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(57) ABSTRACT 

Carbonated beverages can have a substantially reduced 
concentration of Water soluble materials derived from biaxi 
ally oriented thermoformed beverage containers. Such con 
tainers can comprise a permeant barrier and an active trap 
for Water soluble materials that can be removed from the 
thermoplastic by extraction into the carbonated beverage. 
The improved container material comprises a bloW molded 
thermoplastic polyester Web comprising a compatible modi 
?ed cyclodextrin material having pendent moieties or sub 
stituents that render the cyclodextrin material compatible 
With the container thermoplastic. The cyclodextrin material, 
after it is added to the polymer material, acts as a barrier and 
to trap extractable materials as they permeate through the 
thermoplastic polyester. The cyclodextrin molecule has a 
large center cavity having properties that increase the like 
lihood that organic molecules Will be absorbed and trapped 
in the center pore. The resulting polyester is substantially 
resistant to any extraction of soluble materials from the 
polyester material by the carbonated beverage. 
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RIGID POLYMERIC BEVERAGE BOTTLES WITH 
IMPROVED RESISTANCE TO PERMEANT 

ELUTION 

[0001] This application is a continuation-in-part of Wood 
et al., US. Ser. No. 08/264,771 ?led Jun. 23, 1994. 

FIELD OF THE INVENTION 

[0002] The invention relates to a beverage bottle compris 
ing a rigid thermoplastic monolayer, bilayer or multilayer 
container having in at least one layer an amount of a 
substituted or modi?ed cyclodextrin that prevents the pas 
sage of a permeant, or the elution of a soluble material from 
the thermoplastic into the liquid container contents. The 
invention also relates to biaxially oriented thermoformed 
polyole?n or polyester thermoplastic beverage containers 
resistant to the movement or passage of a permeant into the 
beverage and resistant to the extraction or elution of bever 
age soluble materials from the polyester Web into the 
beverage. 

BACKGROUND OF THE INVENTION 

[0003] Rigid, or semirigid, thermoplastic beverage con 
tainers have been knoWn for many years. One example of 
such containers are high density polyethylene milk contain 
ers that have a capacity of a quart, a gallon or other common 
siZes. These containers typically comprise high density 
polyethylene. High density polyethylene is made from an 
ethylene stream using a Ziegler-Natta catalyst in either 
liquid phase or gas phase processes. Other vinyl polymers 
can also be used in formulating these beverage containers 
including polymers made from such monomers including 
ethylene, propylene, butylene, butadiene, styrene and others. 
Such materials often contain small concentrations of 
residual monomers, contaminants in the ole?n feed, catalyst 
residues and other contaminants. Such containers are typi 
cally bloW molded using common thermoforming technol 
ogy to shape a preform into a ?nished bottle or container. 

[0004] Biaxially oriented bloW molded thermoformed 
polyester beverage containers are disclosed in J. Agranoff 
(Ed) Modern Plastics, Encyclopedia, Vol. 16, No. 10A, P. 
(84) pp. 192-194. These beverage containers are typically 
made from a polyester material. Such polyesters are com 
monly made from a diol such as ethylene glycol, 1,4-butane 
diol, 1,4-cyclohexane diol and other diols copolymeriZed 
With an organic diacid compound or loWer diester thereof 
such as terephthalic acid, 2,6-naphthalene dicarboxylic acid 
etc. The condensation/polymeriZation reaction occurs 
betWeen the dicarboxylic acid, or a dimethyl ester thereof 
and the glycol material in a heat driven reaction that releases 
Water or methanol as a reaction by-product leaving the high 
molecular Weight polyester material. Typically, bulk poly 
ester is injection bloW molded over a steel-core rod or are 
formed into a preform containing the polyester. The preform 
is introduced into a bloW molding machine Wherein the 
polyester is heated and bloWn to an appropriate shape and 
volume for a beverage container the preform can be a single 
layer material, can be a bilayer or multilayer preform. Such 
preforms can form bilayer or multilayer bottles. 

[0005] The thermoplastic polyester is a high molecular 
Weight material, but can contain a large variety of relatively 
loW molecular Weight compound, substantially less than 500 
grams per mole. These compounds can be extractable into 
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beverage Within the container. These beverage extractable 
materials typically comprise impurities in feed streams of 
the diol or diacid used in making the polyester. Further, the 
extractable materials can comprise degradation by-products 
of the polymeriZation reaction, the preform molding process 
or the thermoforming bloW molding process. Further, the 
extractable materials can contain residual diester, diol or 
diacid materials including methanol, ethylene glycol, 
terephthalic acid, dimethyl terephthalic, 2,6-naphthalene 
dicarboxylic acid and esters or ethers thereof. Relatively loW 
molecular Weight oligomeric linear or cyclic diesters, tri 
esters or higher esters made by reacting one mole of ethylene 
glycol With one mole of terephthalic acid may be present. 
These relatively loW molecular oligomers can comprise tWo 
or more moles of diol combined With tWo or more moles of 
diacid. Schiono, Journal of Polymer Science: Polymer 
Chemistry Edition, Vol. 17, pp. 4123-4127 (1979), John 
Wiley & Sons, Inc. discusses the separation and identi?ca 
tion of PET impurities comprising poly(ethylene terephtha 
late) oligomers by gel permeation chromatography. Bartl et 
al., “Supercritical Fluid Extraction and Chromatography for 
the Determination of Oligomers and Poly(ethylene tereph 
thalate) Films”,Analytical Chemistry, Vol. 63, No. 20, Oct. 
15, 1991, pp. 2371-2377, discusses experimental supercriti 
cal ?uid procedures for separation and identi?cation of a 
loWer oligomer impurity from polyethylene terephthalate 
?lms. 

[0006] Beverages containing these soluble/extractables, 
When consumed by the public, can exhibit an off-taste, a 
changed taste or even, in some cases, reduced taste due to 
the presence of extractable compounds. The extractable 
compounds can add to or interfere With the perception of 
either the aroma note or ?avor notes from the beverage 
material. Additionally, some substantial concern exists With 
respect to the toxicity or carcinogenicity of any organic 
material that can be extracted into beverages for human 
consumption. 

[0007] The technology relating to compositions used in 
the manufacture of beverage containers is rich and varied. In 
large part, the technology is related to coated and uncoated 
polyole?n containers and to coated and uncoated polyester 
that reduce the permeability of gasses such as carbon 
dioxide increasing shelf life. The art also relates to manu 
facturing methods and to bottle shape and bottom con?gu 
ration. Deaf et al., US. Pat. No. 5,330,808 teach the addition 
of a ?uoroelastomer to a polyole?n bottle to introduce a 
glossy surface onto the bottle. Visioli et al., US. Pat. No. 
5,350,788 teach methods for reducing odors in recycled 
plastics. Visioli et al. disclose the use of nitrogen compounds 
including polyalkylenimine and polyethylenimine to act as 
odor scavengers in polyethylene materials containing a large 
proportion of recycled polymer. 

[0008] Wyeth et al., US. Pat. No. 3,733,309 shoW a bloW 
molding machine that forms a layer of polyester that is 
bloWn in a bloW mold. Addleman, US. Pat. No. 4,127,633 
teaches polyethylene terephthalate preforms Which are 
heated and coated With a polyvinylidene chloride copolymer 
latex that forms a vapor or gas barrier. Halek et al., US. Pat. 
No. 4,223,128 teaches a process for preparing polyethylene 
terephthalate polymers useful in beverage containers. Bon 
nebat et al., US. Pat. No. 4,385,089 teaches a process for 
preparing biaxially oriented holloW thermoplastic shaped 
articles in bottles using a biaxial draW and bloW molding 
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technique. Apreform is blow molded and then maintained in 
contact With hot Walls of a mold to at least partially reduce 
internal residual stresses in the preform. The preform can be 
cooled and then bloWn to the proper siZe in a second bloW 
molding operation. Gartland et al., US. Pat. No. 4,463,121 
teaches a polyethylene terephthalate polyole?n alloy having 
increased impact resistance, high temperature, dimensional 
stability and improved mold release. Ryder, US. Pat. No. 
4,473,515 teaches an improved injection bloW molding 
apparatus and method. In the method, a parison or preform 
is formed on a cooled rod from hot thermoplastic material. 
The preform is cooled and then transformed to a bloW 
molding position. The parison is then stretched, biaxally 
oriented, cooled and removed from the device. Nilsson, US. 
Pat. No. 4,381,277 teaches a method for manufacturing a 
thermoplastic container comprising a laminated thermoplas 
tic ?lm from a preform. The preform has a thermoplastic 
layer and a barrier layer Which is suf?ciently transformed 
from a preformed shape and formed to a container. J akobsen 
et al., US. Pat. No. 4,374,878 teaches a tubular preform used 
to produce a container. The preform is converted into a 
bottle. Motill, US. Pat. No. 4,368,825; HoWard Jr., US. Pat. 
No. 4,850,494; Chang, US. Pat. No. 4,342,398; Beck, US. 
Pat. No. 4,780,257; Krishnakumar et al., US. Pat. No. 
4,334,627; Snyder et al., US. Pat. No. 4,318,489; and 
Krishnakumar et al., United States Pat. No. 4,108,324 each 
teach plastic containers or bottles having preferred shapes or 
self-supporting bottom con?gurations. Hirata, US. Pat. No. 
4,370,368 teaches a plastic bottle comprising a thermoplas 
tic comprising vinylidene chloride and an acrylic monomer 
and other vinyl monomers to obtain improved oxygen, 
moisture or Water vapor barrier properties. The bottle can be 
made by casting an aqueous latex in a bottle mold, drying the 
cast latex or coating a preform With the aqueous latex prior 
to bottle formation. Kuhfuss et al., US. Pat. No. 4,459,400 
teaches a poly(ester-amid) composition useful in a variety of 
applications including packaging materials. Maruhashi et 
al., US. Pat. No. 4,393,106 teaches laminated or plastic 
containers and methods for manufacturing the container. 
The laminate comprises a moldable plastic material in a 
coating layer. Smith et al., US. Pat. No. 4,482,586 teaches 
a multilayer of polyester article having good oxygen and 
carbon dioxide barrier properties containing a polyisophtha 
late polymer. Walles, US. Pat. Nos. 3,740,258 and 4,615, 
914 teaches that plastic containers can be treated, to improve 
barrier properties to the passage of organic materials and 
gases such as oxygen, by sulfonation of the plastic. 

[0009] Further, We are aWare that the polyester has been 
developed and formulated to have high burst resistance to 
resist pressure exerted on the Walls of the container by 
carbonated beverages. Further, some substantial Work has 
been done to improve the resistance of the polyester material 
to stress cracking during manufacturing, ?lling and storage. 
[0010] Beverage manufacturers have long searched for 
improved barrier material. In larger part, this research effort 
Was directed to carbon dioxide (CO2) barriers, oxygen (O2) 
barriers and Water vapor (H2O) barriers. More recently 
original bottle manufacturers have had a signi?cant increase 
in sensitivity to the presence of beverage extractable or 
beverage soluble materials in the resin or container. This 
Work has been to improve the bulk plastic With polymer 
coatings or polymer laminates of less permeable polymer to 
decrease permeability. HoWever, We are unaWare of any 
attempt at introducing into bulk polymer resin or polyester 
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material of a beverage container, an active complexing 
compound to improve barrier properties or to trap Water 
soluble material to prevent their extraction or elution into the 
carbonated beverage. 

[0011] Even With this substantial body of technology, 
substantial need has arisen to develop biaxially oriented 
thermoplastic polymer materials for beverage containers 
that can substantially reduce the passage of permeants in the 
extractable materials that pass into beverages intended for 
human consumption. 

