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WO 2005/084464 PCT/US2005/006268 USING CARBON DIOXIDE
WRESUATRS TO EXTEND THE SHELF LIFE OF PLASTIC, (prcpiociinco o
PACKAGING Cross-Reference to Related Applications This application

cI;aJn rigrity to provisional patent Appl. No. 60/548,286, filed 5 February
2B CARBON ARG REGULAT AR ST EX TEN BITHE SHELELIFE OF
17,2004, and to provisional ppieRigame! s AOR AlgR G sing Carbon

Dioxide Regulators to Extend the Shelf Life of Plastic Packaging" filed

February 24, 2005. B&6R88onRiEEEMEE [0\ Relatadbippications

contameRS AR ARG ERANAS|PEGIRP S RVISSHAYSIBREALED WBCH/548,286, filed
easy handling, low weight and non-breakability are needed. Plastic

Feackagirey, owsialhdrrlysibyism i renahe et (Red) So/dss e filed November

widely used for the packaging of carbonated products such as beer, soft

1drinke04tll avaders apaossimAaips RiedussplcatieRCtRidhesRiRP IS Hon  Dioxide

there is some optimum amount of carbonation or carbon dioxide

Reguistimes Bt teiSHEE DrewnPrar PRI R P AR epitiRbe. 2005,

package to maintain its optimum quality. In conventional plastic
packaging, it is difficult to mBatRirdneCEI ZHERSHFRIGH this optimum level

i TR -
U T L R .
B SRS ST il o o
o P AR A B RS o o
A R R s s o

e rapid. Permeation is faster at higher -1 WO 2005/084464
C%%%@%%%E&@%ﬁ%@ dickide " (sometimes relefred to in this document as “CO,")

pressure within the package to maintain its optimum quality. In conventional plastic

packaging, it is difficult to maintain the CO, pressure at this optimum level for an
extended period of time.

Plastic packaging is permeable to CO, and over time the pressure within the
bottle 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
unacceptable 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 bottles lose cérbonation more quickly, cannot withstand high internal
pressures, and have shorter shelf-lives. As plastic bottles become smaller, the

relative rate of carbonation loss becomes more rapid. Permeation is faster at higher
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temperatures, reducing shelf-life, and making it difficult to store

warbqiraledpeverages in plastic containers in hot climates an?’éﬂhszoosm%zﬁs
maintain a reasonable shelf- life. Longer shelf-life, lighter, less expensive

lastic bottles, and the abiliteé to store bottles longer in the absence of
tempsiiHiase fedvsipds sbsifdifac ARAnMaking At valifsulf dppstaskesarbonated
have been ?Fg lied to the problems described above. A simple method for

beyaragantiasiaarataines mdielisimatas andistl mmintainisoiegsonable shelf-

i carIEon dioxiﬁe (h}he p%int of filling. This js currently used for carbonated
"ot BMAE § 8'?‘ PellPNiRh iRsSHEXRGasME RasHadetiescandibembiity to store

the over- carbonation on product quality and the negative effects that
oo ERL EL IR T aaBoR Se el BHGHRTENEE MG RENATIEGES.
in intﬁrnal. essure within the, package cause significant differences in the
efferve‘s’ggﬁf%ﬁ%ﬁ%g%gegﬁa%gg'b@%m te e pephisms dasqdbed above.
Th ' [ f duct § duct.
SRR SRR R et e st as
Making the bottle moye pressure resistant is possible but
e alBll Yt e DG B BeigA Y HiG for carbonated
ic higher performi lastics. Carbonatjon cap be maintained b
sof e D L R R IS i oot s e i the over-
rrier . coatin a PET bottle, use of g _more expensive, less
ca OB Bl 1R R 6 g0 bt B G cause on the
trygti binations Qf these . methods. These manufacturing |
boﬁ‘ﬁ%?orgmgg %groeé %%%}rrl% N Eigni |&¥§ﬁ SIERERNGVIRIRlRERSSUre within the
' i ' lyester, bottl duction_and often these create new
P R g R ReResont Sl e i beverage.
: ' (t.to extend the shelf life of carbonated
D O e BT S i oA Sty from produt to
r'%(%)&/084464 PCT/US2005/006268 have been used to carbonate
everages by the reaction of the bound carbon dioxide with water. U.S.

Pate@b@ﬁcérﬁé@a?%%iﬁzsgfes%tgiﬁggraéda %9 %g'pﬁzgts%ﬁtré lﬁﬁlwll%&sgr?s of the package.
Making the bottle more pressure resistant is possible but requires use of additional
material in the bottle construction or more exotic higher performing piastics.

Carbonation can be maintained by reducing the CO, permeation rate. This
typically involves application 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
bottle production and often these create new problems especially with recycling.

Carbon dioxide generating materials have been used in the art to extend the

shelf life of carbonated beverages. Molecular sieves treated with carbon dioxide
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2004/0242746 Al to Freedman et al. describes a CO2 releasing
bl that can 5 be incorporated or inserted into the p iIng.far
‘ﬁgmgfﬁa éeverages. The compositions in these referencesag(légg‘ylgbe(}%mﬂ6268
over twenty-five percent by weight of inorganic carbonate as the source
hayeiRe e weridie Gatbpratedeirirges bithe prasiiondiherEundiderbon dioxide
.with a 25% loading of sodium bicarbonate has the potential to release 4.5
Wil YYALeEf carbon dioxide. This is approximately ten times 10 higher than
needed_ for application in a PET beer bottle and would likely cause an

unsafereRetr R hie: of $R2pMRalrsurRede shigkalrandisd SleRetemeiApplication
rhon . dioxide too quickly to regulate pressure over a prolonged period
20@2&%@%@?%3}%\’/3&?9@%@%% fesribor AGE=Heasing eeroppeition that can
to polyethylene whjch has a_far lower permeation rate for moisture. We
ey R BRSHC AT IBRIBEE g IR VEIE B 4eka0 esiRmsRTRINGle b nvatages.  The
since they have the potential to release far too much carbon dioxide into
Com@%&&%&@e‘ﬂsﬁlﬁﬁ%fffﬂ*ﬂ@%&m‘%i?#ﬁfeﬁﬁ@ﬁtl’sféj{%d-’@t?%\b by weight of
method for replenishing carbon dioxide gas in a 20 carbonated beverage

INQIGAMNIG, o PR q"ﬁt@[h@&c .prﬁ?}gﬁ%e né@cé‘rﬁ@?ﬂioﬂi@éi%gm%ﬁtointO the
QTR s 1erh Py BRI MR A oA T BGBHEAE has the

The. release of the,carbon dioxjde is regulated at a_rate approximatel )
po‘e‘*“ﬁﬁ’té"tk@%ﬂ S LB A GHGETDRG (RN Gaq cHhiBiReRPREONTRAtely ten times

q
. invention is also directed to a method for replenishing carbon dioxide gas
higher gé%]oﬂgﬁaleéiei%rgggﬁwﬁﬂ\@?. %f%e[#el?r?&ﬁ E’&%’Sri@@g iwesdnlikgly cause an
fbon -3 dioxide regulator intq the container or into a closure of the
Al o

alner angosabseh 8 Sring (S RIRUUE YRR AR iSedRidaeir carbon
. from the carbgn djoxide regulator at a rate approximately equal to the rate
iR o B B R S h G e MR R gt sspocily I they
irected to a packaaqi t f jntaini istent f
e R R P BB Eeas hngeod o poljethyione which has a

far lower permeation rate for moisture. We have found such high loading levels to be

ca
uns4a
0]

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 gasina
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 regulator 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 method for replenishing carbon dioxide gas

in a carbonated beverage container. The method comprises inserting a carbon
-3-
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container, and a carbon dioxide regulator. This invention is also directed
to a method for making a packaging system for maintaining a consistent
pressure in a carbonated beverage comprising overmolding 10 a preform
~around an assembly for a carbon dioxide regulator. This invention is also
dioxigpesrabiatarmedfod s raRiAarp&tkdding y<Haauty whitginfrpipiner; and
consistent pressure in a carbonated beverage comprising blending a o
subseaMsIHMiGRHEFRAIHE TRIBaR. ShliR FRieFRI tieiR Tam the Kyt dioxide
a container for said carbonated beverage. 15 This invention is also _
reguipieciddd %%a?ﬁ@ﬁdl&é&%%&ﬁlﬂéﬂo@c&fﬁd@éﬁi&f RATRepIsiRifRgIessosAm said
dioxide gas in a carbonated beverage container comprising polymeric
cont@gii®onates and organic carbonates, individually, or in combinations
thereof. This invention is also directed to a carbon dioxide regulator =~
comfpsi¥RTEPRas epitisHiRGtEaron AiBRFERRIE BYSiBbrigtednaintaining a
beverage container comprising materials that absorb and subsequently _
consfgleRbeREaRSYRSdiSkide. FRTBREAS e REHFERIR STOMREEIAMmEtHIaSWE. @ plastic
replenishing carbon dioxide gas in a carbonated beverage container
contaliah i FareemHig dderseH8i8%ide regulator into said container or
intg a 25 closure, of said container; -4 ii) Releasing carbon dioxide from
said ¥aiBYRNiBRIG 2sGuitiBFRd 18 anristead-aRASeRcRR iaxinmLaystem for
_dioxide regulator comprises polymeric carbonates or organic carbonates; ,
mairdA Y RERMSIFGThERISHER BF BHBRPRRISHELRYRTRACOMBERING overmolding
dioxide regulator at a rate approximately equal to the rate of carbon
a prefryerRidat3nasserebl iR & carkel)diekideireeaibon dioxide
re%ulatqrs (%i,are,blended, into the polymer that makes up the container
or IHUSCIBYEREOMb) LRISPLTRGIER I & MeitRGdPeialiadindaskaatng system for

_design, or (c) are _ " .
maintaining a consistent pressure in a carbonated beverage comprising blending a

carbon dioxide regulator into the plastic material used to form the body of a container
for said carbonated beverage.

