test, 1%1!\/5@ [err] CD was worse than the
control while 1% ,é © -32 acetyl ated
[err] CD removed only 6% the aliphatic er meants. Ve

sol utions. One solution
ht) and the other sol ution
ght) .gBat h sol utions

produced two experi meri:“t%\B agueous coating
cont ai ned hydr oxyet hch rrc]@fés (35% 5 by
cont ai ned hydr oxygr I [err] CD (35 by

o agifes.
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di‘'spersion of polyacrylic acid having a nol ecul ar wei ght of about
150, 000 (Polwye@semeées, Inc.) (15% solids by 10 wei ght) as ad1IsysHsper ng
adhesi ve. These sol utions were used to hand-coat
| ami nati ng two LLDPE filns together. 4Two differe
techni ques were used. The first technique very sligh
filmsanples flat, the coating was then 15 applied ugimg
and then the filns were o obam nated together while gtrg he

Rev. 1 sanpl es were ndt §siretched during the | amfat8on process

Al'l coated sanples were flinﬁr'é y.wplaaced in a vacuuthg'@mn nat j.ng.press to
renmove air bubbl es betwee 29 The il msheets. Fil mz i g rhigknesses
wer e approxi mately O. 095 i nches (0.013 mm) . Thes% coat ed” films
and hydroxyl met hyl cel | ul ds®3coated control filmns =wedl e subsequently

t ested. A reduction in aromatic and aliphatic vapors by the 25
hydroxyethyl [err] CD coati nam s greater in the first sevgral hours of-
exposure to the vapor and t g di m ni shes over thegnﬂgxt 20 hours of

til;
19}

t|c vapors was
|eved to be a

(};] .E. 2 al i phatic
hatd c pe'r meant s

testing. Higher renoval of al iphatic vapors than a'r:«‘
achi eved by t he hydroxygehy? [er®] CD coating; thi S‘“I
30 function of the differefi¢e &nath@ir nol ecul ar sizeg

conpounds are small er than ag rﬁatm 'f conpounds) . AL,|

5]
were reduced by 46% as £4 saréd To the control oveﬁ he “20%hour t est
peri od. Reducti on of arfoopmtic vapors was 29% as cofgiared to the 35
control over the 17 hour test period. o The Rev. “{ coated
hydr oxyet hyl [err%iD redugeeg t he al i phat«r,é per meants, by 87% as conpar ed
=i
to the control %@ g 9 o * 4%
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33 over the 20 hg f- period. It is not known if_the nmet hod of
coat i ngMAW0260m g bonsihl e for the addi ti onal RGUYPBEIEPi on over
the other hydroxyeth CD coated film 5 The hydr oxyet hyl
[err] CD coatin /M@éb tly better for renoving aromati c permneants

" than the hygﬁﬁgg [err] CD coati #$ (29% -vs- 20% at 72[err]F
(22[err] O .\ * LARGE SCALE FI LM EXPERI MENTAL 10
Preparation tHedexePPhePefi FEEILGEsOL aqueous coatings containing
Exanpl e |

L s drox?t@r@@?ﬂ.ylﬁabed peer bfcynéodeatlingswaasobtapagédt hat
t t t
ol o > R0 M SRCUBR R, ERAQTH. [hpBT, LB 15 RELETDY RELO"O

Into a rotaryhevapgratmplequﬂppewewghh af4ebout 15ﬁmpDDIPUEChaeadd bot t om
flask and g n 9@ EQ%BE%%G I%Q '”tTHQUESd aer91&atsmei?189

mlliliters N err n1nu e, B aced three'liters o
d|nethylfornaﬁpééalpﬁﬁohVﬁ€°XYPr8PH%tﬁ§ féFnﬁnﬁdeaﬁés1B?a5§dw?59h§ranB of

[err]- cyabad@xlt.i NTheble sheutioaycwedextised wWashaatatedtagdst
' film samples by laminating two f£ilms. The coatings were
applied to linear low density polyethylene film sheet
10 containing 0.5% acetylated BCD (Roll No. 7) and to a
second film sheet containing 2% acetylated BCD (Roll No.
8) using a hand roller and then laminating the films. ‘
The films were not stretched during lamination. All
coated samples were placed in a vacuum laminating press
15 to remove air bubbles between the film.sheéts. The
acrylic coating thickness was about 0.0002 inch. 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
20 facing the environmental flask side of the test cell
(Fig. 3). .

A second coating was prepared from a vinylidene
chloride latex (PVDC, 60 wt-% solids) purchased from
Dagax Laboratories, Inc. The PVDC latex coating was

25 prepared with two levels of hydroxypropyl BCD - 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

30 control film sheets (rolled into one) using a hand
roller and laminated together. The films 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

35 thickness was approximately 0.0004 inch. A PVDC coated
control was prepared in an identical manner but without
hydroxypropyl BCD.
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dissolved in dinethylformam de at 60[err]C. After 25 dissolution, the
flask was rqymdadeor om the rotary evaporator and the cORCEWESE/08899€

cool ed to approxi mtely 18[err]C. Into the flask, placed on a nagnetic
stirrer and equi pped with a stir bar, was added 295 mlliliters of
hexanet hyl di si |l yl azi ne (HVDS- Pierce Chem calgNo. 30 84769), followed by
the careful addition of 97 mlliliters of trinethylchlorosilane (TMCS -
Pi erce Chem cal hbThéS&éﬂé.foﬂImwingeﬁhd raefiatraapryaexaeplesedhowingy a

careful dropuise SqSLOLONLO! A0 LALILA.GNAr 98 yoo oB0MLLLTLESES, AL

after reaction su dest pwise a tron o a su ent 20
mlliliter pof@lbﬂﬁln@t@eannlIteﬁﬁhmthvd S conplete After the

addition of the TMCS was conpl ete, afhss 48884 1h?n
34 subsi des, the f]ask and |ts con ents wer.e ed on the rotary
evaporator, heited to %@f%r@???@@n#%¥9ﬁ¥%ﬁeﬁ%ﬂ%ﬁjﬂ&ﬁta CPRBRLIHEEr ogen

at nosphere flow oaew@neal to |l hé g sraofe iy Qj’d’x]meabllﬁely BEngkeetbequghgihec
rot ar y evapor at or

by renoval of < nebroelEe Tt sB8t RAIE o et CHpaNS gt atiae
mat eri al was rennvedcénonattmnfgz&daantf|Iﬁhawhq;t methwdshbgg sheulatesate
wi th deionized waLgL.t 9 -LE0RVENLTE 1ife testing conditions by
10 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
15 the determination of the following compounds: ethanol,
toluene, p-xylene, o-xylene, 1,2,4-trimethyl benzene,
naphthalene, naphtha solvent blend, etc.

Threshold
20 Environmental _
: Odor Conc. Cell Conc.
Test Compounds ul /L ppm ul/L ppm
25 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
30 Naphthalene 0.001- 0.03 0.5
Naphtha Solvent Blend NA 40
Table 1. Permeant Test Compounds
35 In a typical permeation experiment, three steps are

involved. They are (a) the instrument sensitivity
calibration, (b) film testing to measure transmission
and diffusion rates, and (c) the quality control of the
permeation experiment.

40 Film samples are tested in a closed-volume
permeation device. High-resclution gas chromatograph
(HRGC} operated with a flame ionization detector {(FID)
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calculated from the permeation curve data. ‘

‘Equipment and Reagents

2.1 Equipment
Gas chromatograph (HP 5880) equipped with flame

ionization detector, a six-port heated sampling valve

1 ml sampling loop and data integrator
J&W capillary column. DB-5, 30M X 0.250mm ID, 1.0

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) (Fig. 3).

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.

15
with
undf .
20
25
30

2.2 Reagents
Reagent water. Water in which interferences are

not observed at the MDL of the chemical analytes of

interest. A water purification system is used to

generate reagent water which has been boiled to 80%

35 volume, capped, and allowed to cool to room temperature

before use.

Stock Ethanol/Aromatic Standard solution. Ethanol



35 Tabl e I A displays typical pelletizing extruder condi tions.
The filnms wWa¥@9%4#0026n i n t he apparat us of Figure 2. Fi guPeTaIsssmsmes
extruded thernopl astic tube 21 exiting the die 22. The tube is
col |l apsed by die 23 and 5 layered by rollers 24 into the film25. The
extruded tube 21 is inflated using air ubBder pressure blown through air
inlet tube 26. The thernoplastic is nmelted in the extruder. The
extruder tenperat iPe®P30t aken) at toheeng x{hg 722 gxeme 2P-xYhenmel(¢ . 1327

temperature is talgamjn bhgymehé z@r@ss’-@ i 't%lhﬂ%h%%eh%gsf bup§7k S

taken in the die 29. te is cooled using an air bl own cooling
streamfrom t hgrég‘gl £Rg pgﬂﬁt%fenerhép ﬁr%hgﬁﬁkﬁaebaﬁlkérﬁhnd of
Figure 2 is represenfati ykasé ahpulésﬁ(ﬂNdﬁhh%? hﬁbﬁ?s s@éhﬁéé@rls49 mm di e
di ameter, used:in of, t he own fi

manuf act ured  ° agkgﬁaggig?op%g ove prggﬁgb ] &af8689t38pFﬂx*ﬁﬁF%iYB
The filmwas testéWehdy 2&hshﬁ@%ﬁlﬁuakuaﬁiRhatacv@wﬂepyaubon cempoundsent-al
conditions. Envi ppapedtal rE8m! sEA{d O rpordts ctNOWBARERAY bpoJdable -

Division, Wheeling, IL.
Triton X-100. Nonylphenol nonionic surface active
10 agent {Rohm and Hass).

2.0 Standards Preparation

2.2 Permeation Working Standard
A stock permeant test standard solution is used.

These standards are prepared by weight from neat

15 certified reference compounds, actual weight and weight
percent are shown.

The working ethanol/aromatic standard is prepared
by injecting 250 ul of the stock standard solution into
100 ml of reagent water containing 0.1 gram of

20 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

25 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.

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

An opened stock standard solution should be

35 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.
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2.1 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
prepa;ed 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 Film Sample Preparation

The environment flask Figure 3 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 flasks are assembled as

shown in Figure 3, but the clamping ring nuts are not

"tightened.

The test cell (Fig. 3) is prepared. First the
sample flask 32 and environment flask 31 are flushed
with dry compressed air to remove humidity in the sample
and environment flasks. This is done by puncturing the
sample system 33 and environment septum 34 with a needle
and tubing assembly which permits a controlled flow of
dry air through both flasks simultaneously. The clamp
rings 35 are loosely fitted to the flasks to eliminate
pressure buildup on either side of the film 30. After
fiushing both flasks for approximately 10 minutes, the
needles are removed and the clamp rings tightened,
sealing the film 30 between the two flasks. Rubber
faced aluminum spacers 36a, 36b are used to ensure a gas
tight fit.

The sample side is injected with 2 uL of water per
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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 2.2, 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 concentratidn. 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 removed from the oven. The environmental 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.

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

This Sheet Has Been Replaced
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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

fnjection 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 temperatufe 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

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
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results of the testing show that the i cluswﬁa QfASB ‘£, 4 conpati bl e
cyclodextrln material in the thernopl astic === | ns of the invention

substantially inproves the barrier pro’id:'ert | es\By reduci ng
transm ssion rate_of a variety of 5 perneants. The data show ng the
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t abl es. inverting flask.
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Analyze each calibration standard and tabulate
compound peak area response versus the concentration of
the test compound in the environment side cell. The

un

results are used to prepare a calibration curve for each
compoﬁhd. The naphtha solvent blend is a commercial
paint solvent containing approximately twenty (20)
individual aliphatic hydrocarbon compounds. The

10 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

15 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

20 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. If the
results still do not agree, generate a new calibration
curve. ,

25 4.3 Analysis of Calibration Curve and Method
Detection Level Samples

Recommended chromatographic conditions are
summarized above.

Calibrate the system daily as described above.

30 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 must be
analyzed under identical conditions.

35 Calibration standards and method detection samples
are prepared in the environment flask only. This is
accomplished by using a 1/2 inch plastic disk and

I —
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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
compréésed 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 ethancl/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 injécted
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 sample-side air. The
loop is injected onto the capillary column. The GC/FID
system is started manually following the injeétion.

4.4.1 Test Compound Response 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
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desired.
Concentration of Compound in ppm = Peak Ares (%
Calibration Curve Siope
3 Compound Specific RF = Concentration of Compound in pom {2
Peak Area
Concentration of Compound in ppm = Peak Area X RF (3,
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fhe cumulative penetrant mass 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 syétem. 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. 1In these cases, the transmission rate, Q, is
often used for practical purposes, when the saturated
vapor pressure of the permeant at a specified
temperature is applied across the film. Permeability of
films to water and organic compounds is often expressed

this way.