BRIEF DISCUSSION OF THE INVENTION 

[0012] I have found that the barrier or trapping properties 
of polymeric beverage bottles preferably polyole?n or poly 
ester biaxially oriented polymeric beverage container can be 
improved. Speci?cally, the resistance to extraction of 
soluble materials from the bulk polymer into the beverage, 
can be improved, Without any important reduction and 
clarity, processability or structural properties, through the 
use of a modi?ed cyclodextrin or compatible cyclodextrin 
derivative incorporated into or coated on the beverage 
container polymer material. We have found that the cyclo 
dextrin material can increase the barrier properties of the 
polymer material by trapping permeants in an internal 
hydrophobic space in the cyclodextrin molecule. Further, 
any small molecule or oligomer impurity present in the 
container thermoplastic, that can be extracted by the bever 
age, can also be trapped in the cyclodextrin before the 
impurity material can migrate to the beverage. 

[0013] In this technology, the cyclodextrin material can be 
incorporated, dispersed or suspended in the bulk polymer 
used to make the plastic bottle, the cyclodextrin can be 
incorporated, suspended or dispersed in a second thermo 
plastic layer than can be coextruded With the thermoplastic 
material forming the bottle. Lastly, the cyclodextrin material 
can be used in an aqueous or solvent based liquid coating 
material that can be added to the bottle in the preform stage 
or in the fully formed bottle stage. Preferred containers 
comprise a high density polyethylene milk container and a 
PET/polyacrylonitrile bilayer bottle or container. 

[0014] Preferably the cyclodextrin material is used in the 
form of a compatible derivatiZed cyclodextrin. The cyclo 
dextrin molecule Without a compatible substituent often is 
not suf?ciently compatible in the bulk polymer material to 
result in a clear, useful trapping or barrier layer in the 
packaging material. The compatible cyclodextrin derivative 
is a compound substantially free of an inclusion complex. 
For this invention, the term “substantially free of an inclu 
sion complex” means that the quantity of the dispersed 
cyclodextrin material in the bulk polymer contains a large 
fraction having cyclodextrin free of a polymer contaminant, 
a permeant or other inclusion compound in the interior of the 
cyclodextrin molecule. A cyclodextrin compound is typi 
cally added and blended in the bulk polymer Without any 
inclusion compound but some complexing can occur during 
manufacture. Such complexing can occur as polymer impu 
rities and degradation materials become the inclusion com 
pound in a cyclodextrin inclusion complex. 

[0015] The preferred cyclodextrin is a derivatiZed cyclo 
dextrin having at least one substituent group bonded to the 
cyclodextrin molecule that is compatible With the bulk 
polymer. Cyclodextrin is a cyclic dextrin molecule having 
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six or more glucose moieties in the molecule. Preferably, the 
cyclodextrin is an alpha cyclodextrin (ot-CD), a beta cyclo 
dextrin ([3-CD), and delta cyclodextrin (6-CD) or mixtures 
thereof. We have found that the derivatiZation of the cyclo 
dextrin molecule results in improved blending into the 
thermoplastic bulk polymer With no loss in clarity, process 
ability, or structural or packaging property in the bulk 
polymer. The substituents on the cyclodextrin molecule are 
selected to possess a composition, structure and polarity to 
match that of the polymer to ensure the cyclodextrin is 
sufficiently compatible in the polymer material. Further, I 
have found that derivatiZed cyclodextrin can be blended into 
thermoplastic polymer, formed into semirigid or rigid con 
tainers of the invention using conventional thermoplastic 
bloW molding/thermoforming manufacturing techniques. 
Lastly, We have found that the cyclodextrin material used in 
a variety of aspects of the invention, can be used in forming 
such thermoplastic beverage containers Without any sub 
stantial reduction in structural properties. 

[0016] The ?rst aspect of the invention comprises a ther 
moplastic polymer pellet having a major proportion of the 
thermoplastic beverage polyester material having a suf? 
cient amount of the cyclodextrin material to improve barrier 
properties and to serve as a trap for polymer impurities. A 
second aspect of the invention comprises a thermoplastic 
beverage container comprising a thermoplastic polyester 
having a major proportion of the polymeric material and a 
minor but effective amount of the cyclodextrin material to 
improve barrier properties and to act as a trap for polymer 
impurities. The third aspect of the invention comprises a 
beverage container comprising a major proportion of a 
structural thermoplastic polymer having a second laminate 
layer comprising a thermoplastic layer comprising a ther 
moplastic polymer and an effective amount of a cyclodextrin 
material to improve barrier properties to the beverage con 
tainer and to act as a trap for polymer purities in the laminate 
structure of the beverage container. A last aspect of the 
invention comprises a beverage container comprising a 
thermoplastic structure having an internal coating compris 
ing a ?lm forming material having an effective amount of a 
cyclodextrin material that can provide and improve barrier 
properties or act as a trap for the impurities in the beverage 
container. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a graphical representation of the dimen 
sions of the cyclodextrin molecule Without derivatiZation. 
The central pore comprises the hydrophilic space or volume 
Within the cyclodextrin molecule that can be the site for 
absorption of a permeant or contaminant. The alpha, beta 
and gamma cyclodextrins are shoWn. 

[0018] FIG. 2 is an isometric vieW of a tWo liter polyester 
bottle having a second layer on the thermoplastic comprising 
a polymer and an effective amount of cyclodextrin deriva 
tive. 

DETAILED DISCUSSION OF THE INVENTION 

[0019] We have found that useful engineering thermoplas 
tic polymer resins can be improved for applications involv 
ing packaging beverages. We have found that a modi?ed 
cyclodextrin material With the polymer obtains has 
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improved barrier properties and a reduced tendency to 
release polymer residue by extraction into the bulk beverage 
liquid. The polyester material useful in common engineering 
plastics of the invention is a condensation/polymeriZation 
product of a diacid and a polyol. The product preferably 
employs an aromatic compound diacid such as a phthalate or 
naphthalate. The major diacids used in the polymers of the 
invention are terephthalic acid (1,4-benZyene dicarboxylic 
acid) or 2,6-naphthalene dicarboxylic acid. HoWever, other 
phthalic acids and naphthalene dicarboxylic acids can be 
used such as orthophthalic acid, 1,7-naphthalene dicarboxy 
lic acid etc. Polyesters are typically referred to as aromatic 
aliphatic or aromatic according to the copolymeriZed diol. 
Thus, polyethylene terephthalate chemical abstract No. 
25038-59-9 (PET), poly (butylene terephthalate) chemical 
abstract No. 24968-12-5 (PBT) and related polymers are 
termed aromatic-aliphatic polyesters. Poly(bisphenol A-ph 
thalate) is called an aromatic polyester resin or a polyarlate 
resin. PET, PBT and poly (ethylene-2,6-naphthalene dicar 
boxylate resins) (PEN) are the largest volume aromatic 
aliphatic products. Other aromatic aliphatic products include 
Eastman Kodak’s Kodar® resin Which is a PET resin 
modi?ed With isophalate and dimethyl cyclohexane. Pol 
yarlate resins are a loWer volume special resins for high 
temperature (HDT) end uses. A preferred polyethylene 
terephthalic resin is typically made by a transesteri?cation 
reaction of dimethyl terephthalate With ethylene glycol or 
1,4-butane diol in the presence of a trace amount of a metal 
ion catalyst. 

[0020] The methanol byproduct from the transesteri?ca 
tion is collected overhead and the neat resin is extruded from 
the reactor in a batch of continuous process. The product 
PET resin has an intrinsic viscosity (1]) that ranges from 
about 0.72-0.85 dL/g. Often bottle grade PET resin, during 
manufacture, is heated under inert ambient atmosphere to 
promote further polymeriZation in the resin. 

[0021] Polyester bottles are typically produced by injec 
tion bloW molding. TWo manufacturing techniques are typi 
cally used. In one method, a preform is made by injection 
mold techniques in a preformed shape having the neck and 
screW-cap portion of the bottle in approximately useful siZe 
but having the body of the preform substantially smaller 
than the ?nal bottle shape. A single component or bilayer 
preform can be used. The preform is then inserted into a 
bloW molding machine Where it is heated and then bloWn 
into the appropriate shape. Alternatively, the resin can be 
injection beloW molded over a steel-core rod. The neck of 
the bottle is formed With the proper shaped received closures 
(cap) and resin is provided around the temperature condi 
tioned rod for the bloWing step. The rod With the resin is 
indexed into the molding and the resin is bloWn aWay from 
the rod against the mold Walls. The resin cools in contact 
With the mold While into the transparent bottle. The ?nished 
bottle is ejected and the rod is moved again in the injection 
molding station. This process is favored for single cylindri 
cal bottles but typically can not be used to introduce com 
plex shapes such as handles into a bottle. 

[0022] The most common machine involves a four station 
apparatus that can inject resin, bloW the resin into the 
appropriate shape, strip the formed container from the rod 
and recondition the core rod prior to the repeat of the 
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process. Such containers are typically manufactured With the 
closure ?tment portion comprising a threaded neck adapted 
to a metal screW cap. The bottle bottom typically has a lobed 
design such as a four lobe or ?ve lobe design to permit the 
bottle be placed in a stable upright position. Alternatively, 
the molded bottles, having a hemispherical bottom, can be 
adhesively bonded to a polyethylene or polypropylene base 
cut to provide placement stability. 

Cyclodextrin 

[0023] The thermoplastic ?lms of the invention contain a 
modi?ed substituted or derivatiZed cyclodextrin having pen 
dent moieties or substituents that render the cyclodextrin 
material compatible With the thermoplastic polyester poly 
mer. For this invention, compatible means that the cyclo 
dextrin material can be uniformly dispersed into the melt 
polymer, can retain the ability to trap or complex permeant 
materials or polymer impurity, and can reside in the polymer 
Without substantial reductions in polymer ?lm barrier prop 
erties or container forming characteristics. Compatibility 
can be determined by measuring polymer characteristics 
such as tensile strength, tear resistance, etc., permeability or 
transmission rates for permeants, surface smoothness, clar 
ity, etc. Qualitative compatibility screening can be obtained 
by preparing 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 ?ve mm. 
Incompatible cyclodextrin materials Will not disperse uni 
formly in the melt and can be seen in the transparent melt 
polymer immediately upon extrusion from the extrusion 
head. We have found the incompatible cyclodextrin can 
degrade at extrusion temperatures and produce a character 
istic “burnt ?our” odor in an extrusion. Further, We have 
found that incompatible cyclodextrin can cause substantial 
melt fracture in the extrudate Which can be detected by 
visual inspection. Lastly, the extrudate can be cut into small 
pieces, cross-sectioned and examined using an optical 
microscope to ?nd incompatible cyclodextrin clearly visible 
in the thermoplastic matrix. 

[0024] Cyclodextrin is a cyclic oligosaccharide consisting 
of at least ?ve, preferably six glucopyranose units joined by 
0&(1Q4) linkages. Although cyclodextrin With up to tWelve 
glucose residues are knoWn, the three most common 
homologs (O. cyclodextrin, [3 cyclodextrin and y cyclodex 
trin) having 6, 7 and 8 residues have been used. 

[0025] Cyclodextrin is produced by a highly selective 
enZymatic synthesis. They commonly consist of six, seven, 
or eight glucose monomers arranged in a donut shaped ring, 
Which are denoted 0t, [3, or y cyclodextrin respectively (See 
FIG. 1). The speci?c coupling of the glucose monomers 
gives the cyclodextrin a rigid, truncated conical molecular 
structure With a holloW interior of a speci?c volume. This 
internal cavity, Which is 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 hydrogen halides, 
carboxylic acids and their esters, etc.). The complexed 
molecule must satisfy the siZe criterion of ?tting at least 
partially into the cyclodextrin internal cavity, resulting in an 
inclusion complex. 
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CYCLODEXTRIN TYPICAL PROPERTIES 

PROPERTIES OL-CD [5-CD y-CD 

Degree of 6 7 8 
Polymerization 

Molecular Size 

inside diameter 5.7 7.8 9.5 
outside diameter 13.7 15.3 16.9 
height 7.0 7.0 7.0 
Speci?c Rotation [(1125]D +1505 +1625 +1774 
Color of iodine Blue Yellow YelloWish 
complex BroWn 
Solubility in Water 
(g/lOO ml) 25° C. 

