
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2005/0182163 A1 

BeaverSon et al. 

US 2005O182163A1 

(43) Pub. Date: Aug. 18, 2005 

(54) 

(75) 

(73) 

(21) 

(22) 

(62) 

(60) 

BARRIER MATERIAL WITH NANOSIZE 
METAL PARTICLES 

Inventors: Neil Beaverson, Vadnais Heights, MN 
(US); Willard Wood, Arden Hills, MN 
(US) 

Correspondence Address: 
HENRY M FEIEREISEN, LLC 
350 FIFTHAVENUE 
SUTE 4714 
NEW YORK, NY 10118 (US) 

Assignee: CELLRESINTECHNOLOGIES, LLC 

Appl. No.: 11/085,632 

Filed: Mar. 21, 2005 

Related U.S. Application Data 

Division of application No. 10/243,620, filed on Sep. 
13, 2002, now Pat. No. 6,894,085. 

Provisional application No. 60/322,637, filed on Sep. 
17, 2001. 

Publication Classification 

(51) Int. Cl." ....................................................... C08K 3/08 
(52) U.S. Cl. .............................................. 524/48; 524/439 

(57) ABSTRACT 

The incorporation of nanosized metal particles into cyclo 
dextrin-containing material leads to a "reactive' barrier 
material having excellent barrier properties. Also, it has been 
found that the presence of nanosized metal or metal alloy 
particles in a barrier material Such as thermoplastic material, 
wherein Said material comprises cyclodextrin derivatives, 
may be advantageous in achieving excellent barrier proper 
ties. The barrier material of the present invention may 
provide improved barrier resistance to a variety of per 
meants and/or impurities. The diffusion of volatile Sub 
stances through the barrier material may be prevented by 
adding compatible derivatized cyclodextrin and nanosized 
metal particles to the material used. Accordingly, the inven 
tive material also is Suitable for many applications including 
food-contact packaging, flexible packaging to dispose of 
adult and baby diapers, incontinent products, hospital and 
household waste and also for packaging pharmaceutical 
products, medical devices and dental materials. 
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Fig. 1 SEM micrograph of film #3 (microzinc) 
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Fig. 2 SEM micrograph of film #2 (nanozinc) 
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Fig.3 Energy Dispersive X-ray spectra of zinc particle (Film #3) in Fig.1. 
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Fig.4 Typical Permeation profile with lag time 0, steady-state and 
equilibrium concentration p, p. 
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Fig.5 Closed-Volume glass permeation cells with aluminium 
sealing rings and film. 
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Fig.6 Chloroacetic acid concentrations in jarheadspace versus time 

for Film #2 (nanozinc) and Film #3 (micozinc) 
with least squares linear regression and linear regression line equations. . 
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Fig.7 Hexanal closed-volume permeation profiles for 
Film #1, Film #2, Film #3 and Film #4 as a function of time. 
Permeation temperature 22°C and all film thickness 50Lum. 
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Fig 8 Butyric acid closed-volume permeation profiles for 
Film #1, Film #2, Film #3 and Film #4 as a function of time. 
Permeation temperature 22°C and all film thickness 50pm. 
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Fig.9 lsovaleric acid closed-volume permeation profiles for 
Film #1, Film #2, Film #3 and Film #4 as a function of time. 
Permeation temperature 22°C and all film thickness 50m. 
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Fig. 10 Closed-volume static permeation cells for malodour Vapor permeation sensory testing. 
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Fig. 11 Closed-volume Malodour permeation profiles for 
Film #1, Film #2, Film i3 and Film #4 as a function of time. 
Permeation temperature 22°C and all film thickness 50-um. 
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BARRIER MATERIAL WITH NANOSIZE METAL 
PARTICLES 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of prior filed 
provisional application Ser. No. 60/322,637, filed Sep. 17, 
2001, pursuant to 35 U.S.C. 119(e), the subject matter of 
which is incorporated herein by reference. 
0002 This application is a division of prior filed copend 
ing U.S. application Ser. No. 10/243,620, filed Sep. 13, 
2002. 

FIELD OF THE INVENTION 

0003. The present invention relates to materials having 
improved barrier properties and a process and method for 
the manufacture of Said materials. In particular, the present 
invention relates to barrier materials for packaging, Storing 
or wrapping articles as for example Soiled disposable or 
washable diaperS releasing volatile Substances, especially 
malodours. The present invention also relates to plastic 
based barrier materials for trapping or catching off-odours or 
off-flavours, especially light-induced off-odours and off 
flavours, during the Storage of e.g. drinkS or food in pack 
ages like plastic bottles or coated paperboard cartons. 

BACKGROUND INFORMATION 

0004. Much attention has been directed to the develop 
ment of materials having improved barrier properties with 
respect to e.g. contaminants. In the field of packing a variety 
of materials are used. Especially materials comprising poly 
meric or thermoplastic compounds are widespread and used 
in the form of e.g. films, coatings, Semi-rigid or rigid sheets 
or containers. 

0005 Improving barrier properties, especially organic 
Vapor barrier properties, is an important goal for manufac 
turers of materials. One main field of application is in the 
provision of plastic-based materials used to package e.g. 
food products including liquid and Solid products, products 
which should be protected from the entry of harmful Sub 
stances or products emitting flavoring Substances or harmful 
and/or undesired volatiles over their Storage lives. 
0006 Mobile or volatile, organic contaminant material or 
Substances can derive from the environment, but also from 
the material as for example from a printing chemical, a 
coating chemical or from any contaminant in recycled 
material and can of course derive from the product to be 
wrapped or packaged. A permeant, contaminant or Volatile 
in the meaning of the present invention is a Substance that 
can exist in the atmosphere at a Substantial detectable 
concentration and can be transmitted through a known 
material. A large variety of permeants or volatiles are 
known. 

0007. A problem known for a long time relates to mate 
rials or containers for temporarily Storing Soiled diapers, 
incontinent products, medical dressings, Sanitary napkins, 
etc. Especially the temporary Storage of Soiled disposable or 
washable diaperS prior to final disposal or laundering rep 
resents a long-felt problem. The malodours emanating from 
Soiled diaperS are highly undesirable. 
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0008 Usually soiled diapers are stored in a lockable 
container or reSealable garbage bag, which is e.g. placed in 
the nursery, before transporting them to an outdoor Storage 
vessel. It is widespread to use plastic diaper pails having a 
tight lid for the temporary Storage of the Soiled diapers. Said 
bags or diaper pails reduce the release of the unpleasant 
odours when Sealed. However, the barrier properties of e.g. 
thermoplastic garbage bags known in the art are limited and 
are not Satisfactory. 
0009 Moreover, upon opening the bag or container, the 
malodours escape into the area giving an extremely unpleas 
ant Sensation to the perSon attempting to place another Soiled 
diaper into the same. Also, especially diaper pails tend to 
retain the malodours even after the diaperS have been 
removed. In other words, the plastic materials commonly 
used for the manufacture of Such bags or diaper pails, tend 
to temporarily adsorb the odours or volatile Substances 
emitting from the diapers. Accordingly, the garbage bag or 
container by itself becomes a Source of malodourS regardless 
whether diapers are contained or not. 
0010 Similar problems are observed with respect to the 
diaper itself, Since they usually may have very efficient 
moisture absorbing properties but show no or very low 
barrier properties with respect to the unpleasant odours 
emitting from a Soiled diaper. Accordingly, a prior art 
problem is in the inability to provide a Suitable construction 
that would keep moisture away from the Surface of the 
diaper which comes into contact with the infant's skin and 
avoids at least partly the release of Smelling volatile Sub 
StanceS. 

0011 Disposable diapers have met with increased com 
mercial acceptance in recent years and many different con 
Structions have been proposed and used. Usually, the mois 
ture absorbing functions are accomplished by a multilayer 
diaper comprising a fibrous facing layer which is to be 
brought into contact with the infant's skin, a layer of an 
absorbing material as for example a highly porous, loosely 
compacted cellulosic material and a moisture-impervious 
backing sheet. 
0012. The facing layer often is made of a porous material 
and its fibers have less wetability for water than the fibers of 
the absorbing material, resulting in a tendency for liquid to 
flow from the facing layer into the absorbing unit. Liquid 
which might pass through the absorbing unit during dis 
charge (when flow is rapid) is held back by an impervious 
backing Sheet or film for Sufficient time to permit absorption 
to take place. However, the outer or backing layer does not 
prevent volatile Substances or odours from permeating 
through Said layer. 
0013 The problems indicated above with respect to 
Soiled diaperS apply to the same extent to other materials or 
containers e.g. for temporarily Storing incontinent products, 
medical dressings, Sanitary napkins or any other article 
emitting Volatile Substances. Similar problems also relate to 
materials or containers for Storing drinks or food. Ideally, the 
materials or containers should prevent any Substances which 
would affect aroma or taste of the content of the containers 
from adulterating the food or drink in the container. More 
over, it is clear that the barrier material should not have or 
release odour of its own which it can impart to the contents 
of the container or package. Changes of the taste of the 
container's contents are often due to light-induced aroma 
changes. 
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0.014 Especially gable-top cartons and plastic bottles are 
widespread in the food packaging industry. Liquid-packag 
ing carton Stock (paperboard) is typically coated on both 
Sides with polyethylene. For food carton applications, the 
food product contact polymer (e.g., LDPE and LLDPE, and 
occasionally HDPE) is extrusion-coated onto the paper 
board. The extrusion coating can be a single extrusion layer. 
Modern gable-top cartons retain the Simple carton geometry 
but include technology refinements acquired over 60 years 
of development and commercial use. Today, the carton can 
have a plurality of layerS Specially engineered comprising an 
inner barrier layer of amorphous nylon or EVOH and outer 
layers of heat sealable olefin polymers. LDPE is frequently 
used as the product contact layer due to its excellent Sealing 
properties, low-cost and minimal off-flavor contribution. 
0.015 Serious problems relate to materials or containers 
for Storing dairy products Since they have a characteristic 
Smooth, bland taste and Soft flavor, So that the presence of 
an off-flavor or off-odor is readily noticeable. Light-induced 
off-flavors make milk products less acceptable to consum 
erS. Clear plastic milk bottles, and to a lesser extent gable 
top polyethylene coated paperboard cartons, in the presence 
of light and naturally occurring riboflavin or cysteine react 
with oxygen to form a Series of Sulfur containing compounds 
(methyl mercaptan, hydrogen Sulfide, dimethyl Sulfide and 
dimethyl disulfide). 
0016. In WO97/33044 the use of cyclodextrin in rigid or 
Semi-rigid cellulosic sheets is disclosed. The cyclodextrin 
acts as a barrier or a trap for contaminants. The barrier 
properties of the material disclosed in WO 97/33044 are 
based on entrapment of the respective permeants in the 
internal hydrophobic space of the cyclodextrin molecule. 
The cyclodextrin material is generally used in the form of a 
compatible, derivatized cyclodextrin. According to WO 
97/33044 the preferred cyclodextrin is a derivatized cyclo 
dextrin having at least one Substituent group bonded to the 
cyclodextrin molecule. 
0017 Moreover, it is known from WO97/30122 that the 
barrier properties of a thermoplastic polymer can be 
improved by forming a barrier layer with a dispersed com 
patible cyclodextrin derivative in the polymer. 
0018 WO 93/10174 is directed to thermoplastic films 
containing one or more metal powderS Selected from alu 
minium powder, magnesium powder, Zinc powder and man 
ganese powder. 
0019. The application is directed to a thermoplastic film 
which is characterized in that the film comprises at least 0.1 
wt.%, preferably 0.5 to 6 wt.%, based on the total weight 
of the mixture of thermoplastic and filler, of at least one 
metal powder, Selected from the group consisting of alu 
minium powder, magnesium powder, manganese powder 
and mixtures thereof. According to WO 93/10174 the aver 
age particle Size of the metal powderS is in the range of 5-20 
plm. 

