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(57) Abréegée/Abstract:

Thermoplastic polymer compositions, films, containers, laminates and fibers can comprise a modified polymer. The said modified
polymer having a moiety comprising a half-ester reaction product of cyclodextrin and metal and/or organic group covalently bonded
to some portion of the half-acid moleties. The cyclodextrin compound, grafted to the polymer structure, can scavenge impurities,
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(57) Abrege(suite)/Abstract(continued):

permeants, or other undesirable volatile contaminants. The cooperation between the modified polymer's carboxylic acidic groups,
basic groups and grafted cyclodextrin can provide active barrier properties to a film, web, fiber or other polymer structure. A
permeant or a contaminant can be complexed or trapped within the polymer and held within the film, web or fiber preventing the

permeant from passing into the interior of a container, or the contaminant can be scavenged from the enclosed headspace or
surrounding environment.
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(57) Abstract: Thermoplastic polymer compositions, films, containers, laminates and fibers can comprise a modified polymer. The

said modified polymer having a moiety comprising a half-ester reaction product of cyclodextrin and metal and/or organic group cova-

& lently bonded to some portion of the half-acid moieties. The cyclodextrin compound, grafted to the polymer structure, can scavenge
& impurities, permeants, or other undesirable volatile contaminants. The cooperation between the modified polymer’s carboxylic acidic

e\ groups, basic groups and grafted cyclodextrin can provide active barrier properties to a film, web, fiber or other polymer structure.
A permeant or a contaminant can be complexed or trapped within the polymer and held within the film, web or fiber preventing
the permeant from passing into the interior of a container, or the contaminant can be scavenged from the enclosed headspace or
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'AMPHOTERIC GRAFTED BARRIER MATERIALS

Field of the Invention

The invention relates to thermoplastic polymer materials containing
cyclodextrin and an acid/base amphoteric moiety. The invention relates to polymer
materials, films, polymer webs, rigid or semt rigid sheets, barrier coatings and other
forms of useful polymer. The invention also relates to packaging materials,

closures, containers, fibers, non-woven fabrics, and multi-component fibers.

Background of the Invention

The development of high-performance polymer-based packaging materials,
fibers, and structures has allowed the evolution of light-weight, flexible films, rigid
containers, nonwoven structures and other materials that protect the contents against
the 1ngress or egress organic vapors, aromas, moisture, oxygen and other gasses.
The goal is to make the underlying technologies transparent while minimizing the
financial and environmental costs of these products to the final consumer. There is
still a considerable need for polymer materials and packaging systems that provide
longer shelf-life stability under a wide range of storage conditions and food
products. The present invention relates to barrier structures for food packages that
are useful in providing extended product shelf life. The present invention also
relates to porous nonwoven structures for medical, hygiene, filtration, barrier,

industrial, disposable, and durable nonwoven applications that protect the contents-

or people from potentially malodorous, noxious or toxic vapors. Preferred

nonwoven fabrics include hygiene products such as diapers, training pants, feminine
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absorbent articles, and the like; and &S wound dressings; ﬁitraﬁon and barrier
fabrics. Textiles iﬁclude active sports wear, medical or industrial garment
applications. Unique high surface area nonwoven pduicig ng materials used to
remave, for example lipid omdatmn by--pmducts to extend food shelf life.
5 ) | The packagmg industry is an aftractive market with incredible numbers of
‘techmeal challenges, eg., ﬂavor loszes by scalpmg, tamung by off-odors and - :
flavors, oxygen Ingress, odor control, photodegradatmn (Ioss uf value due to hght
sensmvfry) loss of mmsture 50 urce reduction/waste recyclmg and
enmonmental/somal cons1demnons Ag ﬁmdamental polymer sclence mnovatmns
10 mcrease tha applications for new packagmg expand cnmlderably as well as the
| complc:uty of the solutmns thereby prcmdmg A ever-gmmng mm‘ket for
mnovatzons The explmtatlon of oleﬁn polymers as & packagmg matenal has
' pwvxded substantml advantages to producers, retailers and CONSUMErs Over ,
traditional glass aluminum and metal matenals smce 1ts mtroductmn in the 1950’s.
15, The dnvmg fome for mnevanon has been to develop convenient and h'ansportabla
packagm g to meet consumer’s: demand while contmmng to improve the finmctional '
: pmpemes for protec’rmg fl’BShI'LBSn, quahty and safety at an affordable pn ce by usmg '
‘ . more mnovatwe technol ogies, complex mai'enals z-md Strnctures : \
Globahzatmn of the foad mdustry and their packaging suppliers is presenlmg
) challenges from a regulatory stsndpomt as materials to be exported must meet the
: reqmrements crf whatever country to whl ch the pro duct is to be shipped. For the
packagma mncwator mtroducmg novel packagmg techn010gles repreaents a masswe |
protracted and costly undertakmg The regu[atory agencxes reqmre that the
ma.tenals whwh are bemg Imarn ufacrured, meet strin gent safety standards for both
25 human exp osure and the environment. | | ‘

Packagmg mate.nals have been the target of envuonmenta[ and consumer |
actlwst groups as bemg A major ccntnbutar to the sohd waste stream, these matenals
make up over one-third of the total waste pensrated in the United States. In many ?
Cases, manufacturers want to achieve source reductmn and cost reductlon by

30 : combmmg polyoleﬁn layers of different barrier matenals (e.g., nylon,
polyvinylidene chlonde PVDC' ethylene viny] alcohol - EVOH etc,) to achleve
the desired barrier propemes and gauge metallization of packagmg films is yet
another techmque. In some cases, these approaches create incompatibility problems

for pre-consumer m-—pla:nt scrape recyecle and for post-consumer plastic recycle
o .. , .

'AMENDED SHEET
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streams. Envlmnmental considerations clearly mﬂuence current packagmg

: technolo gies and will certainly continue to do so in the future.

- - "

In today’s compeuuve mancens, ail iechnology mm, IS af g,_ en by

intense competition and therefore must meet the costs constraints and targets of the :

industry. The principal cost drivers in today’s packagmg ate the raw matenals The
value new, mnovatwe technology brmgs to the package must be we1 ghed agamst the

added cost. .
: Pclymers are used as protective barriers agalnst malodomus noxious and

toxw chemmals Appro)umately 60,000 chem:cals and 2000 haz.ardous chemmals

85 deemed by the Umted States Departcnent of Transportatmn are produced n the

mted States every year Greater than four billion tons of these chemcals are

transpurted ammally HazMat (hazardous matenals) smts pmmde protec‘qon for the

handlers of these chermcals. First responders, i.e. ﬁr&rescue require HazMat smrs ,

to respond to mdustna] acmde:nts mvolvmg the aforemennoned chemlcals and due to

the threat of tarmnsm, fbrexgn or domestic Both Iaw enforcement and the mlhtaxy

also use HazMat su1ts in readymg for preparedness for chemmal attacks

Brlef Descrmhon of the Inventwg

: The mventlon relates to novel functional polyoleﬁn compo sitions and structures that |

contain cyclodextnn mo1enes pendant on the polymer. The term "ﬁmcﬁonal
polymer"” has two memungs ( I) a polymer beanng ﬁmchonal groups (such as R |
carboxyl or anhydnde groups) WhICh make the pcsl)rmer reactwe or(2) a pol}'mer

:perfonnmg ;| sp ecific ﬁmc‘aon for which it is prnduc:ed and used. The ﬁmctwn m

the latter case 1s a chemlcal ﬁmcnon that allows the polymer S reactive ﬁ.tuctmnal

groups to undergo chemmai reactions with permeatmg chemical species. A

' ﬁmz:tmnal polymer i 1s 'a polymer that exhibits speclﬁed cbermcal reacnwty " The: -

funcuOnaI groups of the poiymer relates to the Sp ecxﬁc functions. More |
pamcularly, this mventxon relates toa polyoleﬁn COTMpUSHLE & reaction pmduct of :-i
fanctionalized pclyoleﬁn and cytlodextnn in which the cyclo dexmn 15 grafted onto
the ﬁmcuonallzed polyolefin. Traditionsl mixing apparatus can be used for the
conversion, Ey gaﬁed, a functional gmﬁb such as hyﬂroxyl functionality of the
cyclodextrn reacts thh a reactivé tunctional gmﬁpﬁ ém the pblymer to form a b'ond |
between the cyclodextnn and the polymer In a preferred mode, an anhydnde

camponent of the ﬁmctwnshzed polyoleﬁn can be uscd to form a reaction product
| :

AMENDED SHEET
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For example, a primary hydmxyl on the cyclodextnn reacts with a maleic anhydnde
moiety under conditions that convert substantially all anhyﬂnde groups to a half

ester and 2 halfacid. In its most sreferred smbodimeni, ydroxyl groups from

Sy b e —

' cyclodextrin and 2 metal or an inorganic or organic base reacting with some portion

of the acidic.functional group following conversmn of the anhydride groups to a half
ester on the polymer provide a novel functional polymer that
complexe:sxscavenges/absorbs abend array of maludorous noxious or toxic
permeant vapors. The polymer of the invention can be fuctlonahzed with cither a
metal base or a cyclo dextrm Both the metal and the cyclodexmn have activity m
the invention. Some of the half-acxd Eroups that react Wlth s metal base (e.z.,
calcmm b1carbonate calcmm hydroxlde etc.) convezt the carboxyl groups to

- narboxy]ates. Tmnsﬂwn and alkmne earth (1 e., group 2 metals) metals may mclude -
- 'banum, magnemum, calcmm alummum, and zmc. In addmon to metal bases |

orgamc bas s may be reacted thh aCld.lc gTOoupS. ﬁ |
The flmenonahzed polyuleﬁn can also contam :] half-ester reactmn product

of cyclodexmn and meta! and/or orgamc groups covalenﬂy bonded to some portlon

- of the half-amd moieties. These series of reactwns create an amphmenc polymer o

_ that exhibits speGIﬁC chemical reactwtty

20 -

25

30

ol ! rw 1020 M0NNC iNes A7

A polymer mcorporatmg all aspects of the mventwn will pmwde an “active

,trla-functmnal trapping mechanism. Orgamc molecules are complexedftrapped n the -
B cyc:]cdextnn pore. Basic moleclﬂes (e_g , anunonia, amines, etc.) are scavenged o

 with the maleic/succinic acid groups on the polymer, and acidic molecules (e.g.,

fcmmc acetzc: butync etc. ) are scavenged wlth the basw groups cn the polymer.