Distilled Water 14.50 1.85 23.20 

[0026] The oligosaccharide ring forms a torus, as a trun 
cated cone, With primary hydroxyl groups of each glucose 
residue lying on a narroW end of the torus. The secondary 
glucopyranose hydroxyl groups are located on the Wide end. 
The torus interior is hydrophobic due to the presence of 
methylene (—CH2—) and ether (—O—) groups. The parent 
cyclodextrin molecule, and useful derivatives, can be rep 
resented by the folloWing formula (the ring carbons shoW 
conventional numbering) in Which the vacant bonds repre 
sent the balance of the cyclic molecule: 

R1=Primary Hydroxyls 
R2=Seconday Hydroxyls 

n 

[0027] Wherein R1 and R2 are primary or secondary 
hydroxyl respectively as shoWn. 

[0028] Cyclodextrin molecules have available for reaction 
With a chemical reagent the primary hydroxyl at the six 
position, of the glucose moiety, and at the secondary 
hydroxyl in the tWo and three position. Because of the 
geometry of the cyclodextrin molecule, and the chemistry of 
the ring substituents, all hydroxyl groups are not equal in 
reactivity. HoWever, With care and effective reaction condi 
tions, the cyclodextrin molecule can be reacted to obtain a 
derivatiZed molecule having all hydroxyl groups derivatiZed 
With a single substituent type. Such a derivative is a per 
substituted cyclodextrin. Cyclodextrin With selected sub 
stituents (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 desired. Further 
directed synthesis of a derivatiZed molecule With tWo dif 
ferent substituents or three different substituents is also 
possible. These substituents can be placed at random or 
directed to a speci?c hydroxyl. For the purposes of this 
invention, the cyclodextrin molecule needs to contain suf 
?cient thermoplastic compatible substituent groups on the 
molecule to insure that the cyclodextrin material can be 
uniformly dispersed into the thermoplastic and When formed 
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into a clear ?lm, sheet or rigid structure, does not detract 
from the polymer physical properties. 

[0029] Apart from the introduction of substituent groups 
on the CD hydroxyl other molecule modi?cations can be 
used. Other carbohydrate molecules can be incorporated into 
the cyclic backbone of the cyclodextrin molecule. The 
primary hydroxyl can be replaced using SN2 displacement, 
oxidiZed dialdehyde or acid groups can be formed for further 
reaction With derivatiZing groups, etc. The secondary 
hydroxyls can be reacted and removed leaving an unsatur 
ated group to Which can be added a variety of knoWn 
reagents that can add or cross a double bond to form a 

derivatiZed molecule. Further, one or more ring oxygen of 
the glycan moiety can be opened to produce a reactive site. 
These techniques and others can be used to introduce 
compatibiliZing substituent groups on the cyclodextrin mol 
ecule. 

[0030] The preferred preparatory scheme for producing a 
derivatiZed cyclodextrin material having a functional group 
compatible With the thermoplastic polymer involves reac 
tions at the primary or secondary hydroxyls of the cyclo 
dextrin molecule. Broadly We have found that a broad range 
of pendant substituent moieties can be used on the molecule. 
These derivatiZed cyclodextrin molecules can include acy 
lated cyclodextrin, alkylated cyclodextrin, cyclodextrin 
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. The substituent moiety must include a region that 
provides compatibility to the derivatiZed material. 

[0031] Acyl groups that can be used as compatibiliZing 
functional groups include acetyl, propionyl, butyryl, tri?uo 
roacetyl, 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 anhydride, acid chlo 
ride, and Well knoWn synthetic protocols. Peracylated cyclo 
dextrin can be made. Further, cyclodextrin having less than 
all of available hydroxyls substituted With such groups can 
be made With one or more of the balance of the available 
hydroxyls substituted With other functional groups. 

[0032] Cyclodextrin materials can also be reacted With 
alkylating agents to produced an alkylated cyclodextrin. 
Alkylating groups can be used to produce peralkylated 
cyclodextrin using suf?cient reaction conditions exhaus 
tively react available hydroxyl groups With the alkylating 
agent. Further, depending on the alkylating agent, the cyclo 
dextrin molecule used in the reaction conditions, cyclodex 
trin substituted at less than all of the available hydroxyls can 
be produced. Typical examples of alkyl groups useful in 
forming the alkylated cyclodextrin include methyl, propyl, 
benZyl, isopropyl, tertiary butyl, allyl, trityl, alkyl-benZyl 
and other common alkyl groups. Such alkyl groups can be 
made using conventional preparatory methods, such as 
reacting the hydroxyl group under appropriate conditions 
With an alkyl halide, or With an alkylating alkyl sulfate 
reactant. 

Jan. 17, 2002 

[0033] Tosyl(4-methylbenZene sulfonyl) mesyl (methane 
sulfonyl) or other related alkyl or aryl sulfonyl forming 
reagents can be used in manufacturing compatibiliZed cyclo 
dextrin molecules for use in thermoplastic resins. The pri 
mary —OH groups of the cyclodextrin molecules are more 
readily reacted than the secondary groups. HoWever, the 
molecule can be substituted on virtually any position to form 
useful compositions. 
[0034] Such sulfonyl containing functional groups can be 
used to derivatiZe either of the secondary hydroxyl groups or 
the primary hydroxyl group of any of the glucose moieties 
in the cyclodextrin molecule. The reactions can be con 
ducted using a sulfonyl chloride reactant that can effectively 
react With either primary or secondary hydroxyl. The sul 
fonyl chloride is used at appropriate mole ratios depending 
on the number of target hydroxyl groups in the molecule 
requiring substitution. Both symmetrical (per substituted 
compounds With a single sulfonyl moiety) or unsymmetrical 
(the primary and secondary hydroxyls substituted With a 
mixture of groups including sulfonyl derivatives) can be 
prepared using knoWn reaction conditions. Sulfonyl groups 
can be combined With acyl or alkyl groups generically as 
selected by the experimenter. Lastly, monosubstituted cyclo 
dextrin can be made Wherein a single glucose moiety in the 
ring contains betWeen one and three sulfonyl substituents. 
The balance of the cyclodextrin molecule remaining unre 
acted. 

[0035] Amino and other aZido derivatives of cyclodextrin 
having pendent thermoplastic polymer containing moieties 
can be used in the sheet, ?lm or container of the invention. 
The sulfonyl derivatiZed cyclodextrin molecule can be used 
to generate the amino derivative from the sulfonyl group 
substituted cyclodextrin molecule via nucleophilic displace 
ment of the sulfonate group by an aZide (N3_1) ion. The 
aZido derivatives are subsequently converted into substi 
tuted amino compounds by reduction. Large numbers of 
these aZido or amino cyclodextrin derivatives have been 
manufactured. Such derivatives can be manufactured in 
symmetrical substituted amine groups (those derivatives 
With tWo or more amino or aZido groups symmetrically 
disposed on the cyclodextrin skeleton or as a symmetrically 
substituted amine or aZide derivatiZed cyclodextrin mol 
ecule. Due to the nucleophilic displacement reaction that 
produces the nitrogen containing groups, the primary 
hydroxyl group at the 6-carbon atom is the most likely site 
for introduction of a nitrogen containing group. Examples of 
nitrogen containing groups that can be useful in the inven 
tion include acetylamino groups (—NHAc), alkylamino 
including methylamino, ethylamino, butylamino, isobuty 
lamino, 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. Other 
possible nitrogen containing substituents include dialky 
lamino such as dimethylamino, diethylamino, piperidino, 
piperiZino, quaternary substituted alkyl or aryl ammonium 
chloride substituents, halogen derivatives of cyclodextrins 
can be manufactured as a feed stock for the manufacture of 
a cyclodextrin molecule substituted With a compatibiliZing 
derivative. In such compounds the primary or secondary 
hydroxyl groups are substituted With a halogen group such 
as ?uoro, chloro, bromo, iodo or other substituents. The 
most likely position for halogen substitution is the primary 
hydroxyl at the 6-position. 
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[0036] Hydrocarbyl substituted phosphono or hydrocarbyl 
substituted phosphato groups can be used to introduce 
compatible derivatives onto the cyclodeXtrin. At the primary 
hydroXyl, the cyclodeXtrin molecule can be substituted With 
alkyl phosphato, aryl phosphato groups. The 2, and 3, 
secondary hydroXyls can be branched using an alkyl phos 
phato group. 

[0037] The cyclodeXtrin molecule can be substituted With 
heterocyclic nuclei including pendent imidaZole groups, 
histidine, imidaZole groups, pyridino and substituted pyri 
dino groups. 

[0038] CyclodeXtrin derivatives can be modi?ed With sul 
fur containing functional groups to introduce compatibiliZ 
ing substituents onto the cyclodeXtrin. Apart from the sul 
fonyl acylating groups found above, sulfur containing 
groups manufactured based on sulfhydryl chemistry can be 
used to derivatiZe cyclodeXtrin. Such sulfur containing 
groups include methylthio (—SMe), propylthio (—SPr), 
t-butylthio (—S—C(CH3)3), hydroXyethylthio (—S— 
CHZCHZOH), 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. Such groups 
include hydroXyethyl, 3-hydroXypropyl, methyloXylethyl 
and corresponding oXeme isomers, formyl methyl and its 
oXeme isomers, carbylmethoXy (—O—CH2—CO2H), car 
bylmethoXymethyl ester (—O—CH2CO2—CH3). Cyclo 
deXtrin With derivatives formed using silicone chemistry can 
contain compatibiliZing functional groups. 

[0039] CyclodeXtrin derivatives With functional groups 
containing silicone can be prepared. Silicone groups gener 
ally refer to groups With a single substituted silicon atom or 
a repeating silicone-oxygen backbone With substituent 
groups. Typically, a signi?cantly proportion of silicone 
atoms in the silicone substituent bear hydrocarbyl (alkyl or 
aryl) substituents. Silicone substituted materials generally 
have increased thermal and oXidative stability and chemical 
inertness. Further, the silicone groups increase resistance to 
Weathering, add dielectric strength and improve surface 
tension. The molecular structure of the silicone group can be 
varied because the silicone group can have a single silicon 
atom or tWo to tWenty silicon atoms in the silicone moiety, 
can be linear or branched, have a large number of repeating 
silicone-oxygen groups and can be further substituted With 
a variety of functional groups. For the purposes of this 
invention the simple silicone containing substituent moieties 
are preferred including trimethylsilyl, mixed methyl-phenyl 
silyl groups, etc. We are aWare that certain [3CD and acety 
lated and hydroXy alkyl derivatives are available from 
American MaiZe-Products Co., Corn Processing Division, 
Hammond, Ind. 

[0040] The preferred cyclodeXtrin derivative containing 
polyester beverage containers of the invention are com 
monly made by incorporating the modi?ed cyclodeXtrin into 
a polyole?n or polyester resin that is then formed into a 
useful pellet. The pellet is then formed into a preform shape 
Which is then converted into a biaXally oriented beverage 
container. TWo techniques are typically used in manufactur 
ing the bottles. First, a machine is used that converts the 
resin pellet into a preform formed on a heated rod. After 
conditioning, the preform is bloWn using the rod and in 
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conjunction With the balance of the manufacturing equip 
ment into the bottle. Asecond technique involves forming a 
preform from thermoplastic resin. Removing the resin from 
the preform manufacturing site and transferring the preform 
to a bloW molding apparatus. The preform is then bloWn in 
biaXally oriented into a useful container shape. The con 
tainer can be self-supporting With a lobed bottom or can be 
adhesively bonded to a polyethylene or polypropylene base 
cup support. In an alternative embodiment, the ?nished 
beverage container can be at least a tWo layer laminate 
material. The laminate can contain in one layer a polyester 
material and in a second layer a barrier polymer. The 
derivatiZed cyclodeXtrin material can be in either layer or in 
both layers. In a third embodiment, a beverage container can 
comprise a biaXally oriented beverage container having a 
coating on the interior of the bottle. The coating can be 
placed in the preform having suf?cient thickness to 
adequately cover the interior of the beverage container after 
bloWing. Alternatively, the coating can be formed on the 
interior of the container after bloW molding. 

