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USING CARBON DIOXIDE REGULATORS TO EXTEND THE SHELF
LIFE OF PLASTIC PACKAGING Background of the Invention 5 Plastic
and metal containers have been replacing glass in bottling beverages
where easy handling, low weight and non-breakability are needed. Plastic

packaging, especially polyethylene terephthaiate (PET) bottles, are widely

usgdiiess hamacegnabeariesaied Ryt et et SiEiokire orF

still waters and some dairy products. For each of these products there is
some optimum amount of 10 ReARHSBAGFARMNS dioxide (sometimes
referred to in this document as "CO2") pressure within the package to
maintain its optimum quality. | tional plastic packaging, it is

difficult to maintain the COz At

extendédsperiod! ohttabcttitatie packagingdn pastaciable e €O Zamtinyveeverages
time the pressure within the 15 bottle diminishes. Ultimately, after a
wifiriedeasio urarad icarbdoatiomsighdstanke mmoduetishiitonger suitaded for Plastic
use which is usually determined by a noticeable and unacceptable

RReRgENE fRErscH aselyaihelpomiceniiioniatis OECUrdgineralye dedielgsused for
the shelf-life of the package. The CO2 loss rate is highly dependent on the
\WeiBREkAHNGI et dReQshta g EhasoRadle sofhpenie retiiwaass and some
is stored. 20 Lighter, thinner bottles lose carbonation more quickly, cannot
GRS BRI G inféth AR SSURES SaIARRESS NRREET ShefR e iRaUlagtiRount of
bottles %ecome srgaller the regative rate of carbonation loss becomes

CREVSTA PR RS PAPRIEGAS? 1FEHBE SRuledRdiRgHent as "CO2)

shelf-life, apnd making it difficult to. store.carbonated beverages in plastic .
e TR s R R B PO AR S b Sihal i

;!SQB%%[!ﬁ 'e}H' edi%uﬁrﬁ)leﬁ%ﬁ)@%nﬂfge&fls i?e%%m(%sa? %sthg %I’tl)’]lll!l% tPeveI for an
store "Dottles longer in the absence of coo fhg Rave RuMerous economic
@Qt\é%@@@férigd%‘f’ﬂﬁ%ty of approaches have been applied to the problems
described above. A simple method for extending the shelf-life of a

carbonatadibeveiagmis 10 sedhadditiona 6arben dixidmatine RRILRE within the

filling. This is currently used for carbonated
bottie diminishes. Ultimately, after a defined amount of carbonation is lost, the

product is no longer suitable for use which is usually determined by a noticeable and
unacceptabie change in flavor or taste. The point at which this occurs generally
defines the shelf-life of the package. The CO; loss rate is highly dependent on the
weight and dimensions of the package and on the temperature at which it is stored.
Lighter, thinner botties iose carbonation more quickiy, cannot withstand high internal
pressures, and have shorter shelf-lives. As plasiic bottles bscome smalier, the

relative rate of carbonation loss becomes more rapid. Permeation is faster at higher
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soft drinks and for beer, but its effectiveness is hindered due to the effect
of the over- carbonation on product quality and the negative effects that
this can cause on the 10 bottle's physical performance. Small differences
in internal pressure within the package cause significant differences in the
effervescent qualities of the beverage. Dissolved CO2 also effects taste.

Toesepiase r@a&%ﬁ@e@%ﬁﬁﬁéfr%@rwgﬁﬁwﬁeﬁrotﬂ#ﬂ]lt to, glore carbonated

Over-carbonation is also hindered by the press imitations of t

peieaggesib Makingdredindhe Mo RIRESIES SASISANHSIRESTEFY nable shelf.

requires use of additional material in the bottle construction or more

ko ticgrsr gedfdiieirightiestiess Gabenatiorand BsRRINAIRGIHY ability to store
reducing the CO2 permeation rate. This typically involves application of a
Sibes ifidheahsagae of PETIND teyeserbmun e s SHRIRESS,
permeable polymer than PET, fabrication of multilayer bottle 20

constrdetGHEHPESRIPRRRSS e dieemeniss. hhibsepmdierfactisiegbed above.

:?jp%ri%aghes re invariably significantly more expensive than what is
inctinat el(l“%)?&?@ I Iﬁ?g‘%fmﬁgtﬂ@ep pitifh aha crsbomrisd dreetegews to add

lally with ling. bon dioxid [ ial
R R TS AL TR e mecpmluoes for carbonated

[ tr with carbon dioxide 2 have been
R B T B BT RRE e ot Pt the over
wikbwedesnWe- /83 ] : al and U.S. Patent
Applic_atior? 200%%%94?57%ﬁﬁ§%e%§?\i et&a%.lgdﬁejés{_(;:lﬁbﬂégg%%ﬁan cause on the
tedetsinpRERRP P Hnean %ﬁ%@@%@&?iﬂ“ﬁﬁéﬁﬁé‘&f&@%m within the

packaging for carbonated beverages. The compositions In

reickegeesadescsipeaifivattdieiabdes PRY ¢RET A WRIGLR (IDIRRNIG the beverage.

carbonate as the source of the carbon dioxide blended into the

tRissntsrh SO Alse @ RETsHattte withas259fclaiadingyal-SRAME PISaHRORAduct to

has the potential to release 4.5 grams of carbon dioxide. This is

zﬁ’ﬁ%‘i‘éﬁﬁnately ten times 10 higher than needed for application in a PET

beer battle and would likely cause an unsafe pressurization of the
packade'arasBuaianIiesAissoaRaIes theitheatiessure limitations of the package.

Making the bottie more pressure resistant is possible but requires use of additional
material in the bottle construction or more exotic higher performing plastics.
Carbonation can be maintained by reducing the CO, permeation rate. This
typically involves appiication of a secondary barrier coating to a PET bottie, use of a
more expensive, less permeable polymer than PET, fabrication of multilayer bottle
constructions, or combinations of these methods. These manufacturing approaches
are invariably significantly more expensive than what is incurred in typical polyester
bottie production and often these create new problems especially with recycling.
Carbon dioxide generating materials have been used in the art o exiend the

shelf life of carbonated beverages. Molecular sieves treated with carbon dioxide
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dioxide too quickly to regulate pressure over a prolonged period especially

if they were prepared in polyethylene terephthalate as opposed to

polyethylene which has a far lower permeation rate for moisture. We have

found such high loading levels to be 15 unsuitable for our application

since they have the potential to release far too much carbon dioxide into
thaweaskag i Qi i lon is directed to a .
method for?gﬁﬁgéﬁ%ﬁﬁ?%%%ﬁ% g;g s%ggggét%grgo&ha }c? %%@5?&88" dioxide
ceititaizer The method comprises inserting a carbon dioxide regulator into

" the beverage container or into a closure of the container, and releasing

carbon WiBxidafenmn Naid&;88nediodad@ g atpsdR ariehemicabigatiot niication

The release of the carbon dioxide is regulated at a rate approximately

/B2 43¢ 4618 ofo Farsaimainxitiel |ehsstipe said contagRRIng 2 Jrhifsition that can
invention is also directed to a method for replenishing carbon dioxide gas
iR% RGeBREERY bevy dRagaesbritdindheT mackating GompibesdRSEIbBgfages. The

~ carbon -3 dioxide regulator into the container or into a closure of the

SITRRREORAdNs Rk deiRIpnEstISassihe reeaseventhécanentativideweight of
from the carbgn digxide regulator at a rate approximately equal to the rate
JPOIGRITR AR s FortnidOUBRRaifr (BT HF3MRRN ATl glended nto the

i a in tem for.mainfaiping a_consistent pressure of a
R B B e B R S sreariepanate hes the

[ later, This. inyention is alsa directed to a method for ,
Cr%%ﬁ%%%éagﬁggg%%?spe{n_qr%\ﬁn%?ﬁ%é:mir%og' 8hs?§?ésnfsp?§§¥8@"?ﬁt§|y ten times
dagheraingh RS FIPAIIAG YISk BAIEIUM Ao

an
P EE }
assembly for a carbon dioxide regulator. This invention’is also weg}ea forause an

aimefieogr ik oraidnghadpaskagg syste gk nan)ia) @£3%0?§§§§Qttheir carbon

pressure in a carbonated beverage comprising blending a carbon dioxide
réiguldtotontadiukiplastieguriesiprusesto J0Bp BroRA¥ES HERBRNRLy i they
said carbonated beverage.

were prepared in polyethylene terephthalate as opposed to polyethylene which has a
far lower permeation rate for moisture. We have found such high loading levels io be

unsuitable for our application since they have the potential to release far too much

carbon dioxide into the package.

Summary of the Invention

This invention is directed to a method for replenishing carbon dioxide gas in a
carbonated beverage container. The method comprises inserting a carbon dioxide
regulator into the beverage container or into a closure of the container, and releasing
carbon dioxide from said carbon dioxide reguiator via a chemical reaction. The
release of the carbon dioxide is regulated at a rate approximately equal to the rate of
carbon dioxide loss from said container.

This invention is also directed to a methaod for replenishing carbon dioxide gas

in a carbonated beverage container. The method comprises inserting a carbon
3-
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15 This invention is also directed to a carbon dioxide regulator

composition for replenishing carbon dioxide gas in a carbonated

beverage container comprising polymeric carbonates and organic

carbonates, individually, or in combinations thereof. This invention is also
directed to a carbon dioxide regulator composition for 20 replenishing
cditnddedicogtBagas i v ontajner comprigin .
materials?l@;![ a%iorﬁlgn%ﬁgij@(ﬁégﬁyégggfe (%argﬂ({?ﬁu&%x%e?bfg container; and

--sammungeagmefgam%eﬁéemfiﬁu@ﬂc@%@@mgﬂ%%é\ﬂ{g%mn dioxide

carbon dioxide gas, in the range of about 2 to about 5 vol C

pregufalor ahBomts. Srorakioattdp sl £1Q2Ave) HROJOESABRMISHSWSs from said
drinks, and about 2.7 to 25 about 3.3 vol. CO2/vol H20 for beer, has

bEEHH & olved. -4 "Carbon dioxide regulator," as used herein, is a

composﬁi% that acts to maintain a more constant carbon dioxide
pressurt With{ePHeR kisg iRt #lisested ob tiebgkeiiney dpstlyrreleasiintaining a
C(B%s Q{gfﬂgh a controlled chemical reaction process or by adsorbing and

esorbing COZTSugh PpRoEreaiedeyamer: ewnmpisiog tiscBsure, a plastic

release s roximately.equivalent to the CO2 loss rate of the package.
Suitable C%%Brg)éq’u ﬁ%?sdfﬁ%f 85?%'@/?9&& carbonates, cyclic organic

carbonagigs.; ic.qar as alky| carponate, ethylene
carbonate, Eﬁﬁgg}ﬁ@qegcar Bc?r;ig g?%%?}?prao?iﬁ@l?g fﬂ?ﬁﬁﬁ?ﬂ-ﬂ diRgckaging system for

oA O EBHESISAT tyl rhonate, diethyl carbonate, _
ethyl pyrocfr%)/onate, me?ﬁﬁ%&rrgggré(%ﬁ%%%%ecﬁth%{/’lea? 5GAMESIEY overmalding

raiprefesihaoek mﬁ)%%@i%s@rm@ég?wpgigg@%%ﬁmagrcarbonate,
arpo

ferrous carbonate, calcium carbonate, lithium ¢ ate and mixtures

thereof Thisleceltictidyess g emiemaetivatesticarbgp nﬂ@%%%lgﬁ%@gging system for

coordination polymers, metal organic frameworks ("MO
iSorEtanNgr fnetaistigahiordeanre o S A RMENES) BV ABOUBRISR? biendi ng a

regulator utilized is dependent upon the 15 amount of carbon dioxide

&R Heifedragtsras idtsptiraipiastin thetenabussOtocRibemMEIBsEdOs container
from the container over the shelf-life of the container. Areas of the bottle in

iR theArepateg a8y be placed include, but are
This invention is also directed to a carbon dioxide regulator composition for
replenishing carbon dioxide gas in a carbonated beverage container comprising

polymeric carbonates and organic carbonates, individually, or in combinations

thereof,

This invention is also directed to a carbon dioxide regulator composition for
replenishing carbon dioxide gas in a carbonated beverage container comprising
materials that absorb and subsequently release carbon dioxide.

A “carbonated beverage” as used herein is an aqueous solution in which

carbon dioxide gas, in the range of about 2 to about S vol COsfval H20, preferably
about 3.3 to about 4.2 vol CO./vol H,O for carbonated soft drinks, and about 2.7 to

about 3.3 vol. COu/vol HyO for beer, has been dissolved,

-
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not limited to, the bottle closure, the bottle finishfneck, the_ bottle bqsg, or
blended into the plastic resin comprising the bottle. 20 Brief Dgsquptlon of
the Drawings Figure 1 is a depiction of the effect of a.carbon 'dIOXIde' '
regulator on the performance of a PET beer bottle. Figure 2 is a depiction
of the effect of a carbon dioxide regulator on the 25 performance of a

carbondtatisoft digxideoriguasrouss 3isa %@H?Gso%a&?r%iﬂgiﬁ%ﬁ’“ gt acts to

regulator closure with disk insert and liner. Figure 4 is a deplc ion of a
car@ptatioxittere gokatamassebaliuidicd Wssyide lietib 4 uuiegd5ét o period of
depiction of a carbon dioxide regulator closure with inset p_Iug asSembly.
FiRRp fitheasisetio relsfasiogrbeh tiowistsh requisioliEoishdrseil RSREBIProcess or
Figure 7 is a depiction of carbon dioxide yield for_an organic carbonate
2RYRHSErBpSans dagribing Bigutdmiga depiutirabpthecefacheibi@ rate of this
sachet material on carbon dioxide release rate. Figure 9 is a deplgthn of
ciéeﬁggﬁed'i%% WenAR Y RaHG sBke Hﬁ@ﬁ@ﬁépﬂsimofgis ﬁé@gﬁlon of
resatugafi f on dioxide in 20 ounce bottles. 15 Detaile _ ‘
gescrip%%ﬁr%@%he In?/eﬁ(ﬁ%ﬁ(ﬁgﬂresre DRluEG dBMRERFof s hIneiRtons YRl  organic

CRANSERYRS CAERAR diaxide. 1 e%uI%E%ﬁ's%%ﬁsﬁﬁg%%%gégfgsof;}gﬁggéwgarbonate, '

categories. TheTirst category IS com

coendioxdenia copliolss el easion Sush compostions i

include: a) polymers such as aliphatic polykeio

caubendiQudetoasta, ARBTREaRR AR OHNER Wﬁgls rrggtﬁé'/ %%\%iégrbonate,
oxygen or organic and inorganic carbonates groups that releasé car

ditdidé dicarbonate, or mixdures thereof: inorganic carbonates such as sodium
bicarbonate, ferrous carbonate, calcium carbonate, lithium carbonate and mixtures
thereof, molecular sieves, zeolites, activated carbon, sifica gels and coordination
polymers, metal organic frameworks ("MOF's"), and isorecticular metal-organic
frameworks {IRMOF’s). The amount of CO; regulator utilized is dependent upon the
amount of carbon dioxide release desired which is dependent on the amount of
carbon dioxide lost from the container over the sheli-iife of the container,

Areas of the bottle in which the CO, regulator may be placed include, but are

not limited to, the bottle closure, the bottle finish/neck, the bottle base, or blended into

the plastic resin comprising the bottle.