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.

n one aspect, there is provided a method for replenishing carbon dioxide gas
in a carbonated beverage container comprising:

i) inserting a carbon dioxide regulator into said container or into a

ciosure of said container;
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10 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. A "carbonated beverage" as used herein is an aqueous solution

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

CO2/vol HRO, prerirasfing satbent Bxideaboun 42idslariomdioKige fegulator via
carbonated soft drinks, and about 2.7 to about 3.3 vol. C02/vol H20 for

beer, has been d@issgaicab ERctipn\Wehgresodnassarbon dioxide regulator
PCT/US2005/006268 "Carbon dioxide regulator,” as used herein, is a
composition thaCaEPtsesMMNEimerelsRigmhPEangen gioridenates; and
pressure within a package for a period of time by either slowly releasing

CO2 throligh a ddftrlEIEnhERicE iRRRGI oA preidss ofipyiddsdidmgsmd carbon
desorbing CO2 through a physical process where the rate of this 5

release is approfRif¥dei8y 'eguidifsndtorH@ OO IRl tiRapatkaghe rate of
Suitable CO2 regulators include: polymeric carbonates, cyclic organic
carbonates, org&NteearHisHdHes Qs i o SR cajaas, @kylene

carbonate, propylene carbonate, polypropylene carbonate, vinyl
carbonatdY)ylycefifeteifbditatearpamy disxiggrieatiataife(d) ambbieaded into the
ethyl pyrocarbonate, methyl pyrocarbonate, 1o dialkyl dicarbonate, or

mixtures thereofPRIYFa@hbabmakesadsting a8rialiemobiberistptiee. (b) exist as
ferrous carbonate, calcium carbonate, lithium carbonate and mixtures

thereof; molecul BYSIEYdR, & dHMER VT GIReH €arBosT Siidaclies derign, or (c) are
coordination polymers, metal organic frameworks ("MOF's"), and

isorecticular metA¥ganiorRMBRBTK S HMChE) CandaRARRbINCOR top of the
regulator utilized is dependent upon the 15 amount of carbon dioxide o
release desired WRTHE AR RIdAEH IReHMBlsh soWErBsPRsRE dYssthe finish
from the container over the shelf-life of the container. Areas of the bottle in

which the CO2 r8RAabteRPRERISEed include, but are not limited to, the

bottle closure, the bottle finish/neck, the bottle base, or blended into )
A “carbonated beverage® as used herein is an agueous solution in which

carbon dioxide gas, in the range of about 2 fo about 5 vol COsfvol H,O, preferably
about 3.3 to about 4.2 vol COy/vol H,0 for carbonated soft drinks, and about 2.7 to

about 3.3 vol. COy/vol H20 for beer, has been dissoived.

~da-
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the plastic resin comprising the bottle. 20 Brief Description of the

viuasingsgure 1 is a depiction of the effect of a carbon dif)xigﬁ'fﬁ%‘é!ﬂ%omﬁs
on the performance of a PET beer bottle. Figure 2 is a depiction of the

, ioxi he 2 f f .
Carvort B o S o AR S ontimn vt st o
A SIS R A v o ori o

Insert and liner. Figure 4 1s a

_ . . iner. ; i 2 denicii bon dioxid
A A B R AT oo o
loxi : finishi bly. Figure 7 is a iction o .
LR R o o v
' ' icti f f het.material on carbon
ek sl ST L e ot R R

interngljpgsile Fﬂ_,‘Q%SU‘}%%% é@gﬁgﬁégﬁ@%ﬁg% %&Scé ﬁ%%gé{%ﬁi%%g cyclic organic

carbon dioxide in 20 ou

cdrysidien Thegaqee %M%&%?tys%ﬁo@@qgﬁﬁs ihat gan s erté%]gf%%g carbonate,

a
carbon dioxide regulators. These composition aIFlnto WO Ca

propeIdne EaEBBRALS peBRISIRS mbﬁﬁﬁ?éatﬁn | EAeRSE ?b% nc%irci)r)l(eiedgarbonatev

via a controlled chemical redction. Suc com'p03| ions mclu o
blRPI¥AEEaPbSAAS a&i@!ﬁgp &S’HMB?]QB?%@WBQ&%&%@%&C%@@ '(I?o)frll%%arbonate,
as a degradation by-pro uct of the polymer's‘reaction "wi bxy_ge_ 0
digNeANHcHIEINAtEANT CATRRIBESHENEBS LGRS SHRALANIZe L s sodium
bicarbonate, ferrous carbonate, calcium carbonate, lithium carbonate and mixtures
thereof, molecular sieves, zeolites, activated carbon, silica 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 shelf-life 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 Description 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

performance of a carbonated soft drink bottle.
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upon hydrolysis, especially in the presence of acids. Catalysts, binders,

v dgtigt4gdditives may be combined with these materials top Tol 95%%06268
the carbon dioxide release process; and b) organic carbonates such as '

alkyl tes, ethylene 25 carbonate, propylene carbonate, o

polypro @%]r??ﬁcéar é‘%&i@f*‘\’/‘.”nﬁ%rﬁ% (Héjg@f?nﬁe AlShAlasuify e disk insert

rg%li ate, diethyl carbonate, ethyl pyrocarbonate, methyl -6 WO

05/084464 PCTIIIS2005/006268 pyrocarbonate, cyclic carbonate

acryla h. as. tr] | propane carbpnate acrylate, and dialkyl ..~ .

dicarb(‘)cjr?jar'?%:s(‘1 W %hdggﬁﬁﬁe%aﬁ)oﬁ%%@dé)@ﬁ R ?8 &é’?ﬁﬁf“l?!}h%'éh disk and
lirffphanced by reaction with an acid such as citric acid or phosphoric acid.

The second category is sorbent compositions that store carbon dioxide

and pjthen @I%a et e tainer.as carbon dioxigde is lgst from the |

packagag. These %ng%}gé(ﬁé%sﬁge%ér sﬁghc%%xs' %J%%lf%i%eﬁawgiéﬂ’)&,msm plug
adkNiRy, clays, activated alumina, activated carbon, and coordination

polymers, metal organic frameworks or "MOF's" and isorecticular

metaRigaANdCifrarpemietks Yr s"which are crystalline materials of

metal (%(ide and orgcm{.i}c ac?él@%%éﬁfﬁ%t%g i %?#%%é%'i lﬁ?ﬁg@ggembiy.

may pRygRgineries Bdpmoen S| nd carhop dioxide storage

capac%/. The various carbon d%xi%aqug?r‘]e%%c?@% 'grfﬁ)e%“ak?&eo [fa)) fecarbonate

adiigndadinigatbe mer that makes up the container or the closure.
They can also exist as layers in a multilayer closure, liner, or bottle

designgmiéegnliveledien st beaudedd insert or disc thatcan .. .
be p?e?ged in the top c‘)jfthe bottle closurg (ér?itﬁéﬁi‘%%}?év%%ﬁr@iﬁa lggr%on dioxide
relRlase 4o the finish area of the container. Some designs are shown in
Figures 3-6. In systems where moisture is used to regulate the release

rate piduP2 gieaCPRAGHCH S FGQHlﬁf&’{iﬁ%”!gﬁs‘?&?ﬂﬁ%%%ﬁegq&febﬂgrrgggg re.

with a suitable polymer 20 selected for its permeability t0 moisture

COP iR AR RN 1 RACABRIBIGULPRIICHBINI R IS RIS pottes.

of moisture permeation can be used to control the rate o r
and match the CO2 loss rate of the package thereby

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 controlled chemical
reaction. Such compositions include: 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, 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
carbonate, propylene carbonate, polypropyiene carbonate, vinyl carbonate, glycerine

carbonate, butylene carbonate, diethyl carbonate, ethyl pyrocarbonate, methyl
-B-
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achieving a package which maintains a near constant internal CO2

vaoesssisdara period of time. This period of time is referred topRS 1€ 00s/006268
regulation period. -7 WO 2005/084464 PCT/US2005/006268 In systems