[0041] RaW material used in any of the thermoforming 
procedures is a pelletiZed thermoplastic polyester or poly 
ole?n. The product of the transesteri?cation reaction pro 
ducing a thermoplastic polyester is in the form of a melt. The 
melt can be easily reduced to a useful pellet or other small 
diameter ?ake or particulate. The ?ake or particulate poly 
ester can then be dried and blended With the derivatiZed 
cyclodeXtrin material until uniform and then melt extruded 
under conditions that obtain a uniform dispersion or solution 
of the modi?ed or derivatiZed cyclodeXtrin and polyester 
material. The resulting polyester pellet is typically substan 
tially clear, uniform and of conventional dimensions. The 
pellet preferably contains about 0.01 to about 10 Wt- % of 
the modi?ed cyclodeXtrin, preferably about 0.1 to about 5 
Wt- % of the modi?ed cyclodeXtrin and under certain 
circumstances, the polyester can contain betWeen 0.5 and 2 
Wt- % of the cyclodeXtrin material. The polyester pellet 
containing the modi?ed cyclodeXtrin material then can be 
incorporated into the conventional preform or parison bloW 
molding techniques. The products of these techniques con 
tain similar proportions of materials. 

[0042] Molecular orientation substantially improves the 
stiffness, ultimate tensile strength, yield strength, impact 
resistance, clarity and permeation resistance of many ther 
moplastic materials. 

[0043] BiaXially oriented PET plastic carbonated soft 
drink bottle Which is produced from polyethylene tereph 
thalate using methods taught in Wyeth et al., US. Pat. No. 
3,733,309 issued May 15, 1973 and entitled “BiaXially 
Oriented Poly (Ethylene Terephthalate) Bottle.” The major 
ity of the biaXially oriented PET beverage bottles are pres 
ently being produced by the so-called tWo stage “reheat 
bloW” method, using a separate machine for each stage. In 
a ?rst stage injection molding machine, PET parisons or 
preforms are ?rst injection molded in a cooled mold, at melt 
temperatures of about 540° E, which is above the polymers 
melting point, and then cooled doWn and removed from the 
injection molding machine for later use as feed stock to a 
separate second stage reheat-bloW machine, Where the biaXi 
ally oriented bottle is produced. Upon entering the reheat 
bloW machine, the cold parisons, Whose shape resembles 
that of a test tube having a threaded bottle neck ?nish at its 
open ended top, are heated uniformly in an oven to its 
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orientation temperature, Which for PET is about 190° F. to 
200° F. (Which is below PET’s melting point). The tempera 
ture conditioned parisons are then placed Within cooled 
bottle bloW molds Which clamp the parisons by their necks 
upon closing off the bloW molds. Metal pushrods are then 
inserted and pushed into the parisons through their open 
necks, and the parisons, Whose initial lengths are shorter 
than that of the ?nished bottle, are stretched axially against 
the bottom of the bloW molds to their ?nal lengths, thereby 
effecting axial or longitudinal orientation. Radial or so 
called “hoop direction” orientation is next achieved by 
introducing compressed air inside the axially stretched pari 
sons to expand them outWard and into contact With the 
cooled surfaces of the bottle bloW molds. After cooling 
sufficiently for subsequent handling, the bloW molds open 
and the biaxially oriented bottles are ejected from the 
machine. While this method is suitable for use With orient 
able thermoplastic, it requires a substantial capital invest 
ment in the injection molding machine and the reheat bloW 
machine and its associated parison transfer equipment and 
heating ovens. Furthermore, a considerable amount of 
energy is consumed in reheating the cold parisons in the 
oven, Which adds to the cost of the ?nished oriented articles. 

[0044] The reheating step can be avoided if a so-called 
in-line single stage injection bloW molding process Were 
utiliZed to make biaxially oriented holloW articles using a 
single “hot parison” injection stretch-bloW molding 
machine. In the “hot parison” in-line method, the parison is 
formed by injection molding, cooled to orientation tempera 
ture, and then stretched axially and bloWn radially to its ?nal 
product shape, Without ever being alloWed to cool to room 
temperature. A number of such in-line “hot parison” injec 
tion stretch bloWing methods and apparatus have been 
disclosed in the paten literature and as such constitute the 
prior art. 

[0045] As set forth in A. J. Scalora, US. Pat. No. 3,470, 
282, a hot thermoplastic parison is ?rst formed by injection 
molding the thermoplastic material, at a temperature above 
its melting point, over a generally cylindrical core, called an 
inner sleeve, Which is positioned in the female cavity of an 
injection mold. The parison is then cooled, While on the core 
and Within the injection mold, by suitable cooling means 
located therein, doWn to a narroW temperature range, Which 
includes the preferred orientation temperature of the mate 
rial being processed, said temperature range being relatively 
uniform and covering all points across the thickness and at 
the surfaces of the parison, and said temperature range also 
being beloW the thermoplastic materials homogenous melt 
ing temperature. The narroW temperature range for PET 
parisons Would be about 190° F. to 200° F. After reaching its 
narroW orientation temperature range, the uniformly cooled 
parison is then removed from the injection mold and trans 
ferred, While still on the inner core, to a bloW mold having 
cooling means therein. While in transit, or after being 
positioned Within the closed bloW molds, the parison is 
stretched axially by the outWard extension of a valve located 
Within the inner core over Which the parison had been 
previously molded. Next, the parison is in?ated, While 
positioned Within the bloW molds, thus stretching the pari 
son along a second axis or direction of axial stretching. 
Stretching the thermoplastic parison at its orientation tem 
perature, by longitudinal or axial extension of a valve Within 
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the core rod, and by radial in?ation, sometimes referred to 
as “hoop stretching,” yields a biaxially oriented holloW 
article. 

[0046] The arrangement described above has the virtues of 
simplicity and energy conservation mentioned previously, 
but it cannot operate at the high production rates necessary 
for economical production. For example, the parison must 
?rst be brought to orientation temperature throughout its 
entire thickness. If the metal surfaces of the core and 
injection mold cavity are maintained at temperatures at or 
slightly beloW the orientation temperature range of the 
thermoplastic to be processed, 190° F. to 200° F. for PET, the 
parison Will eventually be cooled to an equilibrium tem 
perature condition corresponding to the desired orientation 
temperature range, across its thickness, Wile it is still in the 
injection mold. HoWever, the rate of cooling of the parison 
Within the injection mold Will be extremely sloW because of 
the small temperature differential betWeen the parison, the 
core, and the mold surfaces. Thus, the speed of operation of 
the apparatus Will be limited by the long injection molding 
cycle required. In contrast, if the core and injection mold 
cavities are maintained at a much loWer temperature, con 
ventionally about 350 to 40° F. for PET, the rate of cooling 
Will be increased substantially, but an uneven temperature 
distribution Will be created across the thickness of the 
parison. Such rapid cooling of the parison, if accomplished 
Within an economical and commercially feasible cycle time, 
Will result in surface temperatures of the parison Which are 
substantially beloW the orientation temperature range of the 
thermoplastic being processed and Will actually approach 
the temperature of the core and the injection mold, While the 
middle or mid-point of the parison Walls Will be substan 
tially above the desired orientation temperature range. 
Therefore, satisfactory orientation Will not be achieved 
during the stretching and bloWing of parisons Which have 
such substantial mal-distributions of temperatures across 
their thickness, major portions of Which lie outside the 
orientation temperature range of the thermoplastic being 
processed. 

[0047] The cycle time limitations resulting from the sloW 
parison or preform cooling inherent in Scalora’s teaching are 
overcome to a certain degree in other subsequently disclosed 
art. For example, in Valyi, US. Pat. Nos. 3,966,378 and 
4,151,248. 

[0048] In US. Pat. No. 3,966,378, a parison is formed on 
a ?rst core in an injection mold, cooled in the injection mold, 
transferred on said ?rst core to a pre-bloW mold and partially 
expanded against the inner surfaces of the pre-bloW mold to 
a shape intermediate that of the parison and that of the 
?nished article. Next, cooling is effected on the ?rst core in 
the pre-bloW mold to a uniform temperature across its 
thickness Within the desired orientation temperature range of 
the thermoplastic being molded. The temperature condi 
tioned parison is then transferred to a second bloW core and 
later transferred to a third mold Where it is axially stretched 
and expanded in the third mold, Which is the ?nal bloW 
mold, to form a holloW biaxially oriented article. Separate 
parisons may be simultaneously injection molded, preb 
loWn, and cooled to orientation temperature, and ?nally 
stretch-bloWn, if multiple sets of cores and molds are 
utiliZed. Because the parison is not conditioned to a uniform 
orientation temperature across its thickness in the injection 
mold, the injection mold can operate at a reasonable and 
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economical production rate. However, the necessity for 
additional prebloW molds and additional cores and transfer 
means greatly complicates the apparatus and requires greater 
capital investment. Furthermore; pre-bloWing to an interme 
diate shape is actually someWhat self-defeating in that it 
sacri?ces the amount of orientation Which may be subse 
quently imparted to the parison, since the degree of orien 
tation Which may be imposed is directly proportional to the 
amount of stretch Which takes place after the parison has 
been brought to the desired orientation temperature, Which 
in this case takes place in the pre-bloW mold. Obviously, the 
amount of orientation-stretching Which can be accomplished 
from stretching the parison’s intermediate shape to its ?nal 
shape is less than if the parison Was stretched, at orientation 
temperature, from its original shape to its ?nal shape. 

[0049] In Valyi, US. Pat No. 4,151,248, the need for 
pre-bloW molds With its attendant sacri?ce in the levels of 
orientation Which may be achieved, is avoided by a method 
for preparing holloW oriented plastic articles Wherein a 
parison is formed and cooled rapidly on a ?rst core in an 
injection mold to an average temperature suited for orien 
tation but having unequal distribution of temperature across 
the Walls of said parison, being cold on the outer surfaces 
and hot in the middle. Next, the cooled parison on said ?rst 
core is transferred to a tempering mold Where it is stripped 
from said ?rst core and deposited in the tempering mold. The 
cooled parison is then conditioned or tempered in the 
temperature controlled tempering mold to equaliZe the tem 
perature distribution across the Walls of the parison and 
attain a uniform temperature distribution corresponding to 
the desired orientation temperature of the thermoplastic 
material being molded. The tempering is aided by insertion 
of a separate stretch-bloW core into and against the parison, 
to provide pressure contact betWeen the parison and the 
tempering mold, thereby speeding heat transfer betWeen the 
tWo. The temperature conditioned parison is then transferred 
on the stretch-bloW core to a third mold, Which is the stretch 
bloW mold, and is ?nally axially stretched by telescoping 
extension of said stretch-bloW core, and then radially 
expanded and cooled in said stretch-bloW mold, to form a 
biaxially oriented holloW article. Because the parison need 
not be conditioned to a uniform orientation temperature 
across its Wall thickness in the injection mold, the parison 
may be removed from the injection mold early, and the 
injection molding step can be operated at a reasonable rate, 
and much faster then otherWise Would be possible. HoWever, 
the necessity for additional cores, molds, and transfer means 
greatly complicates the apparatus and substantially adds to 
the costs. 