P = {amount of Permeant) (Film Thickness) (4)

{Area) (Time) {Pressure-drop Across the Film)

Q = {(Amount of Permeant) {Film Thicknes (5}
{Area) (Time}

In this application, Q is represented in units of
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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 analyzea;"and
therefore the pressure acros§ 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 differént 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 aqueous
dispersion coating to produce useful barriers. -

The above specification, examples of substituted --—
cyclodextrin, extruded thermoplastic films and test data
provide a basis for understanding the technical aspects
of
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the invention. S8ince the invention can be made with a
variety of embodiments, the invention resides in the

claims hereinafter appended.
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" WE CLAIM:

1. A thermoplastic film composition, having
improved barrier properties, the film composition
comprising:

(a) a thermoplastic polymer web; and
(b) uniformly disbersed in the web, an
effective permeant absorbing amount of a polymer
compatible cyclodextrin derivative;
wherein the cyclodextrin is substantially free of an

inclusion complex compound.

2. The film of claim 1 wherein the thermoplastic
polymer comprises a vinyl polymer comprising an alpha-
olefin. ' '

3. The film of claim 1 wherein the thermoplastic
polymer comprises a chlorine containing vinyl polymer
comprising vinyl chloride or vinylidene dichloride.

4. The film of claim 3 wherein the thermoplastic
polymer comprises a poly(vinyl chloride-co-vinyl
acetate) or a poly(vinyl chloride-co-vinylidene
dichloride).

5. A film of claim 2 wherein the thermcplastic
polymer comprises a polyvinylalcohol, a poly(ethylene-
co-vinyl alcohol), a poly(ethylene-co-acrylic acid) or
poly(ethylene-co-methyl acrylate).

6. The film of claim 1 wherein the cyclodextrin
derivative comprises a B-cyclodextrin derivative.

7. The £ilm of claim 6 wherein the cyclodextrin
derivative contains at least one substituent on a

cyclodextrin primary carbon atom.

8. The film of claim 1 wherein the cyclodextrin

R —————
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comprises a-cyclodextrin, f-cyclodextrin, y-cyclodextrin
or mixtures thereof.

9. The film of claim 1 wherein the thermoplastic
5 web contains about 0.1 to 5 wt-% of the polymer
compatible cyclodextrin derivative.

10. A packaged food comprising at least one food
item and a package. substantially surrounding the item,
10 the package comprising a thermoplastic film composition,
having improved barrier properties, the film composition
comprising:
{a) a thermoplastic polymer web; and
(b) uniformly dispersed in. the web, an
i5 effective permeant absorbing amount of a polymer
compatible cyclodextrin derivative;
wherein the cyclodextrin is substantially free of an
inclusion complex compound.

20 11. The food of claim 10 wherein the thermoplastic
polymer comprises a vinyl polymer comprising an alpha-
olefin,.

12. The food of claim 10 wherein the thermoplastic
25 polymer comprises a chlorine containing vinyl polymer
comprising vinyl chloride or vinylidene dichloride.

13. The food of claim 12 wherein the thermoplastic
polymer comprises a poly(vinyl chloride-co-vinyl
30 acetate) or a poly(vinyl chloride-co-vinylidene
dichloride).

14. The food of claim 11 wherein the thermoplastic
polymer comprises a polyvinylalcohol, poly(ethylene-co-

35 wvinyl alcohol), a poly(ethylene-co-methyl acrylate).

15. The food of claim 10 wherein the cyclodextrin

R0 AR A
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derivative comprises a B-cyclodextrin derivative.

'16. The food of claim 10 wherein the cyclodextrin
derivative contains at least one substituent on a
cyclodextrin primary carbon atom.

17. The food of claim 10 wherein the cyclodextrin
comprises a-cyclodextrin, fB-cyclodextrin, y-cyclodextrin
or mixtures thereof. '

18. The food of claim 10 wherein the thermoplastic
web contains about 0.1 to 5 wt-% of the polymer
compatible cyclodextrin derivative.

19. A method to prevent moisture vapor
transmission to an item which method comprises
separating the item from a source of moisture by
imposing a thermoplastic film barrier between the source
of moisture and the item, the film barrier comprising:

(a) a thermoplastic polymer web; and
(b) uniformly dispersed in the web, an
effective permeant absorbing amount of a polymer
compatible derivative cyclodextrin;
wherein the cyclodextrin is free of an inclusion complex
compound.

20. The method of claim 19 wherein the
thermoplastic polymer comprises a vinyl polymer
comprising an alpha-olefin.

21. The method of claim 19 wherein the
thermoplastic polymer comprises a chlorine containing
vinyl polymer comprising vinyl chloride or vinylidene
dichloride. |

22. The method of claim 21 wherein the
thermoplastic polymer comprises a poly(vinyl chloride-

* ¢ L M-S *
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co-vinyl dcetate) or a poly(vinyl chloride-co-vinylidene
dichloride) .

23. The method of claim 20 wherein the
S thermoplastic polymer comprises a polyvinylalcohol,
poly(ethylene-co-vinyl alcohol), a polyethylene-co-
methyl acrylate).

24. The method of claim 19 wherein the
10 cyclodextrin derivative comprises a B-cyclodextrin
derivative.

25, The method of claim 19 wherein the
cyclodextrin derivative contains at least one
15 substituent on a cyclodextrin primary carbon atom.

26. The method of claim 19 wherein the
cyclodextrin comprises a-cyclodextrin, B-cyclodextrin,
v-cyclodextrin or mixtures thereof.

20
27. The method of claim 19 wherein the
thermoplastic web contains about 0.1 to 5 wt-% of the
polymer compatible cyclodextrin derivative.
25 28. A method to prevent contamination c¢f a food

item by a hydrocarbon vapor which method comprises
separating the food item from a source of the
hydrocarbon by imposing a thermoplastic film barrier
between the source of hydrocarbon and the food item, the
30 film barrier comprising:
{a} a thermoplastic polymer web; and
(b} uniformly dispersed in the web, an
effective permeant absorbing amount of a polymer
compatible cyclodextrin derivative;
35 wherein the cyclodextrin is free of an inclusion complex

compound.
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thermoplastic polymer comprises a polyvinylalcohol,
poly(ethylene-co-vinyl alcohol) or a polyethylene-co-
methyl acrylate).

20 33. The method of claim 28 wherein the

cyclodextrin derivative comprises a B-cyclodextrin
derivative.

34. The method of claim 28 wherein the
25 cyclodextrin derivative contains at least one

substituent on a cyclodextrin primary carbon atom.

35. The method of claim 28 wherein the

cyclodextrin comprises o«-cyclodextrin, B-cyclodextrin,
30" y-cyclodextrin or mixtures thereof.

36. The method of claim 28 wherein the
thermoplastic web contains about 0.1 to 5 wt-% of the
polymer compatible cyclodextrin derivative.

35

37. A thermoplastic film composition, having

improved barrier properties, the £ilm composition
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10
38. The composition of claim 37 wherein the
thermoplastic polyethylene comprises a linear
polyethylene.
15 39. The composition of claim 38 wheréin the

thermoplastic polyethylene comprises a linear low
density polyethylene.

40. The composition of claim 37 wherein the
20 polyethylene has a melt index of about 0.2 to 3.

41. The composition of claim 37 wherein the
cyclodextrin derivative comprises an acetyl derivative
of the cyclodextrin.

25
42, The composition of claim 37 wherein the
cyclodextrin derivative comprises a trimethylsilyl
derivative of the cyclodextrin.
30 43. The composition of claim 37 wherein the

cyclodextrin comprises a B-cyclodextrin.
44. The composition of claim 37 whexrein the
cyclodextrin derivative is formed on at least one

35 primary carbon of the cyclodextrin.

45. The composition of claim 37 wherein the
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measure the change in the cumul ative penetrant concentration as a

function of time. 47  rThe composition of claim 37 wherein the

thermoplastic polyethylene comprises a web.

10
48. A thermoplastic film composition, having
improved barrier properties, the film_composition '
comprising:
(a) . a thermoplastic polymer comprising a
15 chlorine containing vinyl polymer; and

(b)Y uniformly dispersed in the web, permeant
absorbing amount of a polymer compatible .
cyclodextrin derivative; '
_ wherein the cyclodextrin is free of an inclusion complex
20 compound.

49. The film composition of claim 48 wherein the
thermoplastic web comprises a polyvinyl chloride

homopolymer.
25
50. The film composition of claim 48 wherein the
thermoplastic web comprises a polyvinylidene dichloride
homopolymer.
30 - 51. The film composition of claim 48 wherein the

thermoplastic web comprises a poly(vinyl chloride-co-
vinylidene dichloride) polymer.

52. The film composition of claim 48 wherein the
35 thermoplastic web comprises a poly(vinyl chloride-co-
vinyl acetate).
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56. The composition of claim 48 wherein the

cyclodextrin derivative is present in the thermoplastic
15 web at a concentration of about 0.5 to 2 wt-%.

57. A method to prevent contamination of a food
item by a fragrance, which method comprises separating
the food item from a source of the fragrance by imposing

20 a thermoplastic film barrier between the food item and
the source of fragrance, the film barrier comprising:
{(a} a thermoplastic polymer web; and
(b} a uniformly dispersed in the web, an
effective fragrance permeant absorbing amount of a
25 polymer compatible cyclodextrin derivative;
wherein the cyclodextrin is free of an inclusion complex

compound.

58. The method of claim 57 wherein the
30 thermoplastic polymer comprises a vinyl polymer
comprising an alpha-olefin.

59. The method of claim 57 wherein the
thermoplastic polymer comprises a chlorine containing
35 wvinyl polymer comprising vinyl chloride or vinylidene
dichloride.
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62. The method of claim 57 wherein the

cyclodextrin comprises a B-cyclodextrin. '

63. The method of claim 57 wherein the
15 cyclodextrin contains at least one substituent on a
cyclodextrin primary carbon atom.

64. The method of claim 57 wherein the
cyclodextrin comprises a-cyclodextrin, B-cyclodextrin,
20 +vy-cyclodextrin, or mixtures thereof.

65. The method of claim 57 wherein the
thermoplastic web contains about 0.1 to about 5 wt-% of
the polymer compatible cyclodextrin derivative.

25

66. A method for preveﬁting release of a pest
attracting aroma from a food item comprising a meat
product or a food product containing a cocoa derivative
which method comprises imposing a barrier between the

30 food item and the environment effective to prevent the
release of a pest attracting aroma, said barrier
ccmprising:

(a) a thermoplastic polymer web; and
(b) uniformly dispersed in the web, an

35 effective aroma permeant'abéorbing amount of the

polymer compatible derivative of a cyclodextrin;
whefein the cyclodextrin is free of an inclusion complex
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52 2.1 Calibration Standards Cal i bration standards are
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of the wor ki ng stgﬁdarah?om§t§8$ %étéi??@l IWQﬁﬁf%ﬂ t&@lng to
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10 dichloride.

69. The method of claim 68 whexrein the
thermoplastic polymer comprises a poly({vinyl chloride-
co-vinyl acetate) or a poly{vinyl chloride-co-vinylidene

15 dichloride).

70. The method of claim 67 wherein the
thermoplastic polymer comprises a polyvinylalcohol,
poiy(ethylene—co-vinyl alcohol}), a poly{ethylene-co-

20 methyl acrylate).

71. The method of claim 66 wherein the
cyclodextrin comprises a fS-cyclodextrin.

25 72. The method of claim 66 wherein the
cyclodextrin contains at least one substituent on a
cyclodextrin primary carbon atom.

73. The method of claim 66 wherein the
30 cyclodextrin comprises «-cyclodextrin, B-cyclodextrin,
y-cyclodextrin, or mixtures thereof.

74. The method of claim 66 wherein the
thermoplastic web contains about 0.1 to about 5 wt-% of

35 the polymer compatible cyclodextrin derivative.

75. A method of manufacturing a thermoplastic
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fl asks. This is doderbyapivetbaviggt&etemperasangl ef sgistetn 380 ansl

envi ronnent septunhggopnth a needl e and tubing assenbly which permts
a controlled flow o dry air through both flasks sinmultaneously. The
clanp 30 rings 35 are‘bbos@K?rﬂﬁ%%ﬁdtb% ¢pmpatbkke mele|bhemdtin an

pressure pyil dup Oengﬁgﬁ?bnsﬁﬁlé 9£oab@1£g|£h39xtﬁa§1£e havind!&shi ng both
fl asks for approxinatel es are renoved and the

clanp rings t|ghteﬁ%ﬂpe%aturggggl?ﬁﬁth%°9|Fﬂ1%%5%%t the two flasks.