Brief Descrintion of the Drawings

Figure 1 is a depiction of the effect of a carbon dioxide regulator on the

performance of & PET beer bottie.

Figure 2 is a depiction of the effect of a carbon dioxide regulator on the

performance of a carbonated soft drink bottle.

5
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upon hydrolysis, especially in the presence of acids. Catalysts, binders,
and other additives may be combined with these materials to help control
the carbon dioxide release process; and b) organic carbonates such as
alkyl carbonates, ethylene 25 carbonate, propylene carbonate,

. polypropylene carbonate, vinyl carbonate, glycerine carbonate, butylene

carbondtiguetethid cadepivite) ety cyroearbRnMe. BEIRLrSiosure with disk insart
pyrocarbonate, cyclic carbonate acrylates such as trimethylol propane

c@edingte acrylate, and dialkyl Bicarbonates which generate carbon

dioxide upon hydrolysis that can be enhanced by reaction with an acid

such as (e £tid 8r dRIoAE aciarivor it reatdgtany dssambbniih disk and
ﬁ?nmpositions that store carbon dioxide and 5 then release it into the

cOhtainer as carbon dioxide is lost from the package. These include:

absorben %seu%wiasasilica ﬁel; ntolecular sieves, zeolites, clays, activated

alumina, 3chvated cavBBIT R GoFRRERR I isdida sraURRICksms with inset plug
frargwgiks or "MOF's" and isorecticular metal-organic frameworks or
"IRIMOF's" which are crystalline materials of metal oxide and organic

acids a j rials may be engipeered to

have vﬁg?gjri%s?zggslggﬁa gcgggf‘;anpog? g{%(gx@grge [%1%3;5258%5 IBRET avRiELlY.
carbon Higxideenesairy Cri e e% into_the .
polymer t%ft makes up tﬁﬁitﬂeﬁggﬁe %Tla(%}{ﬂjfge. ?Qﬁgn%ls% 0%t carbonate
s&claspdest ny avatettilayer. closure, liner, or bottle design. Alternatively, they

can be molded into 15 an insert or disc that can be placed in the top of the

bottle cfdgure 8rinzarepisticn whigle eefdst el plagashiie: thadinishareaBhn dioxide
the container. Some designs are shown in Figures 3-6. In systems where
FRIRgSFMused to regulate the release rate of 002, the carbon dioxide

regulator can be encapsulated or blended with a suitable polymer 20

selected 'BIRS femsienistian of eribam «lmniio0as Byrpripersetettqtedsure.

the enﬁulaﬂn%or barrier polymer, the rate of moisture permeation can

be used B"EohtrB #SPitton: & O raBHstunal sriuniioK02 bSO e bottles.
the package thereby achieving a package which maintains a near

constant internal 002 pressure for a

Detailed Description of the invention

There are a wide variety of compositions that can serve as carbon dioxide
regulators. These compositions fall into two categories. The first category is
compositions that generate or release carbon dioxide via a controlied chemicali
reaction. Such compositions iﬁclude: a) polymers such as aliphatic polyketones
which generate carbon dioxide as a degradation by-product of the polymer’s reaction
with oxygen or organic and inorganic carbonates groups that release carbon dioxide
upon hydrolysis, especially in the presence of acids. Catalysts, binéars, and other
additives may be combined with these materials fo heip control the carbon dioxide
release process; and b) organic carbonates such as alkyl carbonates, ethylene
carbonate, propylene carbonate, polypropyiene carbonaté. vinyl carbonate, glycerine

carbonate, butylens carbonate, diethyl carbonate, ethyl pyrocarbonate, methyl
-
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period of time. This period of time is referred to as the regulation period. -7

In systems where oxygen is used to regulate the release rate of 002, the

carbon dioxide regulator can be encapsulated or blended into a suitable

polymer selected for its permeability to oxygen and CO2. Again, by

proper selection, the rate of C02 generation can be regulated to match
tRErCBbRRaeateyolitheapaokaige @ovd i fon alniHin nemtesansiaptdpiR alarbonate
CO2 pressure for a period of time. When the carbon dioxide regulator is

el avhiisleddierrsonsites whiehiageribmadciione iR epdati@rolysis that
extend shelf-life may be incorporated through over- carbonation at the

FEIRES: AMRSCPAD ) pRalinD M e sacoamtiidiotitive phegiteric acid.
amount.of CO2 needed based upon the desired increase in shelf-life, to

regulation pEF' G AAIRMOR 08 Serhesl my pesiionm dhalstoTaeaban dioxide and
r Iq,gm% J0 tfiar{'gl tﬁ}ust rggidlﬁ absorb this excess C02 before the

package can deform dus (o BREESBEPR AIeHdR FUarcBYRJhRI Rskage. These

Wik gb j r d_preferably in abput one hour. The C02 '
regui{gg)rgs%lggi%é]tﬂ%ng re e:J'ti‘s%e%t%((a:%ag/seoprbﬁéap%%ffl nSfRRF SRR 6lfyss activated

thrint 0 rafaralply appEex I j he rate of carbon dioxide
15 loss from the packaggg :Egﬁ é%%%@ﬁsﬁ)ﬁiy{%%{sa G"rﬁ%ir%"%%l%?mew‘”ks or

IAtEDFES 0 QshcDr esisreisticsIBIAIRBIBES RRHOMARES BHEPSSNC FRGWRION W hih are
compositions may be optimized by proper drying, impregnating, and

fatystalting cateliatnsiinastarexed dmowrinibaspiskdbabibinedtoliiss. These
preferred to minimize the volume of the carbon dioxide regulator so that

tEigsiate RIhbeangngesd etafioeniyig8bAternaliualy B SAHMde storage
dioxide regulator may be pre-charged with CO2 by subjecting it to an
&RArSHIent of CO2 gas so that it absorbs and holds enough 002 gas to

replace C02 lost from the container during the normal use of the
containERSTYREIRUFLRATRAEiRxIde gensratas ke socigrbaitedkint@yhiee biended into
QﬁCka ein aiﬁé number of ways. These include, but are not limited to,

pIacHE RSB ReigsHrdhe SuitakIan o Sinatiaauscor Bley tatmiaateexist as layers
qisk. FNRsS gl[ec'cl)lul?}raﬁed in Figures 3-5. -8 These designs have several
componenté. the Body o thedi08te drsiearbbiemstivaly, they can be molded into

an insert or disc that can be placed in the top of the bottle closure or in an insert
which could be placed into the finish area of the container. Some designs are shown
in Figures_ 3-6.

In systems where moisture is used to reguiate the reiease rate of CO,, the
carbon dioxide regulator can be encapsulated or blended with a suitabie polymer
selected for its permeability to moisture and CO.. By proper selection of the
encapsuiating or barrier polymer, the rate of moisture permeation can be used fo
contro! the rate of CO; release and maich the CO: loss rate of the package thereby
achieving a package which maintains a near constant infernal CO, pressure for a

period of time. This period of time is referred to as the regulation period.
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regulator material, and a liner or cup material which supports the carbon

dioxide regulator and can separates it from the package contents. The

liner material can be designed to assist in controlling the CO2 loss rate of

the carbon dioxide regulator 5 material either by acting to control the CO2
permeation rate directly or by controlling the rate at which an activator

can refefs {58 RO KK EROIIAIREINBIFLANK VRLE" LARRL CBAGE 85, the
an activator in many systems. The amount of carbon dioxide “regulator

earbuaryiideiﬂ@ntﬁgm%itk&re%if@ﬁegﬁ@%&?&Qsmﬁ?ﬁé@%ﬁﬂ%&l@ polyrer

increases in shelf-life a thin insert may be placed inside the closure.
kegetdtiefiec sevizalsiyore GyRan SHTB Jegigatory e 488LHIS the rate
the cup or plug- closure design would allow large amounts of carbon

giokide gepsaiatontcdre bseegTibtddch amttioXiske oplater mayobenplaeedage and
into the bottle after it is fabricated by placing a formed piece into a

SMARIE gowao st bisdenaiiSisninesstatetbire Pagind & tOwe approach

would be a short tubular piece placed into a slot molded 15 into the finish

area ol {REHBRSRIRRE Hanids sraneasisiepmipiramaHePapgdeosthg material,
ould he to over-mold g bottle preform around a carbon dioxide regulator
SRR G R a7 v it v EsPreATRIVOuGh over

iniection. =moldi d thi bl
A P, B RIS T B i e bRt the

SFRUBHOLARSAILY Wyl Bendie tloup 19,8 30 boile v

conventional equipment. Another concept would be to s %12%%&8?&1 inoghett-tife,
e Qaatian serreIing arsemtly BBl %E%%ﬁ(‘%@olﬂ%@g%@ereguiating

carbon dioxide regulator can also be blendéd into stics use

iouteiae sy rabiie Baskas e thesdesy -Jé?@r@rﬂgrﬂé%@@g%%i%rm due to

carbon dioxide regulator assembly would then be blown intoa bot

esiceps @UenTtinakdScetuiRBenb @ ceh RitVAaBbUL WRWERE and preferably in
advantageous if the carbon dioxide regulator would not become active

abobtrenpdckagelva Cilletkdlmaashooldivddedegalatne crizaiseeirbon dioxide
added as a layer in a multilayer fabrication either as a layer in the bottle,

&layéisriapreiBrsorayeferabheamphiriatly Sdlislayeortiay bt vadaetyn dioxide
any of the conventional multilayer extrusion and

ioss from the package itself. This will ensure that a uniform and stable internal COs
pressure is maintained. Performance of specific regulator compositions may be
oplimized by proper drying, impregnating, and fabricating conditions that are well
known to those skilled in the art. It is preferred to minimize the volume of the carbon
dioxide regulator so that the space of the package is used efficiently.

Alternatively, the carbon dioxide regutator may be pre-charged with CO; by
subjecting it to an environment of CO, gas so that it absorbs and hoids enough CO-»
gas to replace COz lost from the container during the normal use of the éontainer.

The carbon dioxide regulator may be incorporated into the package in any

number of ways. These include, but are not limited to, placing i inside the closure

either in a small cup or as a fabricated disk. These are illustrated in Figures 3-5.

8-
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fabricating practices common in the industry including multilayer perform
fabrication, multilayer film extrusion, coating, and laminating. The number
of layers in the final package form may be from two to ten layers, and
preferably three to five layers. The release rate of carbonation from the
carbon dioxide regulator can be 1o further controlled by either laminating

Winh@faaugmaﬁa@ethe\f@m%rPIEBﬂQ%@QH@E%@éF%Bb%T FOMPIENAING, Gioxide

the carbon dioxide regulator into another material, especially a‘plas?f%

Tegsiatay alstefatlime theifebrisatop Qﬁéﬁ@iﬁﬁ@ﬁﬁﬁji%}ﬂﬁﬂg%@gﬁg dioxide

a form suitable for this application. One approach would include blen

tRg¢atBbANdioxid s eoguadesrinfateribisiadkegpalytentssetie MENHNRHEI can be
closure liner or blending the carbon dioxide regulator material into the

Fesisnad e @saishigderetpiling ober 3R e odd alateulal Sievesriosa dioxide requiator
preferred carbon dioxide regulator for this invention. Neat, uncompacted

MEIEEE 700 B AstRare SeNi!EhanSEbnagnastiens BRCoRedyeol BX controlfing
mlecular sie}\]/,e abso(rg, about 18% of their weight of CO2 at bottle 20

préssure THIE T 33105 foh Sads ShedArIbabtdioNide isoukionatiater and

ggz{eq Ve .525 g of CQ2 gas is required to replace the CO2 that o
lost fromﬂjt?'nre% %ﬁc ngaes Ao é%’ﬁml Yefidied DR ABIevaL of carbon dioxide

Lo ioxi regulators include, but are not limited
O B e RS A 5 YR, ncag saor smallr

savessdaLivsipIong wRGe CinEP o LhaRE BIISiale (10 AR e

modified by ion exchange processes {6 modify their pRySical propertes, o farger

afidctaayhereaminesd wih wlskajéoi@@rmnq,&r@rb@%salﬁw ds,.