[0050] In Marcs, U.S. Pat. No. 3,776,991, a method for 
producing biaxially oriented holloW plastic articles in a 
rotary type injection molding machine is disclosed having at 
least four stations, Wherein a parison is formed on a ?rst core 
Within an injection mold at the injection station, cooled in 
the injection mold to a temperature above the orientation 
temperature, indexed to an interim station on said ?rst core 
Where the parison is prebloWn against the cold surfaces of an 
interim mold, Which is larger than the shape of the original 
parison but smaller than the shape of the ?nal desired article, 
cooled in the interim mold to the optimum orientation 
temperature, indexed on said ?rst core to a bloW station and 
positioned Within the ?nal bloW mold Whose cavity is in the 
shape of the ?nal desired article. The prebloWn parison is 
then axially stretched in the closed ?nal bloW mold by 
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extension by a poppet valve stem located Within said ?rst 
core rod, and ?nally radially expanded outWard to its ?nal 
shape, against the cavity Walls of the bloW mold, and then 
cooled to a suitable ejection temperature. After opening the 
bloW molds, the core rod and biaxially oriented article are 
indexed to an ejection station, Where the biaxially oriented 
article is removed. This method dispenses With the need for 
additional cores taught by the Valyi patents, but still requires 
the use of a pre-bloW, or interim mold and interim mold 
station, With their attendant complexities and high costs. In 
this method there is some sacri?ce of the capability to impart 
high levels of orientation, because the article is stretched less 
in going from the interim shape to the ?nal shape, as 
compared to the stretching possible in other techniques 
Wherein the parison is stretched at orientation temperature 
from the original parison shape to the ?nal article shape. 

[0051] Marcus, US. Pat. No. 4,065,246, teaches another 
injection bloW molding process employing at least three 
stations Wherein the parison is formed on a core in an 
injection mold, cooled to the desired orientation temperature 
range While in the injection mold, transferred on the same 
core to the ?nal bloW mold and alloWed to dWell therein to 
bring the parison to uniform orientation temperature While 
the outer tip of the parison is in contact With a temperature 
controlled stop, and the remainder of the parison, except for 
the inner surface of its tip, is expanded slightly off the core 
to aid in the removal of the ?rst core from said parison, by 
momentarily introducing loW pressure air inside the parison. 
Alternatively, Marcus teaches that lubricant may be used to 
aid in removal of the ?rst core from the parison. Next, the 
?rst core is removed from the partially expanded parison, 
and a second core is inserted and extended outWardly therein 
to stretch the parison longitudinally and thereby axially 
orient the parison. High pressure air is then introduced 
Within the axially stretched parison to expand it radially 
outWard until it contacts the cool surfaces of the bloW mold 
cavity Where it assumes its ?nal shape and is cooled to a 
suitable ejection temperature. The biaxially oriented article 
is then transferred on said second core to an ejection station 
Where it is ejected from the apparatus. This process avoids 
the duplication of molds but requires the duplication of cores 
and transfer means, and extra stations, all of Which add 
complexities and additional costs. 

[0052] The methods disclosed in these patents are typical 
beverage container manufacturing methods. HoWever, any 
method that can conveniently manufacture PET beverage 
container can be used With the pellets of the invention. 

[0053] Similar to the methods shoWn above, a laminated 
bottle can be made having an exterior layer typically com 
prising a thermoplastic With an interior layer comprising a 
barrier polymer. Either the barrier polymer or the polyester 
material or both can contain the modi?ed or derivatiZed 
cyclodextrin material as a permeant trapping molecule or as 
a contaminate trapping molecule. The barrier polymer mate 
rial can be any conventional thermoplastic that can be 
formed With polyethylene terephthalate into a laminate 
beverage container. 

[0054] Thermoplastic materials can be formed into barrier 
?lm layer in the bottle using a variety of processes. These 
methods are Well knoWn manufacturing procedures. The 
characteristics in the polymer thermoplastics that lead to 
successful barrier ?lm formation are as folloWs. Skilled 
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artisans manufacturing thermoplastic polymers have learned 
to tailor the polymer material for thermoplastic processing 
and particular end use application by controlling molecular 
Weight (the melt index has been selected by the thermoplas 
tic industry as a measure of molecular Weight—melt index 
is inversely proportional to molecular Weight, density and 
crystallinity). For bloWn thermoplastic extrusion polyole?ns 
(LDPE, LLDPE, HDPE) are the most frequently used ther 
moplastic polymers, although polypropylene, nylon, nitriles 
and polycarbonate are sometimes used to make bloWn ?lm. 
Polyole?ns typically have a melt index from 0.2 to 3 
grams/10 mins., a density of about 0.910 to about 0.940 
grams/cc, and a molecular Weight that can range from about 
200,000 to 500,000. For biaxially oriented ?lm extrusion the 
polymer most often used are ole?n based—chie?y polyeth 
ylene and polypropylene (melt index from about 0.1 to 4, 
preferably 0.4 to 4 grams/10 mins. and a molecular 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 roll coating of aqueous based acrylic urethane and 
PVDC, etc. dispersions are polymeriZed to an optimum 
crystallinity and molecular Weight before coating. 
[0055] Avariety of thermoplastic materials are also used. 
Such materials include polyacrylonitrile, poly(acrylonitrile 
co-butadiene-co-styrene) polymers, acrylic polymers such 
as the polymethylmethacrylate, poly-n-butyl acrylate, poly 
(ethylene-co-acrylic acid), poly(ethylene-co-methacrylate), 
etc.; cellophane, cellulosics including cellulose acetate, cel 
lulose acetate propionate, cellulose acetate butyrate and 
cellulose triacetate, etc.; ?uoropolymers including polytet 
ra?uoroethylene (te?on), poly(ethylene-co-tetra?uoroethyl 
ene) copolymers, (tetra?uoroethylene-co-propylene) 
copolymers, polyvinyl ?uoride 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 dicarboxylate), poly(butylene-co-tereph 
thalate); polyimide materials; polyethylene materials includ 
ing loW density polyethylene; linear loW density 
polyethylene, high density polyethylene, high molecular 
Weight high density polyethylene, etc.; polypropylene, 
biaxially oriented polypropylene; polystyrene, biaxially ori 
ented polystyrene; vinyl ?lms including polyvinyl chloride, 
(vinyl chloride-co-vinyl acetate) copolymers, polyvi 
nylidene chloride, polyvinyl alcohol, (vinyl chloride-co 
vinylidene dichloride) copolymers, specialty ?lms including 
polysulfone, polyphenylene sul?de, polyphenylene oxide, 
liquid crystal polyesters, polyether ketones, polyvinylbutyrl, 
etc. 

[0056] In making a laminate preform material having an 
exterior layer of a poly(ethylene-terephthalate) and an inte 
rior layer of a barrier polymer, a preform can be made 
through sequential injection molding techniques. The ?rst 
step involves the injection molding of a ?rst preformed 
section. The preform section can comprise either the barrier 
polymer or the polyethylene terephthalate container mate 
rial. The preform can then be transferred to a second station 
Wherein the complimentary polymer is either injection 
molded on the interior of the preform (barrier polymer inside 
PET) or formed on the exterior of the preform (PET over the 
barrier polymer). Such a multi-step formation can also be 
done on a single machine having the appropriate internal 
Working components for such injection molding operations. 
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BetWeen stages in the operation, the preforms must be 
cooled to a suf?cient temperature to permit successful manu 
facture. Additional layers can be used if desired, hoWever, 
the preferably container is a tWo layer construction. The tWo 
or more layer preform material is then subjected to a reheat 
bloW molding operation. The preform is reheated to a 
desirable temperature suf?cient to permit bloW molding into 
the desired shape. Not only does the bloW molding operation 
achieved biaxial orientation of the layers, thereby improving 
strength, but also produces the desired end product, and 
shaped bottom if desired. 

[0057] In the bloW molding operation, the heat source is 
used either in the interior of or around the exterior of the 
bottle preform to reach an appropriate bloW molding tem 
perature. In the preferred embodiment, the injection molded 
by component preform is subject to a ?nal forming operation 
including biaxial orientation through stretch bloW molding 
at a temperature from about at an elevated bloW molding 
temperature that is typically 95-150° C. A isothermal tem 
perature pro?le across the layers of thermoplastic is desired. 
The temperature of bloW molding should be sufficient to 
achieve satisfactory bloW molding of both thermoplastic 
resins. 

[0058] The cyclodextrin materials can be incorporated 
into a barrier cellulosic Web by coating the cellulosic Web or 
a similar structure containing a cellulosic layer With a liquid 
coating composition containing an effective amount of a 
cyclodextrin or substituted cyclodextrin. Such coating com 
positions are typically formed using a liquid medium. Liquid 
mediums can include an aqueous medium or organic solvent 
media. Aqueous media are typically formed by combining 
Water With additives and components that can form a useful 
coatable aqueous dispersion. Solvent based dispersions 
based on organic solvents can be made using knoWn corre 
sponding solvent base coating technology. 

[0059] In forming the barrier layers of the invention, 
coatings can be formed either on a ?lm Which is later 
laminated on a ?lm Which is later laminated onto the 
cellulosic Web or can be coated to form a ?lm on the 
cellulosic Web. Such coating processes involve the applica 
tion of liquid to a traveling cellulosic Web. Such coating 
processes commonly use machines having an application 
section and a metering section. Careful control of the 
amount and thickness of the coating obtains optimiZed 
barrier layers Without Waste of material. Anumber of coating 
machines are knoWn such as tension sensitive coaters, for 
example, coaters using a metering rod, tension insensitive 
coating stations that can maintain coat Weight even as Web 
tensions vary, brush coating methods, air knife coaters, etc. 
Such coating machines can be used to coat one or both sides 
of a ?exible ?lm or one or both sides of a cellulosic Web. 

[0060] Coating machines described above commonly 
apply a liquid composition containing a ?lm forming mate 
rial, additives that can help form and maintain the coating 
composition along With the effective amount of the cyclo 
dextrin or substituted cyclodextrin material. The ?lm form 
ing materials are often called a binder. Such binders exist in 
the ?nal coating as a polymer of high molecular Weight. 
Thermoplastic polymers or crosslinking polymers can both 
be used. Such binders are grouped into certain overlapping 
classes including acrylic, vinyl, alkyl, polyester, etc. Further, 
the compositions described above are materials that can be 
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used in forming the polymer ?lms also have corresponding 
materials that can be used in the formation of aqueous and 
solvent based coating compositions. Such coating compo 
sitions can be made by combining the liquid medium With 
solid materials containing the polymer, the cyclodextrin and 
a variety of useful additives. Commonly, the cyclodextrin 
materials added to the coating composition as part of the 
solids component. The solids present in the coating compo 
sition can contain from about 0.01 to about 10 Wt % of the 
cyclodextrin compound, preferably about 0.1 Wt % to 5 Wt 
%, most preferably about 0.1 Wt % to about 2 Wt % of the 
cyclodextrin material based on the total solids in the solvent 
based dispersion composition. 

[0061] A useful barrier layer can also be made by coating 
the interior of either a preform or a formed container With a 
coating typically made from an aqueous dispersion or sus 
pension of a useful polymer material containing the modi 
?ed cyclodextrin material. In a preferred process, the pre 
form or container is heated to 40° to 80° C., and in coated 
With an aqueous dispersion of a polymer, and dried. 

[0062] The coating is applied at a temperature of 40° to 
100° C., preferably 50° to 90° C. If the temperature is beloW 
40° C., little advantage is obtained compared With coating a 
preform at a room temperature Where only a very thin 
coating, eg about 3 pm thickness, of insuf?cient adhesion 
is obtained. If the preform is heat to above 90° C., then 
crystalliZation is likely to be induced Which impairs satis 
factory conversion of the preform into a biaxially oriented 
container during the bloW molding operation and also gives 
rise to distortion of the container as a result of uneven 
relaxation of molding strains. 