B o B R el Riplesanne: carbonate
o ok BEAMIN SR BEherre sheh AR Wann bustroysi that
B o A S e v Spsphori acia
T T e T
O AT W Wi s o
inéREISAUMSBASIAMSs RTINS S Qe REgRRaRINL f the ﬁ%lz%gggb%%?get% Oglays, activated

regulating material must rapialy absorb this excess

alPHAAEVARRIUBHIE thE RTINS o %él%ﬂ?%gﬁﬁ%f%%%\%%gmeworks or

within about six hours and preferably in ab e

“M@@%ﬁtoéﬁ@oW&@r@ﬁfbﬂ%?a?ﬁé{é?@%%edf%%%ﬂ?ggg%% a“ﬁr@gﬂ%‘?which are

than or preferably approximately equivalent t carbo

crystanrroinatdhanaskrerdesifad ayBreas S et %H&E%ysa%’ ;r%% I8s. These

internal CO2 pressure is maintained. Performance of spe regulator

maRNARSHAP DO AN GIR cRPEAEEHR% W%%W&g’élggﬁz%ﬂﬁf bgﬂdﬂicl)%(ide storage

fabricating conditions that are well known to those e art.
capegigyred to minimize the volume of the carbon dioxide regulator so that
the space of the package is used efficiently. 20 Alternatively, the carbon

dioxithgagHaty sapdie &@d@@&%%%&@éﬂ@%&’@&é@g@aggsbggnded into

environment of CO2 gas so that it absorbs and holds enoug

theqrihendr @hiloablieaup eeostpRhsEinG & oAl T'ﬁsgz%:ﬁ%a{ﬁ% exist as layers

container. The carbon dioxide regulator may be incorporat

in paﬂgﬂm@@msnb@nm@efde@@é&éﬂ?'Uﬁiﬁemgtﬁfag}%@?i&%‘i% Be molded into

placing it inside the closure 25 either in a small cup or as a tabricate
andisseheseistetibtsbale 8N fHidd@S e 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 regulate the release rate of CO,, the
carbon dioxide regulator can be encapsulated or blended with a suitable polymer
selected for its permeability to moisture and COs.. By proper selection of the
encapsulating or barrier polymer, the rate of moisture permeation can be used to
controi the rate of CO; release and match the CO, loss rate of the package thereby

achieving a package which maintains a near constant internal CO; pressure for a

period of time. This period of time is referred to as the regulation period.
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-8 WO 2005/084464 PCT/US2005/006268 These designs have several

WO 9SS the body of the closure, the carbon dioxide regubtehisanos/006268

material, and a liner or cup material which supports the carbon dioxide
regulator and can separates it from the package contents. The liner
matdRaPY3EHE WOSHH QrygendRiRediRoifrayiate disz teleasma el CO. the
carbon digxide requlator 5 material either by acting to control the CO2

cagham diegHg teiRaly GoPecrRitRT R 06 RlaprR® iHadistiable polymer
can reach the carbo g?joxide regulator. Water and water vapor can act as

selgieciohd iH?ﬁ@ﬁﬁrévyem*ms%m&faﬁca%samd%\kie@%gﬁrawmm the rate

vary depending on the requirements of the package. For smaller
of §bhe SEDETANHD FHe P FROHIRIER AR PRI ABE GBS AB A Bckage and

e e b e i e e
into METEHIE o8P SRHEABH B AP RAEA AL B R deorbing material,

' i1iQ0 in the bottle. This is ill din Fi 6.0 h
SRR DeRe s e IR T Tt BB o B Rlsh over-
caE0 Vs Rl SEA e oo EAToR dREARE LG with the

oGP RNS RS PR ASSREL 1 et

AR T S, L B b PR B eguaing
O et SRRt e A e o
ox BTSRRI S AR ooty i
T I AT ——
at %%%(E%l@&t'tﬁgﬁ %‘H%}e%e%%%tﬁf%p‘ﬁ%%da%‘?ya%&%‘% REIS %ﬁéh%&? E} ocr}artmn dioxide
loss from the package itself. This will ensure that a uniform and stable internal CO,
pressure is maintained. Performance of specific regulator compositions may be
optimized by proper drying, impregnating, and fabricating conditions that are weli
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 regulator may be pre-charged with CO, by
subjecting it to an environment of CO, gas sa that it absorbs and holds enough CO,
gas to replace CO; lost from the container during the normal use of the container.

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

number of ways. These include, but are not limited to, placing it 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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regulator would not become active until the package was filled. The

veanssdipxide regulator can also be added as a layer in a mujfjla 2005/006268
fabrication either as a layer in the bottle, a layer in the closure, or a layer

R s ST Ao o e T oo carbon dioice
R R S o i
RS S SR B LR o8 ookt (bRt materal can be
oSG8 B AU R S oo R o requntor
e e iR R g b controling
A AR A RO T BRAES, weter anc
RS AR o
e PR R SRR, P& mer
inchBauks S SHafelre e Rk OT0R FHRPHE TR HSHI R Bo8uiA O For larger

carbonated soft drink bottle that is carbonat

eﬁ@&@?%vﬁ@?eislﬁ%%'i@éjrﬁﬁiﬁe@ilgﬁ%éh?egﬁgtg}aw lefgf ' a%%gf;@fﬁiﬁg%a%% or plug-

double the shelf life. Molecular sieves appropriate to

clo%‘?.%'@@é%“‘%ﬁﬁi 9%%@%34@\5%%8@%%%8%@ m%tgiﬂ%{%r to be used.

ommonly known as 1 Sleves, fad) |t{3,

boropicig Sy ﬁ?oﬁ@@?S%Q%tr%@ﬁggj%vﬂgé%ﬁ{%%ﬁeﬁ%%tg&%g% it is fabricated

PCT/US2005/006268 can on exchange p

by rﬁ%@ifﬁ(gﬂbeVomcﬁw&ﬂﬂﬁiﬁssgggggoﬁ)gﬁigﬁrp?bitrﬁedbvc\ﬁg%i(l:?ﬁ’s is illustrated in

binders, and other processing ali er set of carbon

Figgf‘rl\%‘f%:Irl)@?2%&@@@%%%&%@92%%fgﬁé%?&%%@vnﬁ%%mﬁ\évgégsinto a slot molded
into the finish area of the bottle either during or after blow-molding. Another approach
would be to over-mold a bottle preform around a carbon dioxide regulator assembiy
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 would then be blown into a
bottle using conventional equipment. Another concept would be to use the stretch
rod to position a reguiator assembly into the bottle during blow-molding.

The carbon dioxide regulator can also be blended into the plastics used to

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

dioxide regulator assembly would then be blown into a bottle using conventional
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5 (IRMOF's). These are polymeric structures made by the reaction of

wiieiad anl grganometal reagents with organic spacer moleculw@},ﬁ%%zés
an open porous structure results. Any of the various related high porosity

lattice systems prepared through such a reaction and that are capable of
eqé‘&%%&‘ﬂiﬁg ahPreiicsig) sustim. diowieddrem dwheamiagaes 1b theogssbon dioxide
of carbon dioxide regulators include organic and inorganic

fe§§ fon el nat asraman Astive enflidh e RrskeaR wRedilRsh dioxide

espeg'flly in the presence of acid catalysts. Blending these materials into

PET &t SEERAANY IR BFoHIRtY trabRiRagRwAAdRagRiie eXRsdgeasmultilayer
R T Sl g catbepates
g e S R e e St
R0 SRS AR PGS SSRGS i v
e L N R B

S SR B AP o can e
T e DA g e
R T e
oo B gL, S M TR B8 R i
e SO TSRS ERICARAER P8 e
blending the carbon dioxide regulator material into the polymer used to form the
closure liner or blending the carbon dioxide regulator material into the material used
to 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 CO, 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, aluminosilicate materials commonly known

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

-10-
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shown in Table | below. TABLE 1 10 Density of Carbon Dioxide Sources

viedfesives a2 Density Density /cc /cc Solid, CO2 Temp., C = /ﬂsg&%m%m
1.565 Liquid, CO2 Temp., C =0, Vap. Press. = 0.929 0.929 I9é(5’)9p5| .