Another set of carbon dioxide regulators are coordination polymers, metal o plug-

oigauTie demigewanis GRS Je aRtbinereelicHRbMEIAkLIAYG SIBMEWE kS,

5 (IRMOF's). These are polymeric structures made by the reaction of

metal arit GAyRNO Kl ceagRittonita grianiosRARRE THISHHRSFHE: B3 icated
an open porous structure results. Any of the various related high porosity

[BYiB@EPStarfa MR arece tintouysstathiea pesitibaniraticsthatiare Tapakiqigkirated in
e B e SSaranth would o6 s Shof subulr pios piaced i
piece placed into a siot molded
into the finish area of the bottie either during or after blow-molding. Another approach
would be to over-mold a bottie preform around a carbon dioxide regulator assembly
by placing the assembly on the core pin of a conventional injection mold and then
over-molding a preform around this assembly using a polymer such as PET. The
preform containing the carbon dioxide regulator assembly wouid then be blown into &
bottle using conventional equipment.  Another concept would be fo use the sirefch
rod to position a regulator assembly into the bottie during blow-molding.
The carbon dioxide regulator can aiso be biended into the piastics used to

form the body of the package or the ciosure. The preform containing the carbon

dioxide regulator assembly would then be blown into a bottle using conventional
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10 Another set of carbon dioxide regulators include organic and inorganic
carbonates. These materials react with water to form carbon dioxide .
especially in the presence of acid catalysts. Blending these materials |nt.o
PET and activating them by filling the package with an aci_dic beverage is
a preferred embodiment of our invention. Suitable inorganic carbonates

weplpinehide seplivmpicaronate. calmium e GA1t f §é%n%@‘?'iff‘?ﬁé’%%rb%n dioxide

carbonate. Suitable polymeric carbonates wou cyclic carbonat

oaeimRe marEhaspebhdadic el s GaroRalenmad poly cyclic

carbonate acrylate or linear aliphatic carbonate polymers. The poly(vinyl

alcohollichatarb ainteds feymabby:die a6 bE asiraCHANOTRAY MY multiiayer
alcohol with diethyl carbonate. A poly cyclic carbonate acrylate can be

rRRIECBYosONINeT s lagethie thertmttes, trilmethyioineropB0eCAMORAS: in the liner.

acrylate, that is made from the catalyzed reaction between ‘

L8Ry I3YRhyaNK I TR 118 propan dibe (tionsenfipnapameltisaer distirybion and
carbonate. Another set of carbon dioxide regulators are polymers that o
ORRNEB DI RFACHED SRTEMRME BRaRsldsiyldsiugissemsiiy treneifsatitabrication,

po‘ykt?tone% example 11 would include polymers made by the reaction .

o?"en%ﬁ e S PRIy IERR e 2B R RS OmEmIaneT layers in the fina

R R s R e p
Do nconma et e oA e Bt SXAE JERiRtr can be
e A R U D o
chdsarhbly Disrxidg SuHeRg HHeCBYERZ dRERRIVIERMNLY /4% Gnother material,
especially a plastic. This may also facilitate the fabrication of the carbon dioxide
regulator into a form suitable for this application. One approach would include
blending the carbon dioxide regulator material into the polymer used. to form the
clesure liner or blending the carbon dioxide regulator material into the material used
{o produce the closure itself.

Molecular sieves are a preferred carbon dioxide regulator for this invention.
Neat, uncompacted molecular sieves have the ability to absorb high levels of CO..
The 13X molecular sieves absorb about 18% of their weight of CO, at bottle
pressure. Thus, for a 12 oz carbonated soft drink bottle that is carbonated to 4.0 vol.,
about 0.525 g of CO; gas is required to replace the COs, that lost from the package
and double the shelf life. Molecular sieves appropriate to act as carbon dioxide

regulators include, but are not limited to, aluminosiiicate materials commonly known

as 13X, 3A, 4A, and 5A sieves, faujasite, and borosilicate sieves. Thase materials

-10-
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Solid, 002 Temp., C =-80 1.565 1.565 Liquid, C02 Temp., C =0, Vap.
Press. =0.929 0.929 490 psig Temp., C = 25, Vap. Press. =0.713 02713
917 psi Gaseous, C02 Temp. C = 0, Pressure = 44.07 0.008 0.003 S
Sorbent Sorption: 0.8 g/g for IRMOF-1 0.620 0.496 @-77C So_rptlon:
0.18 g/g for 13X Mol Sieve Compacted 22 C 0.766 0.139 Sorption: 0.022

F5T P AMURBAUS, ibn @it Ge FPobasnd- B30 LR iaich metr'cpl?ga;i?gmﬁ& and
m bicarb NER

ionization Inorganic Carbonaté Acid sodiu onate,

rbicanitbited WiRGid) HiARA4, AR HRaAiBLbicabanate, NaHCO3
gzﬁgoic acid, IC7H602 l1.578 6.337 mono sodiubﬁng%icarb%ngte, NaHCO3

citric aclthoB1et86dt o6V Qiimdte seglvrbhicarboRsRINAIIR Piymers, metal
fumaric acid, CH404 1.833 0.403 mono sodium bicarbonate, NaHCO3

rAEJeRiacifaCemate 1(THOE'SI6 naorb sestietiduiearbanate N0 rameworks
oxalic acid, C2H204 1.836 0.384 mono sodium bicarbonate, NaHCO3

JIRMRIE adid, Ghem04re.688Y01860 stonduseslioradsicaybibrateabitiCs3netal and
tg;g rqg;r?g%P?é%g%h%?w?ﬁ%ggrgrggigo sgggeGroﬁmlecules such than an open porous
structure results. Any of the various related high porosity tattice systems prepared
through such a reaction and that are capable of adsorbing and releasing carbon
dioxide should be included.

Another set of carbon dioxide regulators include organic and inorganic
carbonates. These materials react with water to form carbon dioxide especially in the
presence of acid catalysts. Blending these materiais into PET and activaiing them by
filing the package with an acidic beverage is a preferred embodiment of our
invention. Suitable inorganic carbonates would include sodium bicarbonate, calcium
carbonate, and ferrous carbonate. Suitable polymeric carbonates would include
cyclic carbanate copolymers such as poly{vinyi alcohol) cyclic carbonate and poly
cyclic carbonate acrylate or linear aliphatic carbonate polymers. The poly(vinyl
alcohol) cyclic carbonate is formed by the catalyzed reaction of poly vinyl alcohol
with diethyl carbonate. A poly cyclic carbonate acrylate can be made by polymerizing
the monomer, trimethylol propane carbonate acryiate, that is made from the catalyzed |
reaction between 2-ethyl-2-(hydroxylmethyl}-1,3-propanediol {irimethylpropane) and
diethyl carbonate.

Another set of carbon dioxide regulators are polymers that oxidize ic form

carbon dioxide. One example of these would be aliphatic polyketones, example

19
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Extra Strength Alka Seltzer, Citric acid, non- 1.574 0.121 mono NaHCO_S
stoichiometric -12 Ferrous carbonate (iron(ll)carbonate), CFe03 citric acid,
C6H607 2.040 0.275 mono Ferrous carbonate (iron(ll)carbonate), CFe03
fumaric acid, C4H404 2.353 0.414 mono lithium carbonate, Li2CO3 citric
acid, C6H807 1.667 0.276 mono _potassium bicarbonate, KHCO3 citric

| 5 n jump.higarbopate. NaHCO3, citric .
e PO B P RS D mmyene with
CAHa4rbRAR8d& 597 di calcium carbonate (calcite), citric acid, C6H807
1.714 0.301 dI CaCOa3 calcium carbonate (calcite}, DL-mali -acid 1.828
0.418 dpreabiOthealsiuamedsionalsdaaleite) Cﬂﬁ%%@aq% @é@% invention is
1.886 di 3 CaCO3 calcium carbonate (calcite), fumaric acid, C4H404
TEBYTATS e CaCdy dil@hiieinChe N 02002 reiic Bl HiBEBte La8ASity of the
0.28 di dolomite, CaO'M 0 2C02 fumaric acid, C4H404 2.020 0.427 1 di
SRYssfic WHIbssReckthy | endasardio i@, 061-1nb3vdianatioihel 840031 can be

mono prop%:lene carbonate, C4H603 1.204 0.519 mono butylenes

dAPRERMARES
1,390

Bltmtne pagkpoatmanishs! sheldéeinwhilslat tiaeesaDaHE0d minimizing

.518 mon . . . -
he VOHJI’?}]E-B occup?ed by the source. A variety of materials and their CO, densities are

shown in Table 1 balow.

TABLE 1
Density of Carbon Dioxide Sources
Effective CO,
Density Density
glee glco

Solid, CO,
Temp., C = -80 1.565 1.565

Liguid, CO,
Temp., C =@, Vap. Press. = 0.828 0.928
450 psig
Temp., C = 25, Vap. Press, = G.713 0.713
917 psig

Gaseous, CO,
Temp. C =0, Pressure = 44.07 4.008 0.008
psig

Sorbent
Sorption: 0.8 glg for IRMOF-1 0.820 0.496

L @-77C
Sorption: 0.18 g/g for 13X Mol
Sieve Compacted @ 22 C 0.786 0.13¢
Sorption: 0.022 glg for
Amarphous PET @ 22 C, 20 1.335 0.030
bar
Stoichiometric Pairs lonizafion
inorganic Carbonate Acid
sodium bicarbonate, NaHCC, ascorbic acid, CsHaOs 1.797 0.304 mono
sodium bicarbonate, NaHCO, benzoic acid, C:HaO- 1.578 0.337 mono
sodium bicarbonate, NaMCO; citric acid, CaiaGy 1.69% 0.270 ©omono
sodium bicarbonate, NaHCO, fumaric acid, CaH.Ou 1.833 0.403 mone
sodiym bicarbonate, NaHCO, maieic acid, C.HO4 1.789 0.388 mone
sadium bicarbonate, NaHCO, oxalic acid, C.H,O, 1.836 0.384 mono
sodium bicarbonate, NaHC O, succinic acid, CdHsO, 1.693 0.368 mone
sodium bicarbonate, NaHCG, terephthalic acid, 1.688 0.297 mono
CateDOy

Extra Strength Alka Ssltzer, Citric acid, non- 1.674 G.121 mono
NaHCO, stoichiometric

-12-
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vinylene carbonate, C3H203 1.353 0.692 ; mono diethyl pyrocarbonate,
06H,605 1.122 0.304 mono ,,diethyl p rocarbonate, C4H605 1.122 0.609
di dimeth rocarbonate, C4H605 1.250 0.410 mono dimeth | rocarbonate
C4H605 1.250 0.620 di diethyl carbonate, C5H1603 0.976 0.364 mono
Another challenge is regulating the release of C02 from the source so that

it "gerseaiyonaieresponds to(the rate of 0SS of COZ fronTthe package—C€o2
4|@Qﬂlxa;®naiﬁ ,ﬂ@{%.md tfingeiosSlebon of the s@uwme itself, 0.275 mono
e""“ljhcar Qﬁ‘{aéﬁ!bgf the C}l%aécrg%palgig reaction or b;z/ approprlate
eﬂamﬂ&arim‘nm@m 8Nes, COaliRYsHT & 'b‘°évaﬁm"“~ﬁ F5c0e-s¢ “zég monc
e methodS G SXPIIET i g Expmigiés; ——noos
R HEEa a O 'niﬂgg}gmmxant foo tlmrgvrgg the pre@m di
%@E&P@%ﬁg‘% {mm 3 ot &nﬂ%%fﬁﬁn@mrmn diéfide requiaser di
regaiped to produce Stifficient A SN0 COp. In'drifer to|caltaRite the @
cagloom damqnteem.ghiator INSeT-pERbEKHESS for ey varetypfreactant; G
Ke¥eYals. _a series of calculations are made assuming 100% |conversion
D 'ur%g?ﬁ?cgﬂ%t?e(‘iﬁé%{@ant tq EtRtatis a5 Cablef dli- ort ®BSfuNClionaEos @
CEGBUN AFERS, nore GOURS Mightiagel bullor
pg_@s,es of thf:-) (%ggi’alculc&i%ﬂ%ﬁﬁiﬁe%ﬁﬁ ‘below, i'Ev' F;B%ssu med 4t di
SO CRGMEE \cts, Tt :@aCiaiand fumariciagsl COMDITERIpTIS 5
HS : Léﬁwiﬁﬁﬁaﬁiﬁmlﬁe_@@m yleldo€02 i
per v0|ume) reabé‘.ﬂﬂécﬂ&"&a%bi&'@’ cu.y!en.e carbon is_shown_as an v .
emawgp]ﬁ;@-ﬁaﬁn@rmg source of carbomate;-which ueq%'z"puo S '-6?8?? = y:]:}atlon
remetienewithonaiteCand.does not requiré acidification-gate bekows mO:ﬁ
P ﬁy}e&%@%@ﬁ&&ﬁ@@rmrm on insert thickness. TABLEs2 Effed] £z mono
i Céﬂ?&?&?ﬁ%&%@'cm hss-10 Rnfflp Type RedctahB®alc.ins€rsTEhkns. mono
uewi éy%bérhmgﬂeia\biqwo +1-mol-Citrie aC.d - 28529}?22 gggi mone
dfethyl nyrocarbonate, C,Ha0; 1:122 01609 mg;no
dimethy! pyrocarbonate, C,HsOs 1.250 0.410 moﬁo
dimethy! pyrocarbonate, C4H505 1.250 0.820 . di
| diethyl carbonate, CsHq100, [ 0978 0.364 mano

Another chalienge is reguiating the release of CO, from the source so that it

generally corresponds to the rate of loss of CO, from the package. CO» release may

be optimized through selection of the source itself, controlling activation of the CO,

releasing reaction or by appropriate  selection of membranes, coatings or films

separating the CO., source from the beverage. Various methods are expiained in the

Example section below.