Rubber 35 faced al um fuin spacking3bhe Skbradatesesd formnsuf£lm. gas
tight fit. The sanple side is injected with 2 [err]L of water '
per - '

76. The process of claim 75 wherein the extrusion
15 die comprises a linear extrusion die followed by a
biaxially orientation step.

~ 77. The method of claim 75 wherein the extrusion
die comprises a circular extrusion die.
20
78. The method of claim 75 wherein the
thermoplastic comprises a vinyl polymer comprising a «-
olefin having a molecular weight of greater than 200,000
and a melt index of about 0.1 to 4.
25
79. The method of claim 75 wherein the
thermoplastic polymer comprises a chlorine containing
vinyl polymer comprising vinyl chloride or wvinylidene
dichloride.
30
80. The method of claim 79 wherein the
' therméplastic polymer comprises a polyvinyl chloride co-
vinyl acetate or a polyvinyl chloride co-vinylidene
dichloride.
35 '
' 81. The method of claim 78 wherein the
thermoplastic polymer comprises a polyvinylalcohol,



53 300 M flask v ' sampl e flasks vary in vol une,
the water iWOP9609268 tngﬁm&umwmﬁnme vol une vari at i R§FEUSISIRS 2
[err]L of water in the cmcTlmas + volunme is conparable to a 0.25
water activity product at 5 72[err]F (22[err]C). Next, 40 [err]L, the
per meati on et hanol /aromati ¢ wor ki ng stafdard or 40 [err]L of the
napht ha bl end working standard prepared according section 2.2, is
inj ected into t hIHiGEIsREarorvasre alco@%he‘?roza‘ RS TABHIENTg O~
standards will presiise acd@mte)rel ative humdity at 72[err]F with a

per meant concentration (parts per mllion-volunme/volune) in the 1200 m
vol une flask indicated in Table I. O her humdities or per meant
concentrations may be&ﬂnpldmedmbmhbﬁeofeslaim 7 $revhence 1y tisd ng

psychronetric §rw¥§cféaéy% CQ§P}§SeguE1g &%e £ re;:Ordthe gas loss to

cal cul at e pernean concentr ed and the
pernmeation cell placed into a thernostatically controlled oven.
Sanpl es may be staggergd t enaceeirBdabe SCaidn7tikarein thiy €e i dentica
per neati on deV|ces(gge e ared. 20 Triplicate analyses are used fqr QC
pur poses. c(?f“pé‘ééﬁst AEYFhPdeXeFing %a‘f?iﬂ]é’df

group is renoved f+r@plidiexredn orThéxenvesonhendat . f1 ask S analyzed
first, using heat ed si x-port sanpling valve fitted with a 1 m | oop.

The loop is ushed with
84. The method of claim 78 wherein the polymer is

linear low density polyethylene.

85. A thermoplastic f£ilm composition, having
15 improved barrier properties, the film composition
comprising:
{a) a web comprising a thermoplastic
polypropylene web having a melt index of 0.1 to 4
and a molecular weight greater than 200,000; and
20 {b) uniformly dispersed in the web, and about
0.1 to 5 wt-% of a permeant absorbing amount of a
polymer compatible cyclodextrin derivative;
wherein the cyclodextrin is free of an inclusion complex
compound.
25
86. The composition of claim 85 wherein the
polymer molecular weight is greater than 250,000,

87. The composition of claim 85 wherein the
30 polypropylene has a melt index of about 0.2 to 3.

88. The composition of claim 85 wherein the
cyclodextrin derivative comprises an acetyl derivative
of the cyclodextrin.

35

89. The composition of claim 85 wherein the

cyciodextrin derivative comprises a trimethylsilyl



25 a1l volﬁ%me of the environnent-side or sanple-sidepepuséiidsoge NE Ioop

S |njeé‘(%a6/ % the capillary col um. The GO/ FID systemi1s started
manual |y follow ng the injection. Up to elght-%—HL—saane_Ln+ecLLons
may be - taken fromthe sanple and envipgnnent: si d

perneati on experinment. Sanmpl e side and envi m ﬁl HI’

conpound CQREEPLE ALLODE ERE Gféf&ﬁé’i@ﬁﬁrom each 60 _
calibration curve or response f (equation 1 or 3). Cbncentratlons

are then volune-corrected for each 35 specific set of perneation flasks if

perneant mass is 90 desThedcomposﬁt:Oo:’Sadﬂﬁ)l@lamﬁl%ivﬂmerem WR,H6/ 00260
PCT/ US95/ 05999

| nst runent Par%%%}%?%Xtrln comprl%f%ﬁ%a@d%y%&ﬁpiﬁﬁﬁﬂQﬂs are analyzed by gas

chromat ogr aphy using the follow ng nethod paraneters: Col um:
J&Wcolum, DB-5, 394 M $,25 &8 ¢l 1 ﬁn é.}a% Hydr ogen
Split Vent: 9.4 ni /91 ackit nf%cﬁfonc P%rt Jg}err

Fl ane DeteCtorcﬂ@%‘ﬁde@%’r%r@TG"atWe is WWQ %ﬁ'ﬁerqr}e{: 10
Program Rate lprid&terédfbon of the cyclodextrin.

10 92. The composition of claim 85 wherein the
cyclodextrin comprises an «a-cyclodextrin, a 8-

cyclodextrin, a y-cyclodextrin or mixtures thereof. '

93. The composition of claim:85 wherein- the
15 cyclodextrin is present at a concentration of about 0.1
to 2 wt-%.

94. The composition of claim 85 wherein the
thermoplastic polypropylene comprises a web.

20
95. A thermoplastic film composition, having
improved barrier properties, the film composition
comprising:
(a) a polymer.web; and
25 (b) a coating on the web comprising at least

one layer of a film forming polymer and uniformly
dispersed in the layer, an effective permeant
absorbing amount of a polymer compatible
cyclodextrin derivative;
30 wherein the cyclodextrin is substantially free of an
inclusion complex compound.

96. The film of claim 95 wherein the film forming
polymer comprises a vinyl polymer comprising an alpha-

35 olefin.

97. The film of claim 96 wherein the film forming



%ﬁg tha(r)rg[ (Zawp]ls’ég zes{r)r il“ 'l "Ml““““;mmﬂ ne: 22[ (I\a/lr :1] ¢ 15 PCPW@“E%!” port
Se

sanpling val ve tenperat 105[err] C.

Cal i bration A three point calibration is prepared u3|ng
standards in the range of the foll ow ng test3%onpounds 20

Cali bration %e Test
Corpounds ppnl([e??%xser cgﬂprlses aEPﬁ&H@F elene or a pggypggpylene

Tol uene 3 p- Xyl ene 0. 2 - 2

o- Xyl ene 0 1 “aa 1 : T . Be . - 0.5
30 Napht hal ene 98 The film qg.géaﬁm 8$gghg¥él£;eﬁgﬂﬁ%ﬁ?%%g%8f§%nt
Bl end 4.0 -pdlymer comprisefoapicdgeréng cahtbsinirarpstymgard, add an

appropriate voyune of the morking standard solution to 35 an aliquot of

reagent water in a volunetrlc fl condary Di | utions
of Working Standard fof?- The £ilm qéaFlﬁF§t?§nWéﬁF9én 1 he Oht OTinge tg 1

dilution: Place ébﬁﬁaiﬁlﬂgnﬁmny; goanthetrd comprisingovinyD-cthlomoidgreti i C
flask, stopper, then %fngrl iﬁor vertlng fl ask. 2.5to0 1
dilution: Place 19® ScHig Sridar d

10 100. The film of claim 98 wherein the film forming
polymer comprises a poly{vinyl chloride-co-vinyl
acetate) or a poly({vinyl chloride-co-vinylidene
dichloride) .

15 101. A film of claim 95 wherein the film forming
polymer comprises a polyvinylalcohel, poly{ethylene-co-
vinyl alcohol), a poly{ethylene-co-acrylic acid) or a
poly{ethylene-co-methyl acrylate).

20 102. The film of claim 95 wherein the cyclodextrin
derivative comprises a f-cyclodextrin derivative,

103. The film of claim 95 wherein the cyclodextrin
derivative contains at least one substituent on a
25 cyclodextrin primary carbon atom.

104. The f£ilm of claim 95 wherein the cyclodextrin
comprises a-cyclodextrin, f-cyclodextrin, 7y-cyclodextrin
or mixtures thereof.

30
105. The film of claim 95 wherein the coating
contains about 0.1 to 10 wt-% of the polymer compatible
cyclodextrin derivative.
35 106. A laminate comprising at least two films, at

least one film comprising the film of claim 1.



55 into a 25-m volunetric flask, stopper, then mx by i nverting

fl ask. WO 9¢0ablyze each calibration standard and tabul ateT/us9sissmwpound
peak area response versus the concentration of 5 the test conmpound in the
enVvironment side cell. The results are used to prepare a calibration
curve for each conpound. The naphtha Jof®ent blend is a comerci al
pai nt sol vent containing approxi mtely twenty (20) i ndi vidual aliphatic
hydr ocar bon conpounds. The 10 response versus concentration is determ ned
by totaling the area under each of the twenty individual peaks.

Met hod of |east squares is used to®fit a straight line to the
calibration curve. The sl ope of eagh test Zronpound' s calibration curve
is then calculated for 15 deternmi |ag t he unigh@wn concentration. The
aver age response factor may bQEUEEd in plgedgeof the calibration

curve. The working cal i brat@on curveQM°response fact or must
be verified on each working day byorﬁasurerrento @& 20 one or nore '
calibration standards. If the res@dfise of éﬁy conmpound varies nore

than 20% the test nust be
If the results still do
curve.

rei@at ed u3|ng-= fresh calibration standard.
agF-Oewglenerage a new calibartion

FIG.1

Dimensions of cyclodextrins



25 4.3 Analysis of Calibration Curve and Met hod Det ecti on

Level Sanpl ewo 96/00260 Recomended chr omat ogr aphi ¢ condi t i OngTAISe5/05999
sumari zed above. Calibrate the systemdaily as described above.
30° Check and adjust split vent rate and check rate with soan film
flow nmeter. To generate accurate B3, sanples, calibration

st andards and net hod detection | evel sanples nust be anal yzed under

i dentical conditions. 35 Cal i bration standards and met hod detection
sanpl es are prepared in the environnment flask only. This is
acconplished by using a 1/2 inch ( 1.27 cm plastic disk and
al um num sheet disk the dianmeter of the environnent flange in place of
the sanple 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 5

di sk. The environment flask is flushed with dry conpressed air
to renove humdity in the sanple and environnment flask. This is done by
puncturing the environnment septa with a needle and tubing assenbly

FIG.2




10 which permts a controlled flow of dry air through the flask. The

clanp ringswarsmobmesely fitted to the flask to el im nat BCHPPS4HPR

bui | dup. After flushing both flasks for approximately 10 m nutes, the

needle is removed and the clanp rings tightened, sealing the 15

al um num sheet agai nst the seal ring. 3/3 Next, 40 [err]l of the

permeati on et hanol /aronacic wor ki ng standard or secondary dil utions of

t he worki ng standard is injected into the environnent flask.