Temp., C = 25, Vap. Press. = 0.713 0.713 917 psig Gaseous, COo2 Temp._.

cap bepmeydifiedr o) 128, 61808 DIOGERERS J6rprardifg dhsiiophpsiglproperties, and
IRMOF-1 0.620 0,496 @-77C Sorption: 0.18 g/g for 13X Mol Sieve

MY PFRmRned wih/ilters: Bindssinas: Sherrinsessine éighous PET @
22 C, 20 1.335 0.030 bar Stoichiometric Pairs lonization Inorganic o
CartfHReASE S HiGRBRL Hoicle, Feahletsssasesriseqisiaaten -pabmers, metal
1.797 0,304 mono sodium bicarbonate, NaHCQO3 benzoic acid, C7H602

°"%“-€‘§9‘fé o HPGHORES soaMPAbitarbidle, IRarRstnyiafic metelcmasly frameworks

(iR]\?IQ?f@’%??Omggg are polymeric structures made by the reaction of metal and
organometal reagents with organic spacer molecules such than an open porous
structure results. Any of the various related high porosity lattice 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 materials into PET and activating them by
filling the package with an acidic beverage is a preferred embodiment of our
invention. Suitéble inorganic carbonates would include sodium bicarbonate, calcium
carbonate, and ferrous carbonate. Suitable polymeric carbonates would include
cyclic carbonate copolymers such as poly(vinyl 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 acrylate, that is made from the catalyzed
reaction between 2-ethyl-2-(hydroxyimethyi)-1,3-propanediol (trimethylpropane) and
diethyl carbonate.

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

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

-11-
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sodium bicarbonate, NaHCO3 fumaric acid, C4H404 1.833 0.403 mono

worhwes iggrbonate, NaHCO3 maleic acid, CH404 1.799 0.39

sodium bicarbonate, NaHCO3 oxalic acid, C21-1204 1.836 0.3%3@9%}(&))%%}5/006268

sodium bicarbonate, NaHCO3 succinic acid, C4H604 1.693 0.369 mono
wQulgiiRchids i wiaeisarmadss kyrdpriiarstien, of a8Bylezey andvior propylene with

Cal-1604 Extra Strength Atka Seltzer, Citric acid, non- 1.574 0.121 mono
CaRRnTERN M iometric -12 WO 2005/084464 PCT/US2005/006268

Ferrous carbonate iron I[)carbonate), CFe03 citric acid, C6H607 2.040

0.275Rfnd’ fBRob3'amelEMERTIICAbon ARYNTHBO3 thenaiesesit, invention s

C4H404 2.353 0.414 mono lithium carbonate, Li2CO3 citric acid, C6H807
MPEBZHS AhenRpsivat&ia tiedhsorile, sauees cihe digharahgaensity of the

1.712 0,258 mono sodium bicarbonate, NaHCQO3 citric acid, C6H807
A ) W?ﬁbs’%‘?%&&id& BRiRBoRALE ReamerOYMilmérlumed tha Hrom 1008 can be
. 0.597 d{' alcium carbonate (calcite), citric acid, C6H807 1.714 0.301 di
INEORY3

B R S

Shdi gaszefjo[Ic')\E]i e, CaOM 0O2C02 citric acid, C6H807 1.815 0.28 di
G¥0H e 3

40)

Carbonate Hydration ethylene carbonat

02 fumaric acid, C H404 2.020 0.427 di Organic

od ke BBRkAg¢a s gL sheliiditiwhilerst dhe sane dime aninimizing
, di-tartaric acid, C4H606 1.886 0.398 di
RUIRSte Y HRAEHE omatenials s theamGemiensities are

e, C3H403 1.344 0.671 mono
TABLE 1
Density of Carbon Dioxide Sources
Effective CO,
Density Density
glce glcc
Solid, CO,
Temp., C=-80 1.585 1.565
Liquid, CO,
Temp., C =0, Vap. Press, = 0.929 0.929
4980 psig
Temp., C = 25, Vap. Press. = 0.713 0.713
917 psig
Gaseous, CO,
Temp. C =0, Pressure = 44 07 0.008 0.008
psig
Sorbhent
Sorption: 0.8 g/g for IRMOF-1 0.620 0.496
@-77C
Sorption: 0.18 gfg for 13X Mol
Sieve Compacted @22 C 0.766 0.139
Sorption: 0.022 g/g for
Amorphous PET @ 22 C, 20 1.335 0.030
bar
Stoichiometric Pairs lonization
Inorganic Carbonate Acid
sodium bicarbonate, NaHCO, ascorbic acid, CsHaO4 1.797 0.304 mono
sodium bicarbonate, NaHCQ;, benzoaic acid, C;HsO» 1.578 0.337 mono
sodium bicarbonate, NaHCO, citric acid, CgHO; 1.696 0.270 mono
sodium bicarbonate, NaHCO» fumaric acid, C,H.0, 1.833 0.403 mono
sodium bicarbonate, NaHCO, maleic acid, CsH,Q, 1.799 0.396 mono
sodium bicarbonate, NaHCO, oxalic acid, C,H.0, 1.836 0.384 mono
sodium bicarbonate, NaHC O, suceinic acid, C;H:0, 1.693 0.369 mono
sodium bicarbonate, NaHCO, terephthalic acid, 1.688 0.2897 mono
CsHeQ4
Extra Strength Alka Seltzer, Citric acid, non- 1.574 0121 mono
NaHCQ4 stoichiometric

-12-
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propylene carbonate, C4H 03 1.204 0.519 mono butylenes carbonate,

WwbHBEx% 34346 0.434 mono 21y cerine carbonate, C41°1604 1&%%32%&%0 6268
mono vin lene carbonate, C3H 03 1.353 0.692 mono diethyl

M0 1

122-0-304-meno—die hul rocarbonate. C4H605

FOMRIEZPRnate ©6H1065

(ifod(AZ4MRAR ) chpasth | p)]rg,g%rga@aéqﬂ 54H605

1. ZSPOQ 410

|}'10”(9275

mono
Felnmmsth typyieecarbonate, CAHG05 1. 250 0.8207di diethytcarbonate;
e mon maxrsd:imHleo e i3 regplagmng tr‘;‘e regense of mono
fl*hiia% qarhengh iffic orresgondd 88the rate ofdos6s of  mono
m blcacr;onateq.&d.f;ti)rn&tmggg- * be optimizbéhrough séRS@ion| mono
s bonats, N3 citric acid, GHe ~ Ao sing r;&,ﬁﬁ,n di
a&ﬂ?bi%kﬂéf%t‘ébﬁ'é?d%”'” 8610, CaHly O'“‘ o Mmgﬂ@ A di
c@d&uw wpﬁﬁﬁﬂ@&@a&@pcuo EitrlEeEidEHES; chatings Y A LS e X4 R di
CaRPC 02 source from the heverage. Various methods are explamed In the
C@%ﬁ@@@éﬁéﬁﬁ'@é‘lbw Andthewjraseireter impdrtant meptm?lzm,mg ai
‘_ﬁ%e inventions-the-volume_ . or thickness of the_carbon dioxide ‘
cLegla 6?%%%;@& e produé’é{gﬁ?ﬁ&gﬂ? drfStits of 1b*j§@32. I12ri@f9$2 di
el BB EHE) (TOX I FERRigtay eE ot thickness-for-aivariegyof di
Caégditant materials, a series of calculations are made assuming 10
mﬂiﬁnﬁmﬁﬁﬁhma§@arbonate:mmancwsﬁoz Infthe Gasgs0f diF OF §ha ai
, ifienarierasié 6fHifesacid gro2pgimighf reagzbut di
P f-the-—12 \W0 2005/084464 PCT/US2005/006268
T purposes o F“ﬁl‘.l.lct@rapnatq is-assumed-that-bnlv on group Hydration
mﬁ—@%@k@wﬂu DETOW,H1SaSsutmea-tnat Y 4,4,\,4 o 0 6.},1 mono
pr@ﬂ@t‘% cb%;,&@%@po fimmaricacid L,UI!.IL.JIIIIG.LIUI S ”i' et 0519 . mono
butigenensirasedispieHgo] of & more dense (higher yfetd piO02 pet U‘d e oo
Watﬂﬁﬂbﬂ@thv ene carbonate is” shown as gggexampig gfgm e
te, which decomposes @ipori.3agaction gvwdp mono
A jearbpnate. ,s..l.w oelire acidification. Table 2 helow Etfowg thedefidct mono
diethyl pyrocarbona e, C4HsOs 1.122 0.609 di
dimethyl pyrocarbonate, C HsOs 1.250 0410 mono
dimethyl pyrocarbonate, C,HzO05 1.250 0.820 di
diethyl carbonate, CsH405 0.976 0.364 meono

Another challenge is regulating 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 explained 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

CO..

variety of reactant materials, a series of calculations are made assuming

conversion of the carbonate reactant to COs,.