Thereforc, the polymer of the mventwn can efﬁczently scavenge an array af

potentxally hazardons vapors besxdes providing a non~spec:fic passxve bame: _
- It has quite Unexp ectedly been found that by such convers: on it is po ssible o

mgmﬁoamly change low molecular wel ght fransport of orgmnc compounds m

:conventwnal pulyoleﬁn pPo lymers usmg parent cyclcdextnns and amphotenc

moieties. This invention is also a Process for producing the reaction product of the
functionalized polyolefin and the cyclodextnn by melt mﬁmg with functionalized

polyolefin in a customary compoundm g apparatus formmg :] compatzble amphotenc

- prafited cyclodextrm polyolefin compomn On.

Am;nhctenc grafted polymer compositions, accordmg to the present

invention, are usefiil in extruded or molded structures such as thin films, lamimates,
4 | .

/—\MENDED SHEET
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serni-rigid films and rigid containers as weli as fibers. For instance, these structures |

provide wmplexmyscavengnglabsorbmg propertiaes for a
food packa ging, a hwf-‘-rage contact layer for s2rtons and botiles, plastic closures and
: sealmg clernent layers for bottle and jars for sauces, soups, puddings, baby food and

5 ;wme and polymers used to manufacture fiber, textile, and nonwover composiions
for dlsposable diapers. Polyethylene/polypmpylene bicomponent, functlonahzed
sheatfied fibers could be incorporated into mumlayered tabncs. Besides abss}:blng
malodors, these fibers could absorb patenually hazardous vapurs, for example, n

protectwe su: its for HazMat, mdustnal mlhta.ry, and law enforcement apphcauons

10 The mventmn provldes an “active” ba.rrler as cpposed toa “statlc” bamer to .

- noxwus or toxic gases. . N

o The mvenuon provldes a polyolefm having a gra.fced cyclodextnn to
: dm:mlsh regu]&tcry concems bec ause the actzve gwups cavalently bonded to the
polymer ehrnmatmg food safcty concerns related to migration. The present -'

5 mvennon pmdes an mnova’ave aclive bamer maferial with mgmﬁcant propéﬁy
1mpmvements and ccmpaublhty with source reductwn, m~plant scrape recycle and
pos’r«consumer recyclmg . ' L A

| ' The- invention fanns a compahhle cyclodextnn (CD)/ amphatenc po]yoleﬁn
‘ cumpcssmon by graﬁm g a parent, umnodlﬁed cyclodextnn onto a pulyoleﬁn usmg

20 extrusion processmg to reduce both matenal mauufacmnng and regulatory costs

R ~ and to lessen the xmpact on the enwronmcnt The mvennon also furms an “acnve .

' polymer barrier by the reactmn of metal a.nd/or orgamc bases w1th ftmctmnal aCIdIC :
‘groups A polymer denved fmm both the cyclodextnn grafied onto a polyoleﬁn aud
ﬁ'om the reaction between metal and/or orgamc bases with functional acmhc gmups .

25 prowdes ;! m-ﬁlnchonal molecule trap. Non—-reactwe molecules can be trapped n
the pores of cyclodexmn pore Basic molecules can be trapped by the .-
malazc/succunc acid groups on the polymer and acidic molecules can be tfapped by -
the basic metal groups on the polymer. Therefore, the polymer of the i mvennon Can

30  barrier.

The invention also provides a commercial polyvleﬁn material hawng greater
crystalhmty and lower surfac:e energy ta effectwe])r change the pamnnmng of
compounds in direct contact with the polymer especially nonpola: compounds (e.g.,

alkanes, arornafc, terpenes and sesquiterpenes).
5
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The present invention also relates to:

1.

A thermoplastic polymer composition consisting essentially of:

(a)  ablend of a polyolefin resin and an anhydride-modified polyolefin resin,

(b)  acyclodextrin bonded to said anhydride-modified polyolefin resin, and

(c)  an alkaline earth metal on the anhydride-modified polyoletin resin;
wherein the polymer composition has a tri-functional trapping mechanism, the trapping
mechanism consisting of carboxylic acid groups corresponding to the anhydride, the
anhydride half-ester product of cyclodextrin, and a metal or organic group bonded to
some portion of the anhydride half-acid groups; and

wherein the cyclodextrin compound is substantially free of an inclusion complex in the

central pore of the cyclodextrin.

The thermoplastic polymer composition of item 1, wherein the anhydride-modified

polyolefin resin comprises a polymethylene backbone comprising randomly substituted

covalently bonded groups comprising a cyclodextrin compound.

The thermoplastic polymer composition of item 1 or 2, wherein the anhydride-modified

polyolefin resin comprises polyethylene or copolymers of polyethylene.

The thermoplastic polymer composition of item 1 or 2, wherein the anhydride-modified

polyolefin resin comprises polypropylene or copolymers of polypropylene.
The thermoplastic polymer composition of any one of items 1 to 4, wherein the
carboxylic acidic group is derived from maleic anhydride, citraconic anhydride, itaconic

anhydride or their corresponding acids.

The thermoplastic polymer composition of item 5, wherein the anhydrnide group 1s

derived from fumaric acid.

The thermoplastic polymer composition of any one of items 1 to 6 being for formation

into a thermoplastic fiber, film, fabric or web.

The thermoplastic polymer composition of any one of items 1 to 7, wherein the

Sa
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14.
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modified polyolefin resin comprises an alpha, beta or gamma cyclodextrin or a mixture
thereof bonded to a backbone carbon of the anhydride-modified polyolefin resin
through a maleic acid moiety or to a carbon in a pendent group through a maleic acid

moiety.

The thermoplastic polymer composition of any one of items 1 to 8, wherein the
anhydride-modified polyolefin resin comprises a cyclodextrin derivative having at least
one substitutent group on the cyclodextrin ring.

The polymer composition of any one of items 1 to 9, wherein a portion of the carboxylic
acid groups corresponding to the anhydride are neutralized with an alkaline earth metal

cation.

A thermoplastic film consisting essentially of a thermoplastic polymer composition as

defined in any one of items 1 to 10.

A thermoplastic fiber consisting essentially of a thermoplastic polymer composition as

defined in any one of items 1 to 10.

A multi-layered fabric comprising fibers as defined in item 12.

A nonwoven fabric comprising fibers as defined in item 12.

S
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Brief Description of the Figures
Figure 1 illustrates a permeation method used to measure the performance of

the invention
Figure 2 is an example closed-volume static permeation profile illustrating the

invention.

Detailed Description of the Invention
Briefly, the invention comprises a polyolefin covalently bonded to a CD.

The CD can be reacted with a functionalized polyolefin. Polyolefins with a reactive
anhydride group can be used to covalently bind CD. One version is a modification
or functionalization of polyolefins where a peroxide initiator is used with various
unsaturated polar monomers to add chemically reactive moieties on the polymer.
This has an important and unexpected application when used in combination with a

group of compounds in this present invention known as cyclodextrins.
Cyclodextrin (CD) is a cyclic oligomer of a-D-glucose formed by the action

of certain enzymes such as cyclodextrin glycotransferase (CGTase). Three
cyclodextrins (alpha, beta, and gamma) are commercially available consisting of six,
seven and eight a-1,4-linked glucose monomers, respectively. The most stable
three-dimensional molecular configuration for these oligosaccharides is a toroid with
the smaller and larger opening of the toroid presenting primary and secondary
hydroxy! groups. The specific coupling of the glucose monomers gives the CD a
rigid, truncated conical molecular structure with a hollow interior of a specific
volume.

Commercial polyolefin functionalization is achieved using solution, melt and
solid state routes known in the art. The process covalently bonds monomers onto
vinyl polymers or onto polyolefin polymers including copolymers of olefins with
other monomers, such as vinyl monomers, which predominately constitute the olefin
portion. Polyolefins useful in this invention include poly(ethylene) or PE,
poly(propylene) or PP, poly(ethylene-co-propylene) or PEP, ethylene vinyl acetate
or EVA, ethylene/methyl acrylate copolymer, and ethylene/ethyl acrylate

copolymer. The polyolefins can be functionally modified with unsaturated
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compounds such as unsaturated anhydrides and carboxylic acids. Additionally,
there are terpolymers of ethylene-acrylate (ethyl or butyl)-maleic anhydride.
Functionalized polyolefins have extensive industrial applications such as
coextrusion tie resins in multi-layer films and bottles for the food industry,
compatibilizers for engineering polymers and plastic fuel tank tie resins for the
automotive industry, flexibilization and compatibilization of halogen free polymers
for cables and for filler materials used in roofing construction. Functionalized
polyolefins useful in the present invention are maleated polyethylene and
polypropylene (Orevac™ and Lotryl"™ from ATOFINA, Plexar”® resins from
EQUISTAR, Fusabond® resins from DuPont, OPTM resins from MANAS, and
EXXELORTM from Exxon/Mobil), functionalized EP, EVA and EPDM (such as
ethylene-propylene-butadiaene or, ethylene-propylene-1,4-hexadiene polymers)
ethylene-octene copolymers, ethylene-n butyl acrylate-maleic anhydride, ethylene-
ethylacrylate-maleic anhydride terpolymers and the like. The ethylene-propylene-

1,4-hexadiene polymer can be represented as:

-(CH,CH,), - (CHCH,), - (CHCH,),-

CH- N

wherein X, y and z are selected to obtain about 70 to 90 wt% ethylene, about 10 to
30 wt% propylene and up to about 5 wt% 1,4-hexadiene. The vacant bonds are
linked to similar groups, H, or end groups.

The olefinic compositions of the invention with pendent CD moieties can be
extruded, laminated or molded into a variety of useful films, sheets, closure liners
and caps, structures or shapes using conventional processing technology.