Alternatively, 40 [err]L of the naphtha solvent blend or 20 secondary

dilutions of the working standard is injected i nto the environnent al

flask. The time is recorded and the flask is placed into a

thernostatically controlled oven. At the end of 30 m nutes,

the environnment flask is 25 renoved fromthe oven. The environnmental flask

S anal yzed using a heated six-port sanpling valve fitted wthal

m | oop. The loop is flushed with a 1 mnl vol ume of the environnent-side

or sanple-side air. The |l oop is injected onto the capillary colum. The

GC/FID 30 systemis started nmanually follow ng the injection. 4.4

Cal cul ation of Results .4.1 Test Conmpound Response Factor

Sanpl e-si de and envi ronnment - si dé\t est conpound concentrations are

cal cul ated for each conmpound’ or response

factor (RF). Concentrati = t f=¥ each

specific set of permeg{ion [ {
n

o o g ——
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57 ) desired. Concentration of Conpound in ppm Peak Area
Cal i bration Curve Sl ope 5 Compound Specific RF = Concentration of
Cbnpound in ppm (2 Peak Area
Concentration of Cbnpound in ppm = Peak Aréd X RF (3, 10

The cunul ative et rant IS_plotted.as unctlon of, Lime on

both the upstre %ﬁ%&??oﬁ%ﬁﬁtfaﬁn e used. dd&ﬁ%??%%ﬁﬁ PRSP ESRYE 6B he
film The diffusiso be blowate hd hoanselssialyet € sofexdtheideel MRAFiAr ea
15 calculated §V£H1£Qeaﬁﬁgﬂgg1aséogﬂ ve %G% ;ﬁo t%Tz1z%H%'Er Q§n155|on

Rat e per neant does” no ‘t he polyne
t he perneabilitynEdetedcvehl, aRr KSeQSQEWIsnleC 26)c e ctddramsttier f or t he

per meant - pO'é!”E&eéé!%?ﬁédTBysthé agglré@&fﬁﬁ SoMddiiles Re{dTRAL T On of many
gases, such as ni trogen en and carbon di"oxi de,

heRénd
t hr ough nﬁﬁ?CBng ndjing ﬁ%?ﬁie%ﬁaﬁﬁré? acth® ile Bixk Wt
mol ecul es, as ipolp@egasreniyes fhsmpenmmulaefstdle, thet QPO usgad in

t hi thod, P [ | t 3 th ,
11 m thi cknese, EaRA 1= S45endRack A r ore £ B acttncl) Wgk g Vol be of

P does not*nepneéeQLetdeamhaeacteAtsthe gnareaind ithe gfooli ngtdmr
polymer menbpanesadait kollesspsahy1ig EOLN ornind!SPUBIANEY Of P on

all possible varrables in
extruded w1th a hollow circular cross section 21. The

£ilm tube is collapsed within a V-shaped frame 23 and is
nipped at the end of the frame (nip rolls 24) to txap

air within the thus formed bubble. Rolls 24 and 25 draw

Ul

the film from the die maintaining a continuous

’.l

production of the extruded tube.

We have found that in the preparation of biaxially
oriented £ilm and in the production of zlown
thermoplastic film that the melt tamperaturs and the dis

20 temperature are important in obtaining the permeapility
or permeant transmission rates preferrasd for Iilms of

~

the invention, to reduce melt fraczure and to improve
s) .

(D

film uniformity (reduce surface defect Refsrriag ©o

Figurs 2, the temperaturs of the melt at the meit ragion

25 28 should range from about 390-420°F (138-216°C},
preferably 395-415°F (202-213°C). The temperaturs of
the extrusion die 29 should range from about 400-435°F
(204-224°C), preferably 410-430°F (210-221°C). Th
extruded polymer can be cooled using ambient water baths

30 or ambient air. The extruder can be operated at through
put such that production rates can be maintained but the
polymer can be sufficiently heated to achieve the melt
and die temperatures required. Production of the £ilms
of the invention at these temperatures ensures that the

35 cyclodextrin material is fully dompatible in the
thermoplastic melt, is not degraded by the high
temperatures and a clear compatible useful barrier film

AMENDES gy STIT



30° obtain the conplete profile of the perneability of the polymer. In

t hese cases, the transmssion rate, Q 1is often used for practica

pur poses, when the saturated vapor pressure of the perneant at a
specified tenperature is applied across the film Perneability of 35
films to water and organi c conmpounds is ofigen expressed this way.

P = (Armount of Perneant) (Fi | m Thi ckness) (4)

(Area) (Ti ne) (Pressprederaep. Across the Filn) 40 Q= ( Anount
of Permeant) (Film Th£kness)o thﬁfﬁ%ﬁlastic materials are joined in a (AT€a)
(Tinme) In this application, Qis represented in units-of

58 coextrusion PregRYe 0wl nunshes @idezednfilm or sheet

100 in[err] (0.pR6doederdddpré@yeo a particul@ie <2k LBE Mgk Y3 kakkes in
determining the 5 perneation, coefficient is the pressure drop across the
film Since hep‘?Jr”Qﬁ%:Fﬁ SRR QI AFFed AYEEhEE meltprEdsure nor

concentration ofodberpdsdenmtaidodttSrusion die to have a film with

versatile properties dried from both layers. Layers of
the different polymers or resins are combined by either
blending the materials in melt before extrusion or by

10 parallel extrusion of the different thermoplastics. The
melt flows laminarly through the die and onto a gquenched
drum. The film is prccessed conventionally and may be
oriented after cooling. Films can contain a variet
additives such as antioxidants, heat stabilizers, UV

15 stabilizers, slip agents, fillers, and aﬁti—block
agents.

The barrisr layer-of the invention can be made by
casting an agueous dispersion or solvent dispersion or
solution of a ZIilm forming polymer and the cyclicdextxin

20 derivative. The aqueous or solvent based matarial can
be formed by commonly available agueous or soclvent based
processing of commercially available poclymers, polymer
dispersions, polymer solutions or both polymer and
common agueous Or solvent processing technolcogy. The

25 cyclodextrin derivative material can be combined with
such aqueous or solvent based dispersions or solutions
to form a film forming or readily formed coating
material. Such barrier layers or barrier coatings can
be formed using commonly available coating technology

30 including roller coating; doctor blade coating, spin
coating, etc. While the coatings can be made and
removed from a preparative surface, commonly coatings
are formed on a thermoplastic or thermosetting polymer
web, and remain in place to act as a barrier layer on a

35 polymeric web used in a packaging. The typical coatings
can be made from the same thermoplastic polymer
materials used in film sheet or other structural layers

gasmnen SHRET
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di'mensions, it is necessary to know either vapor pressure or the
concentration of perneant under the 10 conditions of the neasurenent in.
order to correlate Qto P. The pressure-drop across the film
from envi r onment side to sanple side is_principally due to water vapor
pressure. The water concentration or hum dlr%y does not 15 renain constant

and i s not neas i nt.erval s the organic-.c unds are
anal yzed, and dst ? eré#%?%}ghai%¥es%Tﬁlar(%9§é§nfﬁé ﬂeﬁﬁraﬁg }ggﬁ in

det er m ned. derivaThee abaver bxanpl e afanﬁmmpalvast ioe ﬁ:talrn'&ezo
containing a v £ | A er LV t hat
the i nvention g%%gﬁyng%boﬁﬁé& @éﬁ.@ '%l vari (Lg{ gfdf'eréq{e %er astic
filmns. FurtherCY%JOdexﬁékme@?’%ﬁafﬁﬁﬁ(ﬂﬁﬂﬂbeﬂﬂﬁﬁ|ﬂﬂ e-ééﬁﬂ#&tppédlng

cycl odextring ]?@i:eéi'aééncﬁél Beedisy d Mndie diy efaic0hy lsdstlotuhe 25
films can be malaca actured usngg ﬂﬂyarlety of film manuf act ur i ng

t echni ques i ncl BRATHRS ekt PREF LT a %ﬁl@blﬁ?atlnﬁjl%’p&pﬁ OF OOt ﬁddﬁé
produce useful &firaietsuctural f’lﬂTﬁrEﬁKBEtEﬂhﬂbﬁldﬁﬂlnﬁﬁnseﬁamﬁhﬁs of

substituted — of¥elodext(hg. 1l idda (NBIPRLAY G d R, 400 sl data 30

provi de a basis unders g aspé
96/ 00260 coating layers and other layers cARTRMISIEYa05 3990

10 packaging, food packaging, consumer trcduct vackaging,

ete.
Cyvclodextrin
The thermopiastic films of the invanticn contain z
i5 cyclodextrin having pendent moieties 2xr substituents

that render the cyclodextrin materizl ccmpatible with
the thermoplastic polymer. For this inventicn
ccmpatible means that the cyclodextrin materia
uniformly dispersed into the melt pclymer, can retain
20 the ability to trap or complex permeant matarials or
polymer impurity, and can reside in the Tolvmer witheuc
substantial raductions in polymer ZIilm charactaristics.
Compatibility can be determined by mez

m
H
’l
13
w0
'
o]
IA‘
1]
N

characteristics such as tensile strsngth, I=zax

25 resistance, etc., permeability or transnis
permeants, surface smoothness, clari:zy, =tc. Non-
compatible derivatives will result in substantial
raduced polymer properties, very high zermeapility or
transmission rates and rough dull £ilm. Qua

30 compatibility screening can be obtained by prepa
small batches (100 grams-one kilogram cf thermoplastic
and substituted cyclodextrin). The blaended material is
extruded at production temperatures as a iinear strand
extrudate having a diameter of about crne to five mm.

35 Incompatible cyclodextrin materials will nct disperse
uniformly in the melt and can be seen iz the transparsnt

melt polymer immediately upon extrusicm Irom the

Al\lan;:j ShH i "" =i



59 the invention. Since the invention can be nade with a

variety of enbodinents, the invention resides in the cl ai s,

her ei naft er appended. WO 96/ 00260 _

PCT/ US95/ 05999 60 VE CLAI M

1. Athernoplastic filmconposition, havi g I mproved barrier
properties, the filmconposition conpri si ng: 5 (a) a

thernopl astic potymsiomedieathd We have found thebjngnmparibyedi spersed in
the web, an cyelodext®hi e ddy adplRant \%%g%g'ieﬂ RERHAL 2 Py As PRLY TET

conpati bl e cycl odextrin derivati Ve, reLn the cycTS extrinis
substantial |y fREREAWIe gh ChampGhryigdiieon "Oufpite X -o8FPoaARTY 2 an 2.
The }‘i I mI of cl adyaAusdy ei mdxf&ﬁfew%@g ig%iurr]ld thagowaeﬁmpgeﬂmgseihg
:‘/: In)r/n o?oc?/g%;n %%%%ﬁg cta rci‘?dﬁeaﬁ“’ib@tantia&ofn?iﬁr EEBfprFEes®atBfil ori ne
cont ai ni ng vi n@xtpoldams which can be detected by visual inspection.
Lastly, Ehe extrudate can be cut into small piecss,
cross-sectioned and examined using an optical microscope
to find incompatible
10 cycleodextrin clearly visible in the thermoplastic
matrix. Cyclodextxrin is a cyclic oligosaccharide
consisting of at least six glucopyranose units Joined by
a{1-»4) linkages. Although cyclodextrin with up o
twelve glucose rasidues are known, the thres acst commen
15 homologs (a cyclodextrin, B cyclodextrin and'y

cyclodextrin) having 6, 7 and 8 residues havs zesan used.

Cyclodextrin is produced by a highly selisctive
anzvmatic synthesis. They consist of six, seven, or

20 eight glucose monomers arranged in a donut shaged ring,
which are denoted «, B, or v cyclodextrin rasgectively

{See Figure 1}. The specific coupiin

(9]
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monomers gives the cyclodextrin a rigid, truncatad

L3

conical molecular structure with z hollow intarior of

)

25 specific volume. This internal cavity, whick is
-lipophilic (i.e.,) is attractive to hydrocarbcn
materials (in agqueous systems is hydrophobic) when

i

compared to the exterior, is a key structura: IZIsature O
the cyclodextrin, providing the ability to compisx

30 molecules (e.g., aromatics, alcohols, halides and
hydrogen halides, carboxylic acids and their esters,
etc.). The complexed molecule must satisfy the size
criterion of fitting at least partially into the
cyclodextrin internmal cavity, resulting in an inclusion

35 complex.



conmprising vinyl chloride or vinylidene dichloride. 20 4. The

filmof claim3 wherein the thernoplastic pol ymer conprises..a

pol y(vi nyl chloride-co-vinyl acetate) or a poly(vinyl

chl ori de-co-vinylidene di chl ori de). 25 5. Afilmof claim2
wherein the thernoplastic pol ymer co#pri ses a pol yvinylal cohol, a

pol y(et hyl ene- co-vinyl alcohol), a poly(ethylene-co-acrylic aC|d) or
a pol y( et AgFenet caraBR Ry F @z¢p¢%g¥gons, alggphatic hydroprabppism of
claim1 wherei natﬂ&n@]{céﬁde%étbﬂ vapor &8 Iﬁ/@ta&ﬁeﬁ;@a@us’i@@ &he

[err]- cyclodextrln dgrlva he filmof "claim6 wherein

the cycl odext ri fYclodexgeiq v%?r vEathbre atr?'féméﬂlqgast ndayp &LsPuéRiingn a
35 cycl odextri ncpatnehy caebofi ayelvdextrin materiadls Thddoviemcel claim 1

g2$;6g85}gggggcéggféééiBropertigg)g?/gg§Q%jxn 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 c¢oating, printing,
'laminating, handling, etec. 1In initial work we have also
10 found (1) several modified cyclodextrin candidates were
found to ke compatible with the LLDPE resin and prcvide
good complexation of residual LLDPE volatile
contaminants as well as reduce organic permeants
diffusing thrcugh che film. (2) Unmodified BCD
adversely affects transparency, thermal stabiiizy,

[
in

machinability, and barrier properties of the f£ilm.
Conversely, selacted modified 8CD (acetylated and
rimethylsiiyl ether derivatives) have no affect on

transparency and thermal stability. The machinabilizy

20 ©of the extruded plastic material is effected somewhat
causing some suriace defects, thereby reducing the
parrisar properties of the film. (3) Films containing a
modified BCD composition (1% by weight
cerxmeants by 35% at 72°F and 38% at 105°F (40.5°C);

25 aliphatic permeants were raduced by onl 2
{22°C) . These results would improve significantly £
worst case shelf-life testing conditions were not used
to test the Zilms. (4) Complexation rates wers
different for aromatic and aliphatic permeants. Fiims

30 containing modified BCD had better complexation xrates
for aromatics (gasoline-type compounds) than aliphatic
(printing ink-type compounds). Convefsely, film coating
had gignificantly better complexation of aliphatic
compound than aromatic compounds. (5) BCD containing

35 acrylic coatings were the star performers reducing

| aliphatic permeants from 46% to 88%, while aromatics

were reduced by 29%.