Another parameter important to optimizing the present invention is the volume,

or thickness, of the carbon dioxide regulator required to produce sufficient amounts of

CO2. In order to calculate the carbon dioxide regulator insert or thickness for a

variety of reacta i i ' i
y : nt materials, a series of caiculations are made assuming  100%

conversion of the carbonate reactant to CO..

in the case of di- or tri- functional

organic acids, one or more of the acid groups might react, but for purposes of the

13-
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12 0z. CSD 1 mol CaCO3 + 1 mol Fumaric acid 0.1602" 12 oz. Beer | mol
NaHCO3 + 1 mol Citric acid 0.1134" 12 oz. Beer 1 mol CaCO3 + 1 mol

Fumaric acid 0.0628" 15 12 oz. Beer ethylene carbonate 0.0423" 16 oz.

Beer 1 mol NaHCO3 + 1 mol Citric acid 0.0758" 16 oz. Beer 1 mol

CaCO03 + 1 mol Fumaric acid 0.0420" 16 oz. Beer ethylene carbonate
QaR8EhI G [BRICANRRIPNPORZgln isassumed and the total

volume of the insert or 20 dis¢ is’als%oéﬁlﬁcrggzteﬁ& i?%eoggdﬂ%f%%fp reacts. The

roagegeiivefingoRGE RS HRABE G RRSlIgKS ?orﬂgmgﬁ%ﬁag%tégggg%% of a more

pre-charged with CO2 by subjecting it to an environment o

tHabiealisghies wiatt hfl CORNANOHIGRAR URs teaseplace ﬁ%%i?%it{%ﬂé%%monate is

container during the normal use of the container. 25 Preferably,
i§ﬁ@mwda‘mﬁmhmi}adjmncb®g@ﬁcrwuk@@romc@ﬁ@ﬁa@gmﬁ@m@%mposes upon
equal to the rate of CO2 permeation loss from the container. One method
JFeRbegiMitneatarisod drnsdwteguldteranitificDarns Taplecetrisis@Rivs the effect
in?ert of the carbon dioxide regulator composition into the closure or finish

St SeRsiHYs AR drarRhiRittessand then over-pressurizing the bottle with an

amount CO2 gas 30 that is necessary to extend the container shelf life to

the desired target. The excess -14 CO2 is then quickly absorbed by the

carbon dioxide regulator so that the bpgtetig mot unduly stressed. The

sorbed CO2 is then relgﬁgg{joi tr%% headspace of the carbonated
beverage as the vapor préssure IR

HRGBLUEKRREH product CO2

iBese from fheppackage. Another metbegtisto pre-charge theg @ISk Thime.
insert of the 5 carbon dioxide regulator with COZ and 1o prace the .
pré Ehargeddisk trtto tHembddla CarJirshroirDigthedapttling apdggg”

Bing proeedd. Exanmbrest Ex&@ple 1 dioVEnivasication dioxidesgo:

regulators, specifically grganic carbonates, were tested to determine
W e;iﬁer theggg);uld be gc‘%@%@ﬁ Qeater vBROFHisrRSiand withOut 4"

moi CaCQ03 + 1 mol Fumaric acid 0.0628"
120z Beer ethylene carbonate 0.0423"
16 oz. Beer 1 mol NaHCO3 + 1 mol Citric acid 0.6?’58“
16 oz. Beer 1 mol CaCQO3 + 1 mol Fumaric acid 0.0420"
16 oz. Beer ethylene carbonate 0.0283"

ir} thg-: table‘above, mono-ionization is assumed and the total volume of the insert or
disc is also increased by the addition of a non-reactive binding agent.

Some carbon dioxide reguiators maybe pre-charged with CO, by subjecting it
to an environment of CO, gas so that it absorbs and holds enough CO» gas to
replace CO; lost from the container during the normal use of the container.
Preferably, the CO. is released from the carbon dioxide regulator at a rate
approximately equal to the rate of CO, permeation foss from the container.

One method of charging the carbon dioxide regulator with CO; is fo place &
disc or insert of the carbon dioxide regulator composifion into the closure or finish of a
carbonated drink bottle and then over-pressu rizing the bottie with an amount CO, gas

that is necessary o exiend the container shelf iife to the desired target. The excess

A4
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organic acid present. The results shown in Figure 7 illustrates that water

vapor activates CO2 production from organic carbonates by hydrolysis

and an organic acid is not necessary. 15 Example 2 A variety of liner

materials were tested to determine the effect of the permeability of the

liner material on the rate of CO2 -production. A mixture of sodium

GGy otiae quickbitibsrisbwas seales:ib ?ﬁ :

mL of Water%mzowa sealed bggle. The poﬁcﬂ%ﬁ%e%%%?%@%g %}j’% %Etgggle 's not

diffdubnistreserls Whe diffbeenQDymeahisiiefelg50I5ME: hBaREAISFace of the

bag, polylactic acid and polyethylene. The results in Figure 8

FemenstrtdeYREmas werfhio wapoi steredies i el OCs he:mestsamidd ¥R duct CO,

of CO2 _generation and the higher moisture barrier provided by the

polpstiRm s pRelaome Anstert medhdhiss ta preishambahiedistateriasert of the
ween the carbon dioxide regulator composition and the carbonated

-15 bet
g&r}%%g%oe%%e Fodale Witthis a7¢ daelare O prsdehargedRiskipte the closure

2 Saturation and Release. 5 Various carbon dioxide
gﬁ%ﬁ%ﬁﬁ?ﬁ%ﬁaﬁtl{(’% g?%gr‘bdéﬂf ARG RS eStested to determine their

capacity to store and release CO2 under high pressure and to thereby
extend the shelf-life of a carbonated beverage. The selected sorbent
materials were first saturated under gxg'%i%ﬁ %rgcssure CO2 environment.
The sorbent materials were then pl 0 oz bottles and the bottles
\Beeersipidly carbonated 10 with dry ice and capped. The molecular sieves
were obtained from commercial sources and either used as received or

dried by dreatingatbutedivarid Bglie A% pRgReAhRIBHE: %&f}q& Jvere fested

below was obtained from the Aldrich Chemical Company and either u

& ristelvdtkonbisibe s cauldube pRIK cdSey MeEAtRehCRARHOShd without an
from the bottles was recorded over time. The results are shown below in
PEIEIS: ATAT ABEENG Slihencesulittisb GO2iG dtiyatoT Exparnantsat water vapor

activates CO; production from organic carbonates by hydrolysis and an organic acid

ts not necessary.

Example 2

A variety of liner materials were tested to determine the effect of the
permeability of the liner material on the rate of CQ. production. A mixture of sodium
bicarbonate and citric acid was sealed in a pouch suspended above 25 mL of water in
a sealed bottle. The pouches were fabricated from three different materials with
different permeabilites to moisture: a paper tea bag, polvlactic acid and
polyethylene. The resuilts in Figure 8 demonstrates that a very low moisture barrier
aliows the most rapid rate of CO, generation and the higher moisture barrier provided

by the polyethyiene provides the slowest rate. Thus, a moisture barrier material

-15-
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Sample % Shelf-Life improvement Control Bottles (no saturated
additives) 20 Bottles w/8416 saturated film 32.6% Bottles w/4A Molecular
Sieves 104.2% Bottles w/13X Molecular Sieves 61.4% Bottles
pre-saturated @300 prig CO2 0.2% 25 The results demonstrate that the
shelf-life of a carbonated beverage can be extended by placing CO2

stwalscRsticassoR e aglilss ARd HakmelesH Ehéiggﬁbsogg?ed beverage can

particularly effective regulators. -16 Experiment 4 - Over-Pressurizing
Bettieshaviogirobtheuiete Be 0TS, WG oAN experiment was conducted to
test the concept of over-pressurizing the bottle, storing the excess C02 in
the molecular sieves and releasing the absorbed CO2 back into the bottle
head space. Four sets of 12 oz. bottles, each containing 15 5 cc of water
R Bomatedl VN di)iSgtwetiotestedidibedist set was a control and
was charged with 4.0 volumes of CO2 only. The second set was charged
with 4. Y5TO8RAREBQST diopidmasnmsatosyiarmedttiaelyquberdnea tiiMs, were tested
rpol&cular.sieYes dried under vacuum and contained in a test tube was

s SBRELE IGHhitPRRCBY R STHE AFdTsla3easCRaryadenitigh, Z8essure and to

£.C0O2 and apout.3 grams of un-dried finely to powered 13X
\rff%'legg) Iaé)xst%{/%sﬁéﬁsos c%n'ﬁ fheédl iR SRECARBAV RS G BRRed WithinelRgted sorbent

: inFigure 9 shaws that the control bottles lost
M 2 D e S R Ao Wgiochig soroort
steMeRQuRItAEN IpitabrRid %@Bz"%»&%spéﬁa?ﬁ%: 9 Cat{é‘%“%%&‘;? carbonated

C02 was absorbed by the 15 molecular sieves. Fleve

it eppaecobite bAsHes tNeminGrRASSHaPRANRE (NG INOISSIWEE SISVES ommercial

emitted the CO2 back into the bottle. These two sets showed a

teoreticahiheftaseueblilavaeksieshs!idisavhemeamBaredd B8uum. The 13X
control. For the following examples, PET bottles were made by using

coplestlivrrgve discussed below was obtained from the Aldrich Chemical Company

and either used as received or dried under vacuum prior to use. The rate of CO, loss
from the bottles was recorded over time. The results are shown below in Table 3-

TABLE 3
Summary of the CO, Saturation Experiments

Sample ' % Shelf-Life
improvement

Control Bottles (no saturated additives) -

Botties w/8418 saturated film 32.6%
Botties w/4A Molecular Sieves 104.2%
Bottles w/13X Molecular Sieves 61.4%
Botties pre-saturated @300 psig CO, 0.2%

The results demonstrate that the shelf-life of a carbonated beverage can be

extended by placing CO, saturated articles inside the bottles and that molecular

sieves are particularly effective regulators.

-16-
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injection-blow molding procedures. They were made from a conventional
PET bottle 20 resin. The carbonated soft drink (CSD) bottles weighed
26.5 grams and had a volume of 12 ounces. The beer bottles used in the
following examples had a weight of 37 grams, a volume of 500 mL, a
champagne base, a 1716 finish, which is the neck and mouth of the

Eowlerimadidse OsescmesslinpnbGRmMEORNM I ABIHESH S/hs RYD,
dioxide regulato_rs on the internal pressure of PET oftfeswi
condudédepplaving wasetginetctew ot ©ktedidaionsamrie m@-%f@ﬁurizing the

-17 tube and placing it into the PET bottle. Ten milliliters of water were

hatlisd fawRg HorexeesacheVimghtarolipulst sissos oIBR8k absorbed

ﬁiéh %le adsorbent. The bottles were then carbonated according to the
tetCtaligh T otlesianoRaces, Frain satsalf tesobobittienjesach containing 15

evaIJfJatetd in tréplic te. 5 The amount of carbon dioxide in the bottle was

edsti TARYAGHME twicemunisdentadridée Hystspaama control and

ran
Measured by

license from T oca-Cola Company. This directly
gﬁ%&%@%ﬁ@%ﬁﬁn‘é‘%ﬁ%@g %é@aﬂ%-in"ih% BRANBY. SRidvat hamed with 4.75
o] jogli tr. amaunt of CO2 remaining in the o
géaﬁckage.gi %?r%v%@?ogr% aaétgr%’(?)% %ecé?lghneﬁﬁmgg ‘ﬁ%&eﬁg%meﬁ%@mvss dried

eIt tedMo e AR A ?EQ&PQBQ@W‘H@8”§X&§’S§§%&% the bottle. The

packaging industry when describing the amoun{ of carbo

m@mmmmewme.wglv&mﬁ&@%dﬁ%%BH{;%%‘?SQE%F% 1¥ed finely

one atmosphere of pressure to the package at 20C. T nversion

poweredt 13 ndetesniineskbypiasingom dieu AR RHLE P2 U0R RSN the

and measuring the CO2 level within one hour of sealing. The conversion
hgténstant was determined at several pressures and found to be
constant within the precision of our test. Shelf-life is determined by the
amountt/t fiRselte takewthin CRieréssihavin that tackagerto falkiesAiost CO, at a
minimum acceptable value. The requirement varies by the product
TR F 61 e MBhARS s rsatn G heomisinashibe matlenUavaliofabebbwead an
%9.4 0 VOl#h es is used with a minimum acceptable level of about 3.3-3.4

|

DNAMERT RS 1R | 68 oP RS ST dpdisatipaethat iieinfifn ceabomasmbed by the

L ically 2. 7Z_yolymes .
rlﬁgﬁcﬁéypé%véé. zI'Ke %2 level in the headspace of the bottles then increased

because the molecular sieves emitted the CO» back into the botlle. These two sets
showed a theoretical increase of 11 weeks in sheli-life when compared to the control.