Compositions of this invention may be prepared using reactive extrusion by
feeding a dry cyclodextrin, or derivative thereof, (<0.10% moisture), a
functionalized polyolefin and optionally a second polyolefin, into an extruder at
temperatures such that the cyclodextrin reacts with the functionalized polyolefin as
the molten polymer and cyclodextrin are transported through the extruder to form a

reaction product containing, for example, an ester group which covalently bonds the

7



CA 02568010 2006-11-24

WO 2005/116136 PCT/US2005/018131

10

15

20

25

cyclodextrin to the polyolefin. The ratio of functionalized polyolefin to non-
functionalized polyolefin can be adjusted for a specific application and conversion
process. The present invention is directed to a stoichiometric reaction product of a
cyclodextrin and a graft linking agent (i.e., anhydride), resulting in a modified
polymer especially suited as a master batch which can be subsequently let down
with one or more non-functionalized thermoplastic polymers and thermoplastic
elastomers at a weight ratio of one (1) parts of the master batch composition to ten
(10) to twenty (20) parts of non-functionalized polymer. In other words the blend of
polymer and master batch, or functionalized polymer, after blending can contain
about 0.001 to 10 wt% of the base or CD functionalized polymer, in certain
applications the polymer can contain about 0.002 to 8 wt% of the base or CD
functionalized material, about 0.002 to 5 wt% of the base or CD functionalized
material or about 0.002 to 2 wt% of the base or CD functionalized material. The
blend of polymer and master batch, or functionalized polymer, using only the metal
base, after blending can contain about 0.001 to 1 wt% of the base functionalized
polymer, in certain applications the polymer can contain about 0.002 to 8 wt% of the
base functionalized material, about 0.002 to 5 wt% of the base functionalized
material or about 0.002 to 2 wt% of the base functionalized material.

A maleic acid, fumaric acid or maleic anhydride functionalized materal is
useful for bonding CD or base to the polyolefin. The stoichiometric ratio for melt

grafting is calculated on a gram-mole (gram-formula-weight) basis where one (1)
gram-mole of base or CD (a, B or y) is equivalent to one (1) gram-mole the grafted

anhydride and carboxylic acid moiety.
Fumaric acid can be used as the grafting agent by rearranging and

dehydrating fumaric acid as shown:
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Maleic anhydride can be grafted onto the olefinic polymer using an "ene”
reaction in which the olefinic character of the polymer reacts with maleic anhydride

to add the anhydride to the polymer chain, the reaction is exemplified, in the model

structure, as follows:

10
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Maleic anhydride can be grafted onto the olefinic polymer using a free
radical reaction by cleaving the polyolefin forming a free radical that can combine
with maleic

anhydride to form the grafted anhydride, the free radical mechanism is exemplitied

as follows:

-CH,CH,CH,CH,CH,CH,CH,CH,-

* Free Radical Initiator

0
-CH,CH,CH,CH, s o e

0

-CH,CH,CH,CH, -CH,CH,CH,CH,
0
—_—
0

H *

0 0

resulting in a grafted material. The reaction can occur at either a backbone
unsaturated carbon or at an unsaturated carbon in group pendant to the polymer
backbone.

The inventive composition can be processed by any of the conventional
blending or compounding processes known for blending particulate into polymer in

the thermoplastic processing arts. The CD grafting process of the subject invention

11
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is carried out in any conventional batch mixer, twin screw or single screw extruder
capable of melting and homogeneously mixing the components of the process to
produce a covalent bonded CD. The grafting reaction is conveniently carried out in
the extruder or mixer of the invention. The preferred twin-screw compounder 1s
configured with multiple barrel segments for inline additive compounding and
optional devolatilization. A feeder, preferably a gravimetric feeder, is used to feed
the functionalized polyolefin into the first barrel zone of the extruder. A second
additive feeder, either gravimetric or volumetric, is used to feed dry cyclodextrin
into the first barrel zone. Care must be taken during the compounding process to
prevent atmospheric moisture sorption by the CD. The twin-screw compounder 1s
setup with two kneading sections. The kneading sections are spaced along the screw
so the first kneading section melts the resin and mixes it, and the second kneading
section allows dispersive mixing with minimal shear of resin. The conveying
section in the first zone has increasing element pitch followed by dispersive screw
elements. Following the dispersive section, a short section 1s used to convey the
melt without increasing temperature and upstream of the distributive mixing
elements a thermoplastic master batch containing a metal base or organic base 1s
gravimetrically fed. A diluting polymer can be gravimetrically fed at this point to
adjust the concentration of the functional polymer content of the master batch. After
the second distributive mixing section, the composition exits the compounder. The
resin may be devolatilized by drawing a vacuum in a downstream barrel segment
before the resin is pumped out through a strand die. The molten polymer strands are
run into a water bath and two air wipes before entering the strand cutter. The goal of
the compounding step is to minimize moisture introduction while ensuring a
consistent feed of the cyclodextrin with good dispersion in the functionalized resin.
In the present invention, in preparing a functionalized polyolefin/CD master
batch, using a cyclodextrin material having reduced or low moisture content 1s
important. When a master batch composition is produced, it can pick up some water
in the water bath and may require drying in a hot air fluidized bed, an air oven or a
vacuum oven prior to use in a conversion process. The downstream process, as well
as the application, dictates the residual moisture content of the master batch. After
the master batch 1s compounded, the CD moisture content can be varied to
accomplish various aspects of the invention. Surprisingly, the barrier properties of

a material made of a functionalized polyolefin/CD master batch letdown into virgin
12
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matrix material are not maximized if dry cyclodextrin material is used. The absence
of cyclodextrin moisture leads to greater complexation of residual impurities
inherent in all thermoplastic resins. The presence of some moisture in the
cyclodextrin reduces complexation during the compounding and conversion
processing steps. Cyclodextrin moisture levels between 0.5% and 2% 1n the master
batch will generally minimize or substantially prevent residual resin impurity
complexation. Further, these levels of cyclodextrin moisture do not adversely affect
polymer morphology or cause other adverse barrier affect such as matrix pinholes,
microscopic voids, etc. The presence of some moisture in the cyclodextrin does not
impede or reduce inclusion complex formation with diffusing permeants.

Chemically grafting CD molecules onto functionalized polyolefin polymers

'economically produces a barrier or selective barrier structure with tailorable

properties based upon the CD pore size (o, B, ¥), whether the CD is un-modified or
modified, and the concentration of the grafted CD in the finished polymer. These
unique properties include reducing the transport of low molecular weight impurities
inherent in polymers, improving the intrinsic organic vapor barrier properties of the
polymer, changing the surface energy of the polymer and thereby change polar and
nonpolar organic partitioning at the interface, and increasing polymer crystallinity an
important polymer characteristic especially in olefinic polymers. These property
improvements significantly add value to commercial commodity resins. These
enhancements come with additional benefits not achievable with compatible
cyclodextrin derivatives — pendent moieties or substituents that render the CD
material compatible with the thermoplastic polymer - known in the art (US patent
numbers 5,492,947, 5,603,974, 5,837,339 and 5,928,745) which also achieve
reduced migrants and barrier properties. The present novel CD grafted polymers
have additional benefits that include significant changes in the polymer’s surface
energy, increased polymer crystallinity, significantly lower implementation costs,
fewer regulatory safety concerns and, in some cases, a “greener’ more
environmentally/socially responsible barrier polymer.

For this invention, a compatible CD means the CD material contains at least
one pendent group capable of reacting with either an anhydride functionalized
polyolefin. Additionally, the CD material can be uniformly dispersed into the

melted functionalized polyolefin, can reside in the polymer without reductions in the

13
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Intrinsic barrier properties of the polyolefin, and can retain the ability to trap or
complex diffusing permeants or polymer migrant impurities, and can change the
surface energy of the polymer, organic molecule partitioning and improve polymer
crystallinity.

We have found that polyolefin incompatible CD, like unmodified o, B and y-
CD can be dispersed into functionalized polyolefins, covalently bonded to the
functionalized polyolefin forming a compatible composition without decomposition
of the unmodified CD during compounding or during subsequent conversion steps.
Further, we have found that functionalized polyolefins with covalently bonded
unmodified CD do not cause melt fracture by visual inspection of the extrudate.
Lastly, cross-sectioned polyolefin extrudate examined by optical MICroscopy is

shown to be free of CD agglomerates.

Cyclodextrin
Cyclodextrin is a cyclic oligosaccharide consisting of at least six

glucopyranose units joined by o (1-—4) linkages. Although cyclodextrin with up to
twelve glucose residues are known, the three most common homologs (.
cyclodextrin, B cyclodextrin and y cyclodextrin) having 6, 7 and 8 residues have
been used.

Commercially cyclodextrin is produced by a highly selective enzymatic
synthesis. They consist of six, seven, or eight glucose monomers arranged in a
donut-shaped ring, which are denoted a., B, or y cyclodextrin respectively (See
FIGS. 1A, 1B and 1C, respectively). The specific coupling of the glucose
monomers gives the cyclodextrin a rigid, truncated conical molecular structure with
a hollow interior of a specific volume. This internal cavity, which is lipophilic, is
attractive to hydrocarbon materials when compared to the exterior and is a key
structural feature of the cyclodextrin by 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 fitting at

least partially into the cyclodextrin internal cavity, resulting in an inclusion complex.

14
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CYCLODEXTRIN TYPICAL PROPERTIES

CD PROPERTIES a-CD 3-CD Y-CD
Degree of polymerization (n=) 6 7 8
5  Molecular Size (A°)
inside diameter 5.7 7.8 9.5
outside diameter 13.7 15.3 16.9
height 7.0 7.0 7.0
Specific Rotation [@]*p +150.5 +162.5 +177.4
10  Color of iodine complex Blue Yellow
Yellowish
Brown

Solubility in Distilled water |
(g/100 mL) 25°C. 14.50 1.85 23.20

15
The oligosaccharide ring forms a torus, as a truncated cone, with primary
hydroxyl groups of each glucose residue lying on a narrow end of the torus. The
secondary glucopyranose hydroxyl groups are located on the wide end. The parent
cyclodextrin molecule, and useful derivatives, can be represented by the following
20  formula (the ring carbons show conventional numbering) in which the vacant bonds

represent the balance of the cyclic molecule:

R
6 1

A\

4 1

R2
O
3
R2

wherein R; and R, are primary or secondary hydroxyl as shown.
25 The CD’s internal cavity size (i.e., o, B, Y) must be considered and the

functional group modification must be suitable for changing the desired bulk
polymer and surface polymer characteristics in addition to forming an inclusion
complex with targeted volatiles or impurities. To achieve a specific result, more
than one cavity size and functional group may be necessary.