Ah’fL ‘,’C:_: 3; HCET



61 conprises a-cyclodextrin, [err]-cyclodextrin, [err]-cyclodextrin
or mxtures thereof. 9. The filmof claim1 wherein.the

t her nopl astic 5 web contains about 0.1 to 5 wt-% of the polyner
conpati bl e cycl odextrin derivati ve. 10. A packaged food
conprising at |east one food item and®a package substantially
surrounding the item 10 the package conprising a thernoplastic film
conposi tion, 2ORRIIRLeRpiDVRILIRNGT &0 freopde iresulthetf RLxrebnpositi on
conpri sing: decomposition (&4 ©hd &Y M| id§hirG ROl YMRReWeD; afgdo

(b) uniformy dig ersed. in the meqi ap 15 | effective perneant
absor bi ng anmoun?eF Aoy nErrpounds (2- fupajdehyde Gdextrin derivative;
wherei n t he cycfothxtetimislsubstantdedd Hf fadkdmfthanblown Edthusi on conpl ex
conpound. 52052mp1es 11 The food of claim 10 wherein the thernoplastic
pol ymer conprises‘%.V|hyI pol ymer conprising an al pha- ol efin.

12. The food of cIanflﬁhQWﬁ#¥§¢lm¢diggﬁﬂrﬂQMRﬁﬂﬁbie 25 gengidrtesnpri ses a

chlorine contai (&é‘é’?’ii"&’édp%dﬁ%}rl sucE&HENd Sl ik nghkenide or
vinylidene dIChéggérF; the acetylated and trimethylsilyl ether CD were
shown to effectively complex trace volatile organics

10 inherent in the LLDPE resin. One percent loadings of
acetylated and trimethylsilyl ether (TMSE) 3CD showed
approximately 50% of the residual LPDE organlic volatilsas
were complexed, while the octanyl succinats C2 4id not
complex residual LLDPE resin volatiles. Millad 3CD was
found to be less effective (28%) than the acetviated and
TMSE modified BCD’s.

Plastic packaging materials all interac:z to some

fot
9]

degrese with the food product they protect. The main
mocde of interaction of plastic packaging of Izcd is
20 through the migration of organic moleculss Zrzm the

environment through the polymer film ZInto the head space

[¢)

£ the package where they are absorbed by tze focd

roduct. Migration or transfer cf organic mclacules cf

g

ne package to the food, during storage, is =2IZacted by
25

(D

nvironmental conditions such as temperaturs, storage
time, and other environmental factors (e.g., humidity,
type of organic molecules and concentration zhereof).
Migration can have both quality {(consumer rssistance)
and toxicological influence. The objective of packaging

30 film testing is to measure how specific barxriers may
influence the quality of packaged individual foods. To
simulated accelerated shelf-life testing for _ow-water-
activity food products, the testing was conducted at a
temperature of 72°F (22°C) and 105°F (40.5°C), and a

35 zelative humidity of 60%. These temperaturs and
humidity conditions are probably similar to :those found

in uncontrollad warehouses, ipn transit., and in storage.
AP ERRRS er

YHaH
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13. The food of claim 12 wherein the thernoplastic pol ymer conprises a
pol y(vinyl chloride-co-vinyl 30 acetate) or a poly(vinyl

ch] ori de-co-vinyl i dene di chl ori de). 14. The food of cPalm
11 wherein the thernoplastic pol yner conprises a pol yvi nyl al cohol |

pol y(et hyl ene-co- 35 vinyl alcohol), a poBg(ethyl ene-co-nethyl acrylate)
15. The food of claim 10 wherein the cyclodextrin WO 96/ 00260
PCT/ US95/ 05999 cumulative penetrant concentration orgXhe samplfergids iofe

conprises a [er Eheciﬁhfﬂd@ét f:ﬂ.BtQ@ﬁ'X@téV@anctlon of time 16. The food of
claim 10 wherein the_ cycl ogextrl derivative contajns at | east one

substituent on a §GC9EP HEREr FRUPr $TRPILRER Hoh WiYmEiims. Three ofy
The food of cl athel@inher ebatkhiredygtDdextIosding of 1%, 3% and 5%

5 (wt/wt) while the fourth was a control film made from
the same batch of resin and additives but without SCD.

A second experimental technique was also undertaken
to determine whether SCD sandwiched between two control
films will complex organic vapors permeating the film.

10 The experiment was carried out by lightly dusting B8CD
between two control £ilm sheets.

The testing showed the control film performed
better than 8CD loaded films. The permeation test

-

rasults also demonstratsd the higher the 3CD loading the
15 poorer the £ilm performed as a barrier. The tast
rasults for sandwiching SCD between two control f£ilms
showed BCD peing twice as effective in reducin
vermeating vapors than the control sampies without 3CD.
This experiment supported that CD does complex
20 permeating organic vapors in the f£film if the £ilm’'s

barrier qualities are not anged during the

manufacturing process making the film a lsss sffsctiva
barrier.
The 1% TMSE BCD £ilm was slightly Zetter than the

25 1% acetylated BCD film (2¢% -vs- 26%) for resmoving
aromatic permeants at 72°F (22°C) adding more modified
CD appeared to have no improvement.

For aromatic permeants at 105°F (40.3°C}), both 1%
TMSE BCD and 1% acetylated SCD are approximately 13%

30 moxre effective removing aromatic permeants than 72°
(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

()
0
W]

35 removing aliphatic permeants than the 1% acetylatad
film at 72°F {(22°C). But for the duration of the test,
1% TMSE BCD was worse than the control while 1%



conpri ses [err]-byclodextrin, [err]-cyclodextrin, [err]-cyclodextrin

or m xtures thereof. 10 18. The food of claim 10 wherein the
t her nopl astic web contains about 0.1 to 5 wt-% of the pol yner
conpati bl e cycl odextrin derivati ve. 15 19. A nethod to prevent
noi sture vapor transnission to an i 3@m whi ch met hod conpri ses
separating the item.fro ource of noisture by 0si ng a

t her nopl asti ¢ B9 B‘ﬁtﬁr%r% LS echen Bufieog the %*li?ﬁ%%%re and the
item the fil mpeameaercsconpri sing: 20 (a) a thernoplastic

pol ymer web; and ( ni, f gls ed I n, the web, an
ef fective perneant gbsc?rrf):ldﬁlgceéirr&‘fr?t Q")XP% %ln i% coat%rgﬁrpat I bl e
derivative cyclsededttyions. One sgigrtdion cbatayneddbxdrmmyéshYle@G@f(33%

i ncl usi on ceMkEX ye 12 0RAING e Othe, solut1o§0coH@§1 hod of clain119
wherein the th nDpIastlc p%Syner nBrlses a vinyl polyme

conpri sing an éWEﬁQXMRﬁqu 8CEy (35 by weighp), Tﬁ@th9$%5@th@n%laln119

wherein the contileipl@s td e 270! 1%0€Hﬁl§§§nac§ﬂ¢§isﬁ@gQQnta'n'ng
L pol e gl lig el gride o BILLEN norccufE LD
pol ynmer conpri £ adbgud WO4,Md0 clHodyisddences, Inc.) (15% solids by
10 weight) as a f£ilm 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 technigque very slightly
tretched two f£ilm samples f£iat, the coating was then

1]

-
u

applied using a hand roller, and then the films wers
laminated together while stretched flat. The Rev. 1
samples were not stretched during the lamination
process. All coated samples wers finally placed in a
vacuum laminating press to ramove alr bubbles between

20 the f£ilm sheets. Film coating thicknesses were

U

ppr ox1mat=ly 0.0005 inches (0.013 mm). These CD cecated

rh

ilms and hydroxylmethyl cellulose coatad control £ilms
were subsequently tested.
A raduction in aromatic and aliphatic vapors by the
25 hydroxyethyl BCD coating is greactsr in the first several
hours of exposure to the vapor and then diminishes over
the next 20 hours of testing. Higher removal of
aliphatic vapors than aromatic vapors was achieved by
the hydroxyethyl BCD coating; this is believed to be a
30 function of the difference in their molecular size
(i.e., aliphatic compounds are smaller than aromatic
compounds) . Aliphatic permeants were raduced by 46% as
comparad to the control over the 20 hour test pericd.
Reduction of aromatic vapors was 29% as compared to the
35 control over the 17 hour test period.
The Rev. 1 coated hydroxyethyl BCD reduced the
aliphatic permeants by 87% as ccmpared to the contxrol

1™~y 4, ﬁ_
}'\i\ﬂ-}\ul-d S’ kel
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63 co-vinyl acetate) or a poly(vinyl chloride-co-vinvlidene

di chl ori de). 23. The method of claim20 wherein the 5

t her nopl astic pol ymer conprises a polyvinylal cohol,

pol y(et hyl ene-co-vi nyl al cohol), a polyethgBene-co- met hyl acryl ate).

24. The nethod of claim 19 wherein the 10 cyclodextrin derivative
conprises a [ePVRrciBPodBxEPHE test peei¢datilte.is not known ifpgheThe

met hod of clalnméahahebgleohheng the €y€&0@£§t¢é ékgiaﬁ§'46%<aﬂgim ns at

| east one 15 sagsgltueit 3% gﬁclodextrln rinme carbon at om
26. The nethod BFCCFaPRF19*mheFERACEHRRR over IQ) MG yds SCD
[err]-cycl odext coatefleEdilmcycl odextrin, [err]- cyclodextrin or

m xtures thegeof. The hydroxyethyl BCD coating was slightly better

for removing aromatic permeants than the hydroxypropyl
BCD coating (29% -vs- 20%) at 72°F (22°QC).

LARGE SCALE FIIM EXPERIMENTAL
10 . Preparation of Cvclodextrin Derivatives

Example I
An acetylated B-cyclodextrin was obtained that

contained 3.4 acetyl groups per cyclodextrin on the

[
(9]

vrimary -CH group.

Example II

L£)

Trimethyl Silyl =ther of B—cyclodextrin

Intc a rotary svaporator equipped with a 4000

-

milliiis »ound bottcm 21

(D
31

a

20 introduced at a rate of 100 milliliters N, per minuts,
was placed three 1
dimethylformamide was placed 750 grams of 8-
cyclodextrin. The B-cvclodextrin was rotated and
dissolved In dimethylformamide at 50°C. Aftax

25 dissolution, the flask was removed from the rotary
evaporator and the contents were cooled to aporoximataly
18°C. 1Into the flask, placed on a magnetic stirrsr and
equipped with a stir bar, was added 295 millilitsrs of
hexamethyldisilylazine (HMDS- Pierce Chemical No.