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

100%

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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of reactants on insert thickness. TABLE 2 Effect of Reactants on Insert
Wwokeess 44l Bottle Type Reactant Calc.Insert Thkns. 12 oz. Cf; ?
NaHCO3 + 1 moI Citric acid 0.2889" 12 0z. CSD 1 mol CaCO3 + g "}Sﬁiﬂ’“““"s
Fu [‘IC acid 602" 12 oz. Beer 1 mol NaHCO3 + 1 mol Citric acid

“iérb % 2R BrRiPwad i assumad-that enbcRne Geibgreureacts. The

Céﬁeergg lene carbonat 0.0423" 16 oz. Beer | mol NaHCO3 + | mol
¢ & 5’ a%’&? IBRYGN ds dngluded to demanstiatedbi effect of a more

0.04 6 0z. ylene c rbonate 0.0283" In the table above,
deﬁ%ﬁéﬁ!ﬁﬁ?&t}’ ?ﬁs"a{ éggrﬁ ‘t‘ﬁ‘é%fﬁﬁ%ﬁﬂh@%f theinalivt efhylengisearbonate is
iS also increased b addltlon Qf a non-reactive binding

S
ShOWR d%uﬁé@&& gr@“m%‘iﬂ?é‘k?r@%ﬁ’f&@é& Wb@'@i%w?l? i a;gr%n@ses upon

re Ct%?}qu(ﬂment of C(fé?% that jt absorbs and holds enough CO2 gas
5 EPIAEE ¢B5N 18N Sﬂ?éﬁ'r'i@@&ﬂﬁ?ﬂﬁ%%o?ﬁﬁﬁ%%@@ﬂﬂeﬁhﬂws the effect
Ofciggg%q qk 2fE1S IJﬁref bl he CO2 is released from the carbon dioxide
regula or a0 a Fae 5% ﬁ?ately equal to the rate of CO2 permeation
loss from the container. One method of charging the carbon dioxide
regulator with CO2 is to place a disc or insert of the carbon dioxide
regulator composition into the closufeABifBigh of a carbonated drink

bottle and then over- e hottle with an_amount CO2 gas 30
that is necessary to Eft?en% gg&ﬂémé &ﬁﬁl’é?ﬁﬁ@&@%red target.

Botihe exce§ypd4 WO 2005/084464 Rga'd{alﬁ?OOS/OO6268 Q_%?CISI HiGh Thkns.

quickly absorbed by the carboii dioxide regutator su that the botttetsnot

12wmuly strésfed. The sonbtHSIAR0S thenrRIpaneR itpithe heagspase: of

12the. carbdd8@d beveragpSABOEPOT RIGISPUIRHANRFO2 degregges
when product CO2 is lost from the package. Another method is to

12/9@-chargBaie disk off insdNeHBO3 + 1 mol Citric acid 0.1134"
12 oz, Beer 1 mol CaCQ3 + 1 mol Fumaric acid 0.0628"
12 oz. Beer ethylene carbonate 0.0423"
16 oz. Beer 1 mol NaHCO3 + 1 mol Citric acid 0.0758"
16 oz. Beer 1 mol CaCO3 + 1 mol Fumaric acid 0.0420"
16 oz. Beer ethylene carbonate 0.0283"

In the 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 regulators 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 loss from the container.

One method of charging the carbon dioxide regulator with CO, is to place a
disc or insert of the carbon dioxide regulator composition into the closure or finish of a
carbonated drink bottle and then over-pressurizing the bottle with an amount CO; gas

that is necessary to extend the container shelf life to the desired target. The excess
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5 carbon dioxide regulator with CO2 and to place the pre-charged disk

witpde/ebesere or finish during the bottling and/or capping prog
Examples Example 1 10 Various carbon dioxide regulators, spe%?ﬁggﬁg/os’mm“

rganic carbgnates, were tested to determine whether they could be

CQao-taeny ¥rahsEPashRY e serbedinxiseseaieint s et titbottle is not
results shown in Figure 7 illustrates that water vapor activates CO2

“Qﬁtﬁ@u or

Biv Rt iSechedn&ids By yaroyeleasnt ainterghsichandsiace of the

npt necessary. 15 Example 2 A variety of liner materials were tested to
CHRAIAIRL BRUSREE R e AR ABARYSr AP & Gadlereaasemuharemduct CO,

. CO2 prodyction. A mixture of sodium bicarbonate and citric acid was
1S g%%fe@o.ﬂ‘g @@I’?%&%er‘f%‘%?ﬂ&%b%@?%I'_Som/vﬂfér%aﬁg%%@a@%@tt?@seﬁ of the

The pauches were fabricated from three different materials with different
oo e O VA5 8P L ISR ete Sberasd disk i the dosure

lyethylene. The results in Figure 8 demonstrates that a very low
Orﬁ%é%u(r}é%%ntgﬁ % ﬁ\ﬁ%gtﬁ'@ SYPRPIGIREPGEED2 generation and the
higher moisture barrier provided by the polyethylene provides the slowest

rate. Thus, a moisture barrier material -15 WO 2005/084464

PCT/US2005/006268 between the Earbon dioxide regulator composition
and the carbonated beverage can control the rate of CO2

Ex@@@ﬁ‘&ﬁon' Example 3 - Sorbent CO2 Saturation and Release 5 Various
ioxide generators, in particular sorbent materials, were tested to

detetmi i acity to store and release CO2 under high pressure
e SR R A PSS ORI RESELS e st
0 erials were first satyrajed under a high pressure )
o env%o%an%}ht. Ly go?%%ﬁ%ﬁa?@ﬁ&é{%{e@tw%é’@ﬁnw dd without an
oré’é’ﬁli@saelbd mgs%?]tlt.lesfﬁgr%gu !lcélys%%r\ggni?\telgigure 7 illustrates that water vapor
activates CO; production from organic carbonates by hydrolysis and an organic acid

is 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 CO, 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, polylactic acid and
polyethylene. The results in Figure 8 demonstrates that a very low moisture barrier
allows the most rapid rate of CO, generation and the higher moisture barrier provided

by the polyethylene provides the slowest rate. Thus, a moisture barrier material
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1o with dry ice and capped. The molecular sieves were obtained from
wommiskiadssources and either used as received or dried by hgég 2005/006268
under vacuum. The 13X molecular sieve discussed below was obtaine
from the Aldrich Chemical Company and either used as received or dried

beiHAEM LR, ERTATLRIRXAR FOAIRE SATRISIHRS TRshihrcBtiaestadsbeverage can
recorded over time. The results are shown below in Table 3: 15 TABLE 3

bedyg i?fBPE %@?@%ﬁfrgm%?ﬁﬁgnts Sample % Shelf-Life
Improvement Control Bottles (no saturated additives) 2o Bottles w/8416
saturated film 32.6% Bottles w/4A Molecular Sieves 104.2% Bottles

pre-saturated @300 psig CO2
S22 08 pangoele

ef~life of a carbonated
9 CO2 saturated articles inside the

xt nd i b Iac'

S R b AR TS R ARSIl Juere tosted
to SAGRIRE T SHRAY AT Bas TSR0 Chiestsr Afih préssure and to
o A R R 0 o
o RS SR . o o
T R T
BT B BT KA RS,
w8 I TSRS, o
mdfeBuURR" SRR RS GESPELOW WL Bbtained from the Aldrich Chemical Gompany

and either used as received or dried under vacuum prior to use. The rate of CO; loss

from the boitles 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) -

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 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.
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bottle. The results shown in Figure 9 shows that the control bottles lost

: < al rate. However, the two sets that contained the molecular
ﬁg\%ggg ?ﬁgﬁgg an initial rapid drop in C02 pressure indicating]fﬁg{qﬁgms" 006268
CO2 was absorbed by the 15 molecular sieves. The CO2 level in the
RS ¢ sENEEsERsSwizIng Betileshadpg melecilankievis witv &0
emittgd the C02 back into the bottle. These two sets showed a theoretical

incre28e BPEIIEBk WAS IFARTkCRAI cintb dhed conmentonfrolvetepibssurizing the

b f IIowi(gw#.ean‘}Eles, PET bottles were made by using conventional
‘%ﬁi%m? BV S BreQudlirdbeTmelesular sirves andreteasingotie absorbed

T bottl resin, The carbonated soft drink (CSD) bottles weighed
C@é%aﬁ&me?éﬁﬁ%ﬂg‘ﬁ 6RAPBEe2 BoHEsets it hRazb Sutiesiseach domtaining 15
weight of 37 grams, a volume of 500 mL, a

following examples ha [ ,
C%%Pa%a%% ﬁé’%&@%"ﬁ%@ WHILANWIGeh wetRctasien. ahBebstiset wes a control and
bottle, and used a conyention D closure. The effect of the carbon
wa&o%&éi%gﬂéﬁ%@@ﬁ’%?ﬁ%ﬁfa& 2880¥e driecgeosngd gt waeharged with 4.75
C placing. a wejghed amount of regulator sample into a test
Vo@%%éiﬁ?o@ﬂéé?ﬁﬁ#ﬁﬁ% oioel RiwesRd ﬁl%gm‘gq{eﬁt&ah@ieves dried
T, Ten milliliters qf water were added to the bottle in such a way
“"gn%t‘égrﬁglﬁv’étéf’%%’o”r*a}a%ad'bén?t%%dﬁﬁ wasakernaosad withiedhecbettie. The
; t cordi the method taught in U.S. Patent No.
G e LA L R K B ravms o n-<iried finly
I joxide in the bottle was measured by FT-1R according to the
P R e ERaIRe IABE e RSt Wb ST PRclosed within the
boﬁgca-Cola Company. This directly corresponds to the internal CO2
pressure in the bottles. Measurements were made periodically to track

the remaining in t ackage. A conversion factor for the

signﬁgs%%fgé%%(ﬁ %‘gﬂvg‘rt?&uﬁr- Rs??e%\ﬁﬁ%@‘ﬁﬁ Wf st destles lost CO, at a
rmi g nly used in the packaging industry when describing

norirﬁép afr?]qc!)% nt o%%%%ﬁﬁ}%i“{ﬁ 3%%%6%%& %%%nv%ga@@. RS GdianHeyesshowed an

- ' h f h k

i 50 4R 50 S R ARSI B2l IS, %408 BASEESs ey tne

molecular sieves. The CO; level in the headspace of the bottles then increased

- HhE- a1t e Hh Xh 1 {h e RNESH 1dE RSl JEE

because the molecular sieves emitted the CO; back into the bottle. These two sets
showed a theoretical increase of 11 weeks in shelf-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 botlle
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 bottle, and used a conventional CSD closure.