30 According to the present invention, the cyclodextrin is a compound

substantially free of an inclusion complex. For this invention, the term
15
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“substantially free of an inclusion complex” means that the quantity of the dispersed
CD material in the bulk polymer contains a large fraction having CD free of a
polymer contaminant in the central pore of the cyclodextrin ring (see Fig. 1A). The
central pore is used as a binding location for permeants. Once used the central pore
can acquire a permeant or other inclusion compound but some complexing can occur
during manufacture. Such complexing can occur as residual polymer impurities and
degradation materials become the inclusion compound in the CD inclusion complex.

CD molecules have available for reaction with a functionalized polyolefin
the primary hydroxyl at the six position of the glucose moiety, and at the secondary
hydroxyl in the two and three positions. Because of the geometry of the CD
molecule, and the chemistry of the ring substituents, all hydroxyl groups are not
equal in reactivity. However, with care and effective reaction conditions, dry CD
molecule can be reacted to obtain grafted CD. CD with selected substituents, 1.€.
substituted only on the primary hydroxyl or selectively substituted only at one or
both the secondary hydroxyl groups, can also be grafted if desired. Directed
synthesis of a derivatized molecule with two different substituents or three ditferent
substituents is also possible. These substituents can be placed at random or directed
to a specific hydroxyl. Further, CD alcohol derivatives (e.g., hydroxyethyl and
hydroxypropyl) and amino derivatives can be reacted to make a grafted CD.

The preferred preparatory scheme for producing a grafted CD polyolefin
material having compatibility with polyolefin resin involves reactions at the primary
or secondary hydroxyls of the CD molecule. It is meant that a hydroxyl
functionality of the CD reacts with the anhydride or expoxide component of the
functionalized polyolefin to form a reaction product. The formation of an ester or
ether bond on either the primary or secondary ring hydroxyls of the CD molecule
involve well-known reactions. Further, CD having less than all of available
hydroxyls substituted with derivative groups can be grafted with one or more of the
balance of the available hydroxyls. The primary —OH groups of the cyclodextrin
molecules are more readily reacted than the secondary groups. However, the
molecule can be substituted on virtually any position to form useful compositions.
Broadly, we have found that a wide range of pendant substituent moieties can be
used on the molecule. These derivatized cyclodextrin molecules can include
alkylated cyclodextrin, hydrocarbyl-amino cyclodextrin, and others. The substituent

moiety must include a region that provides compatibility to the derivatized material.
16
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Amino and other azido derivatives of cyclodextrin having pendent
thermoplastic polymer containing moieties can be used in the sheet, film or
container of the invention. The sulfonyl derivatized cyclodextrin molecule can be
used to generate the amino derivative from the sulfonyl group substituted
cyclodextrin molecule via nucleophilic displacement of the sulfonate group by an
azide (N;') ion. The azido derivatives are subsequently converted into substituted
amino compounds by reduction. Such derivatives can be manufactured in
symmetrical substituted amine groups (those derivatives with two or more amino or
azido groups symmetrically disposed on the cyclodextrin skeleton or as a
symmetrically substituted amine or azide derivatized cyclodextrin molecule. Due to
the nucleophilic displacement reaction that produces the nitrogen containing groups,
the primary hydroxyl group at the 6-carbon atom is the most likely site for
introduction of a nitrogen-containing group. Examples of nitrogen containing
groups that can be useful in the invention include acetylamino groups
(—NHACc), alkylamino including methylamino, ethylamino, butylamino,
isobutylamino, isopropylamino, hexylamino, and other alkylamino substituents. The
amino or alkylamino substituents can further be reactive with other compounds that
react with the nitrogen atom to further derivatize the amine group. Other possible
nitrogen containing substituents include dialkylamino such as dimethylamino,
diethylamino, piperidino and piperizino.

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

Cyclodextrin derivatives can be modified with sulfur containing functional
groups to introduce compatibilizing substituents onto the cyclodextrin. Sulfur
containing groups manufactured based on sulfhydryl chemistry can be used to
derivatize cyclodextrin. Such sulfur containing groups include hydroxyethylthio (—
S—CH,CH,OH), imidazolylmethylthio, aminoalklylthio and others.

Applications and Uses

Long-established food packaging concepts are limited in their ability to
extend the shelf-life of food products. Innovative food packaging concepts of the
present invention interact with the environment inside the package and respond by
changing their properties to maintain, adjust or improve the specific package

headspace atmosphere or minimize food flavor loss to the package by “scalping”
17
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(i.e., uptake of volatile components by the polymeric package material from the
food) thereby adding to product quality and extending shelf-life. The most notable
group of technologies in use today for controlling package headspace oxygen 1s
oXygen scavengers.

Multi-layer or composite packages, including gable top cartons, rely on
essential layers of plastic that adds strength, barrier to other matenals 1n the
structure, and sealability. By way of example, gable-top milk and juice cartons are
specifically disclosed in U.S. Patent Nos. 5,816,487, 5,508,075, 5,616,353,
6,193,827 and 6,372,317 as liquid tight containers. While these familiar gable-top
cartons have been extensively used throughout the United States to contain juices,
they are associated with some problems. Most interior polyoletin food contact or
sealant layers scalp low molecular weight volatile organic aroma and flavor
compounds from the food into the polymer, based on the sorption mechanism, has
been and continues to be the subject of considerable a&ention and concern. Sorption
may result in the loss of aroma and flavor volatiles associated with product quality.
Anhydride-functionalized polymers modified with cyclodextrin effectively address
problems related to poor organic barrier, surface hydrophobicity, and food tlavor
scalping over blends of conventional polyolefin. The invention described herein 1s
particularly useful for containers constructed from laminates having a heat sealable
internal food contact surface which enables significant flavor retention in fruit juices
contained therein over the shelf life of the product.

In a properly designed food package, polymers should sorb a minimum
amount of the critical flavorings while meeting all other performance requirements.
Flavor loss due to sorption into the packaging polymer is generally assumed
detrimental to product quality. In contrast, the fruit juice industry has designed
liquid packaging to take advantage of sorption losses by striving to eliminate oft-
flavor precursors. The present invention relates to the use of the package food
contact polymer layer, as illustrated by the juice example, to selectively remove
undesirable off-flavors from the packaged foods while minimizing the loss of
important flavoring compounds. The food package contact layer can be constructed
of anhydride-functionalized polymers modified with cyclodextrin to effectively
address problems related to poor organic aroma/flavor barrier, unwanted tood tlavor
scalping, and removal of offensive odors/aromas from the interior of food packages

produced by lipid oxidation, lipid hydrolysis and protein/amino acid breakdown of
18
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the packaged food. These active packaging polymer improvements are significant
over conventional polyolefins and can considerably improve food taste over the
shelf life of the product.

Packaging laminates have been used for many years for packaging food
products. A widely known and used container is a paperboard-based structure, which
is coated with various barrier and sealant materials. The contact layer for the tood
package of the present invention is heat sealable, thus providing a useful barrier
structure for converting a stock material into cartons and similar food retaining
packages which require heat sealing. The barrier structure of the present invention is
particularly useful in packaging orange juice and similar citrus products. Anhydride-
functionalized polymers modified with cyclodextrin lead to the improved interfacial
interaction of conventional polyolefin polymers such as changing partition
coefficients, polymer solubility coefficients due to hydrophobicity, greater
crystallinity, and providing a selective scavenging function.

As the plastics industry has matured, it has developed numerous specialty
foods packaging applications. A large number of single and multi-layer structures
are available to store liquid or solid, food or non-food products. There continues to
be a need for high performance, value-added packaging that is capable of
maintaining or improving a specific internal package environment to assure
improved quality, safety and shelf life while also achieving this objective from
progressively thinner and transparent films. Current low oxygen-barrier packaging
methods do not eliminate all the deteriorative chemical reactions produced by the
stored foods or the packaging, so undesirable chemical by-products such as odor and
taste taints continue to be produced in trace amounts, and these are effectively
retained in the headspace of the package re-adsorbed by the product reducing
product flavor quality and shelf life. When the ratio (proportion) or the total
concentration of these compounds gets too far out of line, they contribute to food
offt-flavor.

Low and intermediate moisture level foods comprise a large part of the shelf
stable foods such as cereals, crackers, cookies, salted snacks, etc. They contain fat,
protein, starches and are subject to many deteriorative chemical reactions. The most
important chemical changes are associated with hydrolytic reactions, enzymatic
action, oxidative reactions, particularly lipid oxidation that alters the flavor of many

lipid containing foods, and non-enzymatic browning. The chemical compounds
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produced from these reactions vary widely in their chemical and physical properties.
They also vary in their impact on flavor. Some are responsible for pleasant aromas,
while others produce offensive odors and flavors, often causing major problems in
the storage of foods. So removing all of these compounds will cause flavor fade or
removing some and not others will cause flavor imbalance - a bad tasting food.

In breakfast cereal, for example, accelerated shelf life studies using elevated
temperature and low humidity produce a number of deteriorative chemical
compounds. Cyclodextrins can minimize the headspace accumulation of volatile
chemical family compounds (i.e., aromatic, alkanes, alkenes and ketones) in addition
to aldehydes which cannot be removed by traditional antioxidants, and oxygen and
aldehyde scavengers. Cyclodextrins can trap hydroperoxides and other compounds
that are produced by oxidation of the sealant polymer during extrusion and are
known to be detrimental to flavor quality. Further, grafted CD/polyolefin can
selectively partition specific unwanted off-flavor compounds from the headspace
surrounding the stored food into the sealant polymer layer without significantly
affecting preferred desirable flavors and thereby preventing flavor fade. The CD
pore is an effective trap for a broad spectrum of undesirable odors known to cause
flavor defects in packaged foods.