30 84769), followed by the careful addition of 97
milliliters of trimethylchlorosilane (TMCS - Pierce
Chemical No. 88531). The careful addition was achlieved
by a careful dropwise addition of an initial chaxrge of
20 milliliters and after reaction subsides the carsful

35 dropwise addition of a subsequent 20 milliliter
portions, etc. until addition is complete. After the

addition of the TMCS was complete, and after reaction

aMENDEY



20 27. The method of claim 19 wherein the t her nopl astic

web contains about 0.1 to 5 w-% of the pol ymer conpatible -~ e
cycl odextrin derivative. 25 28. A nethod to prevent ‘
contam nation of a food item by a hydrocarbon vapor which nethod
conpri ses separating the food itemf#®&m a source of the

hydr ocar bon by i nposi.ng a_t her astic,filmbarrier _. . between the
source of hydroﬁggﬁbﬂegndt%ﬁefgggg PRI} £ HEPRERF S (5D AABDS SGnfttsi ng:
(a) a thernopl asptarpokyaporaebyr, ahdated to 60°C whilg maivmdsfiorimgy an

di spersed in the web, ap - ffective per nt. ,ahsarhi nt of
2 potymer | int% a8lcegep, arpospierETH AR (B TR MR R 0
cycl odextrin i spérewinfitanthnehgbi bhe conpier evaporag@mpourthe reaction

96/ 00260 : . RAHAUSR5/Q5999 1 of
5 tinued for £ h fol 1 of
o 435 gpatinued for four hours folldwdd BPRGRNRL of .

pol ymer conpri s&31¥ept n‘yl“-eﬁﬁliﬁlﬁe?‘os graps F | rh e gia- dREf i n.

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

10 iriches of Hg [10kPa]) and stored as a powderad material
and maintained for subsequent compounding with a
thermoplastic matarial. Subsequent spectrographic
inspection of the material showed the 3-cyclodextrin to
contain approximately 1.7 trimethylsilvliecher

©5 substituent per fB-cyclcdextrin molecula. The
substituticon appeared to ke commonly on a primary §-

carbon atom.

Example IIT
20 | An hydroxyoropyl B-cyclodextrin was obtained with
1.5 hydroxypropyl groups per molecule on the grimary 6-
OH group of the BCD.
Example IV
An hydroxyethyl B-cyclodextrin was cbtained wit
25 1.5 hydroxyethyl groups per molecule cn the primazry 5-OH
roup of the GCD.

Preparation of Films

We prepared a series of films using a lineaxr low
density polyethylene resin, SCD and derivatized 3CD such as
the acetylated or the trimethylsilyl derivative of a B-
cyclodextrin. The polymer particles wers dry blanded with
the powdered f-cyclodextrin and ﬁ—cyciodextrin derivative

wm

1)

material, a fluoropolymer lubricant (3M) and th
Th
material was mixed and extruded in a pellet form iIn a Haake

antioxidant until uniform in the dry blend.

(1)

dry blend

System 90, 3/4" conical extruder. The resulting pellets
10 were collected for film preparation.

A2 5~
PO ud D TS onT
AriiUry §i455T



5° 30. The nethod of claim 28 wherein the t her nopl asti c pol ymer

conpri ses a chlorine containing vi nyl pol ynmer conprising vinyl-
chloride or vinylidene di chl ori de. 10 31. The met hed of
claim 30 wherein the t her mopl asti c pol ymer conprises a poly(vinyl
chl ori de- co- Vi nyl acetate) or a pol y(¥idnyl chloride-co-vinylidene

di chl ori de). 15 The_net hod of claim 29 wherein the
t her mopl asti ¢ poIyne?aééﬁpFPs8§S§1ﬁBPy9Yﬁy¢%ﬂ(ﬁﬁﬂﬂetlZlng extruder

pol y(et hyl ene- caomamyhoalscoh@h)a 8 1AsPRLYEL BYdRhert Cthe 2pp azfeltmé of
acryl ate). 2Q. ngth d of clai %%8 wher ei
cyci odextrin derrgﬁfﬁvé cohﬁ?uss F@V?]°§9rV >&4§§?°pla3§ﬁﬁlgﬁﬂ%\ﬂf

34. The nethod ekithagn:2& dher ekn t’mhe 2hbe yrs ot aggedidny \GHis 23 camt ai ns

t | t t
s 1Sa5t onos apvBUMEl ket B0cnagyshodeitl £ BT GALIGRAAN e

a-cycl odextrin, Zﬂeﬁﬁ]laﬁéﬁﬁééxﬁﬁlng ago upeer]pxgsﬂuxﬁnhhqwn(ﬂhnﬂuqhuaﬁr
thereof . inlet tube 26. The thermoplastic is melted in the

extruder. The extruder temperature is taken at the mixing
zone 27. The melt temperature is taken in the melt zone 28
10 while the die temperature is taken in the die 29. The
extrudate is cooled using an aixr blown cooling stream from
the cooling ring 20. The general schematic background of
Figure 2 is representative of the Kiefel blown film
extruder, 40 mm dis diamete used in the actual
15 preparation of the blown f£ilm. The film is manufaczured
according to the above protocol and reported in Tabl
The film was tested for transmission rates at a variety of
environmental conditions. Environmental test condizions

arzs shown below in Table II.
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t her nopl astic web contai ns
havi ng

pol ymer conpati bl e cycl odextrin det« vat+ ve.
A thernoplastic filmconposition,

36. The nethod of claim 28 wherein the
37.

about 0.1 to 5 w-%of the

35

i mproved --
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55 Y55 * 0.5% IMSE Pelletizing 1-19-94
mrX 0 © W;& < n_ﬁ.v Run Time 0 min Torgque 48A6 meter-gram Rotor 198 xpm
oo = S0 o 13 sec Tol. Torque 0.0 mkg-min Aux. 0 %
T O = — )
o .Mdo.m m em, Channels - -2 - R R N e --h--
S -goscsl ,
y = @© 5 e~ W Melt Temp 37 11 41 43, 41 c
o @.- c .
~ m o mr m (@] Set Temp 150 160 160 170 0 0 .o.Q
[(elTop] o O u— o .
©© o oo.- Deviation 0 0 0 0 0 0 %o,
m o - O —
m m o o Cooling Yes Yes Yes Yes
S
c_.2"S L Pressure 0 0 2739 0 0 psi.
awnOu.S %e (18.9 mpa)
< — <
c”8 c2°5* FABLE AR s
c - —_———_ Extruded Filmns (Exxon LL32 L
o o0 C - L Made With Low Density Polyethylene
— C - [«D) . I ni
) Fl lyme Extruder Tewmp. Melt Pie Temp. ie
= 3 % m”: M,a%_..ﬁur AQALEIver Zope 3 (E) Temp (F) Zone 3 (F) Lbs./Hr (a/s) RPM  gGap  Comments
& a S e " o
CEOtEDY 500 ppm 428 (220°C) 406 (208°C} 406 (208°C) 0.1 (3.81) 50 24
o <« g.m 1Cy xsw 1000 wws 441 (227°C) 415 (213°C) 420 (2)16°C) 29.7  (3.74) s0 35
m. — 1000 ppm 441 {227°C) 416(213.3°C) 420 {(216°C) 28.5  (3.59) 50 35
Q 19y xrw 500 ppm 441 (227°C) 415 {213°C) 420 (216°C}) 29.9  (3.77) 50 35
o < .W 1> %. 500 ppm 418 (214°C) 405 (207°C) 414 (212°C) 29.9  (3.77) 50 35
o o @©,0 . Hm 500 ppm 421 (216°C) 397 (203°C) 414 (212°C) 20.0  {3.85) 50 35
— ¥+ 0, 5FEXQ I 500 ppm 421 (216°C) 403 (206°C) 415 {213°C) 29.0  (3.65) 50 as
S > 8 w—20 1 BxO 1— 500 ppm 42) (216°C) 104 (207°C) 415 (213°C) 27.7 (2.49) 50 35 Very alight melt Eracture
— < & O1C4 gx, 1B 500 ppm 421 (216°C) 406 (208°C) 415 (213°C) 28.3  (2.87) 50 35 particles in Eilm.
— - 30 1+ Pexd 11 500 ppm 426 (219°C) 110 {210°C) 415 (213°C) 26.7  (3.36) 50 35 particles in €ilm.
u— W .Mu_ m_nﬁwxnﬂ.v (5} 500 ppm 432 (2224C) 415 {213°¢)  A14 (212°0) 29.0 (1.65) 80 15 wwunmnwmn_m: nwwa.. o £in
. ery glight yellowing to film.
Q — B S % B% Il 500 ppm 431(221.6°C). 414 (212°C) 415 (213°C) 21.5  (2.71) 19 35 particles in film.
= O+ 0 m sy B O 500 ppm 431(221.6°C) 415 (213°C) 415 (213"C) 27.7  (3.49) 50 35 particles in £ilm.
+— O C g4 sy B I 500 ppm 425 {218°C) 110 {210°C) 415 {213°C) 28.9 (3.64) 50 35 Particles in £ilm.
g%.a D ¥ wﬂ nOu 500 ppm 410 (210°C) 414 (212°C) 415 (213°C) 20.2 {2.488) 38 35 wx«?awmmsm: mwwa.m . n..da
- O .— ery s5lig yellowing to film,
(7] — m vs g.m ¥ B 1X 500 ppm . 422 [2179¢) 415 {213°C) 418 (213°C) 20.5 {2.58) kL] 35 Ww;ma“mﬂmz mwwa.nsu o t1im
(] I e — : ary slight yellow o .
— M D._ 2 % m@.H.H 500 ppm 422 (217°C) 416(211.3%¢) 418 {213°C) 20.8  {2.58) 38 35 Particles in Eilm. .
— C - o o wn vary slight yellowing to film.
O — © > (@]
OO O (@] o o
oM oS m o m:
onNEco0_O.. O
m.m Hm.m © W:m.o%omrnmu..:m 500 ppm Irganox 1010 antioxidant and 1000 ppm lrgaFos 168.
n c m —t .m0 — O
[ o) Ry CcCCooCOocCcC
[ON)] 5@ ®© S m T
—_—2 ®© ®© m > 0
~— G ~0O ~ = = Q.
© CTCO0L0LVLoOCco
OO0 C B e OT O-M



t her mopl asti ¢ pofyethylene conprises a linear |ow density

pol yet hyl ene. 40. The conposition of claim 37 wherein-the -20
pol yet hyl ene has a nelt index of about 0.2 to 3. 41. ‘The
conposition of claim37 wherein the cycl odextrin derivative conprises
an acetyl dbrivative of the cyclodextrin. 25 42. The
conposition} of claim37 wherein the cycl odextrin derivative conprises
a trimethylsilyl derivative of the cycl odextrin. 30 43. The
conpositionl of claim37 wherein the cycl odextrin conprises a
[err]-cycl odextrin. 44. The conposition of claim 37 wherein the
cycl odextyih derivative is forned on at |east one 35 primary carbon of the
cycl odextyih. 45. The conposition of claim 37 wherein the

WD 96/ 00260 PCT/ US95/ 05999
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66 cyclodéXtrin conprises an [err]-cyclodextrin, a [err]-

cyclodextrin, a [err]-cyclodextrin or m xtures thereof. tt 46.
The conposition of claim 37 wherein the 5 cyclodextrin is present at a
concentration of about 0.1 to 2 w-% 47. The
conposi tion of} claim37 wherein the t her nopl asti c pol yet hyl ene
conpri ses a web. 10 48. A thernoplastic filmconposition
having . _inproved barrier properties, the filmconposition
conpri si ng: (a) a thernoplastic polynmer conprising a 15
chlorine contaj ning vinyl polymer; and (b) uniformy
di spersed in;the web, perneant absor bi ng anount of a pol yner
conpat i blPe o cycl odextrin derivative; wherein the
cyclodexBri® ik free of an inclusion conplex 20 compound.
49. The Qilmgconposition of claim48 wherein the t her nopl astic web
conprised a %o yvi nyl chloride honmopol yner . 25 50. The-
filmcongosi%ion of claim48 wherein the
5 &
o
g,
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53. The

cycl odextrin derivative

reev

honopol yner .
The film

vi nyl i dene'"
cycl odextrin derivative conprises

chl ori de-co-

54.

67
5

chl ori de-co-
52. The filmconposition of claim48

cycl odextrin.