0020. In none of the aforementioned documents of the 
prior art, barrier materials containing modified cyclodextrin 
in combination with another reactive or trapping Substance 
incorporated into a corresponding barrier material are dis 
closed. 

SUMMARY OF THE INVENTION 

0021 According to one aspect of an exemplary embodi 
ment of the present invention, a material is provided, the 
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material comprising a matrix material; and dispersed in the 
matrix material, an effective absorbing amount of a cyclo 
dextrin material; wherein the cyclodextrin is free of an 
inclusion complex compound and the cyclodextrin com 
prises an O-cyclodextrin, a B-cyclodextrin, a Y-cyclodextrin 
or mixtures thereof, having pendant moieties or Substituents 
that render the cyclodextrin compatible with the matrix 
material, and nanosized particles of Zinc or Similar reacting 
metal or metal alloy. 
0022. It is believed that the material according to this 
exemplary embodiment of the present invention has 
improved barrier properties. According to another aspect of 
the present invention, a method is provided for manufactur 
ing a barrier material comprising the Steps of providing a 
thermoplastic matrix material, physically mixing and dis 
persing an effective absorbing amount of modified cyclo 
dextrin into the matrix material; wherein the cyclodextrin is 
free of an inclusion complex compound, and comprises an 
C-cyclodextrin, a B-cyclodextrin, a Y-cyclodextrin or mix 
tures thereof, having pendant moieties or Substituents that 
render the cyclodextrin compatible with the matrix material, 
dispersing into the cyclodextrin-containing matrix material 
nanosized particles Selected from the group of Zinc, a similar 
reacting metal and metal alloy, wherein Said nanosized 
particles are essentially free of corresponding oxides. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1 shows a SEM micrograph of a first film 
according to an aspect of an exemplary embodiment of the 
present invention at 2500x magnification. 
0024 FIG. 2 shows a SEM micrograph of a second film 
according to an aspect of an exemplary embodiment of the 
present invention at 2500x magnification. 
0025 FIG. 3 shows an energy dispersive X-ray spectra of 
Zinc particles in FIG. 1 according to an aspect of an 
exemplary embodiment of the present invention. 
0026 FIG. 4 shows a typical permeation profile accord 
ing to an aspect of an exemplary embodiment of the present 
invention. 

0027 FIG. 5 shows closed-volume glass permeation 
cells with aluminum Sealing rings and film according to an 
aspect of an exemplary embodiment of the present inven 
tion. 

0028 FIG. 6 shows chloroacetic acid concentrations in 
jar headspace versus time for the Second film (nanozine) and 
the first film (microzibe) according to an aspect of an 
exemplary embodiment of the present invention. 
0029 FIG. 7 shows hexanal closed-volume permeation 
profiles according to an aspect of an exemplary embodiment 
of the present invention. 
0030 FIG. 8 shows butyric acid closed-volume perme 
ation profiles of films according to an aspect of an exemplary 
embodiment of the present invention. 
0031 FIG. 9 shows isovaleric acid closed-volume per 
meation profiles according to an aspect of an exemplary 
embodiment of the present invention. 
0032 FIG. 10 shows closed-volume static permeation 
cells for malodour vapor permeation Sensory testing accord 
ing to an aspect of an exemplary embodiment of the present 
invention. 
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0.033 FIG. 11 shows closed-volume malodour perme 
ation profiles according to an aspect of an exemplary 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0034. According to an exemplary embodiment of the 
present invention, it has now been found that the incorpo 
ration of nanosized metal particles into cyclodextrin-con 
taining material may lead to a "reactive' barrier material 
having excellent barrier properties. More Specifically, it is 
believed that the presence of nanosized metal or metal alloy 
particles in a barrier material, Such as a thermoplastic 
material and or a thermoplastic film, wherein Said material 
comprises cyclodextrin derivatives, may be advantageous in 
achieving excellent barrier properties. A possible metal is 
ZC. 

0.035 “Nanosized particles” in the meaning of the present 
invention preferably are particles having an average diam 
eter in the range of 10 to 250 nm, more preferably in the 
range of 40 to 120 nm and most preferred in the range of 60 
to 100 nm. It has been found in the present invention that the 
use of particles having an average diameter of more than 
1000 nm may be disadvantageous. For example, the incor 
poration of microSized particles into a thermoplastic film 
having a thickness in the range of 10 to 20 um may lead to 
perforation of the film, and may cause Surface imperfections 
or Small pinholes. 
0.036 An exemplary embodiment of the present inven 
tion is directed to the use of Zinc particles, i.e. particles 
Substantially consisting of metallic Zinc, in unreacted form. 
However, also the use of Similar reacting metal or metal 
alloy particles instead of or in addition to Zinc particles is 
contemplated according to the present invention. It is pre 
ferred that the Zinc or other metal particles are essentially 
free of corresponding oxides. 
0037 According to an exemplary embodiment of the 
present invention, the cyclodextrin material to be used may 
have at least a low moisture content, Such as a moisture 
content of about 1 wt.-%, based on the cyclodextrin material. 
0.038 According to an exemplary embodiment of the 
present invention, it has been found that the inventive barrier 
materials containing cyclodextrin derivatives and nanosized 
metal particles are particularly Suitable for the use as or the 
manufacture of materials or containers for temporarily Stor 
ing Soiled diapers, incontinent products, medical dressings, 
Sanitary napkins, etc., Since the material functions as an 
effective barrier to permeants, especially reactive permeants, 
emitting from e.g. Soiled diapers. 
0.039 Volatiles or permeants emitting from e.g. soiled 
diapers comprise low molecular organic acids, organic Sul 
fides and thiols, amines, ammonia and aromatic alcohols. 
Most of these compounds have human Sensory thresholds in 
the low parts per billion. 
0040. The inventive barrier materials according to exem 
plary embodiments of the present invention may prevent the 
unpleasant odours or Volatiles from diffusing or permeating 
through the barrier and are also able to at least partly fix or 
complex the diffusing permeants permanently. Accordingly, 
a corresponding barrier film, garbage bag or container by 
itself preferably does not emit malodours. 

Aug. 18, 2005 

0041 Moreover, it has been found in an exemplary 
embodiment of the present invention that the inventive 
barrier materials or barrier layerS containing nanosized 
metal particles and cyclodextrin dispersed into a Suitable 
food-contact and especially milk-contact layer of a bottle or 
carton can trap light-induced off-flavor compounds formed 
in the milk, thereby improving the flavor and increasing the 
storage life. As milk off-flavors solubilize in the contact 
polymer layer, the metal reactive off-flavors (e.g., hydrogen 
sulfide, dimethyl sulfide and dimethyl disulfide) react with 
nanosized metal and are complexed by cyclodextrin pre 
venting their transport later in the Storage life out of the 
contact layer polymer back into the milk. 
0042. A barrier material according to an exemplary 
embodiment of the present invention may e.g. be a film, a 
coating, a Semi-rigid or rigid sheet or also a container, as for 
example a diaper pail having at least a layer or coating 
consisting of the inventive material having improved barrier 
properties. The inventive material having improved barrier 
properties may be used in combination with any other 
material. For example, the inventive barrier material may be 
coextruded or laminated with polymers providing a two 
layer film, a coated monolayer, bilayer or multilayer film 
having one or more coatings on a Surface or both Surfaces. 
Also, according to another exemplary embodiment of the 
present invention, the material having improved barrier 
properties may be a thermoplastic material, Such as a ther 
moplastic material in the form of a thermoplastic film, a 
Sealing liner, a thermoplastic cap or a rigid container. 
0043. The matrix material according to an exemplary 
embodiment of the present invention may be a thermoplastic 
material including polymers made from monomers includ 
ing ethylene, propylene, butylene, butadiene, Styrene and 
others. Moreover, Such thermoplastic polymeric materials 
include poly(acrylonitrile-co-butadiene-co-styrene) poly 
mers, acrylic polymerS Such as the polymethylmethacrylate, 
poly-n-butyl acrylate, poly(ethylene-co-acrylic acid), poly 
(ethylene-co-methacrylate), etc.; cellophane, cellulosics 
including cellulose acetate, cellulose acetate propionate, 
cellulose acetate butyrate and cellulose triacetate, etc., fluo 
ropolymers including polytetrafluoroethylene (Teflon(E), 
poly(ethylene-co-tetrafluoroethylene) copolymers, (tet 
rafluoroethylene-co-propylene) copolymers, polyvinyl fluo 
ride polymers, etc., polyamides Such as nylon 6, nylon 6,6, 
etc.; polycarbonates; polyesterS Such as poly(ethylene-co 
terephthalate), poly(ethylene-co-1,4-naphthalene dicarboxy 
late), poly(butylene-co-terephthalate); polyimide materials; 
polyethylene materials including low density polyethylene; 
linear low density polyethylene, high density polyethylene, 
high molecular weight high density polyethylene, etc.; 
polypropylene, biaxially oriented polypropylene, polySty 
rene, biaxially oriented polystyrene, Vinyl films including 
polyvinyl chloride, (vinyl chloride-co-Vinyl acetate) copoly 
mers, polyvinylidene chloride, polyvinyl alcohol, (vinyl 
chloride-co-Vinylidene dichloride) copolymers, specialty 
films including poly Sulfone, polyphenylene Sulfide, 
polyphenylene oxide, liquid crystal polyesters, polyether 
ketones, polyvinylbutyral, etc. 
0044 According to a another exemplary embodiment of 
the present invention, the matrix material may be a thermo 
plastic material, Such as a thermoplastic film, wherein the 
material comprises high density polyethylene (HDPE), low 
density polyethylene (LDPE) and/or linear low density 
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polyethylene (LLDPE) and a compound selected from the 
group comprising polyester, polyamides and ethylene-Viny 
lalcohol-copolymers. A polyamide which may be used is 
Nylon(R). 