A large proportion of fresh fruits, vegetables and cut flowers harvested are
lost due to spoilage resulting from increased levels of ethylene gas in the package
headspace. One of the ways to retard the ripening of fruits, vegetables and the
quality of fresh flowers is to reduce the ethylene gas generated. The ethylene
absorbing capacity of a LDPE film can be improved by having a thin contact inner
layer with a functionalized LDPE and cyclodextrin. Cyclodextrin grafted polymers
can be used as the food contact layer in a multilayer structure to extend product shelf
life by reducing ethylene gas in the headspace surrounding the product and
maintaining the appropriate humidity (generally greater than 80% RH) so
undesirable wilting and shriveling doesn’t take place. If the produce is sealed in an
impermeable film, headspace O, levels will fall to low levels where annerobic
respiration takes place forming undesirable odor and flavor compounds such as
ethanol, acetaldehyde and organic acids. The advantage of grafting cyclodextrin
onto the polyolefin is that a high concentration of CD can be used in the LDPE skin

layer to improve the partitioning of ethylene gas and other organoleptic precursors
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from the headspace without degrading the intrinsic olefin barrier properties to
moisture and gasses.

Beverage sealing elements and plastic screw cap closure shells generally
contain one or more of the following thermoplastic materials: low density
polyethylene and linear low density polyethylene (LDPE and LLDPE), high density
polyethylene (HDPE), polypropylene (PP), ethylene vinyl acetate (EVA),
polyvinylchloride (PVC) and polyvinylidene chloride (PVDC). High barrier liner

materials are usually compounded compositions containing a thermoplastic

_ (typically an olefin) and dispersed into the thermoplastic are elastomeric materials

(typically a butyl rubber, a styrene butadiene rubber or a acrylic rubber) forming a
thermoplastic elastomer material composition. These thermoplastic compositions
are manufactured into shapes that allow them to function as a closure element for a
standup pouch, jar or bottle of metal, glass or plastic. Screw cap plastic closure
shells used to seal carbonated soft drinks, carbonated waters, etc. contain a two-
component system comprising a PP screw cap shell and a monolayer liner usually
produced from LDPE and EVA to provide a positive seal. Closure shells for non-
carbonated beverages (e.g., still water) are manufactured from PP as a single piece
functioning both as a screw cap and liner. Closure shells and liner compositions
contain a number of additional performance additives — lubricants, antistats,
plasticizers, heat stabilizers, antioxidants and pigments. One additive in particular, a
common polymer lubricant called erucamide, improves the melt flow properties and
reduces the adherence of the liner and shell to the bottle by decreasing release
torque. Additives, which function at the surface of the polymer, are traditionally
migratory and migration occurs over time. The surface of the polymeric shells and
liners of the container can become sources of chemical precursors susceptible to
ozonolysis from residual ozone.

Ozonation is commonly used worldwide for disinfecting drinking water
stored in bottles. Residual ozone, typically ppb levels, remains in the water after
bottling. Ozone reacts with unsaturated compounds forming unstable organic
ozonides, which decompose rapidly into oxygen compounds, such as aldehydes,
ketones, and peroxides, or react rapidly with oxidizing or reducing agents. The
unsaturated chemical bonds in erucamide and oleamides, which migrates to the
surface of the closure polymer and to a lesser extent unsaturated olefin monomers

and oligomers exposed on the surface, producing an organoleptic defect often
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described as a “plastic” taste. The plastic off-taste can be associated with the
presence of part per billion (ppb) levels of low human threshold organoleptic
compounds, particularly C;._3o aldehydes such as hexanal, heptanal, octanal, nonanal
and decanal. Residual organoleptic volatiles, which are produced either from
chemical oxidation by ozone or through thermo oxidation or photo oxidation of the
liner or closure, can be effectively complexed by dispersing a functionalized
polyolefin/CD composition within the liner or closure composition preventing their
migration into the beverage. The present invention relates to container liner and
shell compositions for retaining a foodstuff, beverage or pharmaceutical containing
grafted cyclodextrin to reduce off-taste and odor organoleptic migrant and ingress
permeants, thus improving taste of the stored product.

Fibers used in the present invention may be any polyolefin fibers known in
the art. The thread-like fibers used in the invention are a composition comprising a
functionalized polyolefin and grafted CD and polyolefin and are used to construct a
nonwoven web comprised of one or more overlapping or interconnected fibers in a
nonwoven manner. The fibers can be in the form of a long filament produced by
spun melt or melt blown processes. Any nonwoven polyolefin fibers known in the
art may be used in the present invention. The nonwoven webs may be used to
construct bandages, disposable diapers and incontinent products, which have an
improved odor control system to reduce or eliminate malodors caused by bodily
fluids, such as blood, urine, menses, and the like. The functionalized polyolefin and
grafted CD is homogeneously distributed throughout the fiber permitting malodor
compounds to sorb into the fiber and then diffuse into the core of the fiber where
they are complexed or effectively trapped by the CD throughout the entire fiber
preventing their olfactory detection. The nonwoven web produced from
functionalized polyolefin and grafted CD both changes the fibers wetting properties
and effectively absorbs malodors and reduces olfactory detection.

Coated fibers could also comprise the outer layer of a multilayered fabric. A
HazMat suit is one application. The coated fibers can be an active barrier to harmful
vapors. Besides not allowing the gases to permeate through the fabric, the outer
layer may trap some molecules. Polar molecules can be trapped within the
cyclodextrin rings grafted onto the polymer. Acidic and basic groups on the
polymer surface can be trap basic and acidic molecules, respectively, on the surface

of the polymer. This is an added line of protection, rather than just a static barrier.
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The present invention is directed to a process whereby improved anhydride-
functionalized polymers, most notably, polyolefins grafted with maleic anhydride,
are produced. For the improvement, the anhydride-functionalized polymer is
modified by reacting with a CD under conditions that can convert all, when needed,
of a portion of the anhydride groups to the corresponding half-ester. While it 1s
known to graft diesters and half-esters of dicarboxylic acids or their anhydrides,
such as maleic acid or maleic anhydride, onto various polymer substrates, polyoletin
polymer compositions obtained by grafting CD onto a functionalized polyolefin
exhibit a substantial increase in crystallinity and improve the interfacial interaction
of conventional polyolefin polymers such as changing partition coefficients, surface
energy due to hydrophobicity, improve polymer barrier, and providing a selective
scavenging function. Cyclodextrin grafted polymers can be used in various
structures and types of food packaging to extend product shelf life, in fiber to reduce

malodors and as a barrier to organic permeants in variety of applications.

Alpha Cyclodextrin Masterbatch Compounding

A segmented barrel (seven segments) co-rotating compounding extruder
(Haake 24 mm screw with a 28:1 L/D) was configured with two feed ports. One feed
port is located in zone one and the other in zone three. The screw configuration had
two mixing sections located in zone 2 and zone 4 downstream to the feed zones.
The mixing section in zone 2 consisted of eight offset mixing elements followed by
a half reverse element. The mixing section in zone 4 consisted of eight oftset
mixing elements. A vacuum port was located in zone 5. The last barrel segment
was fitted with a standard three hole 3mm strand die.

The alpha cyclodextrin (Wacker BioChem) was dried at 115°C for 72 hours.
The dried alpha cyclodextrin and maleic anhydride/polypropylene copolymer
(DuPont Fusabond P MD-353D) having a melt flow rate (190°C/2.16Kg) of 450
g/10 min were fed into the first feed zone using calibrated volumetric feeders. The
second resin, Polypropylene homopolymer (ExxonMobile PP3546G) having a melt
flow rate (230°C/2.16Kg) of 1200 g/10 min was fed into the second feed zone using
a third volumetric feeder. The output rate was 17 lbs an hour. The screw speed was
225 rpm, and the melt temperature was 184°C. Upon leaving the die, the extrudate

passed through a water bath and was pelletized.
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Table 1. alpha cyclodextrin master batch formulation

5 For the Blown Fiber Formulation Compounding, the second feed section on
the co-rotating extruder was closed off. All other features of the barrel and screw

configuration were the same as in the master batch compounding.
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Table 2. Formulations to produce blown fiber webs

Blown Fiber Formulations

— Web#3 | Alpha Cyclodextrin ¥ CaCO3

The two polypropylene homopolymer resins (ExxonMobile PP3546G and
ExxonMobile PP3746G) with melt flows of 1200g/10 min and 1475g/10 min
respectively were dry blended and fed into the first zone with one volumetric feeder.
The master batch was also fed into the first zone with a second volumetric feeder.
The output rate was 16.4 Ibs an hour. The screw speed was 260 rpm, and the melt
temperature was 184°C. In the compounding of the formulation for Web #3, the

calcium carbonate was dry blended with the polypropylene homopolymers.

Nonwoven Blown Fiber Web Preparation

A series of nonwoven fiber webs with the formulations described in Table 2
were produced using a 6 inch melt blown fiber line utilizing a twin screw extruder.
Processing parameters were adjusted for each formulation to produce suitable webs,
that is to minimize fly and shot.

Die set up: 120 holes; 20 holes per inch; hole diameter 0.018 inches; Air
gap 0.08 inches; and Setback 0.08 inches. The die used had 120 holes with 20 holes
per inch. Hole diameter of 0.018 inches. Air Gap 0.08 inches. Setback 0.08 inches.