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

bottles were conducted by placing a weighed amount of regulator sample into a test
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The conversion constant was determined by placing a known amount of

w®R Bl agkottle and measuring the CO2 level within one hoq,rccif/_ %%%M%S
The conversion 15 constant was determined at several pressures and

found to be constant within the precision of our test. Shelf-life is
tubsrasirdaaiyant Bieothn Simbottiaked e witititeresslinatetiwere added to the
package to fall to a minimum acceptable value. The requirement varies by
bafile Bodht Sawey Btk M MaPen fvasnis cantantiavidartbenadsarbent.  The
level of about 20 4.0 volumes is used with a minimum acceptable level of
bofigsi weses GBI RN iaGeridings 1o thesmethodbiasight innkh&mPatent No.
carbonation level is typically 2.7 volumes with an initial level of 3.0
5\‘}2@1 RL. Thib eridatiasonarp svalisrtes nbipkcateas determined by
meazl,t%?]% the CO2 level within the packag)e shortly after sealing. In__ _
case Bt PterRon JoKise da the battlenwrs Bxgrsurrthby AT -IR according
terminated, the -18 WQ 2005/084464 PCT/US2005/006268 value was
toofgﬁem?fé%db‘}ee"s&@&&éﬂ’oh’%&aﬁ%%éiﬁﬁgaﬁés@ﬁﬁa'iz@elm%%tfﬁuakﬁﬁesCoca-Cola
are used well.before their ultimate shelf-life is reached. Maintaining a ver
¢ i

COBRAL e ST MARFHTT® GikRgessimya the botties.

G T T

riod. This is illustrated in Figures 1 and 2. Comparative Example 5 A
PR o PIYSTRIOD TR (IS Hg HOBBIAASURE IR CarNBHeAaR F AR result to
JrO level of avolu es CO2. This is a slightly higher initial carbonation
ng\%?ﬁﬁgg tép EalaoT?ﬁ'@’fﬁ B%PMBP,&HXﬁ%?e% thgcRaekpging tipdustry when
desd onatit n level re{a\cges %\07 volumes. Shelf-life and CO2 loss rate
SehIEd e U SLER RN & ST ORRISHABEESERGn S A5lAme of CO;

in
results %.I‘

. ounce CSD bhqttle with a CSD closure was carbonated to a level of 4.0
s I8 ARk, i Ao ATIRBTE TR o B SE4rS oxlH< oaRkage at 20°C.
R

me
of CO2. Results are shown in Table 4.
The conversion constant was de-{erm?ned 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 CO, 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 level of about
4.0 volumes is used with a minimum acceptable level of about 3.3-3.4 volumes. This
is a loss of 15-17.5%. For beer, a minimum carbonation level is typically 2.7 volumes
with an initial level of 3.0 volumes. The initial carbonation level for each test was
determined by measuring the CO; level within the package shortly after sealing. In

cases where the shelf-life was not reached when our experiment was terminated, the
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Example 5: Effect of 13X sieves on PET beer bottle shelf-life 20 One gram
vt dsieehgs3 s molecular sieve powder was placed in a test tubepéqﬁfg%mo&@
same PET bottle-closure combination used in Comparative Example 5.
CO2 was added such that a carbonation level of 3.6 volumes of CO2
vajisuipsdaterminedby ardeapotationdes ghowRashigies drandhan Mosteackages
1 and Table 4. Carbonation was monitored until the minimum requirement
argouspebvell befmimidiec oiimste sbelidéndsi reastiag.the adsorbent inside
the package resulted in an immediate -19 WO 2005/084464
pcT/M8 SeyeRIdGensisionhsateantn? iawmplinthemdive anfority of the
the shelf-life of the package was extended 36 days more than
Pagkasa il e Rt sHrpestaplder praeudautimoldb@pasievedusing which the
.ounce CSD bottle shelf-life 5 This experiment was conducted as Example
intgragl P PressHER elaysHkmtivaly ©aBasisrdglinedsas. haaegulkation period.
dried _molecular, sieve powder was placed in a test tube inside the same
Thisps ﬂgﬁi@t%@\ﬁ%’é%‘ﬂé@%% 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 Table 4.

CdtaringtitreEb@atserbent inside the package resulted in an immediate
reduction of free CO2 and the shelf-life of the package was extended by

42 day®EnereeerpptiedWehCoOMPactiMaHEXAISE FI0BLE Aafed®bnated to a
Adsorbent on Shelf Life and Internal CO2 i5 Pressure Loss Added Initial

levehofTamgeytshubxantit®, Vo & \GodgieijRh Seramb ReguEigioahsliel than typical
(Vol. Measured (Vol Days) life CO2~ cv_ol qgi. _GO2}....... === --- ((naxs~

of GmipdustrF0 h3ee?, 6hélf8He-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 6

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 bottle shelf-life

One gram of dried 13X molecular sieve powder was placed in a test tube
inside the same PET bottle-closure combination used in Comparative Example 5.
CO; was added such that a carbonation level of 3.6 volumes 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
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Comp-64.03.9813.4 060 ------- -m-mmmmmmmmmn I_Example 5
W 003:38464 30 116 Exam le 6 4.35 3.89 3.4 34 91 Compa”%%/%fsmusmmszss
Various Molecular Sieves A variety of commercial molecular sieves
(shown as individual letters in the 20 tables below) were tested according
d ‘?élfﬁté%&fe'a‘ﬁ%sli@érfﬁ@@ wiie thenhaitle arshihs shedtiflerafidhe. package was
These materials were obtained from various manufacturers (shown as
exﬁﬁﬁ’dﬁgtﬁlé oY AL heneaialyedesBR!ehe gram of each
materials was tested in twelve ounce CSD bottles with PCO (plastic
closure only) -20 WO 2005/084464 PCT/US2005/006268 finish at an
added carbop dioxjde volume of 4.5 volumes carbon digxide. The initial
X = 248 olect Ve pn g ounce LIS bollie shelf-life
these..molecular sieves are shown in Table 5. 5 TABLE 5 Shelf Life
E o SHs VRBE CRRAeaE, 2 ERIERI o PReBh Adéhasies CSD botte

i | P Period Life, T Vol. (Vol. C02) C02)
D A i RS b s o
En4_4t§§§ "filf{'d %Af,gﬁ%%l %gig_f’éfél g. '\@ 2%;1.358%58%481&% mgtzaDcarbonation

level of 4.35 volumes would result in the absence of the adsorbent. Carbonation level

E

was monitored over time. Results are shown in Figure 2 and Table 4. Placing the
adsorbent inside the package resulted in an immediate reduction of free CO, and the

shelf-life 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
Example Volume | Volume | Point Regeu: i?:éon Shelf-
{Vol. Measured | (Vol (Days) life
COz) | (Vol CO,) | CO.) y (Days)
Comp. 5 3.30 3.34 2.7 0 80
Comp 6 4.0 3.98 34 0 60
Example 5 3.60 3.38 2.7 30 118
Example 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 obtained from various manufacturers
(shown as “Mft” in the Tables below) and used as received. One gram of each

materials was tested in twelve ounce CSD bottles with PCO (plastic closure only)