0.045 According to another exemplary embodiment of 
the present invention the matrix material comprises a cel 
lulosic material, preferably a web or a layer comprising a 
continuous array of randomly oriented cellulosic fiber. 

0.046 Cellulosic materials are comprised of bonded, 
small discrete cellulosic fibers. Such fibers are typically held 
together by Secondary bonds that, most probably, are hydro 
gen bonds. To form a cellulosic sheet, fiber is formed into a 
rough, web or sheet on a fine Screen from a water Suspension 
or dispersion of fiber, combined with fiber additives, pig 
ments, binder material, Secondary binder materials or other 
components. Cellulosic materials can be made both from 
primary Sources of fibers and from Secondary or recycled 
fibrous materials. Recycled material inherently contains 
recycled organic material Such as inks, Solvents, coatings, 
adhesives, residue from materials the fiber Source contacted 
and other Sources of material. 

0047 According to another exemplary embodiment of 
the present invention, a “reactive” barrier film may be 
provided, the film containing nanosized Zinc particles hav 
ing an average diameter in the range between 60 and 100 
nm, an effective absorbing amount of a cyclodextrin mate 
rial, preferably an acetylated cyclodextrin material, wherein 
the matrix material comprises LDPE, LLDPE and HDPE. 
Said “reactive” barrier film may provide excellent barrier 
properties and may be particularly Suitable for the manu 
facture of bags as for example garbage bags for the tempo 
rarily Storage of Soiled diapers. The thickness of the result 
ing barrier film may be in the range of 5 and 65 um, or in 
the range between 10 and 50 lum. 
0.048. In the meaning of the present invention a film also 
can be a coating laminated to another film sheet or material. 
According to another embodiment of the present invention, 
a container, Such as a plastic diaper pail having a tight lid for 
the temporary Storage of Soiled diaperS is provided which 
consists of the inventive barrier material or is coated with at 
least one film or layer of the barrier material. 
0049 According to another embodiment of the present 
invention disposable diaperS having inventive barrier mate 
rial according to exemplary embodiments of the present 
invention are provided. It is possible to apply a coating or 
film of the inventive barrier material onto the outer or 
backing layer of a disposable diaper in order to prevent or 
reduce the emission of malodours. 

0050. According to another exemplary embodiment of 
the present invention also food-contact packages, especially 
plastic coated paperboard cartons or bottles, having inven 
tive barrier material are provided. It is possible to apply a 
coating or film of the inventive barrier material onto the 
inner side of a bottle or carton in order to trap off-flavours 
or off-odours. 

0051. It is believed that it is an additional benefit of the 
inventive barrier materials according to the present inven 
tion that the Zinc particles dispersed in the matrix material 
have anti-microbial properties and thus provide anti-micro 
bial properties to the material or film. 
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0052 The barrier materials of the present invention may 
provide improved barrier resistance to a variety of per 
meants and/or impurities. It is believed that the diffusion of 
Volatile Substances through the barrier material is prevented 
by adding compatible derivatized cyclodextrin and nano 
sized metal particles to the material used. Accordingly, the 
inventive material also may be Suitable for many applica 
tions including food-contact packaging, flexible packaging 
to dispose of adult and baby diapers, incontinent products, 
hospital and household waste and also for packaging phar 
maceutical products, medical devices and dental materials. 
0053) The preferred cyclodextrin derivative may be 
Selected, based on the functional group compatibility with 
the matrix material, the thermal stability of the cyclodextrin 
material and the cyclodextrins ability to form an inclusion 
complex with volatile substances. The cyclodextrin deriva 
tive may contain one Substituent on the Single primary 
carbon hydroxyl and/or one substituent on one or both of the 
Secondary carbon hydroxyls. 
0054 Cyclodextrin is commonly produced by a highly 
Selective enzymatic Synthesis. It generally consists of Six, 
Seven, or eight glucose monomers arranged in a donut 
shaped ring, which are denoted alpha-, beta-, or gamma 
cyclodextrin, respectively. 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 is a key Structural 
feature of the cyclodextrin, providing the ability to complex 
molecules (e.g., aromatics, alcohols, halides and hydrogen 
halides, carboxylic acids and their esters, etc.). The com 
plexed molecule must Satisfy the Size criterion of fitting at 
least partially into the cyclodextrin internal cavity, resulting 
in an inclusion complex. 
0055 According to an aspect of the present invention, the 
cyclodextrin is based on an alpha-cyclodextrin (alpha-CD), 
a beta cyclodextrin (beta-CD), a delta-cyclodextrin (delta 
CD) or mixtures thereof. A cyclodextrin derivative is, inter 
alia, Selected based on the functional group compatibility 
with the matrix material on one hand and the cyclodextrins 
ability to form an inclusion complex with targeted Sub 
stances on the other hand. 

0056 Accordingly, a first requirement is compatibility 
with the thermoplastic or cellulosic material as well as 
thermal Stability in the manufacturing process. “Compat 
ible” means that preferably the cyclodextrin material can be 
uniformly dispersed into the matrix material, can retain the 
ability to trap or complex permeant materials or polymer 
impurity, and can reside in the polymer without Substantial 
reductions in barrier properties. 
0057 Second, the cyclodextrins internal cavity size (i.e., 
C.B.Y) must be considered. Any derivative functional group 
modification must be Suitable for forming an inclusion 
complex with targeted Volatiles or impurities. To achieve a 
Specific result, providing more than one cavity size and 
functional group may be necessary. For example, blends of 
C. and/or B that contain Y-cyclodextrin have greater com 
plexation efficiencies for Some Volatile Substances than 
blends without Y-cyclodextrin. Computational modeling 
indicates that the type and number of functional groups on 
the ring provide different complexation energies for Specific 
ligands (i.e., complexed Substances). These complexation 
energies (AE'' and AE'"*") can be calculated for a 
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Specific derivative, cavity Size and ligand. Hence, inclusion 
complexation is predictable to Some extent. For example, the 
inventors found out that acetylated C-cyclodextrin, B-cyclo 
dextrin and acetylated Y-cyclodextrin are very effective 
cyclodextrin derivatives for improving the barrier properties 
of the inventive barrier material. 

0.058. The compatible cyclodextrin derivative according 
to the present invention is a compound Substantially free of 
an inclusion complex. For this invention, the term “Substan 
tially free of an inclusion complex’ means that the quantity 
of the dispersed cyclodextrin material in the matrix material 
contains a large fraction having cyclodextrin free of a 
contaminant, a permeant or other inclusion compound in the 
interior of the cyclodextrin molecule. A cyclodextrin com 
pound is typically added and blended in the matrix without 
any inclusion compound but Some complexing can occur 
during manufacture. 

0059. In principle, the cyclodextrin derivative which may 
be preferable according to an exemplary embodiment of the 
present invention may contain one Substituent on the Single 
primary carbon hydroxyl and one Substituent on one or both 
of the Secondary carbon hydroxyls. Because of the geometry 
of the cyclodextrin molecule, and the chemistry of the ring 
Substituents, the hydroxyl groups are not equal in reactivity. 
However, with care and effective reaction conditions, the 
cyclodextrin molecule can be reacted to obtain a derivatized 
molecule having a certain number of hydroxyl groups 
derivatized with a single substituent type. Further directed 
synthesis of a derivatized molecule with two different Sub 
Stituents or three different Substituents is also possible. 
These Substituents may be placed at random or directed to a 
Specific hydroxyl. For the purposes of this invention, a broad 
range of pendant Substituent moieties can be used on the 
molecule. These derivatized cyclodextrin molecules can 
include alkyl ether, Silyl ether, alkyl ester, including cyclo 
dextrin esterS Such as tosylates, meSylate and other related 
Sulfo derivatives, hydrocarbyl-amino cyclodextrin, alkyl 
phosphono and alkyl phosphato cyclodextrin, imidazoyl 
Substituted cyclodextrin, pyridine Substituted cyclodextrin, 
hydrocarbyl Sulphur containing functional group cyclodex 
trin, Silicon-containing functional group Substituted cyclo 
dextrin, carbonate and carbonate Substituted cyclodextrin, 
carboxylic acid and related Substituted cyclodextrin and 
others. 