Table 3. Blown Fiber Process conditions

Blown Fiber Process Conditions

Nonwoven Fiber Melt Colector Fiber
Web Identification Temp Presure Temp Pressure Distance Output

~—— | Degrees | Tnches of Water | DegreesF_| ___PSI___ | Inches _[grams / minute _
37 36 94

Web # 1 340 35 347
Web # 2 434 53 403
Web # 3 434 53 371
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Inhibition of Super Absorbent Polymer by Amphoteric Fiber

]
3
i3

The current state of the artin ciiswsaﬁie diapers, sduli incontinence product
and feminine hygiene products invol#es the use of complex multicomponent articles.
5 These articles utilize a number of dlfferent materials with dlﬂ‘erent functions
working together to fill several needs o '
| ~ One of these functions is to wick away aqueous fluids from the surﬁace of the
artlcle to the interior of the article leaving the surface dry. This function is :
:performed by melt blown ﬁbers Another funchon 15 the adsozptwn of these same
10 aquecus ﬂulds in the mtenor of the article. Tlns funct:on 15 parfonned by super
, adsorbent polymers W'hxle these polymers can adsorb up to 400 times their welght ,
| ' in dei omzed water, thE:y can absorb only 30~40 times their welght ina 1% N&Cl
, solutmn ' o , ' ) -
: The nonwoven ﬁbers are typ:cally made of polyoleﬁns and are hydrophobzc
5 I": in nature In an attempt to xmpmve the wzckmg funcnon of the melt blown ﬁber
hydrophlhc COo atmgs have been deveIOPed for co ahng onto melt blown fibers. In |
: | many cases, these coatmgs have been found to mssolve into aqueous fhuds and have B
a demmental affect on the super absorbent polymer (SAP), that 18 decraasmg the ”
o absorptlon capac.zty ofthe SAP , | o o
20 ‘ Changes in the absorpnve capacny of the SA.P can be measured by testmg
the fugmve natm:e of coatmgs and ﬁber addmves that nught unpact the ﬁmc:tmn of .
. SAP. Melt blown weh samples Were tested to determme the affect Gf Ca salt of
: Emalelc acid in the CD g,raﬁed Plexar (dmphoteric Resm) on the s.uper a'bsorbc-;snt
polymer used in dlspusable dlapets a.nd mcontmence prnducts

25
SAP Abso;_ptmn Test Pmcedure:

: Nom'xal saline solutmn was prepared by dlSSOlVH‘lg 4.5 gn of sodmm
- chloride in 495 3 gm of demmzed water., 1.0 gram of ﬁbsr from each fonnulauon |
was packed mnfo the bottom of a 40 ml headspace vial and 25 pm of norma] salme |
30 solution was added. A vial of normal saline with 20 mg of CaCOs was also prepared :
as an example of worst case, The vials were capped and the ﬁber was extracted for

48 hours with twa 10 minute penods of sonication,

20
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For each test sample a glass fiber disc was place inside of a 10 ml syringe
covering the throat of the syringe. Two hundred milligrams of SAP were then
weighed into the syringe on top of the glass fiber (Ahlstrom Filtration. Grade 161).

10 ml of extraction solution (normal saline) was then placed into a 20 ml
scintillation vial followed by the syringe with the glass fiber and SAP. The syringe
is placed into the vial with the plunger-hole end up but without having the plunger in
the syringe.

The syringe quickly fills to the S cc mark of the syringe and then gradually

absorbs more water until it comes to equilibrium in about 3 hours.

-t

Table 4. Volume of 1% NaCl absorbed by super absorbent polyme
SAP Absorption Results are determined by the total volume in the

syringe after 3 hours.

Saline Vol.
Web # | Description , | mmL
Web #1 PP Control 7.6
Web #3 | PP with 1% CD, Amphoteric 7.8
| Deionized water >10

| Normal saline 7.6
Normal saline + 8mg CaCO3 60 |

The fiber with the calcium salt of maleic acid in the grafted cyclodextrin had

no detrimental affect on the absorption of normal saline solution by the SAP. The

volume absorbed can be read using the markings on the surface of the syringes.

'Fugitive Cyclodextrin

An additional benefit of the amphoteric invention is the non-fugitive nature
of the grafted cyclodextrin. Due to the polarity of the functionalized olefin and the
grafted cyclodextrin molecule, a large part of the covalently bonded cyclodextrin 1s
on the surface of the fiber. One of the short comings of other malodor control
technologies including those which apply cyclodextrin as a dry, small particle to the
surface of the fiber or coating the cyclodextrin onto the fiber using a cyclodextrin
containing solution, is the cyclodextrin is fugitive and may be washed away by
aqueous solutions such as urine insult thereby, reducing the effectiveness of the

malodor control technology.
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The non-fugitive feature of the grafted cyclodextrin may be shown analyzing
the normal saline fiber sonication extracts from the inhibition of super absorbent
polymer by amphoteric fiber test. Normal saline sonication extract samples were
analyzed by flow inject atmospheric pressure ionization electrospray liquid
chromatography mass spectrometry (API-ES LC/MS) using a Hewlett Packard
Model 1100 series LC-MSD system including: 1100 bench-top mass selective
detector (MSD) and Agilent 1050 series liquid chromatography (LC). SuL aliquots
of the normal saline extracts of the webs in Table 4 were injected via the LC auto
sampler and introduced into the API MS (900 — 1100 amu scan range) via the LC
column loop path with no LC column in line. A 128ppm a-CD in water standard
was analyzed under the same conditions to validate the instrument response. A
spike of 13ppm a-CD was made to the PP control extract (no CD detected in the
extract without the spike) and concentrations estimated from the spike addition

response (m/z 995 (a-CD-Na adduct).

Quantitative Analysis of Normal Saline Extracts of Melt Blown Fiber
by API-ES LC/MS

The 13ppm a-CD standard in water produced a robust signal with the
characteristic m/z 995 sodium adduct ion. The saline suppressed the response
considerably (about a factor of 70), but the 13ppm spike to the PP control extract
produced adequate signal from which to estimate concentrations in the extracts
(method detection limit estimated at 2ppm). Concentrations of a-CD detected 1n the

extracts are given in Table 5.
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Table 5. Concentrations of a-CD in the Saline Extracts

m/z =995 Cyclodextrin
 Sample ID Area Counts_ L

Web#l 4 0

| Web#3 1,243 | 2
Solvent Blank 0 0
13 PPM a-cyclodextrin 418,800 13
Web #1 spiked with 13 ppm a- 6,513 13
CD

- -  _ __—°r

| * Based on spike addition response of 13 ppm to Web #1

The API-ES LC/MS data show 2 pg alpha cyclodextrin per mL of normal
saline of was extracted from the fiber after 48 hours with two ten minute periods of
sonication. The mass of extracted cyclodextrin represents 0.2% of the cyclodextrin
in the 1.0 gram fiber samples. The extraction provides evidence that the
cyclodextrin is non-fugitive.

Organic Vapor Sorption

The term sorption is generally used to describe the initial penetration and

dispersal of permeant molecules into a polymer matrix and includes both adsorption
and absorption as well as cluster formation. Sorption behavior 1s based on the
relative strengths of the interactions between the permeant molecules and the
polymer, or between the permeant molecules themselves within the polymer, or
immobilization of permeant molecules by sites (e.g., positive and negative polymer
groups and cyclodextrin) in the polymer. The sorption test method 1s most easily
explained in terms of a melt blown fiber web structure surroun;ied by a fixed volume
(e.g., glass bottle). The fiber web structure and the volume are initially completely
free of the test solute inside the close-volume jar. At time zero, the test webs are
exposed to a known concentration of test solute. The headspace concentration in the
fixed volume surrounding the test structure is quantitated using gas chromatography.
The sorptive rate and capacity of the melt blown web is determined from the
headspace concentration in the closed vessel. The effectiveness of the fiber for
reducing the solute headspace concentration is directly related to fiber sorption.
Fiber having greater capacity to sorb malodor solutes (e.g., carboxylic acid and
amines) is desirable for nonwoven materials used in hygiene products like diapers,

incontinent products, feminine absorbent articles, wound dressings and the like.
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The above experimental technique i3 used to quantitatively measure solute
headspace concentration m the fix ed-jmlume glassbottl e, Higﬁ-resolution ga5 '_
chromatugraphy (HRGC) opgfated with flame ioﬂization detection (FID) is used to

- measure fhe headspace concentration. The solute in the headspace is quantitatively
5 collected by solid phasé microextraction (SPME) ﬁom the test bottle and analyzed
' by HRGC/FID. Solute hottle headspace concentranon 18 detenmned from
calibration standards and measured in pL of solute gas volume per ﬁxed—-—volume
- bome usmg Gas Laws equahons, o | |
. : . Two solute standards one contammg aArmines and one cantamm g canux'ﬂlc
18 ac:xds were prep ared separately by cambmmg equal hqmd volurn es of each
compound. The amme sorpucn standard for evaluanng the melt blown fest webs
' contains n—b utylamine ancl dlpmpylamme The. carboxyhc acid standard for .
evaluatmg the melt blown test webs contains n-butync and isovaleric acnd All test
:so]utes were obtamed ﬁ‘om Sx gma-Aldnch Mllwaukee WI1. The physzcal and

15 che:mcal parameters of the armne and carbcnxyhc acid solute standards are prcmded |
in Table 6 and Table 7. .

Table 6. Amine physical and E:hémica] test PMET:BI‘S |

R Boiling | Dissociation Constants in | Aqueous
- Molecular | Point S | | Solutlons

Weight ("C) I K,“‘ | ng Temp )

Permeant

n-Butylamime | 7334 . 1.69x 10" | 10.77 —
Dipropylamine ].-101-19 - 110 1z3x10“ 1091 | .

30
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| . samphng the haadspace by SPME At the end of 30 mmutes the ZSOmL IChem
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Table 7. C‘arquylic acid physical and chermcal test parameters.

= - “—-—*-——m“ﬂ

Molecula.r Boiling | Dissociation Constants in Aqueous
P Solutwns .

<

Permeant Temp. °C

Butyric acid

Isovaencamd I 102 13 | 177 K “}'Gx 10~ 1 4.7:: IEE 1]

Melt blcvm fiber web samples (web die cut mtn 1.75 inch spacunens

- wmghmg 1 OO grams) arec tested in a ZSUmL IChem bottle with T eﬂon faced
| screw cap septa Die cut test webs welghmg 1 00 grams are placed IIISld.B the bottle, :

0. ) llL Of “neat” amme or carboxyhc acid solute 15 mjeoted into the bottle using a

0 5 [.LL synnge and the f;ap qmc.kly tlghtened “The “nest” solute was 111] jected onto -

& 013/028

the wall glass bctﬁe so that the hquld solute does not come into du'ect contact with 1'

:ﬂ'.le ﬁbsr The bottle 1 1s then placed mto a 358°C oven for 30 mmutes pnor to __

bo‘ctle wlth Teﬂon faced SCrew cap epta 15 pla::ed mto 3 38°C water bath the SPME
o need is mj ected thrcugh the cap septa and analyzed accordmg to the methods in -

: Tables 7 and 8.