[0063] NotWithstanding the need to prevent an undue 
degree of bulk crystalliZation in the preform Which Would be 
caused by heating, it can be bene?cial to encourage surface 
crystalliZation of the preform by pre-treatment With a suit 
able solvent, for example butanone (methyl ethyl ketone). 
Such treatment results in a surface roughness Which aids the 
keying of subsequently applied coatings to the preform. The 
effect is directly proportional to both time and temperature 
of treatment, and With butanone for example a ?ne-scale 
(about 1 pm) roughness, associated With a Well-developed 
spherulitic texture extending 30 to 50 pm inWard from the 
surface, is obtained by treating at 40° to 90° C. for a period 
of 1 to 2 minutes. 

[0064] Other solvents that may be used include acetone, 
chloroform ethyl acetate, m-cresol and trichloroethylene. By 
coating a temperature in the range 40 to 90° C. an adherent 
and uniform coating of greater thickness, eg of the order of 
20 to 30 pm may be produced in a single coating step. If this 
thickness coating is inadequate, the coated perform may be 
given further coats after drying to give the necessary thick 
ness. Preferably the coated article is reheated to 40 to 80° C. 
before applying such further coats. 

[0065] In order to avoid undue heating of the amorphous 
PET during the drying of the aqueous dispersion, Which 
heating could give rise to development of crystallinity in the 
PET preform, the drying is preferably conducted using an 
infra-red heater operating at a temperature beloW 1000° C. 
At operating temperatures beloW 1000° C. the radiation Will 
be absorbed by the Water in the aqueous dispersion Without 
unduly heating the PET preform itself: the Water thus tends 
to act as a ?lter against infra-red radiation. 
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[0066] During the drying step, the preform or bottle may 
be rotated so as to provide even heating and also to provide 
an even thickness coating. Thus a PET preform in the form 
of a tube having one closed end may be mounted With its 
longitudinal axis horiZontal and rotated about this longitu 
dinal axis. 

[0067] If desired multiple coatings may be applied con 
tinuously to the PET. Thus the preform or bottle may be 
mounted With its longitudinal axis horiZontal and rotated 
about the longitudinal axis. As it rotates it is ?rst heated by 
an infra-red heater to 40° to 90° C. and then it picks up a 
coating of the aqueous dispersion from a coating point, eg 
a ?exible doctor knife, then the Water is evaporated off, and 
the coated preform heated to 40° to 90° C., by means of one 
or more infra-red heaters mounted adjacent the rotating 
article so that the coating is dried and the preform reheated 
before one revolution of the preform is completed: hence on 
reaching the coating point on completion of one revolution, 
a further coating of the aqueous dispersion is applied over 
the dried coating. Thus a multilayer coating may be formed 
as a spiral on the preform. 

[0068] The coating may be applied to the interior or 
exterior surface and may be applied by spraying or dip 
coating. 
[0069] We have found coating the interior to be advanta 
geous particularly Where the resultant bottle is intended to 
contain carbonated beverages. Thus it presents a barrier 
layer betWeen the beverage and bottle Wall and so reduces 
the amount of carbon dioxide absorbed by the polyethylene 
terephthlate itself. This enables thinner coatings to be 
employed to achieve a speci?ed carbon dioxide loss. Thus, 
in some cases, it is possible to employ a coating on the 
interior of the preform of thickness only half that Which 
Would be required on the outside of the preform to give a 
similar carbon dioxide loss. 

[0070] Furthermore, When used to make bottles for car 
bonated beverages, there is a tendency for the carbon 
dioxide diffusing through the bottle Wall to cause an exterior 
coating to lose adhesion after a period of time giving rise to 
blisters. In contrast, a coating on the interior surface Will be 
held ?rmly in place, even if the adhesion is lost for some 
reason, by the pressure of the carbonated liquid. 

[0071] The polymer dispersion may be any of those that 
are customarily employed for application of barrier coatings 
to plastic materials. Preferably it is an aqueous dispersion of 
a copolymer of vinylidene chloride With acrylonitrile and/or 
methyl acrylate optionally containing units derived from 
other monomers such as methyl methacrylate, vinyl chlo 
ride, acrylic acid or itaconic acid. Particularly useful 
vinylidene chloride copolymers are those containing 5 to 
10% by Weight of units derived from acrylonitrile and/or 
methyl acrylate, and optionally containing up to 10% by 
Weight of units derived from an unsaturated carboxylic acid 
such as acrylic acid. The dispersions may preferably contain 
surfactants such as sodium alkyl sulphonates. 

[0072] The containers of the invention can be used to 
distribute a variety of beverages including milk (skim, 1%, 
2%, chocolate), orange juice, carbonated beverages, Water, 
?avored Water, carbonated Water, beer, mixed alcoholic 
drinks, distilled spirits, Wines, 200 proof grain or absolute 
alcohol; fruit juices such as apple, tomato, pear, etc.; dis 
tilled Water, etc. 
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DETAILED DESCRIPTION OF THE DRAWINGS 

[0073] FIG. 1 is a generally isometric vieW of a concep 
tual representation of the dimensions of the various cyclo 
dextrin molecules. FIG. 1 shoWs an 0t, [3 and y cyclodextrin 
shoWing the dimensions of the exterior of the cyclodextrin 
ring along With the dimensions of the interior pore volume 
that can act as a trapping site for permeants or polymer 
impurities. VieW 1 shoWs that the primary and secondary 
hydroxyls exist on the edge of the circular form. This 
suggests that the interior of the cyclodextrin is relatively 
hydrophobic and adapted to complex and contain hydropho 
bic molecules. 

[0074] FIG. 2 is a side vieW of a substantially transparent 
tWo liter carbonated beverage container. The container gen 
erally shoWn at 20 comprises a body 22, a base 24 and a cap 
portion 26. The overall shape of the container is formed in 
a thermoplastic bloW molding operation. Base 24 is a 
self-supporting base formed during bottle manufacture. 
Such a bottle can contain either a second layer prepared from 
a parison having a second thermoplastic material formed 
during parison formation or can have a second layer derived 
from a liquid coating material. The liquid coating material 
can be either a parison coating or a bottle coating. 

[0075] The foregoing discussion illustrates various 
embodiments of the application under the barrier and trap 
ping properties of the materials of the invention. The fol 
loWing examples and data further exemplify the invention 
and contain a best mode. 

[0076] As a model for beverage containers We made ?lms 
and tested the ?lms for barrier properties. We have found 
that the cyclodextrin material can be melt blended into 
thermoplastic materials smoothly resulting in clear extrud 
able thermoplastic materials With the cyclodextrin materials 
uniformly distributed throughout the thermoplastic. Further, 
We have found that the cyclodextrin derivatives can be 
combined With a broad variety of thermoplastic ?lms. The 
cyclodextrin materials can be incorporated into the ?lms in 
a broad range of cyclodextrin concentrations. The cyclodex 
trin containing thermoplastic materials can be bloWn into 
?lms of varying thickness and can be bloWn free of melt 
fracture or other ?lm or sheet variation. We have found in 
our experimentation that the barrier properties, ie reduction 
in transmission rate of aromatic hydrocarbons, aliphatic 
hydrocarbons, ethanol and Water vapor can be achieved 
using the cyclodextrin derivative technology. We have also 
found that the use of cyclodextrin materials improve the 
surface properties of the ?lm. The surface tension of the ?lm 
surface and surface electrical properties Were also improved. 
Such a result increases the utility of the ?lms of the 
invention in coating, printing, laminating, handling, etc. In 
initial Work We have also found (1) several modi?ed cyclo 
dextrin 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 ?lm. (2) Unmodi?ed [3CD 
adversely affects transparency, thermal stability, machinabil 
ity, and barrier properties of the ?lm. Conversely, selected 
modi?ed [3CD (acetylated and trimethylsilyl ether deriva 
tives) have no affect on transparency and thermal stability. 
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The machinability of the extruded plastic material is effected 
someWhat causing some surface defects, thereby reducing 
the barrier properties of the ?lm. (3) Films containing a 
modi?ed [3CD composition (1% by Weight) reduce aromatic 
permeants by 35% at 72° F. and 38% at 105° F; aliphatic 
permeants Were reduced by only 9% at 72° F. These results 
Would improve signi?cantly if Worst case shelf-life testing 
conditions Were not used to test the ?lms. (4) Complexation 
rates Were different for aromatic and aliphatic permeants. 
Films containing modi?ed [3CD had better complexation 
rates for aromatics (gasoline-type compounds) than aliphatic 
(printing ink-type compounds). Conversely, ?lm coating had 
signi?cantly better complexation of aliphatic compound 
than aromatic compounds. (5) [3CD containing acrylic coat 
ings Were the star performers reducing aliphatic permeants 
from 46% to 88%, While aromatics Were reduced by 29%. 

Qualitative Preparation 

[0077] Initially, We produced four experimental test ?lm 
models. Three of the ?lms contained [3-cyclodextrin [3CD at 
loading of 1%, 3% and 5% (Wt/Wt.) While the fourth Was a 
control ?lm made from the same batch of resin and additives 
but Without [3CD The 5% loaded [3CD ?lm Was tested for 
complexation of residual organic in the test ?lm. Even 
though [3CD Was found to effectively complex residual 
organics in the linear loW density polyethylene (LLDPE) 
resin, it Was incompatible With the resin and formed [3CD 
particle agglomerations. 

[0078] We have evaluated nine modi?ed [3cyclodextrins 
and a milled [3-cyclodextrin (particle siZe 5 to 20 microns). 
The different cyclodextrin modi?cations Were acetylated, 
octanyl succinate, ethoxyhexyl glycidyl ether, quaternary 
amine, tertiary amine, carboxymethyl, succinylated, ampho 
teric and trimethylsilyl ether. Each experimental cyclodex 
trin (1% loading Wt/Wt) Was mixed With loW density poly 
ethylene (LLDPE) using a Littleford mixer and then 
extruded using a tWin screW Brabender extruder. 

[0079] The nine modi?ed cyclodextrin and milled cyclo 
dextrin LLDPE pro?les Were examined under an optical 
microscope at 50X and 200X magni?cation. The micro 
scopic examination Was used to visually check for compat 
ibility 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 resin. 

[0080] Complexed residual ?lm volatiles Were measured 
using cryotrapping procedure to test 5% [3CD ?lm sample 
and three extruded pro?les containing 1% (Wt/Wt) acetylated 
[3CD octanyl succinate [3CD and trimethylsilyl ether. The 
method consists of three separate steps; the ?rst tWo are 
carried out simultaneously While the third, an instrumental 
technique for separating and detecting volatile organic com 
pounds, is conducted after one and tWo. In the ?rst step, an 
inert pure, dry gas is used to strip volatiles from the sample. 
During the gas stripping step, the sample is heated at 120° 
C. The sample is spiked With a surrogate (benzene-d6) 
immediately prior to the analysis. BenZene-d6 serves as an 
internal QC surrogate to correct each set of test data for 
recovery. The second step concentrates the volatiles 
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removed from the sample by freezing the compounds from 
the stripping gas in a headspace vial immersed in a liquid 
nitrogen trap. At the end of the gas-stripping step, an internal 
standard (toluene-d8) is injected directly into the headspace 
vial and the vial is capped immediately. Method and system 
blanks are interspersed With samples and treated in the same 
manner as samples to monitor contamination. The concen 

trated organic components are then separated, identi?ed and 
quantitated by heated headspace high resolution gas chro 
matography/mass spectrometry (HRGC/MS). The results of 
the residual volatile analyses are presented in the table 
beloW: 

TABLE 1 

% Volatile Complexation 
Sample Identi?cation as Compared to Control 

5% [5CD BloWn Film 80 
1% Acylated [5CD Pro?le 47 
1% Octanyl Succinate [5CD Pro?le 0 
1% Trimethylsilyl ether Pro?le 48 
1% [5CD Milled Pro?le 29 

[0081] In these preliminary screening tests, [3CD deriva 
tives Were shoWn to effectively complex trace volatile 
organics inherent in loW density polyethylene resin used to 
make experimental ?lm. In 5% [3CD loaded LLDPE ?lm, 
approximately 80% of the organic volatiles Were com 
plexed. HoWever, all [3CD ?lms (1% and 5%) had an 
off-color (light broWn) and off-odor. The color and odor 
problem is believed to be the result of direct decomposition 
of the CD or impurity in the CD. TWo odor-active com 

pounds (2-furaldehyde and 2-furanmethanol) Were identi?ed 
in the bloWn ?lm samples. 