0060 Acyl groups that may be used as compatibilizing 
functional groups include acetyl, propionyl, butyryl, trifluo 
roacetyl, benzoyl and acryloyl groups. The formation of 
Such groups on the hydroxyls of the cyclodextrin molecule 
involves well known reactions. The acylation reaction can 
be conducted using the appropriate acid anhydride, acid 
chloride, and well known Synthetic protocols. 

0061 Cyclodextrin materials may also be reacted with 
alkylating agents to produce an alkylated cyclodextrin. 
Typical examples of alkyl groups useful in forming the 
alkylated cyclodextrin include methyl, propyl, benzyl, iso 
propyl, tertiary butyl, allyl, trityl, alkyl-benzyl and other 
common alkyl groups. Such alkyl groups can be made using 
conventional preparatory methods, Such as reacting the 
hydroxyl group under appropriate conditions with an alkyl 
halide, or with an alkylating alkyl Sulfate reactant. 
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0062) Tosyl (4-methylbenzene sulfonyl), mesyl (methane 
sulfonyl) or other related alkyl or aryl Sulfonyl forming 
reagents may also be used in manufacturing compatibilized 
cyclodextrin molecules. 
0063 Sulfonyl containing functional groups can be used 
to derivatize either of the Secondary hydroxyl groups or the 
primary hydroxyl group of any of the glucose moieties in the 
cyclodextrin molecule. The reactions can be conducted 
using a Sulfonyl chloride 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 target hydroxyl groups in the molecule requiring 
Substitution. Sulfonyl groups can be combined with acyl or 
alkyl groups. 
0064. The Sulfonyl derivatized cyclodextrin molecule 
may be used to generate the amino derivative from the 
Sulfonyl group Substituted cyclodextrin molecule Via 
nucleophilic displacement of the Sulfonate group by an 
azide-ion. The azido derivatives are Subsequently converted 
into Substituted amino compounds by reduction. Large num 
bers of these azido or amino cyclodextrin derivatives have 
been manufactured. Examples of nitrogen containing groups 
that can be useful in the invention include acetylamino 
groups (-NHAc), alkylamino including methylamino, 
ethylamino, butylamino, isobutylamino, isopropylamino, 
hexylamino, and other alkylamino Substituents. The amino 
or alkylamino substituents can further be reactive with other 
compounds that react with the nitrogen atom to further 
derivatize the amine group. 
0065. The cyclodextrin molecule also can be substituted 
with heterocyclic nuclei including pendent imidazole 
groups, histidine, imidazole groups, pyridino and Substituted 
pyridino groups. 

0066 Cyclodextrin derivatives may be modified with 
Sulfur containing functional groups to introduce compatibi 
lizing Substituents onto the cyclodextrin. Apart from the 
Sulfonyl acylating groups mentioned above, Sulfur contain 
ing groups manufactured based on Sulfhydryl chemistry can 
be used to derivatize cyclodextrin. Such Sulfur containing 
groups include methylthio (-SMe), propylthio (-SPr), 
t-butylthio (-S-C(CH)), hydroxyethylthio (-S-CH 
CH, OH), imidazolylmethylthio, phenylthio, substituted 
phenylthio, aminoalkylthio and others. Based on the ether or 
thioether chemistry Set forth above, cyclodextrin having 
Substituents ending with a hydroxyl aldehyde ketone or 
carboxylic acid functionality can be prepared. Cyclodextrin 
with derivatives formed using Silicone chemistry can contain 
compatibilizing functional groups. 
0067 Cyclodextrin derivatives with functional groups 
containing Silicone, herein called Silicon ether, can be pre 
pared. Silicone groups generally refer to groups with a single 
Substituted Silicon atom or a repeating Silicone-oxygenback 
bone with Substituent groups. Typically, a Significantly pro 
portion of Silicone atoms in the Silicone Substituent bear 
hydrocarbyl (alkyl or aryl) substituents. Silicone substituted 
materials generally have increased thermal and oxidative 
Stability and chemical inertneSS. Further, the Silicone groups 
increase resistance to weathering, add dielectric Strength and 
improve Surface tension. The molecular structure of the 
Silicone group can be varied because the Silicone group can 
have a single Silicon atom or two to twenty Silicon atoms in 
the Silicone moiety, can be linear or branched, have a large 



US 2005/0182163 A1 

number of repeating Silicone-oxygen groups and can be 
further substituted with a variety of functional groups. For 
the purposes of this invention the Simple Silicone containing 
Substituent moieties are preferred including trimethylsilyl, 
mixed methyl-phenyl silyl groups, etc. 
0068. In exemplary embodiments of the present inven 
tion the cyclodextrin material comprises Substituents having 
a silyl ether group, an alkyl ether group and/or an alkyl ester 
group. According to further exemplary embodiments of the 
present invention, the alkyl ester Substituents may comprise 
acetyl moieties, propyl moieties and/or butyl moieties, the 
alkyl ether Substituents may comprise methyl moieties, ethyl 
moieties and/or propyl moieties and the Silyl ether Substitu 
ents may comprise methyl moieties, ethyl moieties, propyl 
moieties and/or butyl moieties. 
0069. According to another exemplary embodiment of 
the present invention, the amount of cyclodextrin derivative 
in the matrix material preferably is in the range from about 
0.01 to 5 wt-%, or from about 0.1 to 1 wt-%, based on the 
matrix material. 

0070 According to another exemplary embodiment of 
the present invention, the amount of Zinc or similar reacting 
metal or metal alloy in the matrix material preferably is in 
the range from about 0.01 to 5 wt-% or from about 0.025 to 
0.50 wt-%, based on the matrix material. 
0071 Polymers and cellulosic materials used in this 
invention may also contain other additives, which do not 
adversely affect the performance of the cyclodextrin, Such as 
catalysts, Stabilizers, processing aids, fillers, pigments, dyes 
and antioxidants. 

0.072 Films are generally regarded as being 0.25 milli 
meters (mm) or less, typically 0.01 to 0.20 mm thick. Sheet 
may range from about 0.25 mm to Several centimeters 
typically 0.3 to 3 mm in thickness. Film or sheet can be used 
in combination with other sheet, Structural units, etc. 
through lamination. Important properties include tensile 
Strength, elongation, Stiffness, tear Strength and resistance; 
optical properties including haze, transparency; chemical 
resistance Such as water absorption and transmission of a 
variety of permeant materials including water vapor and 
other permeants, electrical properties Such as dielectric 
constant; and permanence properties including shrinkage, 
cracking, weatherability, etc. 

0073. According to the present invention it is also con 
templated to apply coating compositions containing a matrix 
material comprising inventive cyclodextrin derivatives and 
nanosized Zinc particles for improving the barrier properties 
of the coated article. Coating machines commonly apply a 
liquid composition containing a film forming material, addi 
tives that can help form and maintain the coating composi 
tion along with the effective amount of the substituted 
cyclodextrin material and nanosized metal particles. 
0.074 According to another exemplary embodiment of 
the present invention the modified cyclodextrin and the 
nanosized Zinc or similar reacting metal is dispersed in a 
thermoplastic material. The resulting barrier material can be 
a homogeneous material consisting of one Single layer. In 
the present invention it is also contemplated to provide or 
manufacture Structured barrier materials, e.g. by coextrusion 
or laminating, thereby providing a two layer film, a coated 
monolayer, bilayer or multilayer film or a paperboard-foil 
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plastic composite materials having one or more coatings on 
a Surface or on both Surfaces. 

0075). If the matrix material is a thermoplastic material, 
the inventive barrier material comprising at least one ther 
moplastic polymer, a modified cyclodextrin and nanosized 
Zinc or similar reacting metal can be created e.g. by the 
following procedure: 
0076. In a first step a cyclodextrin containing thermo 
plastic material is prepared by physically mixing and dis 
persing the minor constituent, i.e. modified cyclodextrin into 
the major constituent, i.e. the polymer, e.g. by extrusion. 
Suitable extrusion techniques include the So-called “direct 
incorporation” and “masterbatch addition”. In either method 
it is possible to use twin-Screw co-rotating Segmented barrel 
extruders. Of course it is also possible to use counter rotating 
or Single Screw extruders for mixing or dispersing the 
cyclodextrin material into the polymeric material. It is clear 
that the modified cyclodextrin may be added individually or 
in combination with other suitable additives or adjuvants. 
0077. After mixing or dispersing the cyclodextrin mate 
rial into the polymeric material, the nanosized Zinc particles 
are dispersed in the resulting molten plastic. The reactive 
Zinc particles to be added usually are dispersed in a mineral 
oil to protect the Zinc from oxygen and moisture. The 
mineral oil is Stripped from the plastic e.g. in the extruder 
using heat and vacuum. The resulting material is e.g. 
pumped out of the extruder and pelletized. 
0078 However, it is also possible to add the zinc or metal 
particles to the matrix material and Subsequently add the 
cyclodextrin material in order to obtain barrier materials 
according to an exemplary embodiment of the present 
invention. 

0079. Of course, thermoplastic materials can be formed 
into barrier films using a variety of processes including 
blown thermoplastic extrusion, linear biaxially oriented film 
extrusion and by casting from molten thermoplastic resin, 
monomer or polymer (aqueous or organic Solvent) disper 
Sion. These methods are well known manufacturing proce 
dures. 

0080. The foregoing discussion illustrates various 
embodiments of the application and barrier properties of 
Sealing compounds and closure elements of the invention. 
The following examples and data further exemplify the 
invention. 