For the following examples, PET botties were made by using conventional
injection-blow molding procedures. They were made from a conventional PET bottie
resin. The carbonated soft drink (CSD) botties weighed 26.5 grams and had a
volume of 12 ounces. The beer botties used in the following examples had a weight
of 37 grams, a volume of 500 mL, a champagne base, a 1716 finish, which is the
neck and mouth of the bottie, and used a conventional CSD closure,

The effect of the carbon dioxide reguiators on the internal pressure of PET

bottles were conducted by placing a weighed amount of regulator sample inio a test
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with an initial level of 3.0 volumes. The initial carbonation level for each
test was determined by measuring the CO2 level within the package
shortly after sealing. in cases where the shelf-life was not reached when
our experiment was terminated, the 18 value was determined by
extrapolation as shown in Figures 1 and 2. Most packages are used well

befsreatieisiabitgateivhbelidife Srreasied. MainRinge FenaE WEYdded to the

carbonation level when the majority of the packages will be used Is

iptietdntdoctpeodagt haaliyly Thetseiegsiunag whishil® FierRaAEBent. The

pressure stays relatively constant is defined as the regulation period. This

ifitlew ateeeiriEiy weddnatet 2a@omiiagtiveiexanamed BARET ReEIS. Patent No.
bottle with a 1716 finish and CSD closure was carbonated to a io level of
P8I Res Hdesthsties werglewpaitighest imimiicarbonation level than

typical of the indu&t&y. In beer, shelf-life is reached when the carbonation
level reABREMPYN R GRIBSNSheYdRd ARG Y sameassints Byd ShtRvaccording

in Table 4 and Figure 2, Comparative Example 6 15 A 12 ounce CSD
bt eew%ﬁtﬁoggs%er&qﬂ&w§ RS HaB b HolbBrsF licenss|fiersBre Coca-Cola

soft-drinks shelf-life is reached gt 3.3 - 3.4 volumes of CO2.
SO e SRR il drogeosnrpy the botles.

i) ied, 13X molecular si der .
A S0 L YT S i o
Usesk iy 6 OMRARAIY S dBplear t@@%;ﬁf"ﬁ ?r%éa R %ﬁ%ﬁg&%ﬁ?ggﬁ?msult to

level of 3.6 volumes of CO2 would resu sence

%aum@@refs@@gndnt&imﬂﬁsuég@neom%rﬂ; GasRopation WaSmAIoeth s when

until the minimum requirement for beer, 2.7 volumes CO2 25 was

réasbeing he rgrithenads osktestansid ethe-pasiased SRR 3Bne volume of CO,
immediate -19 reduction of measured CO2 within the bottle and the

Shelfidiferosunt packahovghe exierdetSihdayHMathan Campamiege at 20°C.
E'lz(hagmcpclnew%rsion constant was determined by placing a known amount of CO, into a
bottle and measuring the CO, level within one hour of sealing. The conversion
constant was determined at several pressures and found to be constant within the
precision of our test,

Shelf-life is determined by the amount of time it takes the GO, pressure in the
package to fall to a minimum acceptable value. The requirement varies by the
product packaged. For carbonated soft drinks, an initial carbonation ievel of about
4.0 volumes is used with a minimum acceptable level of about 2.3-3.4 volumes. This
ts a loss of 15-17.5%. For beer, a minimum carbonation ievel is typically 2.7 voiumes
wi_th an initial leve! of 3.0 volumes. The initial carbonation level for each test was

determined by measuring the CO, leve! within the package shortly after sealing. In

cases where the shelf-life was nof reached when our experiment was terminated, the

18-
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Example 6: Effect of 13X molecular sieves on 12 ounce CSD bottle shelf
life 5 This experiment was conducted as Example 5 except a 12 ounce
CSD bottle and CSD closure was used. One gram of dried molecular
sieve powder was placed in a test tube inside the same PET bottle. CQZ
was added such that a carbonation level of 4.35 volumes would result in

. b ion level, itored over
e B B s BERePDS 2 ockaoes
largevRackaRd fRGH .00 SuReiPte dedygtion of free CO2 and

the shelf-life of the package was extended by ays when compared to

ComparddiRaliaimeledy TARIk R TeshRlAdsa et ORIl andi of the

Internal CO2 15 Pressure Loss Added initial i End Regulation Time to

\talchages\ielube usaing Hiedaraotnie ot MeasyredHy QLRI which th
Vol ch)?fcz) (Days) IZ)gh%lj;mp.S 3.:5% : 3%@%%.7,._&%@0 4.0&@9?3" ch ihe

3derngl-CO:OpFoanmel et B 6RIAtR A EoR8drkGs Eamde 8438 3:3918ibn period.
34 91 Comparison of Various Molecular Sieves A variety of commercial

mbigdtiily saled ishignread iadd/Rlual letters in the 20 tables below) were
tested according to the procedure described above using one gram of
molecular sieve. These materials were obtained from various
rGampacitivers xtshews as "Mfr" in the Tables below) and used as
received. One gram of each materials was tested in twelve ounce CSD

bottles AFEP COgpiastie oWisuse1a) firdéh and CSD closure was carbonated to a

level of 3.3 volumes CO,. This is a slightly higher initia! carbonation level than typical
of the industry. In beer, shelf-iife is reached when the carbonation level reaches 2.7

volumes. Shelf-life and CO, loss rate results are shown in Table 4 and Figure 2.

Comparative Example 8§

A 12 ounce CSD bottle with a CSD closure was carbonated to a level of 4.0

volumes of CO,. For soft drinks shelf-life is reached at 3.3 - 3.4 volumes of CO..

Results are shown in Table 4.

Example 5: Effect of 13X sieves on PET beer bottie shalf-life

One gram of dried 13X molecular sicve powder was placed in a test tube
inside the same PET botile-closure combination used in Comparative Example 5.
CO; was added such that a carbonation level of 3.6 voiumes of CO; would result in
the absence of the adsorbent. Results are shown in Figure 1 and Table 4.
Carbonation was monitored until the minimum requirement for beer, 2.7 volumes CO,

was reached. Placing the adsorbent inside the package resulted in an immediate

-10-
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finish at an added carbon dioxide volume of 4.5 volumes carbon dioxide.
The initial carbon dioxide pressure was measured one hour after filling.
Data on these molecular sieves are shown in Table 5. 5 TABLE 5 Shelf
Life Extension with Various Molecular Sieves Added Initial Regulation
Shelf Source Sieve volume Pressure Type (Vol. (Vol. Period lll_ife C02)
aysyird t & i ﬁ %I
ﬁ?raf ﬁyﬂ(? 4;@1)114@“%?91 g{ﬂp Zﬂg 494O 1%0%}&{‘;{ §%§§% 5ﬁ§¥ 5 z(gf b PRifage was
2eBtanGiat] Ba4iagonidfe MEComdafdidd EMIAEH.5 4.2 44 110 Mir3 G
4.5 4.3 4 114 The effect of drying temperature on carbon dioxide retention
performance was also measured. Drying molecular sieves often
increases thelr capamty for adsorptlon 1o Sieves were dried at 120C for
15%8mela S kffesie Taigeiien ibvee oORdS s ced S b iwttie Fahicie.
TABLE eformance of Molecular Sleves After Drylng at 120C Added
Initial Rf HIBRERRN Bt disira aiufamRie drxaaptea (VR lo@eoBSD bottle

Lgxefd %@B Q{gslu?eo\%a(Da S%E(DSXe gram of dried molecular sieve powder was placed

in a test tube inside the same PET bottie. CO, was added such that a carbonation
level of 4.35 volumes would result in the absence of the adsorbent. Carbonation level
was monitored over time. Results are shown in Figure 2 and Tabie 4. Placing the
adsorbent inside the package resulted in an immediate reduction of free CO; and the

shelf-iife of the package was extended by 42 days when compared to Comparative

Example 6.
TABLE 4
Effect of Adsorbent on Shelf Life and internal CO,
Pressure Loss
Added initial End . Time to
Exampie Volume | Volume | Point R?ﬁ;ﬁ?n Shelif-
{Vol, Measured | Vol (Days) iife
CC,) {Vol CO,) | CO,) {Davs)
Comp. 5 3.30 3.34 2.7 0 80
Comp 6 4.0 3.98 3.4 0 80
Example 5 3.60 3.38 2.7 30 116
cxample 6 4.35 3.89 3.4 34 91

Comparison of Various Molecular Sieves

A variety of commercial molecular sieves (shown as individual letters in the
tables below) were tested according to the procedure described above using one
gram of molecular sieve. These materials were obtainad from various manufacturers
(shown as “MIfr” in the Tables below) and used as received. One gram of each
materials was tested in twelve ounce CSD botties with PCO (plastic closure only)

-20-



.04.04.0 p 62 control I Aldrich 13X 4.5 4.2 46 105 Mfr1 A4.54.2 46
11005 -21 Mfrpl B454.246 110 Mfr2C4.54.246 112 Mfr2D 4.54.3 46
99 Mfr3E4.54.246 114 Mfr3F 4.54.146 105 Mfr3 G 4.54.346 110
Sieves were dried at 240C and tested as described above. Results are

iven in Table 7. TABLE 7 5 Effect of Drying Sieve at 240C Added I_nltlal
%@@mabamadd@ Regbsurdifieiiaiamsie!l Mosniake/odhyolLBs g.d The initial
Life C02) C02) (Days) (Days) No 4.0 4.0 0 56 Regulator No 4.4 4.4 0 80
Réguatciivdsesimesslired gag Armdadiifect ohBUrfage AR Giling. Data on these
Performance A sample of 13X sieve powder was ground using a Spex Mill
JARESH tiexrsTe RbumplEatemnd increase its surface area. The

surface area and particle

TABLE 5

Shelf Life Extension with Various Molecular Sieves

Added - initial .
s Sieve | volume | Pressure Regui.aimn Sh,'e;f
ource Period Life
Type {Vol. {(Vol. (Days) (Days)
co2) co2z) ¥ ¥
4.0
control ) 4.0 4.0 0 82
Aldrich 13X 4.5 4.4 44 102
Mfr 1 A 4.5 4.2 44 114
Mfr 1 B 45 4,2 44 110
Mir 2 C 4.5 4.2 44 100
Mifr 2 D 4.5 4.3 44 100
Mir 3 E 4.5 4.1 44 110
Mir 3 F 4.5 4.2 44 110
Mfr 3 G 4.5 4.3 44 114 |

The effect of drying temperature on carbon dioxide retention performance was
also measured. Drying molecular sieves often increases their capacity for adsorption.

10 Sieves were dried at 120°C for 15.5 hours and tested as described above. Resulis

are shown in Table 8.

TABLE &
Peformance of Molecular Sieves After Drying at 120°C
Added Initial .
Sieve | volume | Pressure Regui_ataon Si?elf
Source Period Life
Type | (Vol. {(Vol. {Days) (Days)
Co2) CQ2)
4.0
control - 4.0 4.0 0 62
Aldrich | 13X 4.5 4.2 48 108
Mir 1 A 4.5 4.2 48 105

24
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10 size of the Aldrich 13X sieves before and after grinding is shown in
Table 8. TABLE 8 Surface Area and Particle Size of Aldrich 13X Sieves
Before and After Grinding Measurement Units Original Milled Volume
weighted microns 5.91 8.45 mean diameter Surface weighted microns
3.41 3.17 mean diameter -22 L fSpecific Surface sq.mig 1.7618 1.8919
3 rials tested as,describe ove
Area The Fﬁ&pqﬂance oéthe se mte a V«\i E‘fi&p\ N

: mnishiand rﬂ)n gram
using a tweive ounce-Cob-hoettte-with-RCO-Hhis
Results aré fZI\In in TQ)IP [\f-gAFH E9 ﬁect of Surﬁﬁ:e Area 3)?2

Molecular :ﬂéﬂ?@s on (CafbonatichRetentiodt-Bpedific Adéied Initialgg

Regulation $fieff Regulgtor Surfage volurng Iype Area46/o| prnss{qr@
; . D

period Life @frob Area C@2(Vol Q@)( aysli(l‘)ayS) I\IO@II Qom Wﬁq

Regulator [ eve T 76184.54-344- 140 13X Sleve-1-8919 14
14(§)J Effec u.f.Rv.c!c"' !ar%ies.esf'sérahlef Edr Mrlpr‘ulﬁrs&eve v&éﬂe
pressed into pellets and tested either by exposing the lo tablet to the
mersing the tablet in water inside the
\GRLSRATE &ftetg P Q&%@é’ ested as%escribed above. Resuits are given in

Table 7.

TABLE 7

Effect of Drying Sieve at 240°C

: Added initial Requlati Shelf
Regulator | volume | Pressure egu_aéon L‘fe
Material = (Vol. (Vol. erio ife
Cco2) £02) {Days) | (Days)
No
Reguiator 40 4.0 0 56
No
Reguiator 44 4.4 Q 80
13X Sieve | 44 4.2 14 71

Effect of Surface Area an Performance

A sample of 13X sieve powder was ground using a Spex Mill grinder to
decrease its particle size and increase s surface area. The surface area and particle
size of the Aidrich 13X sieves before and after grinding is shown in Table 8.

TABLE 8

Surface Area and Parficle Size of Aldrich 43X Sisves

Before and After Grinding
Measurement Linits | Originai Milled
Volume weighied .
mean diameter microns 5.81 8.45
Surtace waighted microns 3.41 3.17

mean diameter

-22.



container. Results are shown in- Table 10. TABLE 10 Comparison of
Molecular Sieve Tablets and Powder Added Initial Regulation Shelf
Regulator Sieve volume Type |=oan (Vol ressure Period Life CCol (Vol
CD2) (Days) (Days) No 4.0 4.0 0 62 Regulator 13X Sieve Powder 4.5 4.1
46 102 13X Sieve Tablet 4.5 4.1 46 104 15 -23 Effect of Coatings to
Modify PerformaseesfiSgueatablets Molecular sieve tablets were

prepared by c'[:mp?gsskﬁéaand-gdrie %‘BMT T‘hé?\ﬁe% cé&@&IQWi4h a 2%
solution of General Electric Silicone RTVGISA UIP by Tixingt0-parts of
elastomer with | part curing agent, in heptane. Tablets were 5 dipped in

the coéﬁh&gmﬁdraimwednfdrwselmmérmm@f@&%&d&@,%%@%dusmg a
uncoated tablets were placed in the headspace of a twelve ounce CSD
Buedecpn 5188 hsttle syt B abfivie haard! twesr g Ratisof RS ROVRENIEARIE shown
11, TABLE 11 10 Effect of Silicone Coating on Tablet Performance Add
I'ﬁiﬁé‘lb@e%ulation Shelf Regulator Sieve C02 Type Form Coating (vol

Pressure Period Life CCFZ (Vol CCZ) (Days) (Clays) No 4.0 4.0 0 62
Regulator 13X Sieve Tablet Uncoatet 46 102 13X Sieve Tablet

Coated £Be4t biBurface Area of Molecular Sieves on Carbonation Retentien

Specific | Added

Regulator | Surface | volume Initial Regui_ation Si?elf
Type Area (vol Pressure Period Life
(sq.mig) | COy) (Vol CO,) {Days) {Days)
No
Requiator - 4.0 4.0 0 56
13X Sieve | 1.7618 4.5 4.3 44 140
13X Sieve | 1.8819 4.5 4.1 44 140