Instrument Ccmdxtl ors

T able 8 a.nd Table 9 prowde the SFME HRGC/PID mstmment cundmons : |

- used to measure amme and carboxyhc acld so]utes n the test bottle headsPace

31
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Table 8. Amine solute method conditions for gas chromatography and solid phase

microexiraction.
Method: _Amines B
Test solute: Butylamine
o Dipropylamine .. .
Sampling techmque: - Solid Phese Microsxtraction

F ib;er:

Vil\& v uwv .&VMVLV 50 Gt o

(SPME)

- Carb owax/ Divinylbenzene

: | (70pm)
Sorb fime: 3 minutes
Desorb time: 4 minute at 220°C.
Column: . “Restek Rtx-5
. |Dimensions: =~ 60Mx 0. 25mm i. d

- |Film thickness: ~~ 0.25um --
,Camer gas: . - Heliam e
'Head pressure: 29 psi (42 cm/sec
| Injection mode: Split (30mL/min)
Detector:” Flame mmzatmn (FID)
Detector temp: 330°Cc
{Injector temp: 265°C
Initial temp: - 85°C
Inithial hold: - 0 minutes
Temperature rate: 20°C/minute
Final temperature:  185°C

- |Final hold: - 1 minute
. Total analysis ime: 6.0 minutes
5 | | |
32
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Table 9. Carbux)'hc acid solute method condmons for gas chromatography and
solid phase mictoextraction. =

Carbox ic Acids
Butyric acid

- Isovaleric acid
Sa.mplmg tachmque Solid Phase Micro extraction

Test solute:

. (SFME) .
Tiber: Dnlua‘mnmviqﬂnggne/
2 Dmnylbenzene (70pm)
Sorb time: - 3 minutes
“{Desorb time: 1 minute at240°C
- {Column: ~ Restek Rtx-5
- {Dimensions: - 3Mx 0.25mm . d.
 |Film thicknecss: 0.25pm -
Ca.mergas- - Helium -+~
 |Head pressure: 29 psi (42 cm/sec)
. {Injectionmode: = Split (30 mL/min)
Detector: < ~ Flame lonization (FID)
' | Detector temp: - 330°C
'~ |Injector temp: . = 240°C
Initial temp: - 80°Cc
Initialhold: O minutes

|Temperature rate:  20°C/minute
Final temperatire:  185°C
. Final hold: 1 minute

. |Total analysis time: 6.25 minutes

5 So]ute heads;:ace concentrations are calculated for cach compound'

. cahbratwn curve slope or reSponse Tactor (RF) Concentxatwns ars expressed as pL

of solute gas volume per ﬁxed-volume boule using Gas Laws equatwns

Ccmcentranmn of Compound in ppm —Peak Area/ Cahbratmn Curve S lope
10 Compound Spemﬁc RF = Concentration of Compozmd n ppm/Peak Area |
Concentrati on of Compaund in ppm = Peak Area X R.F '

33
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Quantitative Sorption Performance of Melt blown Web

- Melt blown web reacuwty and eapacity was measured by placing test webs
5 nte .a glasg jar wh1ch IS subsequently sealed and then filled with a reactive test ‘
vapm: Over the test time period of 30 minutes, the headspace vapor partitions into |
’the ﬁber The vapor concentration i ls measured in the headsPace of the glassjar ata
_° 5pee1ﬁed time (30 minutes). These data are used to quantit&mvely measiire the
_sorptwe web perfonnance The measured sffect of the amphetenc technology and
. 10 :'cyclodexmn in the ﬁber mamx 15 a reducuen n the vaper concentratwn m the Jar
C compared to PP fiber W1thcut the ectlve tech.nolegy The partmon coefﬁclent and l
: diffusion co effic:ient were very sm'nlar fer test webs Mth and wuheut the acnve |
;technology since the PP pely'm er 15 greater thian 90% by welght m the active o
= technelegy samples Melt blown test web perfonnance 1s thena functmn of the
15 _sorptwn of the amine and ca.rboxyhc ac1d selutes in the melt blown web fiber .
A resultmg in a correspendmg decrease in the headspace. A 0. 2pL mj ecnon of amme '
 and carboxyhc acid solutes were made INto the glass jar wall and lmmedlately -
sealed. The headspace was measured by ta.kmg 3 tlme composzte sample 30 mmutes’
~ after the amine standard or carbexyhc acid stendard 1!1} eetmn using a three (3) ‘
 20 minute SPME samleg mterval The SPME headspaee samples are analyzed hy
o HRGC/FID (method cendmons Tables 8 and 9) Quantztanve results BIS pmwded in '
Table 10. |

: Table 10. Headspace concentration of amines and carboxyhe acid as pa.rts per
25 - oillion - pL/L (volume/volume using Gas Laws) following 30 mumutes of
' mtreductzon for sealed glass jars containing web compositions ccntm_mng
' cyclodextnn and/or cycledexttm |

PR ‘ -

Amines | Carboylic Acids.
But lamme Propylamine Butyric Acid | Isovalenc Acid

SampleD | ppM* [ PPMT | Pemr | FEMT

PPM* = ([_lL/L VelfV el by Gas Laws)

34
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This experiment provides the functional capacity estimates for the
amphoteric and or grafted cyclodextrin containing melt blown fiber at 30 minutes.
The melt blown fiber examples in Table 9 clearly demonstrate PP fiber containing
adsorptive sites (positive and negative polymer groups and cyclodextrin), sorb and
immobilize more headspace solute molecules than PP fiber without adsorptive or
reactive sites. The headspace concentration at the test period (30 min) demonstrates
the effectiveness of the test webs for removing amine and carboxylic acid volatile
molecules from the headspace.

It should be recognized that the choice on calcium carbonate and the
concentration used here is only one example of this invention and not intended to
limit the choice of the metal cation or concentration used. Other divalent or trivalent
metals may be used to alter reactivity, density or for cost reasons. Varying the
number of carboxylic acid groups neutralized with the metal cation will alter the
ratio between acid removal and base removal, thus allowing for tailored

formulations for specific applications and uses.

Preparation of Discs used for Permeation Testing

Compounding of a 10% Alpha Cyclodextrin in Maleic Anhydride Ethylene
Copolymer
A 10% cyclodextrin master batch was prepared using a 24 mm co-rotating

twin-screw extruder with a 29/1 L/D with two addition ports and two mixing section
posterior to the addition ports. The extruder barrel was fitted with a 3 hole 3 mm
strand die. The formulation consists of 10% alpha cyclodextrin, 56% maleic
anhydride ethylene copolymer, and 34% NA 204-000 low-density polyethylene.
The alpha cyclodextrin dried to a moisture level <0.1% and a maleic anhydride-
ethylene copolymer with a melt index of 14 and a maleic anhydride concentration of
1.8% was fed into the first addition port. After the copolymer is melted and mixed
with the cyclodextrin, NA 204-000, a low-density polyethylene with a melt index of
7 was fed into the second addition port. The combined material then passed through
the second mixing section, extruded through the die, passed through a water bath

and pelletized.
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Compounding of Test Formulations

Test formulations were compounded using a Brabender® Mixing Bowl
equipped with sigma mixing elements. Forty-one gram loads were mixed for 4

minutes at a bowl temperature of 150°C, and 80 rpm for 4 minutes.

Control Formulation A:
NA 204-000 (Equistar Chemical, LP) LDPE 3.28 Gm
NA 420-000 (Equistar Chemical, LP) LDPE 37.72 Gm

Alpha Cyclodextrin Formulation B:
10% Alpha Cyclodextrin Masterbatch 3.28 Gm
NA 420-000 (Equistar Chemical, LP) LDPE 37.72 Gm

Amphoteric Formulation C:

Calcium Carbonated (Aldrich Chemical 23,9216) 0.033 Gm
10% Alpha Cyclodextrin Masterbatch 328 Gm

NA 420-000 (Equistar Chemical, LP) LDPE 37.69 Gm

Injection Molding and Cutting Test Samples

Test samples were molded using a table top injection molding machine,

Atlas Laboratory Mixing Molder equipped with a 4cc mixing cup, and a 1.125 inch
diameter x 0.045 inch mold. The processing temperature was 170°C, 140 rpm, 2
minute residence time and mold temperature of 75°C. A 0.875 inch disc was cut

from the center of the molded sample using a 0.875 inch hole punch.

Closed-Volume Permeation

The permeation method used to measure the performance of the amphoteric
invention is explained in terms of a membrane surrounded by a fixed volume. The
membrane and the volume are initially free of solute. At time zero, the membrane 1s
exposed to a concentration of solute. The concentration in the fixed volume 1s then
measured over time for the solute. The membranes performance to retard solute
transport into the fixed-volume is measured. This method is illustrated in Figure 1.
Permeation across a barrier membrane can be explained where the membrane at time

zero (to) 1s initially free from permeant vapor.
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The penetrant pressure p; at the upstream face of the membrane is increased giving a

~ concentration m the surface layer c;. The dqmtream pressure, py, while

. 10

15

20

measurable, 1s negligible at small times relative to the upsiream pressure Pz, The

amount of vapor permeating the barrier membrane increases hnearly with time once

steady state has been reached and continues until eq’uilibrium is reached. At lsrge

' tlmes the upstream pressure pz will equal the downstream pressure p;. An example

. Formulauon A B and C munclayer dxsc: and permeant test rmxtures are used |
_to create a permeahon proﬁle The tlme when P2=p1 (ethbnm permeahon) was
) detelmmed to be approxxmately twenty (20) hours for Fonnulahon A

Ana]ﬁ;ca Method L
" The permesation methad mvolves expenmental techmques to measure

: orgamc molecule transport through a polymer structure, usmg a static concentranon :

gradlent ngh-resolutmn gas chromatography (HRGC) operated wz.th fla.me

, clnsad-volmne stauc permeanon pmﬁle ﬂlustmhng Pz= p; and t‘/i is pmwded n Flgure
., : ,

' lonization detection (F}D) is used to measure the cumulatwe downstream pcnetzant o

concentratton The solute in the headspace 1S quantltanvely ca]lected by schd phase o

. me&sured 11 pL of solute pas volume per ﬁxed-volume bcttle usmg Gas Laws
'equaﬁnns. - - R | ‘

| - Molded, dic cut disc samples (45 szs thick x 0. 875 in. dnamete:r and wexg,‘mng

| 485 mg) are tested ina closed—-volume vapor penneanon dewxce (refer to Ptgure 1) J

The closed-volume permean on devwe consxsts ofa 250mL IChem bottle thh

o Teﬂcsn@ faced SCrew cap septa (ie. ﬁxed vnlume) and a 20 mI.. glass vial ﬁtted with

30
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‘ phenohc screw c:ap with hole in the top of the cap. The phenolic SCIeW csphas
- mimmal peomeant sorphon- The cap is used to seal the test disc (membrane) on the 20 '
- mL vial containing the penctrant pressure p; at t:me zero. The hole in the top of the '

cap permiis the pememt mixture to permeate unimpeded through the disc into the
fixed-volume with downstream pressure, p; at time zero. The membranes
performance (o retard solute tra.nsport mta the ﬁxed-vclume is measured

Two complex permeant standard mixtures, one coptaining amines and one

containing carboxylic acids, were prepared scparately by combining “neat” hiquid
| ) 37 : | |
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volumes of each compound. All test compounds were obtained from Sigma-Aldrich,

- Milwaukee, WI. The amme and carboxylic acid permeant mixtures are shown in”~

% Compasitian -
L B1.2%
- 21.0%
1B7% .