Micro- and Nano-Size Zinc Masterbatch 
Compounding 

0081. A segmented barrel (nine barrels), co-rotating com 
pounding extruder (Warner Pfleiderer Corporation ZSK-30 
mm) was configured with an upstream feed Zone for film 
grade high density polyethylene (HDPE) and triacetyl alpha 
cyclodextrin. A weight loss feeder is used to deliver HDPE 
into the first barrel. A Second micro weight loSS feeder 
delivers cyclodextrin into the first barrel at 1.82 lbs./hour. 
The two materials are then melted and mixed with dispersive 
and distributive mixing followed by a melting Seal. Com 
pounded material was extruded at 23.6 kg per hour with a 
melt temperature of 270° C. The screws were rotated at 400 
rpm at 90% torque. Next, a zinc mixture is introduced 
through an injection nozzle using a low injection rate pump 
(Ministatic Pump manufactured by Manostatic) into a low 
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degree of fill section of the screw downstream in barrel 4. A 
melt Seal prior to Zinc injection isolates the injection Zone 
from the atmosphere insuring only melted material is in 
contact with the Zinc mixture. The Zinc mixture (pumped at 
82.5 grams/hr) containing 0.467 grams Zn/milliliter of min 
eral oil is then incorporated using gear-mixing elements. The 
material passes through a devolatilization Zone (operated at 
a vacuum of 660 mm Hg) before exiting through a four-hole 
Strand die. The Strands pass through a water bath and two air 
wipes before entering the Strand cutter. The finished pellets 
are placed into a nitrogen purged Mylar/foil composite bag 
heat Sealed with a bag Sealer to prevent atmospheric con 
tamination until use. Two masterbatches (Zinc plus cyclo 
dextrin) were produced using this compounding method. 
0082) Masterbatch formulation #1 contained 95.15% 
HDPE, 0.35% nano-size particle zinc (80-100 nm) and 3.5% 
triacetyl alpha cyclodextrin. Masterbatch formulation #2 
contained 95.15% HDPE, 0.35% micro-size particle Zinc 
(average particle size 9,790 nm) and 3.5% triacetyl alpha 
cyclodextrin. The micro- and nano-Zinc materials were 
obtained from Aldrich Chemical and triacetyl alpha cyclo 
dextrin was manufactured by Wacker Biochem Corporation. 
The hexane Solvent in the nanozinc material was exchanged 
with light mineral oil (Aldrich). 
0.083. A third masterbatch formulation was produced 
with triacetyl alpha cyclodextrin without zinc. The extruder 
Screw design produced compounded material at 23.5 kg per 
hour and a melt temperature of 265 C. The screws were 
rotated at 400 rpm at 90% torque. The material then passed 
through a devolatilization Zone (operated at a vacuum of 660 
mm Hg) before exiting through a four-hole strand die. The 
Strands pass through a water bath and two air wipes before 
entering the Strand cutter. The finished pellets are placed into 
a nitrogen purged Mylar/foil composite bag and heat-Sealed. 

TABLE 1. 

HDPE masterbatch formulations. 

Masterbatch Compositions 
wt-% in HDPE 

Nanozinc Microzinc Triacetyl C. CD 
Masterbatch Particle size Ave. Particle size Degree of 
Formulations 80-100 nm. 9,790 nm. Substitution = 3.0 

Formulation #1 0.35 wt.-% 3.5 wt.-% 
Formulation #2 0.35 wt.-% 3.5 wt.-% 
Formulation #3 3.5 wt.-% 

Film Preparation 

0084. A series of films using film-grade high density 
polyethylene resin and the three masterbatch formulations in 
Table 1 were converted into film (Table 2) by blown film 
extrusion. The films were blown on a Killion laboratory 
scale blown film line. The extruder is equipped with a 19 
mm diameter (24.1 L/D ratio) screw operated at 72 rpm with 
an output of 1.8 kg/hour for a 20 um film thickneSS and at 
122 rpm with an output of 3.6 kg/hour for a 50 um film 
thickness. The extruder is flood feed operated with Virgin 
film grade HDPE only as a control, and with masterbatch 
formulations #1, #2 and #3 which were pre-blended (10:1- 
wt. to wt.-Virgin resin to masterbatch) by mechanical 
tumbling before use. 
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0085. The blown film line annular film die has a 31.75 
mm diameter and is operated at 270° C. The extruded 
polymer tube bubble has a diameter of 23 cm for both film 
thicknesses. The two extruder Zones are operated at 238 C. 
and 240 C., respectively. The extruder to film die adapter is 
operated at 238 C. 

TABLE 2 

HDPE blown film test samples. 

Blown Film Composition 
Blown % by wt. 

Film Masterbatch Triactyl C. 
Identin Formulations HDPE Nanozinc Microzinc CD 

Film #1 100% 
Film #2 Formulation 99.615%. O.O.35% O.35% 

#1 
Film #3 Formulation 99.615% O.O.35% O.35% 

#2 
Film #4 Formulation 99.65% O.35% 

#3 

Film Surface Analysis 
0086 The blown film surfaces were examined for 
included Zinc particles using a variable pressure, Scanning 
electron microscope (SEM), manufactured by Hitachi, and 
operated with an accelerating voltage of 20 Kv. FIGS. 1 and 
2 are SEM micrographs of Film #3 (microzinc) and Film #2 
(nanozinc) Surfaces at 2,500x magnification. The included 
particles found in the microzinc films by SEM were then 
analyzed by energy dispersive Spectroscopy. The X-ray Spec 
tra of the zinc particle shown in FIG. 1 are provided in FIG. 
3. 

0087 Significant differences in the microzinc and 
nanozinc film surfaces were found by SEM and these 
differences are readily visible by comparing the micrographs 
in FIGS. 1 and 2. The microzinc containing film showed 
numerous included Zinc particles in the film Surface. The 
particle shown in FIG. 1 has a diameter of approximately 6 
um (6,000 nm). No zinc particles were detected in the 
nanozinc film Surface. The importance of this finding is that 
included micrometer-size Zinc particle in the Surface of the 
film may cause defects Such as pinholes and the potential for 
a complete breach through the entire thickness of the film. 
Particles in the film surface may allow capillary flow, an 
undesirable feature in thin, high barrier film. 

Static Permeation Testing 
0088 Permeation across a barrier can be explained where 
the membrane at time Zero (to) is initially free from permeant 
Vapor. The penetrant pressure p at the upstream face of the 
membrane is increased giving a concentration in the Surface 
layer ca. Diffusion is a measure of how quickly permeants 
move in a membrane acroSS the concentration gradient and 
the time it takes to reach Steady State. The downstream 
preSSure, p, while measurable, is negligible at Small times 
relative to the upstream pressure p. The amount of vapor 
permeating the film increases linearly with time once Steady 
State has been reached. At large times, the upstream preSSure 
p will equal the downstream pressure p. 
0089. When a gas or vapor permeant does not interact 
with the polymer in a membrane, the permeability coeffi 
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cient, P, is usually characteristic for the permeant-polymer 
System. This is the case with the permeation of many gases 
Such as hydrogen, nitrogen, and oxygen through many 
polymers. If a permeant interacts with polymer molecules, 
as is the case with the organic permeants, P is no longer 
constant and may depend on the pressure, film thickness, 
and other conditions. In Such cases, a Single P value does not 
represent the characteristic permeability of the membrane. 
Equation 1 shows the dimensions of P to be: 

P = (Amount of Permeant)(Film Thickness) (1) 
(Area)(Time)(Pressure-drop Across the Film) 

0090. In these cases, the transmission rate, Q, is often 
used for practical purposes when the vapor pressure of the 
permeant at a specified temperature is applied acroSS a film. 
Permeability of membranes to water and organic compounds 
is often expressed this way. Equation 2 shows the dimen 
Sions of Q to be: 

(Amount of Permeant) (Film Thickness) (2) 
O (Area)(Time) 

0.091 A major variable in determining the permeation 
coefficient is the pressure drop acroSS a film. Since the 
transmission rate, Q, includes neither permeant preSSure nor 
concentration in its dimensions, knowing either vapor pres 
Sure or the concentration of permeant under the measure 
ment conditions is necessary to correlate Q to P. In the 
closed-Volume permeation test method described below, p. 
at the upstream face of the film is not held constant Since a 
finite amount of permeant is introduced into the upstream 
cell. The downstream pressure, p, is measured and reported 
as mass flow parts per million ul/L (vol./vol.) over time. 
0092. The amount of vapor permeating the film increases 
linearly with time once Steady State has been reached, as 
illustrated in FIG. 4. At large times, the upstream pressure 
p will equal the ownstream preSSure p. 
0093. If the linear portion of steady-state is extrapolated 
back to Q=0 where the intercept t=0 (lag time), then Equa 
tion 3 shows the dimensions of D to be: 

12 (3) 

0094. From one experiment, the transmission rate can be 
calculated from the slope of the asymptotic line, the diffu 
Sion rate can be calculated from the lag time 0 and the 
equilibrium concentration p2=p at large times. 

Organic Vapor Permeation 

0.095 The closed-volume permeation method involves 
experimental techniques to measure organic molecule trans 
port through a polymer film Structure, using a Static con 
centration gradient. High-resolution gas chromatography 
(HRGC) operated with flame ionization detection (FID) or 
electron capture detection (ECD) is used to measure the 
cumulative downstream penetrant concentration. 
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0096. This method involves experimental techniques 
designed to measure the flux of a single permeant or 
co-permeants across the test film. HRGC (Hewett-Packard 
5890) operated with an FID or ECD is used to measure the 
change in the cumulative permeant concentration over time 
in the downstream cell. Downstream permeants are quanti 
tatively collected by solid phase microextraction (SPME)- 
purchased from Aldrich Chemical-from the downstream 
cell and analyzed by HRGC/FID or ECD. The individual 
permeant concentrations are determined from calibration 
Standards and measured in ul/L or parts per million (vol./ 
vol.) using gas laws. 

Instrument Conditions 

0097. The standard concentrations of permeants were 
prepared by diluting a Stock Solution containing the test 
permeant(s) prepared in a 1% Triton X-100 aqueous Solu 
tion. Working dilutions were prepared so that additions of 1 
till to 20 till of the diluted Stock provided the permeant mass 
to the 1,200 mLupstream cell. The following SPME HRGC/ 
ECD and HRGC/ECD instrument conditions used in the 
analyses are provided in Table 3. 

TABLE 3 

Method conditions for gas chromatograph and solid phase 
microextraction. 