-20-



Mfr 3 F 4.5 4.2 44 110 Mfr 3 G 4.5 4.3 44 114 The effect of drying
wempetatuie;on carbon dioxide retention performance was alle TIUS2005/006268
measured Drylng molecular sieves often increases their capacity for

d 20C for 15.5 h tested as

T e B B ol K IR eohey iibte The intial
120C Add d Ipitial Regulatjon Shelf

ﬁCldﬁ{X%SV é%\f‘;‘;&lg[)essure ype %I ?%I %’I ?E%rfa} o0Aata on these

Source Sleve ume

mIRRAL LR %7%24&{9%@ gb%%}ggﬁrol Aldrich 13X 4.5 4.2 46 105 Mfr1

A 454246 105 464 PCT/US2005/006268 Mfr 1 B 4.5
4246110 Mfr2C4.54.246 112 Mfr2D 4.54.34699 Mfr3E4.54.2
46 114 Mfr3F 4.54.1 46 105 Mfr3 G 4.5 4.3 46 110 Sieves were dried
5 at 240C and tested as described ab%ts are given in Tdble 7.
TABLE 7 5 Effect of Drying Sieve at ed Initial Regulation Shelf

Shelf Life Extension with Various Molecular Sieves

Added Initial .
S Sieve | volume | Pressure Regul_atlon Sl}elf
ource Period Life
Type (Vol. (Vol. Days) (Days
co2) | ¢€o2) (Day ys)
4.0
control | - 4.0 4.0 0 62
Aldrich 13X 4.5 4.1 44 102
Mfr 1 A 4.5 4.2 44 114
Mfr 1 B 4.5 4,2 44 110
Mfr 2 C 4.5 4.2 44 100
Mfr 2 D 4.5 4.3 44 100
Mfr 3 E 4.5 4.1 44 110
Mfr 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. Results
are shown in Table 6.
TABLE 6

Peformance of Molecular Sieves After Drying at 120°C

Added Initial .

Sieve | volume | Pressure ReguE_atlon S[?elf

Source Period Life
Type | (Vol. {Vol. (Days) (Days)

CO2) C02) Y

4.0

control - 4.0 4.0 0 62

Aldrich 13X 4.5 4.2 46 105

Mfr 1 A 4.5 4.2 46 105

2.
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Regulator volume Pressure Period Life Material (Vol. (Vol. (Days) (Days)

w®20ds0929:00 4.0 4.0 0 56 Regulator No 4.4 4.4 0 80 Re ulatpé
Sieve 4.4 4.2 14 71 Effect of Surface Area on Performance A samp
13X sieve powder was groynd using a Spex Mill g

particle Jieiéfaihd ingreae its sutflice area418e su

rinder to decrease its
rface éfea ang pafticle

10 size

dftve Aldrich 18X sjeveshefore amdafter

grindigg is sh bwh 1D

Table 8. F&
Before a
weighteg

Miedns 5

8 Jurface Areg gnd Partic
Hﬁd%g—hv.easaremc..t

91849 méah dlametér%urface Wé?@hted rnlcﬂdﬁs _
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3.41 3.17

Nifiean diamefer -22 WS 2005/084464 R

CT/U&2005/Q06268

Specific fygage sq

m@ll

763851.8919 ,ﬁrga h

A\1”4

200?/0{]6268

e per’%mance O{{I@ES

el i m}

materla|S'Wa'S'tE'STEu adS UCdblleU aUUVC tSi |5 (28 vau:vp OHRce

oI

bottle with PCO finish and one gram of sieve. Results are shown in Table

sigyes Witk e R3¢ HRf taled 8

Retenti
Table 7.

é)é%c%ar SIEVGS o]

ed above

TABLE 7

Effect of Drying Sieve at 240°C

Carbonation
esults are given in

Added | Initial )

Regulator | volume | Pressure RepguJ_at(;on S:T?”

Material | (Vol. (Vol. ( S‘all ) (D‘ e

CO2) C02) y ays)

No

Regulator 4.0 4.0 0 56
No

Regulator 4.4 4.4 0 80

13X Sieve 4.4 4.2 14 71

Effect of Surface Area on Performance

A sample of 13X sieve powder was ground using a Spex Mill grinder to

decrease its particle size and increase its surface area. The surface area and particle

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
V;Ig;e d‘;\gﬁfﬁ:d microns 5.91 8.45
S;gzied?;?;%iﬁd microns 3.41 3.17
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Specific Added Initial Regulation Shelf Regulator Surface volume
woesswigfefiod Life Type Area (vol (s g. ml C02) (Vol C02) ( 29%@%9 6268
No 4.04.0 056 Regulator 13X Sieve 1.7618 4.5 4.3 44 140 leve
1.89194.54 1%%[40 Effect of Molecular Sieves in Tablet Form
Molecular sipvedRfie @pﬁ’t‘ §§§|n§3f;||+e : ndﬁngsg eithey By fyPgsing

the 1o tabldito-the VA& space o g¢rsing the taplet in
water inside the container. Results are shown in Table 10. TABLE 10
Comparison of Molecular Sieve Tablets and Powder Added Initial
ReglREReEpRTIAR Al ssiatatotalmwasdestad aedeaaritedrgpeve using a
Form (vol COZ (Vol C02) (Da éi((% S) No 4.04.0 062 Regulator 13X
walys, QYIS ISR Boltle AGEC \RG AHMe grana af sieveq Resuls are shown
. %é% 05/084464 PCT/US2005/006268 Effect of Coatings to Modify
in Srfhance of Sieve Tablets Molecular sieve tablets were prepared by
compression and dried at 125C. They were coated with a 2% solution of
General Electric Silicone RTV615AB§E’£.§niXing 10 parts of elastomer

with 1EfestEofiBataeniniBePoR IR ESRWEEDR BIBRRHNitEEoRiNGn

and allowed to air dry at room temperature. The coated and

Specific | Added o .
Regulator | Surface | volume initial Regul_at:on Sizetf
Pressure Period Life
Type Area {vol
(sq.mig) | CO;) (Vol COy) (Days) {Days)
No
Regulator - 4.0 4.0 0 56
13X Sieve | 1.7618 4.5 4.3 44 140
13X Sieve | 1.8919 4.5 4.1 44 140

Effect of Molecular Sieves in Tablet Form

Molecular sieves were pressed into peliets and tested either by exposing the
10 tablet 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 Molecular Sieve Tablets and Powder

15

Added . .
Regulator | Sieve | volume Pz:s!i;r e Reg::iz;t;on SJ:? elf
Type Form vol
éOz) (Vol COp) | (Days) |(Days)
No

Regulator - 4.0 4.0 0 62
13X Sieve | Powder 4.5 4.1 46 102
13X Sieve | Tablet 4.5 4.1 46 104

23.



uncoated tablets were placed in the headspace of a twelve ounce CSD
sted as described above, and the results are shown in Table
vﬁl’i. TABLE ]?1 10 Effect of Silicone Coating on Tablet Performgﬁggjizgam%m
Initial Regulation Shelf Regulator Sieve CO2 Type Form Coating (vol
A of oatingsitoiMadiy Redornance 9§ Siavaykablets4.0 4.0 0 62
Regulator 13X Sieve Tablet Uncoated 4.5 4.0 46 102 13X Sieve Tablet
Coaf¥@legilan sigvetatiels Melecarapsied Hh ©msurssirandsdied at 125°C.
small insert was prepared by injection molding a cup which would fit inside
Thew ek roaied Mth 2% aeluticsr st SienerahhisstricilisopavadRTV6E15A 01P by
.designed to contain 1g of the molecular sieve material and fit inside of the
mixingh & paren sliasloresspvibuit pribsaidngsagent iifedirmaneldeliablets were
. from polyethylene and polypropylene and the carbonation retention
§ di %fmﬁﬁﬁ&eﬁmmﬁ nREFRM At HesEn Jeropgsaliie edibe geated and

described above. Data is shown in Table 12. -24 WO 2005/084464
U”%ﬁég‘é@éﬁ%@i@s@%ﬁ@ﬁ@%ﬁ@&@pﬁ%% MdlumogRsRERD bottle and

losure Inserts Regulator Cup Add COz Initial Regulation Shelf Life
te%%seq f E’%‘F@%&V@@‘H’%@é@%’&%ﬁ%?WQ)"\[E@%@(DWS) No

No Cup 4.0 4.0 0 62 Regulator No No Cup 4.5 4.5 0 98 Re ulator

)

L)

TABLE 11
10 Effect of Silicone Coating on Tablet Performance
Add
. Initial | Regulation | Shelf
Regulat S .
.?;p: or Ffr‘rﬁ Coating ﬁgi' Pressure | Period Life
CO,) {(Vol COy) (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

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 and polypropylene
and the carbonation retention performance of molecular sieves placed into these

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

4.



10

No 70-7931 4.5 4.5 0 100 Regulator 11 1 No 9551 4.54.4092
wResisabqi k3 X Sieve 70-7931 4.5 4.2 2076 13X Sieve 9551 iR B8 %066s
5 Note: 70-7931 is polypropylene obtained from BP 9551 low density
polyethylene obtained from Dow Chemical. 10 Comparison of Molecular
Sieves with Ascarite The performa
Ascarite, a carbon dioxide adsorbing mineral, are compared as described

above using 1§8eebehRipgingMolecrias Hiewes inGasureaisients.