Effect of Molecular Sieves in Tablet Form

Molecular sieves were pressed into pellets and tested sither by exposing the
10 fablet to the vapor space of the bottle or by immersing the tablet in water inside the
container. Results are shown in Table 10.
TABLE 10

Comparison of Molecutar Sieve Tablets and Powder

Addead - .
Regulator | Sieve | volume p:;i;t;ﬂre Reg::gg’“ SS?H
Type Form (vol re
CO,) (Vol CO,) (Days) {Days)
No
Regulator - 4.0 4.0 _ 8] 62
13X SEeve Powder 4.5 4.1 46 102
13X Sieve | Tablet 4.5 4.1 48 104

15

23-
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Effect of Molecular Sieves in Closure Inserts 15 A small insert was
prepared by injection molding a cup which would fit inside the closure.and
also act as the liner seal mechanism. This cup was designed to contain
1g of the molecular sieve material and fit inside of the finish of a twelve
ounce CSD bottle. These cups were injection molded from polyethylene

- &ftboodyGomteseo AsUtRercaTBeRatien RisRlienTagiamance of

molecular sieves placed into these 20 cups was tested as desgribed |

above. Wzitwitasheue itablaipewiéhe A JBE By diRsicRERIRGERE dried at 125°C.
Molecular Sieves in Closure Inserts Regulator Cup Add CO2 Inl_tlal

REGYIeSA SHasd WEhNaResisbMtiterial (VehcEA DiBrers8icBesiol TDBYSA 01P by
Vol. Coz (Days) No -Regulator No Cup 4.0 4.0 0 62 No e ulator No Cup

g dopapsne rlagiomer Wiy 93 pars ety 1aenyoinRespttater 95a8lets were
454.4092 13X Sieve 70-7931 4.5 4.2 20 76 13X Sieve 95514.54.20

gippe 6?6%?0@93’1@?%@3%‘@%%@5%@1 frsm BEngBBation déhsityoated and

lyethyl ined f Chemical. 10 Comparison of Molecular
R R S BTt iR oo om b AL e BevewACSD bottc and

psgaltgs ?i&@ér@@éhdigél%? and the results are shown in Tabie 11.

TABLE 11
Effect of Silicone Coating on Tablet Performance
Add o .
. initial | Reguiation | Shelf
Re_?;x;)z&er §§: Coating g;?;? Pressure | Period Life
CO,) {Vol CO,) (Days) | (Days)
No
Regulator - - 4.0 4.0 0 62
13X Sieve | Tablet .| Uncoated 4.5 4.0 46 102
13X Sieve | Tablet | Coated 4.5 4.1 40 -

Effect of Molecular Sieves in Closure Inserts

A small insert was prepared by injection molding a cup which would fit inside
the closure and aiso act as the finer seal mechanism. This cup was designed to
contain 1g of the molecular sieve material and fit inside of the finish of a twelve ounce

CSD bottie. These cups were injection molded from polyethylene and polyprapyiens

and the carbonation retention performance of molecular sieves placed into these

cups was tested as described above. Data is shown in Table 12,

D4
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adsorbing mineral, are compared as described above using 1g of each
material. 15 Results are shown in Table 13. TABLE 13 Comparison of
Carbonation Retention of Molecular Sieves and Ascarite Regulator Add
CO2 (vol. Initial Regulation Shelf Life- Form C02) Pressure (Vol. Period
(Days) COO (Days) No Regulator 4.0 4.0 0 62 Ascarite 4.54.50 44 13X
Sieve 4.5 4.5 44 108 20 Acid Activaggelfpegasator Systems A convienent
method of regulating CO2 release would b€ through contact of the

package with theckfevest@adigisiadnaataeverfiifse A tauite acidic,
thus -25 making acidity a convenient trigger for CO2 release from a

cﬁwuiqwﬂ_de regGiagor incoAuitBex,into a REFAONE Wgartien | Sheif Life
Cdhataniahcids fdiatdriaibeydidgieSiDelude Phaspheric aciBamskritric (Days)
id. Suitable carbon dioxide requlators for ¥is.c00ge pt wollldygglude
inorgh‘ﬁic 5 cprb such as ggjcium carboqaée, organic c8rbonat1e
&nd polymers, shich as shownlin Table 14, and combinatigns 62
thered® The inorggnisgarbonates and organiccarbonates oligomers 98
woREIHIAhed-from Aldrich/Chemical Camnpany. Cyclic! carbonate
p%}é were obrirgd from PrafsMorton H. Littsof the Depagment of 5
ar-Sciehce-and Engjnnnrin] at Case Western Reserve
Upé'gg&%%rlo PETO&Is dry blendesl with various gources of cgrbon
i afteompaun ded—on-a-ARV-lab-scaletwin-screw extruder 1o form
} [%Ug Ia Zﬁ}?;@ﬁi N 4 tal\i.th 2ﬂ 5 76
Ay gyenehed-gaand—Appro, :S.a_te.‘, thre N ms-of mateHal was.
placedrma-ptt-2-sétuten-of-phespiReric—acid-in"a%155 ml head$pace vial 82

and sealed with a crimp top silicone gasket. The generation of carbon

AlBn P80 UEAY R TOEIALR Gl doice

955! low density polyethyiene obtained from Dow Chemical.

Comparison of Molecular Sieves with Ascarite

The performance of 13X molecular sieves and Ascarite, a carbon dioxide

adsorbing mineral, are compared as described above using 1g of each material.

Resuits are shown in Table 43.

TABLE 13
Comparison of Carbonation Retention of Molecular Sieves and Ascarite
initial Regulation :
Reg;ujzfor Add é:gzz)(ms. Pressure (Vol, F?eﬁo p Shelf Life

COy) {Days} (Days)

No Regulator 4.0 4.0 0 62

Ascarite 4.5 4.5 0 44

13X Sieve 4.5 4.5 44 108

Acid Activated Requlator Systems

A convienent method of regulating CO, release would be through contact of

the package with the beverage. Many carbonated soft drinks are quite acidic, thus

-25.
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15 generated per gram of regulator material per day is shown in Table 14.
The approximate amount of regulator required to match the_(_:OZ_reIease
rate for a conventional 12 ounce carbonated soft drink container is also
indicated. TABLE 14 20 Rate of CO2 Release From PET Blends Coe |
Production, Amount Carbonate Molecular PET Temperature, ml/g to meet

Saakg Waly! 2 llatgr rget. Filled PET. 13X
Molecuglaﬁ& g%%fﬁwgﬁeﬁvé% (')r %%5%922 ?)ZQS%\%% %l%?y?eﬁ% of gioxide regulator

390/atedbrmarh etk E 5TcRiseneC SAIPRRAIEIR REF VI 32.8: inc
gl 251%.2?16.5 diethyl pyrocart;:onate in F’-ETQ4B% 9%[ 22 (:JLI:%QN y% dleﬁ%/%s Include

yrosphistnateidiariEChhidcitidX 4 5 91 22 0.39 10.5 glycerine carbonate

" Suitable carbon dioxide regulators for this concept would inciude inorganic
carbonates such as calcium carbonate, organic carbonate oligomers and polymers,
such as shown in Table 14, and combinations thereof. The inorganic cabonates and
organic carbonates oligomers were obtained from Aldrich Chemical Company. Cyclic
carbonate polymers were obtained from Prof. Morton H. Litt of the Department of
Macromolecular Science and Engineering at Case Western Reserve University.

PET was dry blended with various sources of carbon dioxide and compounded
on a APV lab scale iwin-screw extruder to form a water quenched strand.
Approximately three grams of material was placed in a pH 2 solution of phosphoric
acid in a 155 mi headspace vial and sealed with a crimp top silicone gasket. The
generation of carbon dioxide was monitared by GC. The mi's of carbon dioxide
generated per gram of regulator material per day is shown in Table 14. The

approximate amount of regulator reguired 1o match the CO, release rate for a

conventional 12 ounce carbonated soft drink container is also indicated.

TABLE 14

Rate of CO; Release From PET Blends

Co;
Production, Amount
Carbonate | Molecular PET Temperature, lfg to mest
Sample Wi% Sieve Wi% WWi% C reguiaiors/day | target g
Filled PET
13X Molecular
Seive Powder
in PET 0 5 85 22 0.55 7.4
butviene 5 0 85 22 0.39 10.5

-26-



PET 4 096 22 0.54 7.6 propylene carbonate in PET 5095 22 0.52 7.9
propylene carbonate in PET with 13X 5591 22 0.37 11.1 sodium
bicarbonate, NaHCO3 in PET 50 95 22 8.13 0.5 sodium bicarbonate,
NaHCO3 in PET with 13X 55 91 22 8.76 0.5 vinylene carbonate in PET 1
0 99 22 2.35 1.8 butylene carbonate in PET 5 0 95 52.2 0.69 6.0 diethyl
carbgaale IN[PET With T3X 55 9152.2°0.72 57 vinyleng-carbonate-in
PET 1.09952.27.60 0.5 Cyclic Carbonate '
buiyviene
carbonate in
PET with 13X 5 5 91 22 0.25 165
diethy!
pyrocarbonaie :
1inPET 4 0 08 22 1,82 2.1
diethyi
pyrocarbonate
in PET with
13X 4 5 99 22 0,39 10.5
glycerine
carbonate in .
PET 4 0 96 22 0.54 7.8
propylene
carbaonate in
PET 5 0 95 22 0.62 7.8
propylene
carbonate in
PET with 13X 5 5 o 22 0.37 11.1
sodium
bicarbonate,
NaHCO3 in
PET 5 0 85 22 813 0.5
sodium
bicarbonate,
NaHCOC3 in
PET with 13X 5 5 91 22 8.78 0.5
vinylene
carbonate in
PET 1 0 99 22 2.35 : 1.8
butyiene
carbonate in
PET 5 0 25 52.2 0.69 6.0
diethyl
carbonate in
PET with 13X g 5 91 52.0 0.72 57
vinylene
carbonate in

PET 1 4 49 52.2 7.80 0.5

Cyclic
Carbonate

polymer 5 0 95 23 .13 308
Cyclic

Carbonate
polymer 5 0 a5 22 £.15 274

Effect of Presaturation

Tablets of 4A extruded peliets with PET as a binder were prepared and

saturated. 11.3 grams of 4A sieve was used with 4.8 grams of PET. The two

27



10

15

20

25

polymer 50 95 23 0.13 30.9 Cyclic Carbonate polymer 5095122 0.15

27.4 Effect of Presaturation 5 Tablets of 4A extruded pellets with PET as

a binder were prepared and saturated. 11.3 grams of 4A sieve was used

with 4.8 grams of PET. The two -27 materials were blended together, and

formed into a cylindrical compact in a pressure press at 10000 psig and

BiSRERIFWEsH biodedizgathathend etyereints atemtertiinl G @ pressure

temperature and 300 psig for 36 hours. The tablets adsorbed 1.47 grams

BiEDH! VAR PR 2H cppsrtenaiel hA6A tutIROHAIF Thallmyidhemde Baturated in

g 65 irt1to the bottles. The bottles (6) were closed and monitored. The '
% BUGYMRERARMHE 806398 viRECeiae feHavith et faplatsattiratead 1 47

mafe

%‘F aadml\J,m in theg, 002 level in the bottle occurred part way
fough the fest that reveals MBS it beebeby sa¥idaciiar thameto be put

' X db imile 3.2
R RO TR e e G

fRemed i ' , ) ted with 002 at roo . .
temperagﬁll\j@rlgt,ﬁi’1?3)‘%)‘%85%5gft(%)%1 %%Hh\ggﬁgn%\%ﬂ:%tﬁ% ed %Sﬁf@?é%(ié e PITERFWH™ in the

BET hottlesmand therGDdieuslsdMont %eé% thsRieiife wes extended b
the additional 002. The tablets had adsorbed O. gl{%émtsegilwcr)ﬁveas the slow

areErageoflSTZESVilotiob. Boinenes S aHaksial 0 mil thick, and unstretched,
were saturated at room temperature and 300 psig for 36 hours. 29 grams

of film Vedletallitteddtoveneiproptied The PEGbM MasesatU rted it 002 owdered
at room temperature for 36 hours at 300 psig. The film absorbed 0.99

Gren8lerienasolvsinerdge aNitet fBroraes plRel ndEbhrdendGhare the: in half,
internal level of CO2 monitored. The 002 that evolved from the 20 PET
il ERbeTRiRR) Hib SHeR FrerasmsHemp ardtiger S pBigr theradiseussiomed saturated

gé?eq]sp \Lx?greS &gge% in PET bottles and the CO, levels monitored. The shelf life was
extended by the additional CO;. The tablets had adsorbed 0.52 grams of CO, on
average.

PET film, 5.25 inches sé:;uare, 10 mil thiék, and unstretched, were saturated at
room temperaiure and 300 psig for 36 hours, 20 grams of film were allotted fo each
bottle. The PET film was saturated with GO, at room temperature for 36 hours at 300
psig. The film absorbed 0.99 grams of CO, on-average. The film was ptaced in PET

bottles (8) and the internal level of GQ: monitored, The CO, that evoived from the

PET film extended the shelf life as shown in Figure 10.