Method: Co-Permeants Chloroacetic acid 

Targe Hexanal Chloroacetic acid 
permeants: 

Butyric acid 
Isovaleric acid 

Sampling Solid Phase Microextration Solid Phase Microextration 
technique: (SPME) (SPME) 
Fiber: Carbowax/Divinylbenzene Carbowax/Divinylbenzene 

(70 mm) (70 mm) 
Sorb time: 10 minutes at room 2 minutes at room 

temperature temperature 
Desorb time: 3 minutes at 250 C. 1 minute at 220 C. 
Column: DB-Wax (J&W) Retention gap 
Dimensions: 30M x 0.25 mm i.d. 3M x 0.25 mm i.d. 
Film thickness: 0.25 mm Uncoated 
Carrier gas: Helium Helium 
Headpressure: 22 psi (1 mL/min) 8 psi (0.35 mL/min) 
Injection mode: Split (4.0 mL) Splitless 
Detector: Flame Ionization (FID) Electron Capture (ECD) 
Detector temp: 300° C. 290° C. (60 mL/min 

Nitrogen) 
Injector temp: 250 C. 220° C. 
Initial temp: 1OO C. 50° C. 
Initial hold: 2 minutes 3 minutes 
Temperature 15 C/minute O C.fminute 
rate: 
Final 22O C. 50° C. 
temperature: 
Final hold: 2 minutes 
Total analysis 12 minutes 3 minutes 
time: 

0.098 Film samples (-20 um and -50 um thickx13.5 cm 
diameter) are tested in a closed-volume vapor permeation 
device (refer to FIG. 5). The experimental closed-volume 
permeation method has two glass compartments (i.e., cells) 
separated by the film under study (effective film area=143 
cm). The upstream cell has a volume of 1,200-mL and the 
downstream cell a volume of 280-mL. The test film is placed 
between the upstream and downstream cells, the cells are 
assembled using Soft, aluminum Sealing rings to firmly Seal 
the test film between the glass cell flanges and Screws to 
firmly pull the two cells together. Two permeation Standards 
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are prepared. The first permeation Standard contains chlo 
roacetic acid. The Second permeant Standard contains hexa 
nal, butyric acid and isoValeric acid. The individual per 
meant physical and chemical parameters are provided in 
Table 4. The permeants are dispersed in a deionized water/ 
surfactant (Triton X100) mixture. The permeant water/sur 
factant mixture is injected into the larger upstream cell 
providing a concentration p at to shown in Tables 6 and 7. 
Permeant concentration p in the downstream cell is 
expressed in parts per million-uI/L (vol./vol.)-using gas 
laws 

TABLE 4 

Table of identifying physical and chemical test permeant 
parameters. 
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areas of the nanozinc film and microzinc film are approxi 
mately 384 cm. The effect of the chemical reaction between 
chloroacetic acid vapor and Zinc in the film is a drop in the 
Vapor concentration in the jar. The partition coefficient and 
diffusion coefficient will be identical for both test films since 
the HDPE polymer is identical. The test at large times (>60 
min.) shows the extent of reaction between the nano- and 
micro-zinc films and the rate of reaction. The effect of the 
chemical reaction is to increase uptake of chloroacetic acid 
in the Zinc containing film resulting in a corresponding 

Dissociation Constants in 
Aqueous Solutions 

Molecular Boiling Diffusion' Temp. 
Permeant Weight Point (C.) D, m/sec K pK o C. 

Butyric acid 88.11 162 1.54 x 102 1.54 x 10 4.81 2O 
Isovaleric 102.13 176 9.02 x 10 1.7 x 10 477 25 
acid 
Chloroacetic 94.50 189 6.98 x 10 1.40 x 10 2.85 25 
acid 
Hexanal 100.16 131 9.32 x 10 NA NA 

"Calculated by lag time in HDPE blown film. 

Example 1 

0099 Quantitative Estimate of Zinc Film Capacities. 
Film reactivity and capacity was measured by placing Zinc 
containing film curved into a cylinder and placed in a glass 
jar which is Subsequently Sealed and filled with a reactive 
test vapor. The vapor partitions into both sides of the film. 
In this test, the vapor concentration is measured in the 
headspace of the glass jar as a function of time. These data 
are used to make quantitative estimates of how the reactive 
barrier will perform. The nano- and micro-zinc films in this 
experiment are identical in weight (1.664 grams) and the 

decrease in the headspace. Four Sequential 1-ul injections of 
chloroacetic acid dissolved in methanol (4.84 ug?u L) were 
made into the glassjar maintained at 24 C. through a rubber 
Septum. The first injection at time Zero was made, then three 
additional injections were made at 60, 85 and 110 minutes, 
respectively. The headspace was measure by taking a time 
composite Sample every five minutes after the Second chlo 
roacetic acid injection at 60 minutes using a two minute 
SPME Sampling interval beginning at four minutes and 
ending at six minutes. The downstream SPME samples are 
analyzed by HRGC/ECD (method conditions Table 3). The 
results are provided in Table 5 and plotted in FIG. 6. 

Film #2 
(Nanozinc) 
Film #3 

(Microzinc) 

TABLE 5 

Headspace concentration of chloroacetic acid (in lug) as a 
function of time for jars containing film compositions containing nanozinc 
(Film #2) and microzinc (Film #3). Four sequential additions of 4.84 ug 
each of chloroacetic acid was added to sealed jars containing the films at 

time = 0, 60, 85 and 110 minutes. 
Chloroacetic Acid Jar Headspace Concentration 
Headspace concentration in micrograms - leg 

Chloroacetic acid Additions 

Inj. Inj. Inj. 
Elasped Time (min 

60 65 70 75 8O 85 90 95 1OO 105 11O 115 120 125 130 
Sample Conc. 

fig fig fig fig fig fig fig fig fig fig fig fig fig fig fig 

O.336 O.363 O.443 O.46O O.4OO O.4O9 O.SOf O.S4O O.539 O.S6O O.617 O.829 O.819 O.798 O.7SO 

O.569 O.713 O.775 O.666 0.656 O.763 1.21 130 1.15 1.06 1.09 1.68 1.90 1.71 1.60 
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0100 This experiment provides the functional capacity 
estimates for the nano- and micro-Zinc barriers. A least 
Squares linear regression fit to the chloroacetic acid concen 
trations as a function of time show a 0.0070 tug/min. slope 
for nanozinc and 0.0176 ug/min. for microzinc. The chlo 
roacetic acid concentration Slope is 2.5 times greater for the 
microzinc film than nanozinc film over the time-period of 60 
minutes to 130 minutes. Surprisingly, the amount of chlo 
roacetic acid vapor reduction in the headspace after each 
Sequential injection of 4.84 ug was significantly greater for 
nanozinc than microzinc (refer to FIG. 6). When chloro 
acetic acid has a greater chance to collide with a Zinc particle 
during its tortuous diffusion path in the polymer matrix, the 
greater the reductions per unit time. This is especially 
important for reactive permeants with fast diffusion coeffi 
cients. The example clearly demonstrates that a greater 
number of Smaller particles in a given thin film Volume are 
more significant than larger particles when both Zinc par 
ticles inside the film volume have identical mass. The effect 
of a faster chemical reaction rate is to increase permeant 
uptake during diffusion and in turn greatly retarding trans 
port through the membrane. 

Example 2 
0101 Lag Time Diffusion. This method involves experi 
mental techniques designed to measure trichloroacetic acid 
flux across a 20 um test film at Small times. HRGC operated 
with an ECD is used to measure the change in the cumula 
tive chloroacetic acid concentration over time in the 
upstream cell at 22 C. At one minute and then every five 
minutes, a time composite sample is collected by SPME 
from the downstream cell and analyzed by HRGC/ECD 
using a two minute SPME Sampling interval beginning at 
four minutes and ending at Six minutes (method conditions 
Table 3). The chloroacetic acid concentration is determined 
from calibration Standards. Table 6 contains the concentra 
tion p of chloroacetic acid in the upstream cell at t=0, and 
lag time diffusion is based on the linear portion of Steady 
State chloroacetic acid permeation extrapolated back to the 
time axis for Film #1 (control), Film #2 (nanozinc), Film #3 
(microzinc) and Film #4 (triacetyl a cyclodextrin). 

TABLE 6 

Lag time diffusion of chloroacetic acid measured by static 
permeation using headspace HRGC/ECD in Film #1 (control), 
Film #2 (nanozinc) and Film #3 (microzinc). The permeation 

cell temperature is maintained at 22 C. and film thickness 20 lim. 

Conc. 
p2 at Lag Time Diffusion 

Time = 0 Film thickness = 20 tim 

All Film #1 Film #2 Film #3 
Samples (control) (nanozinc) (microzinc) 

Permeant nLL D, m/sec D, m/sec D, m/sec 

Chloroacetic acid 144.6 6.98 x 10' 8.40 x 10' 1.44 x 10' 

mL/L = Parts Per Billion 

0102 Table 6. Lag time diffusion of chloroacetic acid 
measured by static permeation using headspace HRGC/ECD 
in Film #1 (control), Film #2 (nanozinc) and Film #3 
(microzinc). The permeation cell temperature is maintained 
at 22 C. and film thickness 20 lum. 
0103 Table 6 shows chloroacetic acid lag time diffusion 
for microzinc is 4.8 times greater than Film #1 (control) 
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while Film #2 (nanozinc) showed a significantly greater lag 
time of 8.3 times greater than the Film #1 (control). Film 
#2's lag time is 1.7 times greater than the Film #3's lag time 
for chloroacetic acid. The effect of the nano-Size Zinc is a 
Significant increase in lag time diffusion by retarding the 
transport of chloroacetic acid in the film. 