[0082] Of the three modi?ed compatible CD candidates 
(acetylated, octanyl succinate and trimethylsilyl ether), the 
acetylated and trimethylsilyl ether CD Were shoWn to effec 
tively complex trace volatile organics inherent in the 
LLDPE resin. One percent loadings of acetylated and trim 
ethylsilyl ether (TMSE) [3CD shoWed approximately 50% of 
the residual LPDE organic volatiles Were complexed, While 
the octanyl succinate CD did not complex residual LLDPE 
resin volatiles. Milled [3CD Was found to be less effective 
(28%) than the acetylated and TMSE modi?ed [3CD’s. 

[0083] Plastic packaging materials all interact to some 
degree With the food product they protect. The main mode 
of interaction of plastic packaging of food is through the 
migration of organic molecules from the environment 
through the polymer ?lm 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 environmental conditions such 
as temperature, storage time, and other environmental fac 
tors (e.g., humidity, type of organic molecules and concen 
tration thereof). Migration can have both quality (consumer 
resistance) and toxicological in?uence. The objective of 
packaging ?lm testing is to measure hoW speci?c barriers 
may in?uence the quality of packaged individual foods. To 
simulated accelerated shelf-life testing for loW-Water-activ 
ity food products, the testing Was conducted at a temperature 
of 72° F. and 105° F., and a relative humidity of 60%. These 
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temperature and humidity conditions are probably similar to 
those found in uncontrolled Warehouses, in transit, and in 
storage. 

[0084] If a polymer is moisture sensitive, the relative 
humidity can affect the ?lm’s performance especially in 
loW-Water-activity food products. Because a packaging ?lm 
during actual end-use conditions Will be separating tWo 
moisture extremes, relative humidity in the permeation 
device Was controlled on both sides of the ?lm. The envi 
ronment side, representing the outside of the package, Was 
maintained at 60% relative humidity, and the sample side, 
representing the inside of a package containing a loW-Water 
activity product, at 0.25. 

[0085] A combination of permeants Was used to measure 
the function and performance of the CD. A combination Was 
used to be realistic, since gasoline (principally an aromatic 
hydrocarbon mixture) and printing ink solvents (principally 
an aliphatic hydrocarbon mixture) are not formed from a 
single compound but are a mixture of compounds. 

[0086] The aromatic permeant contained ethanol (20 
ppm), toluene (3 ppm), p-xylene (2 ppm), o-xylene (1 ppm), 
trimethyl-benZene (0.5 ppm) and naphthalene (0.5 ppm). 
The aliphatic permeant, a commercial paint solvent blend 
containing approximately tWenty (20) individual com 
pounds, Was 20 ppm. 

[0087] The permeation test device FIG. 3 consists of tWo 
glass permeation cells or ?asks With cavities of 1200 ml 
(environment cell or feed side) and 300 ml (sample cell or 
permeating side). 
[0088] Experimental ?lm performance Was measured in 
the closed-volume permeation device. High-resolution gas 
chromatograph (HRGC) operated With a ?ame ioniZation 
detector (FID) Was used to measure the change in the 
cumulative penetrant concentration as a function of time. 

Sample-side (food product side) compound concentrations 
are calculated from each compound’s response factor. Con 
centrations are reported in parts per million (ppm) on a 
volume/volume basis. The cumulative penetrant concentra 
tion on the sample-side of the ?lm is plotted as a function of 
time. 

[0089] We produced four experimental test ?lms. Three of 
the ?lms contained [3CD at loading of 1%, 3% and 5% 
(Wt/Wt) While the fourth Was a control ?lm made from the 
same batch of resin and additives but Without [3CD 

[0090] A second experimental technique Was also under 
taken to determine Whether [3CD sandWiched betWeen tWo 
control ?lms Will complex organic vapors permeating the 
?lm. The experiment Was carried out by lightly dusting [3CD 
betWeen tWo control ?lm sheets. 

[0091] The testing shoWed the control ?lm performed 
better than [3CD loaded ?lms. The permeation test results 
also demonstrated the higher the [3CD loading the poorer the 
?lm performed as a barrier. The test results for sandWiching 
[3CD betWeen tWo control ?lms shoWed [3CD being tWice as 
effective in reducing permeating vapors than the control 
samples Without [3CD This experiment supported that CD 
does complex permeating organic vapors in the ?lm if the 
?lm’s barrier qualities are not changed during the manufac 
turing process making the ?lm a less effective barrier. 
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[0092] The 1% TMSE [3CD ?lm Was slightly better than 
the 1% acetylated [3CD ?lm (24% -vs- 26%) for removing 
aromatic permeants at 72° F. adding more modi?ed CD 
appeared to have no improvement. 

[0093] For aromatic permeants at 105° F., both 1% TMSE 
[3CD and 1% acetylated [3CD are approximately 13% more 
effective removing aromatic permeants than 72° F. The 1% 
TMSE ?lm Was again slightly better than the 1% ?lm (36% 
-vs- 31%) for removing aromatic permeants. 

[0094] The 1% TMSE ?lm Was more effective initially 
removing aliphatic permeants than the 1% acetylated [3CD 
?lm at 72° F. But for the duration of the test, 1% TMSE [3CD 
Was Worse than the control While 1% acetylated [3CD 
removed only 6% of the aliphatic permeants. 

[0095] We produced tWo experimental aqueous coating 
solutions. One solution contained hydroxyethyl [3CD (35% 
by Weight) and the other solution contained hydroxypropyl 
[3CD (35 by Weight). Both solutions contained 10% of an 
acrylic emulsion comprising a dispersion of polyacrylic acid 
having a molecular Weight of about 150,000 (Polysciences, 
Inc.) (15% solids by Weight) as a ?lm forming adhesive. 
These solutions Were used to hand-coat test ?lm samples by 
laminating tWo LLDPE ?lms together. TWo different coating 
techniques Were used. The ?rst technique very slightly 
stretched tWo ?lm samples ?at, the coating Was then applied 
using a hand roller, and then the ?lms Were laminated 
together While stretched ?at. The Rev. 1 samples Were not 
stretched during the lamination process. All coated samples 
Were ?nally placed in a vacuum laminating press to remove 
air bubbles betWeen the ?lm sheets. Film coating thick 
nesses Were approximately 0.0005 inches. These CD coated 
?lms and hydroxylmethyl cellulose coated control ?lms 
Were subsequently tested. 

[0096] Areduction in aromatic and aliphatic vapors by the 
hydroxyethyl [3CD coating is greater in the ?rst 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 
[3CD coating; this is believed to be a function of the 
difference in their molecular siZe (i.e., aliphatic compounds 
are smaller than aromatic compounds). Aliphatic permeants 
Were reduced by 46% as compared to the control over the 20 
hour test period. Reduction of aromatic vapors Was 29% as 
compared to the control over the 17 hour test period. 

[0097] The Rev. 1 coated hydroxyethyl [3CD reduced the 
aliphatic permeants by 87% as compared to the control over 
the 20 hour test period. It is not knoWn if the method of 
coating the ?lm Was responsible for the additional 41% 
reduction over the other hydroxyethyl [3CD coated ?lm. 

[0098] The hydroxyethyl [3CD coating Was slightly better 
for removing aromatic permeants than the hydroxypropyl 
[3CD coating (29% -vs- 20%) at 72° F. 

Large Scale Film Experimental Preparation of 
Cyclodextrin Derivatives 

EXAMPLE I 

[0099] An acetylated [3-cyclodextrin Was obtained that 
contained 3.4 acetyl groups per cyclodextrin on the primary 
—OH group. 
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EXAMPLE II 

[0100] Trimethyl Silyl Ether of [3-cyclodextrin 

[0101] Into a rotary evaporator equipped With a 4000 
milliliter round bottom ?ask and a nitrogen atmosphere, 
introduced at a rate of 100 milliliters N2 per minute, Was 
placed three liters of dimethylformamide. Into the dimeth 
ylformamide Was placed 750 grams of [3-cyclodextrin. The 
[3-cyclodextrin Was rotated and dissolved in dimethylforma 
mide at 60° C. After dissolution, the ?ask Was removed from 
the rotary evaporator and the contents Were cooled to 
approximately 18° C. Into the ?ask, 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 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 subse 
quent 20 milliliter portions, etc. until addition is complete. 
After the addition of the TMCS Was complete, and after 
reaction subsides, the ?ask and its contents Were placed on 
the rotary evaporator, heated to 60° C. While maintaining an 
inert nitrogen atmosphere ?oW of 100 milliliters of N2 per 
minute through the rotary evaporator. The reaction Was 
continued for four hours folloWed by removal of solvent, 
leaving 308 grams of dry material. The material Was 
removed from the ?ask by ?ltering, Washing the ?ltrate With 
deioniZed Water to remove the silylation products, vacuum 
oven drying (75° C. at 0.3 inches of Hg) and stored as a 
poWdered material and maintained for subsequent com 
pounding With a thermoplastic material. Subsequent spec 
trographic inspection of the material shoWed the [3-cyclo 
dextrin to contain approximately 1.7 trimethylsilylether 
substituent per [3-cyclodextrin molecule. The substitution 
appeared to be commonly on a primary 6-carbon atom. 

EXAMPLE III 

[0102] An hydroxypropyl [3-cyclodextrin Was obtained 
With 1.5 hydroxypropyl groups per molecule on the primary 
6-OH group of the [3CD 

EXAMPLE IV 

[0103] An hydroxyethyl [3-cyclodextrin Was obtained With 
1.5 hydroxyethyl groups per molecule on the primary 6-OH 
group of the [3CD 

Preparation of Films 

[0104] We prepared a series of ?lms using a linear loW 
density polyethylene resin as a beverage container model. 
[3CD and derivatiZed [3CD such as the acetylated or the 
trimethylsilyl derivative of a [3-cyclodextrin Were used. The 
polymer particles Were dry blended With the poWdered 
[3-cyclodextrin and [3-cyclodextrin derivative material, a 
?uoropolymer lubricant (3M) and the antioxidant until uni 
form in the dry blend. The dry blend material Was mixed and 
extruded in a pellet form in a Haake System 90, %“ conical 
extruder. The resulting pellets Were collected for ?lm prepa 
ration. 