The film conposition of claim48 wherein the
WD 96/ 00260

35 thernopl astic web conprises a pol y(vinyl

51.

thérnDpIastic meb'conprises a pol yvinylidene dichloride
acetate).

filmconposition of claim48 wherein the

t her nopl astic web conprises a pol y(vinyl
conprises an acetyl ated

di chl ori de) polymer.

wherein the

Vi nyl
PCT/ US95/ 05999

30

. 40

Comparison of Transmission Rales in
Modi Fied g Cyclodexitin - LPDE Filma

Temperalbure T2°F (227C)

o,

Sample Side: Room % RH
Environment: Room % RH
Aromalbics % Tot. Volitiles %
Sample Aromatic Improvement Total Volitiles Improvement
Identification Transmission Rate’ Over Control _  Iransmission Rate Qver Control
Control Film 3.35F-04 0% 3.79R-04 0%
c 1.0% CS-001
— (Roll #2) 3.18E-04 5% 3.61E~04 5%
- 1.0% CS-001
+ (Roll #3) 2.01E-04 40% 2.55E~04 33%
> 1.0% CS-001
© (Roll #5) 2.68TR-04 20% 3.31E-04 13%
o 1.0% CS-001
re) (Roll #is). 3.51F-04 -5% 3.82E-041 -1%
> .
(3]
Y— Comparison of Transmission Rates in
© Modified f-Cyclodextrin - LPDE Filmg
()
> Temperature 72°F (22°C)
— Sample Side: Room % RH
.m Environment: Room % RH
> .
. Sample Identification Aromatic Naphtha %
o Transmission Rate’ Improvement
© Qver Control
Control Film (Roll #1) 7.81E-03 0%
0.5% CS-001 (Roll {7} 7.67E-03 2%
1% C8-001 (Roll #5) 7.37E-03 6%
2% C8-001 (Rol1l {i8) 6.53E-03 16%

* gn_* 0.001 in. (0.025 wmm)
100 in® (0.064% m?) - 24 hrs.

conposition of claim48 wherein the

a trinmethylsilyl
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55. The filmconposition of claim48 wherein the 10 cyclodextrin
conprises an a-cyclodextrin, a [err]- cycl odextrin, a ST
[err]-cyclodextrin or m xtures thereof. 56. The conp05|t|on of
claim 48 wherein the cyclodextrin derivative is present in the

t her nopl astic 15 web at a concentration of about 0.5 to 2 w-%

57. A nethod to prevent contam nation of a food item by a fragrance,
whi ch net hod conprises separating the food itemfroma source of the
fragrance by inposing 20 a thernoplastic filmbarrier between the food
item and t he source of fragrance, the filmbarrier conprising:

(a) a thernopl astic pol ynmer web; and (b) a uniformy

di spersed in the web, an . ef fective fragrance perneant absorbing
amount of a 25 pol ymer conpatible cyclodextrin derivative;

wherein the cyclodextrin is free of an inclusion conpl ex conpound.

58. The nethod of claim57 wherein the 30 thernoplastic polynmer conprises
a vinyl polyner conpri sing an al pha-ol efin. 59. The

met hod of claim57 wherein the t hernopl astic pol ymer conprises a
chlorine containing 35 vinyl polyner &ogpr55|ng vinyl chloride or

vi nyl i dene di chl ori de. SRR - T -
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t her nopl asf.ic ..
61. The
t her nopl astic pol ymer conprises a

acetate) or . a
a pol y(ethyl ene-co-

PCT/ US95/ 05999
5
62. The nethod of claimb57 wherein the

al cohol),

co- vi nyl

di chl ori de).

chl ori de-

pol y(et hyl ene- co-vi nyl

60. The nethod of claimb59 wherein the
10

chl ori de-co-vi nylidene

nmet hod of cl aim 58 wherein the

acryl ate).
cycl odextrin conprises a [err]-cyclodextrin.

WO 96/ 00260

68
pol ymer conprises a poly(vinyl

pol y(vi nyl
pol yvi nyl al cohol ,
met hyl

The net hod of
| east one substituent on a

64. The nethod of claimb57

63.
cycl odextrin conprises [err]-cyclodextrin,

[err]-cyclodextrin, or mxtures thereof.

cl aim57 wherein the 15 cycl odextrin contains at
20

cycl odextrin primary carbon atom

wherein the
[err]-cycl odextrin,

42

Comparison of Transmission Rates in
Modified f-Cyclodextrin - LLDPE Films

Temperature 72°F (22°(C)
Sample Side: 0.25 Aw
Bnvironment:: 60% RH

Aromalics %

T. Volatiles %

Improvement

Qver Control

Sample Aromat ic Lmprovemenk Total Volatiles
Identification Transmission Rate’ Over Control Transmission Rate’
Control Film

(Roll #1) 3.76E-04 0% 3.75E-04
0.5% CS-001

(Roll #7) 2.42R-04 36% 2.41E-04
1% CS8-001

(Roll #5) 3.39E-04 10% 3.38E-04
2% C8-001

(Roll #8) 2.48E-04 34% 2.47E-04

Comparison of Transmission Rates in
Modified B-Cyclodextrin - LPDE Films

Temperalure 105°F (40.5°C)
Sample Side: Room % RH

Fnvironmenl: Room % RH

Aromatics %

Aromatic Improvement Total Volatiles

Transmigsion Rate®

Control Film

(Roll 1) 1.03R-03 0% 1.13E-023
1% CS-001

(Roll #2 5.49E-04 47% 5.79E-04
1% €S8-001

(Roll #3) 4.TAR- 04 54% 5.00E-04
1% (:8-001

{(Roll {4) 6.41E-04 38% £.83E-04
1% €S-001 :

(Roll {5} S.22FE 04 49% 5.54F-04
1% ¢S-001

(Roll #&) 4.13E-04 60% 4.39E-04
2% C8-001

Over Control Transmission Rate’

0%
36%
10%

34%

T. Volatiles
Improvement
Over Control

0%

49%
56%
40%

51%



65. The nethod of claim57 wherein the t her nopl asti ¢ web contai ns about
0.1 to about 5 w - % of the pol yner conpatible cyclodextrin-deki-vati-ve:-
25, 66. A nmethod for preventing rel ease of a pest attracting -
aroma froma food item conprising a neat product or a food product
containing a cocoa derivative whi ch net hod conprises inposing a barrier
between the 30 food item and the environnent effective to prevent the

rel ease of a pest attracting aroma, said barrier conpri si ng:

(a) a thernoplastic polymer web; and (b) uniformy dispersed
in the web, an 35 effective aroma perneant absorbi ng anount of the
pol ymer conpatible derivative of a cyclodextrin; wherei n the
cyclodextrin is free of an inclusion conplex WO 96/ 00260

PCT/ US95/ 05999 : 69 conpound.

67. The nmethod of claim66 wherein the t her nopl asti c pol yner
conprises a vinyl polyner 5 conprising an al pha-olefin.
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&= L]

acryl ate).

cycl odextrin

69. The nethad of..:~
20 net hyl
cycl odextrin conprises a
The net hod of claim®66 wherein the
73. The nethod of claim®66 wherein the

t her mopl asti c pol ymer conprises a poly(vinyl
chl ori de-co-vinylidene

70. The nethod of claim&67 wherein the

t her nopl astic pol ymer conprises a polyvinylal cohol,
[err]-cycl odextrin,

t her nopl asti c pol yner
pol ymer conpri si ng vinyl

Vi nyl

10 di chl ori de.
a pol y(ethyl ene-co-

71. The nethod of claim66 wherein the

[err]-cycl odextrin.

72.
| east one substituent on a

acetate) or a poly(vinyl

25
m xt ures thereof.

al cohol ),

-

or

co- Vi nyl
cycl odextrin conprises [err]-cyclodextrin,

68. The nethod of claim66 wherein the

conpri ses a chlorine containing
chloride or vinylidene

claim 68 wherein the

chl ori de-

15 dichloride).

pol y(et hyl ene- co- vi nyl

cycl odextrin contains at
primary carbon atom

[err]-cycl odextrin,

30

44
Comparison of Transmission Rates in
ModiFied g Cyclodextrin - LPDE Films
Temperalure 105°F {40 57¢")
Sample Side: Room % RII
Environment: Room % RH
Aromatics % T. Volatiles %
Sanple . Aromatic Improvement Total Volatiles Improvement
Identification Transmission Rate Over Control Transmission Rate’ Qver_ Control
Control Film "
(Roll #1) 4.34E-04 0% 4.67E-04 0%
0.5% CS-001 ’
(Roll #7) 4.03E-04 7% 4.41E-04 6%
1.0% CS-001
(Roll #5) 5.00E-04 -15% 5.33E-04 -14%
2.0% CS-001 .
(Roll {in) 3.96F-04 9% 3.94E-04 16%
Comparison of Transmission Rates in
Modified B-Cyclodextrin - LPDE Films
Temperature 72°F (22°C)
Sample Side: Room % RH
Environment: Room % RII
Arowmatics % : T. Volatiles %
Sample Aromatiea . Improvement. Total Volatiles Improvement
Identification Transmigsion Rate’ Over Control  Transmission Rate' _Over Control
Control Film 3.09E-04 0% 3.45E-04 0%
0.5% TMSE
{Roll #13) 2.50F-04 19% 2.96E-04 14%
0.5% TMSE
(Roll {14) 2.37R-04 23% 2.67E-04 33%
1% TMSE
(Roll it9) 2.67E-04 14% 3.05E-04 12%
1% TMSE
(Roll #10) 4.85F-04 -57% 5.27E-04 -53%
1% TMSE
(Roll #11} 2.58E-04 17% 2.92E-04 15%
1% TMSE
(Roll i{t12) 2.15K5-04 31% 2.55E-04 26%



74. The method of claim 66 wherein the t her nopl astic web contai ns
about 0.1 to about 5 w - % of 35 the pol yner conpatible cycl odexts«in .-

derivati ve. 75. A nmethod of nmanufacturi’ng a thernoﬁrastiéw37~
WD 96/ 00260 PCT/ US95/ 05999 ’
70 pol ynmer barrier conposition, said nethod conprises:

(a) introducing a blend of an extrudabl e t hernopl astic and a

t her nopl asti c pol yner conpati bl e cycl odextrin derivative into a
melt zone 5 produci ng a conpati ble blend of the thernoplastic

pol ymer and the pol ynmer conpatible cycl odextrin derivative
havi ng a tenperature of about 390 to 410F; (b)
extruding the conpatible nelt blend in an 10 extrusion die
produci ng an extrudate having a tenperature of about 400 to
425[err] F;, and (c) cooling the extrudate to forma film

76. The process of claim 75 wherein the extrusion 15 die conprises a
linear extrusion die followed by a
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(2]
L ]
v e
LR 4 b

ol efin having a nol ecular wei ght of

i ndex of about 0.1 to 4.

(24
tse'sr aln
25

20 reee

t her nopl asti ¢ pol yner
pol ymer conpri si ng vinyl

77. The nethod of claim 75 wherein
t her nopl astic conpri

Vi nyl

and a nelt

79. The nethod of claim 75 wherein the

di e conprises a circular extrusion-die:
conprises a chlorine containing

The met hod of claim 75 wherein the
pol ymer conprising a [err]-

)

biaxially orientation step.

t he extrusion
greater than 200, 000

78,
vi nyl
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<= m m Comparison of Transmission Rales in
EWWt/ Modified g-Cyclodextrin - LPDE Films
L O C O
Fo_-co Temperature 72°F (22°C)
T Sample 8ide: Room % RH
. @ _num 3 %
o O Environment: Room % RI,
ownwoo
% ) .m Sample ldentification Aromatic Naphtha %
.- O Transmi ssion Rate' Improvement
= .— © gver Control
mr7 -
o i ; . 5
o—_ & .~ Control Pilm (Roll #1) 9.43E-03 0%
L. —— 1% TMSE (Roll #12) 1.16E-02 -23%
_o®e 2% TMSE (Roll #15) 1.56E-02 -65%
m — 0 O
o VJWJ © Comparison of Transmission Rates in
mn__0® Modified B-Cyclodextrin - LPDE Films
o > —
e>g = Temperature 72°F (22°C)
.o 0<._ Sample Side: Room % RH
V.- O > Environment: Room % RH
T m >
- % © ° Aromatice % ) T. Volatiles
OC—-v-0Q Sample Aromatic Improvement Total Volatiles . Improvement
= g0 _m © ldentification Transmission Rate’ Over Control  Transmission Rate’'  Qver Control
GEo .
—— - W Control Film
ToTHQD (Roll #1) B.36E-04 0% 9.05K-04 0%
L -0 0n .
-0 . 0.5% TMSE .
(&) — (Roll #14) 6.77FR-04 19% 7.25E-04 20%
© 2 2% TMSE
_ O . (Roll #15) 6.36E-04 : 24% 6.81E-04 25%
> (&)
@ < * _gm - 0.001 in. (0,025 mm) _
co'S m 100 in® (0.064% m?) -+ 24 hrs.
T C
— >
Sc wo
C .- oM Q
—_ Q0 (o))
> [GNe)}
L )]
— .m O .-
o OO0 wno
T © —
DO O .—w— O
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havi ng

conpri si ng:

| ow density
pol ypropyl ene web having a

met hyl

e

cycl odextrin conprises [err]-cyclodextrin

[err]-cycl odextrin or

i near

m xt ures thereof.

is

82. The nethod of claim75 wherein _the
85. A thernoplastic filmconposition,
the filmconposition

cycl odextrin conprises a [err]-cyclodextrin.