Example 3 

0104 Example 3 shows how the results provided in 
Examples 1 and 2 can be combined with other characteris 
tics of diffusion to demonstrate how better barrier films can 
be made with nanozinc. This method involves experimental 
techniques designed to measure the flux of three co-per 
meants (hexanal, butyric acid and isovaleric acid) across a 
50 um test film. HRGC operated with an FID is used to 
measure the change in the cumulative co-permeant concen 
tration over time in the upstream cell. Every thirty minutes, 
a time composite sample is collected by SPME from the 
downstream cell and analyzed by HRGC/FID using a fifteen 
minute SPME sampling interval beginning at 90 minutes 
and ending at 105 minutes (sampling interval midpoint 97.5 
minutes) then every thirty minutes thereafter to 247.5 min 
utes and the final Sampling midpoint interval at 1,447.5 
minutes. The hexanal, butyric acid and isoValeric acid con 
centration is determined from calibration Standards and 
measured in ul/L or parts per Million (vol./vol.) using gas 
laws. Table 7 contains each co-permeant concentration p in 
the downstream cell at t=0 and the cumulative penetrant 
concentration downstream of each of the co-permeants. The 
cumulative permeant concentrations in Table 7 are plotted as 
a function of time in FIGS. 7, 8 and 9. 

TABLE 7 

Co-permeants (hexanal, butyric and isovaleric acids) measured by 
static permeation using headspace HRGC/ECD in Film #1 (control), 

Film #2 (nanozinc), Film #3 (microzinc) and Film #4 (triacetyl-C-CD). 
The permeation cell temperature maintained at 22 C. and film thickness 

50 um. 

Hexanal Concentration (uLL) - p at Time 
(Film thickness = 50 um) 

Film #1 Film #2 Film #3 Film #4 (TA 
Time (min.) (control) (nanozinc) (microzinc) C-CD) 

Hexanal Conc. 
p at Time = 0, 

0.400 uL/L 

97.5 O.O25 O.O28 O.O32 O.O18 

187.5 O.O60 O.052 O.O52 O.O25 
247.5 O.069 O.065 0.077 O.O28 
1447.5 O.174 O.112 O.O89 O.O29 

Butyric Acid Concentration (uL/L) - p at Time 
(Film thickness = 50 um) 

Film #1 Film #2 Film #3 Film #4 (TA 
Time (min.) (control) (nanozinc) (microzinc) C-CD) 

Butyric Conc. 
p at Time = 0, 

6.08 uL/L 

97.5 O.432 O.337 O621 O.817 
127.5 0.529 O.336 O649 O.837 
187.5 O.698 O.383 0.712 O.946 
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TABLE 7-continued 

Co-permeants (hexanal, butyric and isovaleric acids) measured by 
static permeation using headspace HRGC/ECD in Film #1 (control), 

Film #2 (nanozinc), Film #3 (microzinc) and Film #4 (triacetyl-C-CD). 
The permeation cell temperature maintained at 22 C. and film thickness 

50 lum. 

247.5 O.71O O.418 O.829 1.05 
1447.5 O.786 O.425 1.2O 0.952 

Isovaleric Acid Concentration (uL/L) - p at Time 
(Film thickness = 50 um) 

Film #1 Film #2 Film #3 Film #4 (TA 
Time (min.) (control) (nanozinc) (microzinc) C-CD) 

Isovaleric 
Conc. p2 at 
Time = 0, 
6.15 uL/L 

97.5 O.313 O.042 O.O51 O.210 
127.5 O.340 O.O56 O.115 O.224 
187.5 O.384 O.O92 O.233 0.271 
247.5 O.447 O.130 O.260 O.317 
1447.5 O.636 O.O85 O.356 O.524 

ML/L = Parts Per Million (vol.?vol.) 

0105 The functional performance of the four films in 
Table 7 are evaluated with the focus on Small times when the 
films just begins to leak. At large times when the equilibrium 
concentration p=p, the barrier isn't effective anymore. The 
rate of diffusion is governed both by the permeability of the 
barrier polymer and by the tortuosity of the diffusing per 
meant's diffusion. The lag time is influenced both by these 
characteristics and by the barrier's reactivity. Therefore, a 
better barrier is developed by changing the barrier's perme 
ability, its tortuosity, or its reactivity. Table 7 provides the 
test results demonstrating these principles either by decreas 
ing the rate of organic permeation across a HDPE film or by 
increasing the lag time that it takes organic permeants to 
cross the HDPE film. 

0106 The first co-permeant, Hexanal, is a non-reactive 
permeant with regard to Zinc but is trapped (complexed) by 
cyclodextrin. FIG. 7 clearly shows Film #4 (TA-C-CD) has 
a longer lag time, Smaller Steady-state permeation slope and 
at large times a significant reduction in equilibrium. Film #2 
and Film #3 have similar small time and large time func 
tionality. In all cases, Film #'s 2, 3 and 4 are all have better 
barrier performance than the Film #1 (control). 
0107 The second co-permeant, butyric acid, is a reactive 
permeant with regard to the reactive Zinc but is not trapped 
(complexed) by the cyclodextrin. Butyric acid diffuses the 
fastest of the three permeants and its dissociation constant 
(pK=4.81)) is greater than isovaleric (pK=4.81) and chlo 
roacetic acid (pK=2.85). The difference in reactivity of Film 
#2 (nanozinc) is significantly greater than Film #3 
(microzinc) as shown in FIG. 8. The reaction rate (i.e., the 
amount of chemical change per time) between the permeant 
and Zinc forming a new immobile permeant inside the film 
is very important. If the permeant diffuses rapidly and the 
reaction is slow, than only Small or no changes will be 
observed in the permeation profile. Film #3's (microzinc) 
barrier performance is poorer than Film #1 (control), while 
Film #2 (nanozinc) shows significantly improved barrier 
performance. The poor butyric acid barrier performance for 
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Film #3 (microzinc) is related to pinholes, surface defects 
and other imperfections in the blown films caused by the 
micron size Zinc particles altering the intrinsic barrier prop 
erties of the HDPE. 

0108. The third co-permeant, isovaleric acid, is a reactive 
permeant with regard to Zinc and is trapped (complexed) by 
the cyclodextrin to some level. Isovaleric acid diffuses the 
slowest of the three permeants and its dissociation constant 
(pK) is Smaller than butyric acid but greater than chloro 
acetic acid. The difference in reactivity of Film #2 
(nanozinc) is again significantly greater than Film #3 
(microzinc) as shown in FIG. 9. The slower diffusion rate of 
the isovaleric acid and the lower dissociation constant (pK) 
improves its reactivity with Film #3 (microzinc) compared 
to butyric acid. Film #3's (microzinc) barrier performance is 
Significantly poorer than Film #2 (nanozinc). In all cases, 
Film #’s 2, 3 and 4 all have better barrier performance than 
Film #1 (control). 

Example 4 

0109) Sensory Evaluation of Film Malodour Permeation. 
A Synthetic diaper malodour concentrate (produced by Bush 
Boake Allen, Ltd.) was used to evaluate the odour perfor 
mance barrier of the blown films in Table 1. Analysis of the 
"neat” malodour concentrate by gas chromatography mass 
Spectrometry indicated approximately fifteen major com 
pounds (Table 8). The general classes of chemicals con 
tained in the Synthetic malodour are organic acids, Sulfur, 
nitrogen and aromatic alcohol compounds. Most of the 
compounds identified in Table 7 have human sensory thresh 
olds in the low parts per billion, and for one compound, 
3-methylindole (skatole), a threshold in the low parts per 
trillion. 

TABLE 8 

Compounds identified in synthetic malodour by gas 
chromatography mass spectrometry. 

Aromatic 
Organic Acids Sulfur Nitrogen Alcohol 

Acetic acid Carbon disulfide Ammonia 4 
Methylphenol 

Butyric acid Mercaptoacetic 4-Methylmorpholine 
acid 

Isovaleric acid 2- 4-Methyl-4-Oxide 
Naphthalenethiole morpholine 

Hexanoic acid Dimethylhydantoin 
Octanoic acid 3-Methylindole 

Hexanamide 

0110 Detection of the synthetic diaper malodour com 
pounds in the Standard Static permeation test at concentra 
tions that represent real world unpleasant Sensory values is 
not feasible because the human sensory threshold for these 
compounds is well below the detection limits of these 
compounds by instrumental methods of analysis. The instru 
mental analytical techniques for Static permeation were 
abandoned and sensory techniques (i.e., human nose) were 
Substituted in their place. 
0111 Experimental film diaper malodour reduction per 
formance was measured in Static permeation cells con 
Structed from Mason brand glass canning jars. Each jar has 
a volume of approximately 450-ml. Two screw cap lids are 
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attached top-to-top with epoxy adhesive allowing the two 
jars to be attached as shown in FIG. 10. One of the jars 
Serves as a reservoir for the diaper malodour and attachment 
of the film by placing the film over the jar mouth and 
Screwing the lid over the film. The other jar Serves as a 
collection reservoir for the permeating malodour com 
pounds. This jar is Screwed to the opposing lid and is 
removed periodically during the test to evaluate odour. 
Teflon tape is used on the glass jar threads prior to assembly 
to Securely Seal the jars during the test. The malodour 
Sensory Scores are plotted over time to obtain a malodour 
permeation profile. 

0112 The diaper malodour concentrate was diluted 
1,500x in deionized water. Five (5) milliliters of the mal 
odour dilution is transferred to a filter paper cone in the 
malodour reservoir side. Next, the test film is placed over the 
open end of the jar with approximately 3.5-cm of film 
extending beyond the jars lip. Then the double-sided cap is 
screwed down tightly followed by the odour evaluation jar. 
After the film has been sealed by the screw cap, the film 
extending beyond the Screw cap on the outside of the jar is 
trimmed-off. Five (5) milliliters of the dilution correspond to 
a mass of active malodour compounds of approximately 650 
Aug. The mass of active malodour compounds injected is 
greater than the capacity of the test film used in the method. 
Large deionized water dilutions of the malodour were made 
to provide for high water vapor concentrations in the mal 
odour reservoir Side to Simulate the environment inside a 
diaper storage bag. The odour evaluation jar is unscrewed 
and evaluated for odour and quickly replaced. Eight (8) 
odour evaluations are made over the 24-hour test period for 
malodour intensity. Films were evaluated more frequently 
the first three hours (once per hour) to establish an estimated 
lag time diffusion and then at Six, eight, fourteen, twenty and 
twenty-six hours. An eight point category Scale from 0=no 
malodour to 8=very Strong malodour was used. Film mal 
odour Sensory Scores and the graphed profiles Versus time 
for the four film samples is plotted in FIG. 11. 