Further discussion of Examples 5 and &

Placing a suitable adsorbent inside a PET carbonated beverage botile allows

additional CO; to be added without causing an increass in the internal pressure of the

bottle. This is readily seen for Examples 5 and §. For Example 5, CO; was added to

DB~



10

15

20

Placing a suitable adsorbent inside a PET carbonated beverage bottle

allows additional 002 to be added without causing an increase in the

internal pressure of the 25 bottle. This is readily seen for Examples 5 and

6. For Example 5, 002 was added to -28 create a carbonation level of 3.6
volumes but after sealing only 3.38 volumes was measured. In Example
yerigsa, RS e yRldeldBht wriyraes hut efie sealing mEimsLEE] veitites was
one hour after sealing. In each case, CO2 was rapidly adsorbed

IVRRHIGHg the DXRIPRE Sodatid v RlsH B ary aHdasoiid. enivha.88sevhmnes were

%gaz was t\p’%n released intq the bottle slowly over time resulting in a
Much mord CURSPAR: RM2 Fies SoRI RgiddtRApAGeRSe Citve WagUiaRisly adsorbed

ind.. irty and thirty-four d les 5 and 6 ectively.
T e PR R SRR o volume.
e LSRR PRI U A0S A LR e e e

for examples 5 and 6 is significantly Ionger than seen in SR A resulting

exanmnnles. rhbreshelkiie was, exianded by.qve rtﬁ@";%é!s\ in ‘?ﬁ%ﬁeﬁﬁ?&%o’% period

variety of different. molecular sieves were evaluate asis

sashtirtdianitennegiiataadsiusiaiedin Fabig B’é@ﬁé’é‘zﬂ%@.wﬂﬁs is well within

variety of materials to be effective. 15 We examined the effect of drying
teenpertarlief dimeairbemidfoxitetregutainiupesieanunees MR RLAGIALY packaged
was not necessary to dry molecular sieve based regulators to achieve

aRedfdft performance and that drying them to a temperature lower than
conventionally used to dry these materials, 120 C, gave some

improvERSeiihaie fosthlisder Branyiahigrod imyaticen®d ®6ger than seen in
resulted in a 20 significant decrease in the regulation period. Avoiding the
HELGI0RRHANE SR3E8lssion el tibalw e véapaey dytayeousitly aiays in each
number of carbo xide regulator designs. Increasing the particle size

SRdsur a’@é*%‘iyeaqé%'?oﬁéeaaw{%sﬁ%f iWaresRymteiRt R assinftne carbon

t of C02 whjch,a carpon, dioxide regulator could -29
aloua rgg&agor. § :H%s&ra% in L?a'bie S, Wwe found a wide varisty of materials 1o be

effective.

We examined the effect of drying temperature on carbon dioxide reguiator
performance. We found that i was not necessary to dry molecular sieve based
regulators to achieve excellent performance and that drying them to a temperature
lower than conventionally used to dry these materials, 120 °C, gave some
improvement in performance. Drying at higher temperature, 240 °C, resulted in a
significant decrease in the regulation period. Avoiding the need to dry the sieves
prior 10 used would be very advantageous in a number of carbon dioxide regulator
designs.

increasing the particie size and surface area of the adsorbent resulted in a

significant increase in the amount of CO, which & carbon dioxide reguiator couid
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adsorb as shown in Table 5. Optimizing particle size and surface area for
a particular carbon dioxide regulator would be a matter of routine
experimentation. The physical form of the regulator will be important in
developing an optimized carbon dioxide regulator design. We found that
molecular sieves pressed into the 5 form of a tablet could be just as

e @sesheaylrlanor atintol é2piianisiexgepprivtiesi - Rk igatians Al e Wharticuiar
and shape of the regulator is again a matter of routine experimentation.

EBRRAGIR IS ceamataiaveldietasBRBec W ddotbe axpartivettsieifective

method of producing a regulator. A critical feature of this coating would be

to allow"s P WEIFAir BRI sReYtTMiLR dmpetetilin glesdtariiitgten optimized
ver-pressurization as a method for introducing additional carbon dioxide.

%@ﬁn onugIIS ’é‘.ﬂ%oﬁ@%ﬁ%ﬂﬁrﬁ%{%e ViRe Qi d5ahmmieniTnsieves. massseinto the

1K jcal method f duci b
RO ot QB WG o HEAY by EEAIEiE BasH RRdR aipie powder.
el ARidR R aftectivg %%H'%ﬂé%ﬁﬂ%ﬁ‘u%g%gé%tOthef@D%)%yO'eﬁnS

suitable for such assemblies wou RiBBlaiE RN Sefiiptter of routine

v

elaiamerstrilylene copolymers, such as linear low density
polyethylene, and ultralowdensity polyethylene, ethylene- propylene

copolyGwatngrapyleRe sap BT B RERPEIRAMTOR %it“ﬁ%@%lﬁg? rective

Softer polyolefins materials capable of forming a tight seal wi e surface

ofaee®harkgnwaulddutaprelfe esioates BN SR CRIMES Would be o allow
dimensions and materials for an insert cup or other regulator form is a

Hiatfapist rsgareienéribiantation Maity: filterialTauehadsatneameBaton as 2
dioxide do not readily form regulator systems as is illustrated in Table 13.
Rsdbrtelss Dirneriavaistienslinaadeorbioxidtge \uaftilies sieabeRatings fo be
dipxide but does not_in its pure form produce a suitable -30 carbon
8@8&%@@&%‘?&%%5@@%@02 is not released at a rate similar to the rate

of CO2 loss from the packaB%e. There are a number of factors that one

skilled IR SR RHIZASHBAM f5RAEFesihance Basiisvbrmetadisor producing a

eous that the adsorbents have as high a
EQW%%é reguia[%or sys?em. e ?z)und thal potyethylene based insert cups could

to be efiective as iliustrated in Tabie 12. Other poltyolefins suitable for such

assembiies would inciude thermopiastic poiyoiefin elastomers, ethytene copolymers,
such as linear low density polyethyiens, ang ultralowdensity polyethyiene, sthylens-
propyiene copalymers, propylene copolymers, and styrene thermopiastic slastomers.
Softer polyoisfins materials capable of forming a tight seal with the surface of the
package would be preferrad. Determining the optimized dimensions and materials for
an insert cup or other reguiator form is a matter of routine experimentation,

Many materials which adsorb carbon dioxide do not readily form regutator
systems as is iliustrated in Table 13. Ascarite is 3 mineral which readily adsorbs

large quantities of carbon dioxide but does not in its pure form produce a suitabie
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5 capacity to adsorb carbon dioxide as possible. Capacity is the weight of
carbon dioxide adsorbed per the weight of the adsorbent. Adsorbents With
higher CO2 adsorption capacity would be preferred since less would

need to be added to the package to generate the desired shelf-life
improvement. The conditions under which these are handled can also be
wpoRaliexidesragain kivosiith A BedingtmeltentddraiavesccaimiameMae rate of
trapped species and create more capacity. Surprisingly, over-drying
{fiadnesiiepdiRaiRas of these materials as a CO2 regulator. The

molec%ar sieve may need to be combined with a binder material to

facilitat@FE AR ABBRARS RO kBB OR6r Bhilespiplitetion . realizegpeould further

eded would 15 on the erties of the sieve and the final
B e ) PR BERER Siaciat o0 WARTHRTISdeMve as high o

' égg%ﬁplgob%%r'% rggl%grly etoa gn rov&lthe mechanical F‘Eropertles of

molecular sieves. organic polymers ineRTeN the “AARBrEAE ﬁy“?éght of carbon
t hic
blsnse hansHwendpalaeyiar gﬁ?%gﬁsg%sgg%%ngﬁ.‘ Itlgog? n 'S &Qr@r CO,

adsorbent could be disperse ermo e t@n‘ﬁ‘

inesitien2Supagisanimiuge matsrials sueh asligy %rHQQEr% bs_added to the

polyolefins, epoxies, unsaturated polyesters, and polyester oiigomers

ke tandosamvidhe dsnte ahuhict agdseiiadLrO2 is released from

the adsorbent and to prevent liquid water from causing a sudden release

of adséHseebr@iignsauprireriithetiesoust 6hSERSOLASHBRRSMSHARE 1t is well

beverage, or to permit 25 components of the package to contact the

kegumitiain e sinaroteidanty. Stiscambeerdivdonenbyeithetiplocing $ieate more

adsorbent into a polymer with a low permeability for water or placing a

BRI of SYfaHisl A HENREheitselrer agefamoatine adshdientaterials as a

Ergﬁtenal This material would need to allow C02 to readily adsorb the over-
pEHRHIBIR"and could be comprised of a semi-permeable membrane, a

permea Ie 5 Tembrane or a material with a high C02 permeability and

thelrcomeol %%‘éarsﬂﬁ58|é‘\%t8ﬁ%% iRcRRICPBIDBIRANYHuch Bisden material to
%ﬁ% gl;(gg)h Igmeﬂf high nsn cg:etlh%/lene polyég)ropylene

e propy SRR elas 3;‘1 apgligagion. " The type needed would

depend on the properties of the sieve and the final properties neaded in the final
fabricated plece. They would inciude inorganic binders regularly used to improve the

mechanical properties of molecular sievas, organic polymers in which the adsorbent

- may be blended and lower moiecular weight resins and ofigomers in which the

adsorbent could be dispersed. These could be thermoset or thermoplastic in nature
and can inciude materials such as silicone rubbars, nolyoiefing, epoﬁies, unsaturated
polyesters, and polyester oligomers.

It is important to control the rate at which adsorbad CO; is relezsad from the
adsorbent and to prevent liquid water from Gausing a sudden relsase of adsorbed
COq, to prevent the removal of sensory components of the beverage, or to permit

components of the packags to contact the regulator in a controlied way. Thiscan be
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copolymers, and silicone rubbers. Suitable membrane materials would

include liquid impermeable/vapor permeable materials such as Gore-Tex

or similar structures. 10 Especially preferred embodiments of our invention

are blending the adsorbent into a suitable polymer and using this to

fabricate the bottle closure itself, inserting a fabricated disk of adsorbent

fivtpetny eitirirelaeininthehedsiobend linter apvoteren gvih tabolapEeeAmIit fr water

thin film or coating of CO2 permeable polymer or molding a tubular insert

foRiAF B8 MAbiRRLSMoPhaYeRbR MO E DR inseRctisl b pedyarer SFHeS adsorbent
referred method of placing the adsorbent into the bottle and optimizing its

E@r‘ﬂr‘?ﬁan? 1§ Ilatial HquRnereLn&iralavatieR2 Carseadiinxadsorb the over-

regulatars can also pbe, formed by blending CO2 releasing materials into
ﬁ%‘?ﬂﬁé%fg SROWN T E@% eC?Z‘Hf‘g?‘éue aag%[m'@ﬁr&‘l'@ﬁ%‘@ ragOaiBReit & permeable

it tthe.C ot ior to filling of the package so that
B e Pl A S 7 b mations.

SAHEHOhARKAI igrrarhonat e blended intq PET at ‘
concentration be|c§’/v89§&%{)%%6v§f§§t kgagr?g1 gi&fﬂg@”g%@@&gﬁ%ﬂﬁewﬁ density

pogaRbiavs, HENBrEhAESR rUeTRm e Hya) éoei%oﬁ-%?s,,'oéﬁug?eﬁ?eﬁ)&iﬁ}n acetate

conventional PET package. These are acfivated by exposing to water

vatiolypetsange siivdas tabany catienatosselbareksqd2-RNEAPR R fiquid

this invention is to allow carbonated beverages to be stored for longer
pepiTReiRbitdydpcativasnwitheunthesnieed focmere expersive OGS Oiructures.
cold storage conditions. In hot locations, storage temperature can be

Garenyn ensdesritemiwpimensabiiguofibaitésiarearbaditioidaisorbent into &
proportional to temperature, 5 CO2 loss rates are higher. Also, due to

Bhital! o PR KraR resdh B <EYR aloprErbiinmieinkie cttich attleranitedichinserting
g%?gérous levels. Thus, a system which can maintain a stable and

1Rt HE ma PAREERERE it TRereirRishaiirdishsamiestaslyiner, protscting a
?jd%/?g}a!ge%is. notf}Er afs{)ect of this invention is to allow for ‘
ight-weighting of cBridit 'S QirseRins Fetdraqenpafiieanaiwrsntainmolding a
thEinSUpen If-fife. The rate of permeation of a package is inversely
prop'ortlfona%t?j}] (t?ﬁne thic nﬁe‘énégt S p?adij:%]?a{ g and €3; Semeabic polymer.  The
preferred method of placing the adsorbent into fhe bottle and oplimizing its
performance is a matter of further experimentation.

Carbon dioxide reguiators can also be formed by blending CO, releasing
materials into PET as Is shown in Table 14. For such a carbon diaxide regulator, it is
critical that the CO; release not occur prior 1o filling of the package so that carbon
dioxide reguiator performance is not iost in bottie storage. A variety of inorganic and
organic carbonates can be blended into PET af concentration below 20% by weight
and preferably under 10% by weight and achieve a rate of CO; release equivalent 1o

the CO: loss rate of a conventional PET package. These are activated by expasing

to water with 2 pH range simitar to many carbonated soft drinks.
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25

wall. It is economically advantageous to make packaging as light-weight

as possible which results in wall thickness being reduced. A system

which extends shelf-life of conventional packaging will be able to.give

thinner walled packaging a shelf-life 15 equivalent to that of conventional
packaging. Many of the bottles in applications that this technology is
directddne@apadref iipankenfitrateationt dedighiweighiedageihros stored for
without a further loss in shelf-life or through the use of more expensive

OGRS PRHRESHBTRS dPragaes withouikthespeet dbthipmvextmmiss e R or cold
trt1e maintain'ng of a more optimum 20 and stable carbonation level for

ORGEr p‘é‘?fggg SEtimdnHI Rsatiog e e eerissratetprecat tastquirdhigh and

wality, The amount of dissolved carbon dioxide in a beverage is
%‘ﬁ%o%ﬂ% a?%’é‘?ﬁé%érB%rB%&L‘?ﬁd@b@%@% farideshRipreridRBOIvetemperature,

ipgg’% ngentration effects pH and other properties of the
E’g/?e?gage]. A'sta 'I% % éﬂ'nt%fs 8Is(sﬁcflt\9/et8 @5‘?88& FiYiRE dhBatdaEal pressure

REFR qggs&gﬁggt@tpegéﬁh&%gﬁ%%%\éeri% product. -eés Another aspect of

this invention is the control of the rate of faleass of carbon dR: Sy maintain a

thabithimreleasasaienolmaraliafrxered e permeationate of the
package. Over-pressurization of%);rbonated beveraé%%é%éotﬁ!:é&sﬁ’isiﬁg s particularly

siyEfitaydqueblem and can lead to rupture of the package, an economic
and safety consideration. Any 5 effective CO2 regulating system for a

carborfanethbe\espge lttaisnirstonicelease @ﬂd@m&iqﬁﬂt&@éﬁﬁﬁﬁg of current
significantly greater than the rate of CO2 loss from the package.”Ideally,
g yg p g y

frebetae Rrveshor doifesquaidoroetightlytiess dhasiheREUREAlON: rate of
rate from the package and should not exceed a rate of 125% of the rate
BPpBHANRLiGh Bf iRE<gaeKkigeVRRRlist RispobtoableidotheldaRiibesC2he packags
consistently io over a prolonged period of time ideally over a period of up
WA rZL‘%%‘?ﬂH@’Bﬁ@‘%PQYa ASERNS WeBlaksaprstheging pecigifithisight as possible
LUP{%%“P&% tiﬂ:,l.that it i[? %elf-regulating with respect to the thermal

t 3 (R PGS S R thAE T seiarth &Y eiavr yrtebreviersthbel-life of

environme

ggmgﬂﬁgga I%%%%gg%% %p%ré tggt regulators naturally release higher

amounts € 10 give thinnar waiied'packaging a shelf-life

equivalent to that of conventional packaging. Many of the botties in applications that
this technology is directed toward are in packages that cannot be lightweighted

further without a further ioss in shelf-iife or through the use of more expensive bottie

fabrication techniques.