- 4.2%
4.9%

 100.0%

% Composition

- 57.7%
 18.8%
B.0%
72%
T2% .

- 100.0%

Table 11.
5 | Table 11. Carboxylic acid and Amine stock permeation standards.
. ﬂﬂﬂﬁ am E] - Qa mgmig eEi..d_
.. Stock Standard |
b.p. ("Cj MW Dansity  Purity  wbL mg
Ethancl . 78 . 4408 0780 ° BBS5% = 150, 1185
Valeraldehyde 103 . 8613 0810 S7.0% - 60 488
© Tolusna e 1D .. 89214 - . D865  990% . 5O - 433
. Bulyricagid. 182 9811 . 0B84 - 99D0% - 10 g8
Isovaleric acid 77 - 102, 13 [P & 93? 880% 12 12
L A S . Tolal 282 . 2312
- Appmxlmate DenSaly g.820 - -
Standsrd#? Amins -
| B | Stuclr Stsndarﬂ -~ N
. . | bp (c;' MW Density ' Purity  ul - mg"
'~ Ethanol S 4405 0785  995% 13D - 1178
- Veleraldehyde 103 B6.13 - 0,810+ 97.0% 50 405
Tolusng 153 - 11498 0818 880% . 20 16.4
 n-Butylamine 78 73.14. D740  89s5% - 20 4.8
Dipropylamina 110 101.13 0738 950% 20 148
- | o - o Total 260 . 204.17
Apprcxlmate Danslty - @.785

- Die cut test mclded dlscs welghmg 0 485 g'a.ms are capped over 20 mL g]ass o

10 vials contammg D D uL of ‘neat” amme or carboxyhc acid solute is m_]ested mta o
. the vial usmg a G 5 pL syringe and the cap qu:ckly tlghtened The 20mL wal 15
'placed into a 250mL IChem botﬂe with Teﬂon faced screw cap sept& The bottle is

' _then placed into a 50°C oven for 6 hom‘s prm'r to sampling the headsp ace by SPMB

and samples aga.m at 22 5 hours. The SP’ME need 1s injected through the cap septa.

15 and analyzed accardmg to the methnds in Tab Ies 8and 9.
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Permeation Test Results

This method involves expenrnental techniques desipned to measure the: flux of
permeants across the test disc. The test methodology simulates accelerated shelf-life
testing conchnons by using an elevated cell storage temperaturs of 50°C. HRGC
operated with an F]D is used to measure the change in the cumulative permeant
mmture conczntranon in the 250mL IChem Al the end of 6-hours and 22. S-hours, 8
sarnple is collected by solid phase mlcroextract:on (SPME) from the 25 OmL IChem

| and analyzed by HRGC/FH) ‘The penneant concentratlon is determmed ﬁum
. cahbratmn standardﬁ and measured In poL or parts per million (vol jvol, ) usmg gas K

Iaws Table 12 ccntmns the concentrahon P2 of carboxyhn acid and atmne sta.ndards

" in the 20mL IChem at t=0 (fela‘l"e to the 25 0“11’ volume), and the conccntrancm p;

of permeants m the ZSOmL IChem at 6-hc:urs and 22 3 hours The permeatmn

results for the tb.ree chsc sarnples a.re prowde m Tables 12 a.nd 13.

Tabla 12 Concentranon of Permeants Measured by Statlc Penneahon usmg S
HeadSPacc I-IRGC/F I.D in Formulations A, B and C — Pennaatwn Ceﬂ Tcmpemture '
~ R e Mamtamed at 50°C - . :

Butyricacid | 15
Isovaleric acid

Concenu'anon

Pentanal R
Toluene 65

Isovaleric aeid 15
Total |

L/L = Paris Per Milkion

e
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Table 13. Concénb,-atian of Permeants Measured by Static Permeation using '
Headspace HRGC/FID in Formulations A, B and C - Permeation Cell T emperature
antmned at 50" C

[ Conc.
- @
| Tima =0 _
I ~All Form.
o = Samples | #A
Permeant . WL/L FL L
Ethanol 440
1 Tol#ene |
| Butyamine - 33. : (] 83
Dipropylamine 24 0.19

! L
h— — ey

:p.lL / I: Parts Per Milhion

P @ Time=6 Homs

Concentration
p1 @ Time =22.5 _Hours

0ZB/02B

. The dlscs m Tables 12 and 13 demonsn'aie the “actwe" tn-ﬁmctmnal trappmg

mechamsm of the mventmn Orgamc molecules are COmp laxed!trapped in the

cyclodextnn pore. The test discs contain alpha cyclcdextrm having a cavity size of

5.7 A. Alpha s cavity size accommodates smaller molecules like ethanol and

pentanal also the carboxyhc acids and amines - more readzly than tolume The

permeahon results support this. Basu; molecules (e g but)rlamme and

dlpropylamme) are scavenged w:th the malelc/sucmmc acid groups on the pulymer

-and acidic molecules (e.g., butync acid and 1sovalenr.: acld) are scavenged with the

basic groups on the polymer. The penneatmn results in Tablcs 12 and 13

demonstrate the i mvenuon can act as an efﬁmeut banler agamst a d;verse mlxture of

hazardous and odorous vapcrs d1f’fusmv through the polymer membrane The -

‘-..au....-a-h wﬁwww

performance and spemﬁcﬁy of the invenfion membrane cag be changed by usmg

different pore size cyclodextrins (e.g., alpha, beta and gamma) or cyclodextrin

mixtures, and varying the number of carboxylic acid groups neutralized with the

metal cation altering the ratio between acid removal and base remaval, thus allowing

for tailored formulations for specific apphcations and uses.

) oI MY VYWY M AT
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[ CLAIM:

1. A thermoplastic polymer composition consisting essentially of:

(a)  ablend of a polyolefin resin and an anhydride-modified polyolefin resin,

(b)  acyclodextrin bonded to said anhydride-modified polyolefin resin, and

(c)  an alkaline earth metal on the anhydride-modified polyolefin resin;
wherein the polymer composition has a tri-functional trapping mechanism, the trapping
mechanism consisting of carboxylic acid groups corresponding to the anhydride, the
anhydride half-ester product of cyclodextrin, and a metal or organic group bonded to
some portion of the anhydride half-acid groups; and wherein the cyclodextrin
compound is substantially free of an inclusion complex in the central pore of the

cyclodextrin.

2. The thermoplastic polymer composition of claim 1, wherein the modified polyoletin
resin comprises a polymethylene backbone comprising randomly substituted covalently

bonded groups comprising a cyclodextrin compound.

3.  The thermoplastic polymer composition of claim 1 or 2, wherein the modified

polyolefin resin comprises polyethylene or copolymers of polyethylene.

4.  The thermoplastic polymer composition of claim 1 or 2, wherein the modified

polyolefin resin comprises polypropylene or copolymers of polypropylene.

5. The thermoplastic polymer composition of claim 1 wherein the carboxylic acidic group
is derived from maleic anhydride, citraconic anhydride, itaconic anhydride or their

corresponding acids.

6.  The thermoplastic polymer composition of claim 6, wherein the anhydride group is

derived from fumaric acid.

7. The thermoplastic polymer composition of any one of claims 1 to 6 being for formation

into a thermoplastic fiber, film, fabric or web.

8.  The thermoplastic polymer composition of any one of claims 1 to 7, wherein the

41



10.

11.

12.

13.

14.

CA 02568010 2012-02-24

modified polyolefin resin comprises an alpha, beta or gamma cyclodextrin or a mixture
thereof bonded to a backbone carbon of the polymer through a maleic acid moiety or to

a carbon in a pendent group through a maleic acid moiety.

The thermoplastic polymer composition of any one of claims 1 to 8, wherein the
modified polyolefin resin comprises a cyclodextrin derivative having at least one

substitutent group on the cyclodextrin ring.
The polymer composition of any one of claims 1 to 9, wherein a portion of the
carboxylic acid groups corresponding to the anhydride are neutralized with an alkaline

earth metal cation.

A thermoplastic film consisting essentially of a thermoplastic polymer composition as

defined in any one of claims 1 to 10.

A thermoplastic fiber consisting essentially of a thermoplastic polymer composition as

defined in any one of claims 1 to 10.

A multi-layered fabric comprising fibers as defined in claim 12.

A nonwoven fabric comprising fibers as defined in claim 12.
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WO 2005/116136 PCT/US2005/018131
1/2

) (AT S 880 8.0 0.0.0

€ Toflon Faced Screw
ww cap
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Phenolic Screw
Cap with Hole

Figure 1. Solute concentration inside a volume sealed with a membrane surround

by a fixed volume.
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WO 2005/116136 PCT/US2005/018131
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Figure 2. Closed-Volume Static Permeation Profile Illustration.
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