TABLE 11 

Diaper Malodour Sensory Score* 
Film thickness = 50 tim 

Film #1 Film #2 Film #3 Film #4 (TA 
Time (min.) (control) (nanozinc) (microzinc) C-CD) 

60 0.5 O 1. O 
12O 1.O O 1.5 1.O 
18O 1.5 O 2.5 1.O 
3OO 3.0 1.5 3.0 2.O 
840 4.0 2.O 3.0 2.O 
12OO 4.5 3.0 5.0 4.0 
1560 5.5 3.0 5.0 4.0 

Key: 
O = no odour; 
1 = Just detectable odour; 
2 = Very slight odour; 
3 = Slight odour; 
4 = Slight-Moderate odour; 
5 = Moderate odour; 
6 = Moderate-Strong odour; 
7 = Strong odour; 
8 = Very strong odour 
* Average of replicate tests. 

0113. The tests results in Table 11 show a significant 
improvement for Film #2 (nanozinc) over Film #1 (control) 
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both in lag time diffusion (more than a 5x improvement) as 
well as equilibrium permeation (approximately a 1.8x 
improvement) after 26 hours. Lagtime diffusion is the most 
critical Since retarding malodour permeation, not just reduc 
ing malodour, will mean that it is less likely a diaper Storage 
bag, for example, can emit odours over time that will 
contaminate the temporary Storage pail or nursery areas. The 
film malodour sensory profiles in FIG. 11 show Film #3 
(microzinc) to have a poorer lag time and Similar equilib 
rium profile than Film #1 (control). This result is unexpected 
and is more clearly shown in this test-and is associated 
with both the type of permeants as well as the lower human 
detection of the permeants than instrumental detection 
than in Example 3. The poor malodour performance for Film 
#3 (microzinc) is believed to be related to pinholes, surface 
defects and other imperfections in the blown films caused by 
the microzinc particles reducing the intrinsic barrier prop 
erties of the HDPE. The combination of a reactive nanozinc 
barrier and an active cyclodextrin barrier has been shown to 
retard diffusing organic permeants significantly better than 
cyclodextrin alone or microzinc and cyclodextrin. 
0114 While the invention has been illustrated and 
described as embodied in a barrier material for malodors, it 
is not intended to be limited to the details shown since 
various modifications and structural changes may be made 
without departing in any way from the Spirit of the present 
invention. The embodiments were chosen and described in 
order to best explain the principles of the invention and 
practical application to thereby enable a person skilled in the 
art to best utilize the invention and various embodiments 
with various modifications as are Suited to the particular use 
contemplated. 

0115 What is claimed as new and desired to be protected 
by Letters Patent is set forth in the appended claims and their 
equivalents: 

What is claimed is: 
1. A method for manufacturing a barrier material com 

prising the Steps of 
(a) providing a thermoplastic matrix material, 
(b) physically mixing and dispersing an effective absorb 

ing amount of modified cyclodextrin into the matrix 
material; wherein the cyclodextrin is free of an inclu 
Sion complex compound, and comprises an O-cyclo 
dextrin, a B-cyclodextrin, a Y-cyclodextrin or mixtures 
thereof, having pendant moieties or Substituents that 
render the cyclodextrin compatible with the matrix 
material, 

(c) dispersing into the cyclodextrin-containing matrix 
material nanosized particles Selected from the group of 
Zinc, a similar reacting metal and Similar reacting metal 
alloy, wherein Said nanosized particles are essentially 
free of corresponding oxides. 

2. The method of claim 1, wherein the physically mixing 
and dispersing Step of the modified cyclodextrin into the 
matrix material is carried out by extrusion. 

3. The method of claim 2, wherein the nanosized particles 
of Zinc, a Similar reacting metal or metal alloy to be added 
to the cyclodextrin material are ispersed in a thermoplastic 
material forming a masterbatch. 

4. The method of claim 3, further comprising the steps of 
dispersing the nanosized particles of Zinc, a similar reacting 
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metal or metal alloy to be added to the cyclodextrin material 
in mineral oil prior to dispersion into the thermoplastic 
material and Stripping the mineral oil from the thermoplastic 
material using heat and Vacuum. 

5. A method for producing a barrier material comprising 
the Steps of: 

(a) providing a thermoplastic matrix material, 
(b) adding nanosized particles Selected from the group of 

Zinc, a similar reacting metal and a similar reacting 
metal alloy, wherein Said nanosized particles are essen 
tially free of corresponding oxides. 

(c) Subsequently adding and physically mixing and dis 
persing an effective absorbing amount of modified 
cyclodextrin into the matrix material; wherein the 
cyclodextrin is free of an inclusion complex compound, 
and comprises an O-cyclodextrin, a B-cyclodextrin, a 
Y-cyclodextrin or mixtures thereof, having pendant 
moieties or Substituents that render the cyclodextrin 
compatible with the matrix material. 

6. A method for producing a container comprising the 
Steps of forming a container from a material including a 
barrier material; wherein the barrier material comprises a 
thermoplastic matrix material, an effective absorbing 
amount of a cyclodextrin free of an inclusion complex 
compound and including an O-cyclodextrin, a B-cyclodex 
trin, a Y-cyclodextrin or mixtures thereof, having pendant 
moieties or Substituents that render the cyclodextrin com 
patible with the matrix material, and nanosized particle 
Selected from the group consisting of Zinc, Similar reacting 
metal and a similar reacting metal alloy, and wherein the 
nanosized particles are essentially free of corresponding 
oxides. 

7. The method of claim 6, wherein the container is a 
plastic diaper pail having a tight lid. 

8. The method of claim 6, wherein the container is made 
of the barrier material or the container is coated with at least 
one film or one layer of the barrier material. 

9. A method for producing a disposable diaper having an 
outer layer or a backing layer, the method comprising the 
Steps of: 

applying a coating or film onto the Outer layer or backing 
layer; wherein the coating or film is made with a 
material having improved barrier properties and com 
prising: a thermoplastic matrix material, an effective 
absorbing amount of a cyclodextrin free of an inclusion 
complex compound and comprises an O-cyclodextrin, a 
B-cyclodextrin, a Y-cyclodextrin or mixtures thereof, 
having pendant moieties or Substituents that render the 
cyclodextrin compatible with the matrix material, and 
nanosized particle Selected from the group consisting of 
Zinc, Similar reacting metal and Similar reacting metal 
alloy, and wherein the nanosized particles are essen 
tially free of corresponding oxides. 

10. A method of producing a packaging material, the 
method comprising the Step of: 

providing a barrier material in the packaging material, the 
barrier material comprising: a thermoplastic matrix 
material, an effective absorbing amount of a cyclodex 
trin free of an inclusion complex compound and com 
prises an O-cyclodextrin, a B-cyclodextrin, a Y-cyclo 
dextrin or mixtures thereof, having pendant moieties or 
Substituents that render the cyclodextrin compatible 
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with the matrix material, and nanosized particle 
Selected from the group consisting of Zinc, Similar 
reacting metal and Similar reacting metal alloy, and 
wherein the nanosized particles are essentially free of 
corresponding oxides. 

11. The method of claim 8, wherein the packaging mate 
rial is a food-contact packaging material. 

12. The method of claim 1, wherein the amount of 
cyclodextrin added to the matrix material is in the range 
from about 0.01 to 5 wt.-% or from about 0.1 to 1 wt.-%, 
based on the matrix material. 

13. The method of claim 1, wherein the cyclodextrin 
added to the matrix material has a low moisture content of 
about 1 wt.-%, based on the yelodextrin material. 

14. The method of claim 5, wherein the amount of 
nanosized particles of Zinc added to the matrix material is in 
the range from about 0.01 to 5 wt.-% based on the matrix 
material. 

15. The method of claim 1, wherein the cyclodextrin 
material comprises at least one Substituent Selected from the 
group consisting of a silyl ether group, an alkyl ether group 
and an alkyl ester group. 

16. The method of claim 15, wherein the cyclodextrin 
material added comprises Substituents having an alkyl ester 
grOup. 

17. The method of claim 15, wherein the Substituents 
added and having the alkyl ester group comprise at least one 
moiety Selected from the group consisting of acetyl moi 
eties, propyl moieties and butyl moieties. 

18. The method of claim 15, wherein the cyclodextrin 
material comprises Substituents having an alkyl ether group. 

19. The method of claim 17, wherein the Substituents 
having the alkyl ether group comprise at least one moiety 
Selected from the group consisting of methyl moieties, ethyl 
moeties and propyl moieties. 

20. The method of claim 15, wherein the cyclodextrin 
material comprises Substituents having a silyl ether group. 

21. The method of claim 20, wherein the Substituents 
having the Silyl ether group comprise at least one moiety 
Selected from the group consisting of methyl moieties, ethyl 
moieties, propyl moieties and butyl moieties. 

22. The method of claim 1, further comprising a step of 
producing barrier material in least two layers, wherein at 
least one first layer of the at least two layers includes the 
matrix material, the cyclodextrin material and the nanosized 
particles of zinc. 

23. The method of claim 21, wherein the at least one first 
layer of the at least two layers comprising the cyclodextrin 
material is a laminate film layer. 

24. The method of claim 1, further comprising the Steps 
of layering the barrier material on a Substrate resulting in a 
form Selected from the group consisting of a monolayer 
bilayer- or multilayer-film of barrier material with the cyclo 
dextrin material being part of anyone of the Said layer, a 
paperboard having one or more extrusion-coatings on at 
least one Surface of the paperboard with the cyclodextrin 
material being part of one or more Said extrusion coating, a 
metal foil having one or more extrusion coatings on at least 
one surface of the metal foil with the cyclodextrin material 
being part of the one or more Said extrusion coating, and a 
cellulosic web/film laminate, with the cyclodextrin material 
being part of the film of said cellulosic web/film laminate. 