Another aspect of this invention is to permit the maintaining of a more optimum

and stable carbonation ievel for longer periods of time thus yielding 2 more consistent

product taste and quaiity. The amount of dissolved carbon dioxide in a beverage is

proportional fo the carbon dioxide pressure in the container, Dissolved carbon

dioxige concentration effects pH and other properties of the beverage. A stabie

amount of dissolved carbon dioxide will equate to a more consistent taste of the

beverge product.
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15 carbon dioxide that replenish the losses. Another aspect of this

invention is to provide a packaging system which can allow

over-carbonation without increasing the pressure inside the package and

allow lighter weight bottles to be acceptable for holding carbonated

beverages. Adding extra carbonation at the point of filling is a very

econofHiefishaarsatier hirinyrmjiaie igdhehetirifel of dhebttatetireiease of carbon

ﬁ_ev,era es and is used today in the packaging of soft drinks and beer. It is
T %9"[35%%“@ Eﬁ‘ﬁ?@%é%ﬁ%@@%w&rﬁﬂamﬁ@ﬂquﬂa pRimlepiossate of the

system Which.adsorbs1€ and re-releases this carbon dioxide will

| [, A
B P U AR S O RN AR BT e argfinag: problem

i ilj f vessels with a lower pressure resistance. -34
O B e B e B S M BT S e srmmsamion. Any

; ics are,not suitable for packagin
O 8 S e SRR s ot retomse

paassvresMdUCh can sievelgntihu carhonaiethsaitAling. AR Rample are .

polyolefins such as polypropylene. The use 5 of a carbonation regZUIg%Sr
patikagiowed satiguitie piarlie s UelieasROLPTORY NS C QI UM IORE han the
more ge;nerally useful for packaging of carbonated beverages. This
revenstidinTheaid emdescrimc for dhe! phtRasen0ELlsFRERIONY 1959 of the rate
connection with certain embodiments. However, it is recognized that
ohremRealivh gédhadditkass intbrovenwsushanbimedifidetisnsrie the, consistently
illustrated embodiments 10 may be made by those persons skilled in the

AYE" I RENRPREGRUMRTR Qchpe iisalbpiteottherindaritiontd 1126 mdbiéeand for at
claim: 1. A method for replenishing carbon dioxide gas in a carbonated

' ﬁé@&?ﬁﬁé"’%ﬁainer comprising i. Inserting a carbon dioxide regulator into

said cg‘ntat'ner or int? a . . . o -
nother aspect of this invention is that it is self-regulating with respect to the

thermal environment of the package such that in a warmer environment when the
carbonation losses are higher, the regulators naturally release higher amounts of
carbon dioxide that replenish the losses. |

Another aspect of this invention is io prpvide a packaging sysiem which can
allow over-carbonation without increasing the pressure inside the package and allow
lighter weight bottles to be acceptabie for holding carbonated beverages. Adding
extra carbonation at the point of filling is a very economical method for exiending the
sheli-iife of carbonated beverages and is used foday in the packaging of soft drinks
and beer. It is fimited by the ability of the package to maintain this higher initial
pressure level. A system which adsorbs and re-releasss this carbon dioxide will
expand the amount of over-carbonation which can be done during filling and will

faciiitate the use of vessels with a lower pressure resistance.
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closure of said container; and ii. Regulating the release of carbon dioxide

from said carbon dioxide regulator at a rate approximately equal to the

rate of carbon dioxide loss from said container. 2. The method of claim 1
wherein said carbon dioxide regulator is a sorbent that absorbs and
subseguently releases carbon dioxide gas. 3. The method of claim 1

wheren? 00 Gt Erekiation yiiaRroiapitiste tasusscqireoptringedwiith have
carbon céiio ider@rior to inserting said carbon dioxide regulator into said

BT S TR RIS e AP PV RuieRies I0a earkadRiosationaieiabeverages

tignall h d by placi [ t of said carbon dioxid
RS RS R R Sl i g

izing. spid | ith. a suitable amount of carbon dioxide,
R

éﬂ@t@§@§ﬁ£ﬁir@p§@£%@?W@WEPWJ&Lﬁ?SlQ%?%c%oélédeégébsrggglene could

method of claim 5 wherein said carbon dioxide regulator compri

aholettuansieves génshanaibraier Jalrugind sreinsaid:carbandigide

-regulator comprises silica gels, molecular sieves, clays, activated

alumiridiz dolitetipoodeatination pedyiniess, fHEtHOBRREIEAMB RIS only in
isorecticular metal organic frameworks. 8. The method of claim 1 wherein
tRBTIASEITOWIHT stepidl) cuvbrsioetivat saldovanlzon dioxidecegHiaier §eesSvarious
not come into contact with said carbonated beverage. 36 9. The method
Sr1anann Pofiicem sarwmentaicxdk megifiamsionmjotbdlnsesteditenbydiments
into the material of said container or said closure. 10. A packaging system
Tohe& ARRRY dhesisrRestns-ekliars ibrthcarbshiaiinp etiiadbe scope and spirit

C rising .a closure, a plastic container, and a carbon dioxide
olp t@g mveugtnon. P
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regulator. 11. The packaging system of claim 10 wherein said closure
comprises any materials used for sealing said plastic container, such as a
plastic assembly of said closure and liner material therein. 12. The
packaging system of claim 10 wherein said carbon dioxide regulator can

be blended into any of the materials used to produce said plastic
contaimeiagaid closure, or said liner material. 13. The packaging system

of claim 10 wherein said carbon dioxide regulator can be inserted into

said plastic container or said closure in a form suitable for said plastic
containef: T2eTPE {PACRRFIHGHSYStERbONCRMAIED 9Rerein saibiccatedrpeverage
dioxide regnitater eanphgrpart of a regulator assembly by overmolding a
preform around said regulator assembly using PET. 15. The packaging
system of claim 14 wherein said preform is fabricated into a plastic
container. 16. The palefiiiig 3\FSteRD Gilien agyirioe el ssidcbealaiions or into a
dioxide regulator can digsaddedAs colay@einpaid plastic container. 17.

The packaging syste § i wherein said carbon. dioxide reqgulator

can be added as Sg'larl%g ﬁgl%ﬁgdjtg%s%%e%f&% ?ﬁ@t?\%(? %‘r‘%gﬁr%g%a% carbon
packaging system for HeiAealRIHIAI T GhSisRERt2PPERITIASSN L8 Harpte of
beverage comprising oxexmaiditgdeacsestormsaiposdaiasrassembly for a
carbon dioxide regulator. 37 19. The method of claim 18 wherein said
overmolding occurs by placing said assembly on a core pin of a

convention&I el T WA SATRP ARy sditplefororbent that
around saidassentbiyb2€qiEndymsteedsofactamdiBiddrgsein said preform
is fabricated into a plastic container. 21. A method for making a

packaagin1g system for maintaining a consistent _
. The'method of claim 1 wherein said carbon dioxide regulator may optionally

be pre-charged with carbon dioxide prior to inserting said carbon dioxide

reguiator into said container.

4, The method of claim 1 wherein said carbon dioxide regulator may opiionally
be charged by placing an insert of said carbon dioxide regulator into a closure
or finish of said container and subsequently overpressurizing said container
with a suitable amount of carbon dioxide.

5. The method of claim 1 wherein said carbon dioxide regulator comprises

materiais that absorb and subsequently release catbon dioxide.

8. The method of claim 5 wherein said carbon dioxide regulator comprises
molecular sieves,

7. The method of claim 5 wherein said carbon dioxide regulator comprises silica
gels, molecular sieves, clays, activated alumina, zeolites, coordination

polymers, metal organic frameworks, and isorecticular metal organic
frameworks.

8. The method of claim 1 wherein the insertion of step (i) occurs so that said

carbon dioxide regulator does not come info contact with said carbonated
beverage.
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pressure in a carbonated beverage comprising blending a carbon dioxide
regulator into the thermoplastic material used to form the body of a
container for said carbonated beverage. 22. A carbon dioxide regulator
composition for replenishing carbon dioxide gas in a carbonated
beverage container comprising polymeric carbonates and organic
carbonates, individually, or in combinations thereof. 23. The composition

of clagn %% (TF eln(;sfacgn ivr‘ph(-;én&ncgrb na es c )ﬂarise CI)lrcn%:aar Orﬁt?ded
polymers and linear aliphatic car ona mers compo

claim 2234RefeiRte &g @Qjﬁ?ﬁé@%@ﬁ&%@%rﬁbﬁé dfieyrecarbonates,
dialkyl carbonates, ethylene carbonate, propylene carbonate,

Polypipyie %%J?go éarx'ﬁai'&% RGN JUGSINE SRS PUNERS ot
carbonate onate, ethyl pyrocarbonate, meﬂi T’ yrocar th6hate.
dialkyl dié%iY%‘@ﬁStéoﬁﬁﬂ%%Iﬁ: ERfEhate %@?9%@5‘@55@% %@ﬁb@ﬁ@j@nd@mde
regulatorepuapesition for replenishing carbon dioxide gas in a carbonated
beverage container comprising materials that absorb and subsequently
release carbon dioxide. 26. The composition of claim 25 wherein said

materlat fh%t ABSAP QY LGB G URRITY TEleNBereaIaH diiide compriaes any
moleculansienas. 2gd Threseaimpasitionaaticlaimtahawhersinsaignatesalembly

that abs%t)sﬁi@%iq%ﬂpe?%ﬂb'i?ﬁ‘él&’n‘iﬁigﬁaﬁqh%%i??n dioxide comprise silica

gels, molecular sieves, clays, activated alumina, zeolites, coordination
polymers, metal organic frameworks, and isorecticular metal organic
framelkoiiks: B8&kaging system of claim 10 wherein said carbon dioxide regulator can

be blended inte any of the materials used to produce said plastic container,
said closure, or said liner material.

13. The packaging system of claim 10 wherein said carbon dioxide regulator can
be inserted into said plastic container or said closure in a form suitable for
said plastic container.

14. The packaging system of claim 10 wherein said carbon dioxide reguiator can
be part of a reguiator assembly by overmolding a preform around said
reguiator assembly using PET.

15. The packaging system of claim 14 wherein said preform is fabricated inio a -
plasiic container.

16. The packaging system of claim 10 wherein said carbon dioxide regulator can

be added as a layer in said plastic container.

17. The packaging system of claim 10 wherein said carbon dioxide reguiator can

be added as a layer in said closure,

18. A method for making a packaging system for maintaining a consistent
pressure in a carbonated beverage comprising overmolding a preform around
an assembly for a carbon dioxide regutator.
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19.

20.

21.

22.

23

24

25.

28.

27.

The method of claim 18 wherein said overmolding occurs by placing said

assembiy on a core pin of a conventional injection mold and subsequently
molding said preform around said assembiy.

The method of claim 18 wherein said preform is fabricated into a plastic
container.

A method for making a packaging system for maintaining a consistent
pressure in a carbonated beverage comprising blending a carbon dioxide
regulator into the thermoplastic material used to form the body of a container
for said carbonated beverage.

A carbon dioxide regulator composition for replenishing carbon dioxide gas in
a carbonated beverage container comprising polymeric carbonates and
organic carbonates, individually, or in combinations thereof,

The composition of claim 22 wherein said polymeric carbonates comprise

cyclic carbonate polymers and linear aliphatic carbonate polymers.

The compaosition of claim 22 wherein said organic carbonates comprise alkyl
carbonates, dialky! carbonates, ethyiene carbonate, propylene carbonate,
polypropyiene carbonate, vinyl carbonate, giycerine carbonate, butyiene
carbonate, diethyl carbonate, ethyl pyrocarbonate, methyl pyrocarbonate,
dialkyl dicarbonate, and cyclic carbonate acrylates.

A carbon dioxide regulator composition for repienishing carbon dioxide gas in
a carbonated beverage container comprising materials that absorb and
subseguently release carbon dioxide.

The composition of claim 25 wherein said material that absorb and

subsequently release carbon dioxide comprise molecular sieves.

The composition of claim 25 whersin said materials that absorb and
subseguently release carbon dioxide comprise silica gels, molecuiar sieves,
clays, activated alumina, zeolites, coordination polymers, metal organic
frameworks, and isorecticular metai organic frameworks.
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