US 2002/0006991 A1 Jan. 17, 2002 
14 

[0105] Table IA displays typical pelletiZing extruder con- [0107] 
ditions. The ?lms were blown in the apparatus of FIG. 2. 
FIG. 2 shows extruded thermoplastic tube 21 exiting the die TABLE II 
22. The tube is collapsed by die 23 and layered by rollers 24 _ _ 

Test Conditions 
into the ?lm 25. The extruded tube 21 is in?ated using air 
under pressure blown through air inlet tube 26. The ther- R011 Sample Temp. Sample Environ. 
moplastic is melted in the extruder. The extruder tempera- ID Number (E) Side Side permeantz 

ture is taken at the mixing Zone 27. The melt temperature is R011 #2 72 Rm % RH Rm % RH Aromatic/Alcohol 
taken in the melt Zone 28 while the die temperature is taken R011 #3 
in the die 29. The extrudate is cooled using an air blown E03 :2 

O cooling stream from the cooling ring 20. The general sche 
. . , , Roll #5 72 Rm ‘7 RH Rm ‘7 RH Aromatic/Alcohol 

mat1c background of FIG. 2 is representative of the Kiefel Ron #8 0 0 

blown ?lm extruder, 40 mm die diameter, used in the actual R011 #7 72 025 AW 60% RH Aromatic/Alcohol 
preparation of the blown ?lm. The ?lm is manufactured RO11#5 

Roll #8 according to the above protocol and reported in Table IB. 
The ?lm was tested for transmission rates at a variety of E23 2 72 '60 AW 30% RH momma/Alcohol 

environmental conditions. Environmental test conditions are R011 #8 
shown below in Table II, R011 #2 105 Rm % RH Rm % RH Aromatic/Alcohol 

Roll #3 
Roll #4 

TABLE IA Ron #5 

. . Roll #6 

0.5% TMSE Pelletizmg 1-19-94 Ron #8 

0 min Torque 4866 meter-gram Rotor 198 rpm R011 #12 _ 
Run Time 13 Sec TOL Torque O0 mkgmin AuX_ 0% Roll #7 105 0.25 Aw 15% RH Aromatic/Alcohol 

Roll #5 
Channels 1 2 3 4 5 6 Roll #8 
Melt Temp 37 41 41 41 41 OC. Roll #13 72 Rm % RH Rm % RH Aromatic/Alcohol 
Set Temp 150 160 160 170 0 0 OC. Roll #14 
Deviation 0 0 0 0 0 0 OC. R011 #9 
Cooling Yes Yes Yes Yes R011 #9 
Pressure 0 0 2739 0 0 psi R011 #11 

Roll #12 

[0106] 

TABLE IB 

Extruded Films (Exxon LL3201) 
Made With Low Density Polyethylene 

Roll Fluoropolymer Extruder Temp. Melt Die Temp. Die 
No. Sample ID Additive1 Zone 3 Temp Zone 3 Lbs./Hr RPM Gap Comments 

1 Control 500 ppm 428 406 406 30.1 50 24 

2 1% Ex. I 1000 ppm 441 415 420 29.7 50 35 

3 1% Ex. I 1000 ppm 441 416 420 28.5 50 35 

4 1% Ex. I 500 ppm 441 415 420 29.9 50 35 

5 1% Ex. I 500 ppm 418 405 414 29.9 50 35 
6 1% Ex. I 500 ppm 421 397 414 29.0 50 35 

7 0.5% Ex. I 500 ppm 421 403 415 29.0 50 35 

8 2% Ex. I 500 ppm 421 404 415 27.7 50 35 Very slight melt fracture 
9 1% Ex. II 500 ppm 421 406 415 28.3 50 35 Particles in ?lm. 

10 1% Ex. II 500 ppm 426 410 415 26.7 50 35 Particles in ?lm. 

11 1% Ex. II 500 ppm 432 415 414 29.0 50 35 Particles in ?lm. Very 

slight yellowing to ?lm. 
12 1% Ex. II 500 ppm 431 414 415 21.5 39 35 Particles in ?lm. 

13 0.5% Ex. II 500 ppm 431 415 415 27.7 50 35 Particles in ?lm. 

14 0.5% Ex. II 500 ppm 425 410 415 28.9 50 35 Particles in ?lm. 

15 2% Ex. II 500 ppm 410 414 415 20.2 38 35 Particles in ?lm. Very 

slight yellowing to ?lm. 
16 2% Ex. II 500 ppm 422 415 415 20.5 38 35 Particles in ?lm. Very 

slight yellowing to ?lm. 
17 2% Ex. II 500 ppm 422 416 415 20.5 38 35 Particles in ?lm. Very 

slight yellowing in ?lm. 

1Also contains 500 ppm Irganox 1010 antioxidant and 1000 ppm IrgaFos 168. 
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TABLE II-continued TABLE II-continued 

Test Conditions Test Conditions 

Roll Sample Temp. Sample Environ. Roll #7 72 Rm % RH Rm % RH Naphtha 
ID Number Side Side Permeant34 Roll #5 

Roll #8 
Roll #15 Roll #12 72 Rm % RH Rm % RH Naphtha 
Roll #16 Roll #15 
Roll #17 
Roll #14 105 Rm % RH Rm % RH Aromatic/Alcohol 27 ppm aromatic plus 20 ppm ETOH. 
Roll #15 37 ppm aromatic plus 20 ppm ETOH. 
10% EX. III 72 0.25 Aw 60% RH Aromatic/Alcohol 440 ppm Naphtha 
in PVdC 

_20% EX- HI [0108] The results of the testing show that the inclusion of 
in PVdC . . . . . 

5% EX_ IH/ 72 Rm % RH Rm % RH Am ma?a / A1 Cohol a COIIIPZIIIblC'CYClOdCXII‘III material in the thermoplastic ?lms 
Acrylic of the invention substantially improves the barrier properties 
10% EX. III/ by reducing transmission rate of a variety of permeants. The 
Acrylic data showing the improvement in transmission rate is shown 

below in the following data tables. 

Comparison of Transmission Rates in 
Modi?ed [5-Cyclodextrin-LDPE Films 

Temperature 720 F. 
Sample Side: Room % RH 
Environment: Room % RH 

Aromatics % Tot. Volitiles % 

Sample Aromatic Improvement Total Volatiles Improvement 
Identi?cation Transmission Rate" Over Control Transmission Rate" Over Control 

Control Film 3.35E-04 0% 3.79E-04 0% 

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) 2.67E-04 20% 3.31E-04 13% 
1.0% CS-001 

(Roll #6) 3.51E-04 —5% 3.82E-04 —1% 

Naphtha % 
Aromatic Improvement 

Sample Identi?cation Transmission Rate" Over Control 

Control Film (Roll #1) 7.81E-03 0% 
0.5% CS-001 (Roll #7) 7.67E-03 2% 
1% CS-001 (Roll #5) 7.37E-03 6% 
2% CS-001 (Roll #8) 6.53E-03 16% 

gm-0.00l in. 
* 100 m2 - 24 hrs. 

Aromatics % Tot. Volitiles % 

Sample Aromatic Improvement Total Volatiles Improvement 
Identi?cation Transmission Rate" Over Control Transmission Rate" Over Control 

Control Film 

(Roll #1) 5.16E-04 0% 5.63E-04 0% 
1.0% CS-001 

(Roll #5) 4.01E-04 22% 5.17E-04 8% 
2.0% CS-001 

(Roll #8) 2.91E-04 44% 3.08E-04 45% 
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—continued 

Naphtha % 
Aromatic Improvement 

Sample Identi?cation Transmission Rate" Over Control 

Control Film (Roll #1) 7.81E-03 0% 
0.5% CS-001 (Roll #7) 7.67E-03 2% 
1% CS-001 (Roll #5) 7.37E-03 6% 
2% CS-001 (Roll #8) 6.53E-03 16% 

gm-0.00l in. 
* 100 m2 -24 hrs. 

Comparison of Transmission Rates in 
Modi?ed [5-Cyclodextrin-LLDPE Films 

Temperature 720 F. 
Sample Side: 0.25 AW 
Environment: 60% RH 

Aromatics % Total T Volatiles % 
Sample Aromatic Improvement Volatiles Trans- Improvement 
Identi?cation Transmission Rate" Over Control mission Rate" Over Control 

Control Film 
(Roll #1) 3.76E-04 0% 3.75E-04 0% 
0.5% CS-001 
(Roll #7) 2.42E-04 36% 2.41E-04 36% 
1% CS-001 
(Roll #5) 3.39E-04 10% 3.38E-04 10% 
2% CS-001 
(Roll #8) 2.48E-04 34% 2.47E-04 34% 

Comparison of Transmission Rates in 
Modi?ed [5-Cyclodextrin-LDPE Films 

Temperature 1050 F. 
Sample Side: Room % RH 
Environment: Room % RH 

Aromatics % T. Volatiles % 
Sample Aromatic Improvement Total Volatiles Improvement 
Identi?cation Transmission Rate" Over Control Transmission Rate" Over Control 

Control Film 

(Roll #1) 1.03E-03 0% 1.13E-03 0% 
1% CS-001 
(Roll #2 5.49E-04 47% 5.79E-04 49% 
1% CS-001 
(Roll #3) 4.74E-04 54% 5.00E-04 56% 
1% CS-001 
(Roll #4) 6.41E-04 38% 6.83E-04 40% 
1% CS-001 
(Roll #5) 5.22E-04 49% 5.54E-04 51% 
1% CS-001 
(Roll #6) 4.13E-04 60% 4.39E-04 61% 
2% CS-001 
(Roll #8) 5.95E-04 42% 6.18E-04 45% 
1% TMSE 
(Roll #12) 8.32E-04 19% 8.93E-04 21% 

gm-0.00l in. 
* 100 m2 -24 hrs. 

Aromatics % T. Volatiles % 
Sample Aromatic Improvement Total Volatiles Improvement 
Identi?cation Transmission Rate" Over Control Transmission Rate" Over 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 #8) 3.96E-04 9% 3.94E-04 16% 

Jan. 17, 2002 
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Comparison of Transmission Rates in 
Modi?ed [5-Cyclodextrin-LDPE Films 

Temperature 720 F. 
Sample Side: Room % RH 
Environment: Room % RH 

Aromatics % T. Volatiles % 
Sample Aromatic Improvement Total Volatiles Improvement 
Identi?cation Transmission Rate" Over Control Transmission Rate" Over Control 

Control Film 3.09E-04 0% 3.45E-04 0% 
0.5% TMSE 
(Roll #13) 2.50E-04 19% 2.96E-04 14% 
0.5% TMSE 
(Roll #14) 2.37E-04 23% 2.67E-04 33% 
1% TMSE 
(Roll #9) 2.67E-04 14% 3.05E-04 12% 
1% TMSE 
(Roll #10) 4.85E-04 —57% 5.27E-04 —53% 
1% TMSE 

(Roll #11) 2.58E-04 17% 2.92E-04 15% 
1% TMSE 
(Roll #12) 2.15E-04 31% 2.55E-04 26% 
2% TMSE 
(Roll #15) 2.54E-04 18% 3.04E-04 12% 
2% TMSE 

(Roll #16) 2.79E-04 10% 3.21E-04 7% 
2% TMSE 
(Roll #17) 2.81E-04 9% 3.24E-04 6% 

gm-0.00l in. 
* 100 m2 -24 hrs. 

Naphtha % 
Aromatic Omprovement 

Sample Identi?cation Transmission Rate" Over Control 

Control Film (Roll #1) 9.43E-03 0% 
1% TMSE (Roll #12) 1.16E-02 —23% 
2% TMSE (Roll #15) 1.56E-02 —65% 

Aromatics % T. Volatiles % 
Sample Aromatic Improvement Total Volatiles Improvement 
Identi?cation Transmission Rate" Over Control Transmission Rate" Over Control 

Control Film 

(Roll #1) 8.36E-04 0% 9.05E-04 0% 
0.5% TMSE 

(Roll #14) 6.77E-04 19% 7.25E-04 20% 
2% TMSE 

(Roll #15) 6.36E-04 24% 6.81E-04 25% 

gm-0.00l in. 
* 100 m2 -24 hrs. 

Comparison of Transmission Rates in 
Modi?ed [5-Cyclodextrin-LDPE Films 

Temperature 720 F 
Sample Side: 0.25 AW 
Environment: 60% RH 

Aromatics % T. Volatiles % 
Sample Aromatic Improvement Total Volatiles Improvement 
Identi?cation Transmission Rate" Over Control Transmission Rate" Over Control 

PVdC Control 6.81E-05 0% 1.05E-04 0% 

PVdC W/10% HP 
B-CyD 1.45E-05 79% 2.39E-05 77% 
PVdC W/20% HP 
B-CyD 9.71E-05 —42% 1.12E-04 —7% 

Jan. 17, 2002 
