claim 75 wherein the
[err]-cycl odextrin,

al cohol) or a poly(ethyl ene-co-

84. The nethod of claim 78 wherein the pol yner

pol yet hyl ene.
(a) a web conprising a thernoplastic

pofy(ethylene-co-VinyI
15 inproved barrier properties,

acryl ate).

t .
S o Cc
m L O
S ¢ —
C o 47
c — Cc
CT - n 0n ©
c c W — 0Cc
~ @© = c m.t Comparison of Transmission Rates in
~ a—— O Modified B-Cyelodextrin - LPDE Films
QO -0O0
o m Dlvlm R Temperature 72°F (22°0)
(] o e_m (] Sample Side: 0.25% Aw
© Envi -t 3
pﬁlvh 5 vnlu Fnvironment-:  60% RIT
- = DO n Aromaltics % T. Volal.iles %
unnu c W,oo — Sample Aromatic Jmprovement Total Volatiles Improvement
T - Identification Trangmission Rate’ Over Control Iransmission Rate’ Over Conkrol
© (O] e .
M (&) = (@] PVdAC Control 6.81E-05 0% 1.05E-~04 0%
R Rl PVAC w/ 10% HP
55°c 2 _ B-CyD 1.45E-05 79% 2.39E-05 17%
= qu.m S PVAC w/ 20% HP
P - o -
o . o G B-~CyD 9.718-05 -42% 1.12E-04 ~T%
DT - 0O —
— c .m S
E>3%88
eE ¢
© — @© m
S o o o Comparison of Tranemission Rates in
c- s & Modified B-Cyclodextrin - LPDE Films
CcC.—.-.35 m
Um an o S Temperature 72°F (22°C)
o= m.| Sample Side: Room % RH
~ 0N OO0 Bnvironment: Room % RH
o] Mw T O
~ W . Aromatics % T. Volatiles %
- mm.:zvym ) >Hm§m:n Improvement Total Volatiles Improvement
M % Identification Transmission Rate’ Over Control  Transmission Rate® Over Control
Ecxo
< H — 0 C Control Acrylic 2.07E-06 0% 2.10E-05 0%
o S=5~* 5% HP B-CyD/
— x m. c Acrylic 1.50E-06 27% 2.07E-05 1%
o a% w.m 10% HP B-CyDh/
oW O t Acrylie 4.13R-06 ~100% 4.30R-05 ~105%
oONOoO_-CO0
e S£9°& v _gm - 0.001 in. (0.025 wn)
oo o0 100 in® (0.0645 m?) - 24 hrs.
c S w0
x @S w_ o
[<8) — O
S..00cE .
c o —_——.— O
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87. The conposition of claim85 wherein the 30 polypropyl ene has a nelt

i ndex of about 0.2 to 3. 88. The conposition of clai-m-85 «» .
wherein the cycl odextrin derivative conprises an acetyl deriyatiuggu_
of the cycl odextrin. 35 89. The conposition of claim85 .. ..
wherein the cycl odextrin derivative é%nprises atrinmethylsilyl

WD 96/ 00260 . PCT/ US95/ 05999 .y

72 derivativewgfpfﬁ8a€§gl%d%%?%?%.OE aquecus coa ?gsﬂﬁgqﬁﬁﬁ&iﬁgﬂ on
of cl ai m 85 whehgdnoxipropyl 58€9cl odmstef nthmngwdsisws Was rdrappaiegdext ri n.

> dlrrodNg ¢ORAPASLYLER Shufs Al B2 MFRIAINE acid pol

cycl odextrin delrﬁl:eat ?ve I's_fofned onugtﬁ?eag‘t? on ZyLs praicnhrfocmgn of

the cycl odextrihaving agmolecudar wehght opdohautort I, WhianBEiagest ei n t he
cycl odextrinscoppensSe61@Bcaefi¥ebpdextlj N, Phd €109 -acryiic 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 Zilm sheet
10 containing 0.5% acetylated BCD (Roll No. 7) and to a
second film sheet containing 2% acetylaced 3CD (Roll WNo.
8) using a hand roller and then laminatzing the films.
The f£ilms were not stretched during lamination. All
coated samples were placed in a vacuum _aminating press
15 to rsmove air pubbles between the film sreecs. The
acrylic coaﬁing thickness was about 0.2002 ZiZnch
(0.005mm) . An acrylic coated control was ctrspared in an
identical manner containing no hydroxygrcovi 3CD. The
multilayer structure was tested with the 3.3% zacetylated
20 BCD film facing the environmental f£lask siie of the test
cell (Fig. 3).

A second coating was prepared from a viznylidene
chloride latex (PVDC, 60 wt-% solids) purchased from-
Dagax Laboratories, Inc. The PVDC latsx ccating was

25 prepared with two levels of hydroxyprocrvi 3CD - 10% and
20% by weight of the derivatized cyclcdextrin. These
solutions were used to hand-coat linear lcw density
polyethylene test film samples by laminating the two
films together. The coatings were apoiied o two

30 control f£ilm sheets (rolled into one) using 2 hand
roller and laminated together. The films were not
stretched during lamination process. All coated samples
were placed in a vacuum laminating press tc remove air
bubbles between the f£ilm sheets. The 2VDC coating

35 thickness was approximately 0.0004 inch (J.31mm). A
DVDC coated control was prepared in an identical manner
but without hydroxypropyl SCD.
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cycl odextrin, a [err]-cyclodextrin or mixtures thereof. | 93.
The conposition of claim85 wherein the 15 cyclodextrin is present at a_

rteer

concentration of about 0.1 to 2 w-% ‘ 94. -The ) : 'L
cohposition of claim85 wherein the t her nopl asti c pol ypropyl'ene """ :""
conprises a web. 20 95. A thegpoplastic film conposition,

havi ng i nproved barrier properties, the film conposition

conpri si ng: 300 ml flask yajlumepol §imece wedie sawble Flasks vary in(b) a

coating on the yg &Q”pﬁﬁé'agt§£ §.§a§£rle% to cor c?cglbgbr{dﬁy%lra er%oluk'um

form ng pol ymer and unif ¥ perse
effective perne%%%latlons hap3okhi af %@ﬁﬁ#ﬂlnﬁuhﬁgﬁﬂ%uﬁ&'4&@@#at|ble

cycl odextrin devbvahéVes coagaﬁgglg|@Otgencyglﬁgkgﬁléd%ﬂﬁitgui The fﬁlnlof

free of an Loclusian coppl ex anB
cl aim 95 mhe?elﬁztﬁe(gglﬁrfor L c%@mﬁ eIMSRHiTes a vi nyl pol ymer
conprising an aéphanol/@ﬁomaeitnworklng standarc97or Hee 41 lof efhecl ai m 96 -
wherein the filﬂéﬁﬂEﬂQanend working standard prepared according to
section 2.2, 1s injected into the environmental flask.
Either of these working standards will produce a 60%
10 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 tsast
method by using psychrometric chart tc détsrmine
15 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 accommodatz GC run time.
Three identical permeation devices ars preparad.
20 Triplicate analyses are used for QC purposes.

At the and of each time interval, a sample Zxom che
group is removed from the oven. The anvironmental Ziask
is analyzed first, using a heated six-port sampling
valve fitted with a X ml loop. The loop is fiushed with

25 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 Dde
taken from the sample and environment side of a single
30 permeation experiment.

Sample side and environment side tast compound
concentrations are calculated from sach compound’s
calibration curve or response factor {squation 1 or 3).
Cencentrations are then volume-corrected for each

35 specific set of permeation flasks if permeant mass is
desired.
4.0 Sample Analvsis

\_‘Cs—
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WO 96/ 00260 ; PCT/ US95/ 05999

73 pol ymer conprises a pol yethel ene or a pol ypropyl.ene. . reee ¢ o
98. The film of claim 95 wherein the filmformng - pol yner ‘ceapri ses.a
chl ori ne containing pol yrer. 5 99. The filmof claim98 .°°
wherein the chlorine contalnlng V|ny55polyner conprising vinyl

chl ori de or Vi nyl chl ori de, 100. The fil m of
claim98 wherelnnFﬁeafFFnWE VﬁhHBEtrlc fb%?@ne?tgﬁﬂ%F1s%%?%tﬁﬂﬁff@0lnyI

chl ori de- co- V|nyhvert1ngacéhake) or a poly(vinyl chloride-co-vinylidene

di chl ori de). F‘% %O%afcoﬁgé‘kprg{:{]cl al r?éa%’\@ear.r% q;étlgle_,v ehl m f orm ng

pol yner conpri ses a pof y ene- co-
al cohol ), a pol geeppyndneess- ateql kespongs weraus the concent*at*on of

pol y(et hyl ene- cengethRyk %6&&5@5@)1n the2fnvironmd®? siddecdil m ofp Ll ai m 95
wherein the cyclodextrin derivative conprises a [err]-cyclodextrin
derivative. results are used to prepare a calibration curve for each

compound. The naphtha solvent blend is a commercial
paint solvent containing approximately twenty (20)
individual aliphatic hydrocarbon compounds. The

10 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 tast

compound’s calibration curve is then calculated Zor

i
n

determining the unknown concentration. The average
response factor may be used in place of the calibration
curve.
The working calibration curve or response Iactor
must be verified on each working day by measurement oi
20 one or more calibration standards. If the response oi
any compound varies mors than 20%, the test must ze
repeated using a fresh calibration standard. IZ the
results still do not agree, generate a new calipraticn
curve.

25 4.3 Analysis of Calibration Curve and Method
Detection Level Samples

Recommended chromatographic conditions are
summarized above. .

Calibrate the system daily as described above.

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

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

35 Calibration standards and method detection samples
are prepared in the environment flask only. This is
accomplished by using a 1/2 inch ( 1.27 cm) plastic disk

AMENDED £onT



103. The filmof claim95 wherein the cycl odextrin derivative
contains at |east one substituent on a 25 cyclodextrin primary carbon

atom 104. The filmof claim 95 wherein the cyclodextrin .~
conprises [err]-cyclodextrin, [err]-cyclodextrin, y-cyclodextrin or
m xt ures thereof. 30 105. Theséil mof claim95 wherein the
coati ng contains about 0.1 to 10 w-% of the polyner conpatible

cycl odextrin dexidadlwminum si¥get disk 10& diknedmimaitfe tbenpnivérpgmant| east
two films, at  £3angdeAstpPRE ot MEONIUSI N1 fi lhMs9hGhalllbdyng
ring is placed onto the environmental glass flange
followed by an aluminum sheet, and then the plastic
5 disk.

The environment flask is flushed with dry
compressed alr to remove humidity in the sample and
environment flask. This is done by puncturing the
environment septa with a needle and tubing assembly

10 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 bota
flasks for approximately 10 minutes, the needle is
removed and the clamp rings tightened, sealing the

15 aluminum sheet against the seal ring. '

Next, 40 upl of the permeation ethanol/aromaci
working standard or secondary dilutions of the working
standard is injected into the environment flask.
Alternatively, 40 uL of the naphtha solvent blend or

20 secondary dilutions of the working standard is injectad
into the environmental flask. The time is recorded and
the flask is placed into a thermostatically contxrsilad
oven.

At the end of 30 minutes, the envircnment Ilask is

25 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 mi
volume of the environment-side or sample-side air. The
loop is injected onto the capillary column. The GC/FID

30 system is started manually following the injecticm

4 Calculation of Results

4.4.1 Test Compound Response Factor
Sample-side and environment-side test compound

concentrations are calculated for each compound’s

35 calibration curve slope or rasponse factor (RF).
Concentrations are then volume-corrected for each
specific set of permeation cells if permeant mass 1s
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gm-0.001 inches (0.025 mm)
100 in? (0.0645m?) -day.

One of the major variables in determining the
permeation coefficient is the pressurs 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 sither wvapor
pressure or the concentration of permeant under the
conditions of the measurement in order to correlate Q to

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 tle organic compounds are analyzed, and
“herefore the pressure across the membrane is not
determined.

The above sxamples of thermoplastic Zilms
containing a variety of compatible cyclodextrin
derivatives shows that the invention can be embodied in
a2 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 manufacturad using a varisty of film
manufacturing techniques including extrusion and agqueous
dispersion coating to produce useful barriers.

The above specification, examplses cf substituted
cyclodextrin, extruded thermoplastic f£ilms and test data
provide a basis for understanding the technical aspects

ctf
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composition having substituents that compatibilize the cyclodextrin in the film. The thermoplastic/cyclodextrin film obtains substantial
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