TABLE. 13 Comparison of Carhonation Retention of Molecular Sieves and

olecular sieves and

R@gfgﬂf@rReaguléﬁPAdd C
Malerial (ol Matesiato;

)

24Meb

4.0Regiod?
AdRaysy

0 A8 GBhial|Regimitiah shelRagulation doShelf Life
r (@gﬁf(@éys I\Fg" &ton

(Days)

As(éapite 4845044 13X|Sieve 4545 Aci
Retlator Systampiysonyienent method of regyjating €O2 repase wpuld g5
FRedlaliolh Fontact nfi%hp package with the heverage. Many carbonated
soft'Brinks are auite asidic, thusq 85 WQ 20054084464 0 98
l8t8b005/006268 ma ing.acidity a ¢convenient trigger for CO2 release
froM% carbpn ¢ioxidg regulator gimcorporated igtg a PEJT bottlgyor closure. 444
t |3 atids found in b pverages include
o]
Regulator 9551 4.5 4.4 92
13X Sieve 70-7931 4.5 4.2 20 76
13X Sieve 955I 4.5 4.2 0 82

Note: 70-7931 is polypropylene obtained from BP
9551 low density polyethylene 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.

15

20

Results are shown in Table 13.

TABLE 13
Comparison of Carbonation Retention of Molecular Sieves and Ascarite
Initial Regulation .
Reg;lrantor Add gg:) (ol | prossure (Vol. Period S?giafyl;)fe
CO,}) (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
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phosphoric acid and citric acid. Suitable carbon dioxide regulators for this
Wan siuld include inorganic 5 carbonates such as calciu

orga@ﬁ?cﬁgonate oligomers and polymers, such as shown ir?%%ﬂ%gj[%%gmﬁg

and combinations thereof. The inorganic carbonates and organic
making, e i fyBRnveNirNtieasnh & ffdrz ARlRarechiemieararbenaigxide regulator
. Cyclic carbonate polymers were obtained from Prof. Morton H. Lift of the
InGSERQFAIREHISP MR DB A SEiRce GRS PHDG I Boverages include

Western Reserve University. 10 PET was dry blended with various
pr@ﬁ?ﬁ&%@%ﬁ‘@&rﬁaﬁ giB6RFEhd compounded on a APV lab scale

twin-gcrew extruder to form a water quenched strand. A%Jroximatjely
h

three IR FATBRIN L INALS IERBUAIPES pig T Wi, GOREARINBGMSriBChidg inorganic

in.a 155 ml headspace vial and sealed with a crimp top silicone gasket.
aEser BT CAIBUIM Bk IS RREARI EPHR BRiE TSRSy and polymers,
carbon dioxide nerated per gram of regulator material per day is
oA AR TAOR L B Shianaars thar ot i FiaRBit Garbonates and

match th

O SHHPSHRIE SRl SAIe S B BT BT HTRACR PRARY. Cyclo
e S B R S ST ST e Deparimont o
R e SR o TS T o
PCT"-L"E%ZQV%SS/ ry6 %?gnggcrib v?fﬁﬁt\%igous sources of carbon dioxide and compounded
on a APV lab scale twin-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 ml headspace vial and sealed with a crimp top silicone gasket. The
generation of carbon dioxide was monitored by GC. The ml’'s of carbon dioxide
generated per gram of regulator material per day is shown in Table 14. The

approximate amount of regulator required to match the CO, release rate for a

conventional 12 ounce carbonated soft drink container is also indicated.

TABLE 14

Rate of CO2 Release From PET Blends

CO.
Production, Amount
Carbonate | Molecular PET Temperature, mifg to meet
Sampie Wi% Sieve Wi% Wit% C regulators/day | target, g
Filled PET
13X Maolecular
Seive Powder
in PET 0 5 a5 22 0.55 7.4
butylene 5 0 a5 22 0.39 10.5
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PET butylene carbonate in PET with 13X 55 91 22 0.25 16.5 diethyl

wWaYRGakenrate in PET 4096 22 1.92 2.1 diethyl pyrocarbonq;@,régsg{%;m 6368
with 13X 4 5 91 22 0.39 10.5 glycerine carbonate in PET 4 0 96 22 0.54

7.6 propylene carbonate in PET 50 95 22 0.52 7.9 propylene carbonate

carbopseriny i 13X 5 5 91 22 0.37 11.1 sodigm bicarbonate, NaHCO3in

PE CT ENOE-99 Q.42 0 candliiins bhioo el oo NaldCO2 . PDET with 1 =
bu E'En'e:’ U I ZZ2 0. 10U pS0UumtT—o L,aluunaitc, NArTcC oS with=37vo

carahhte$8.76 0.5 vinylene
PET with 13X 5 5 91 22 0.25 16.5

diethyl
pyrocarbonate
in PET 4 0 96 22 1.82 2.1

diethyl
pyrocarbonate
in PET with
13X 4 5 91 22 0.39 10.5

glycerine
carbonate in
PET 4 0 96 22 0.54 7.8

propylene
carbonate in
PET 5 0 95 22 0.52 7.9

propylene
carbonate in
PET with 13X 5 5 91 22 0.37 11.4

sodium
bicarbonate,
NaHCO3 in
PET 5 0 85 22 8.13 0.5

sodium

bicarbonate,
NaHCQO3 in
PET with 13X 5 5 91 22 8.76 0.5

vinylene
carbonate in
PET 1 0 g9 22 2.35 1.8

butylene
carbonate in _
PET 5 0 85 52.2 0.69 6.0

diethyl
carbonate in
PET with 13X 5 5 H 52.2 0.72 5.7

vinylene
carbonate in
PET 1 0 99 52.2 7.60 0.5

Cyclic
Carbonate
polymer 5 0 95 23 0.13 30.9

Cyclic
Carbonate
polymer 5 0 95 22 0.15 274

Effect of Presaturation

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
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carbonate in PET 1 0 99 22 2.35 1.8 butylene carbonate in PET 5 0 95

w2 20030860 diethyl carbonate in PET with 13X 55 91 52.2 G £4/855005/006268
vinylene carbonate in PET 1 0 99 52.2 7.60 0.5 Cyclic Carbonate

olymer 50 95 23 0.13 30.9 Cyclic Carbonate polymer 50 95 22 0.15
"gaf. S arBr B oasthe andioamed oSy ipaiaal\eempeat s a pressure
a binder were prepared and saturated. 11.3 grams of 4A sieve was used
HOORRSS

PlEsS 28 2rd Apprdmately, 6 65188 164l he tablets were saturated in
A Roe B e e gl 310 e e e 147
o B S PN " TR 595 AR o e pu
A R T b S AR rerao? P42 R0 s
e B e R e AL A vt i e
c‘Bﬁt [Ever %?1 tnweesl())(\)’*/tle occurred part way through the test that reveals the slow
process of CO2 evolution from the 4A material.

Tablets of 13X were prepared by a similar process. 3.2 grams of powdered
13X (Aldrich as for the 4A) and 4.8 grams of PET were formed into tablets, cut in half,
and saturated with CO2 at room temperature, 300 psig for 36 hours. The saturated
pellets were piaced 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 square, 10 mit thick, and unstretched, were saturated at
room temperature and 300 psig for 36 hours. 29 grams of film were allotted to each
bottle. The PET film was saturated with CO; at room temperature for 36 hours at 300
psig. The film absorbed 0.99 grams of CO; on average. The film was placed in PET

bottles (6) and the internal level of CO, monitored. The CO, that evolved from the

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

Further discussion of Examples 5 and 6

Placing a suitable adsorbent inside a PET carbonated beverage bottle allows
additional CO2 to be added without causing an increase in the internal pressure of the

bottle. This is readily seen for Examples 5 and 6. For Example 5, CO, was added to
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process of C02 evolution from the 4A material. Tablets of 13X were

vRieRaLRdRYy4a similar process. 3.2 grams of powdered 10 13)&, Igﬁ'
for the 4A) and 4.8 grams of PET were formed into tablets, cut #ﬁﬁa g&}%%ﬁs

and saturated with CO2 at room temperature, 300 psig for 36 hours. The
ceripatedpRAARlRVEacE Bif weﬁim@ﬁlwamﬁﬁesg@mmw 3.38 volumes was
monitored. The shelf life was extended by the additional C02. The tablets
MERPYIRGHEY BXITHIENR S eDyIHMefemgEe Bsitedr biwh oplys3fihawiumes were
square, 10 mil thick, and unstretched, were saturated at room
MERBERAUIRIRIORS NG fieTe3eaing 2d et 3 iPe MR%danislly adsorbed
each bottle. The PET film was saturated with CO2 at room temperature
PF8P’§B*H&?E%‘P%OC?{QBUWMH'Eb%ffﬁﬁiéagﬁbg BP4gs of C02 on
aver?ﬁgﬁTh fiI% laced in PET bottles (6) and the internal level of _
Co2 mo%iBreg" WRSBGAVEIPRBRA diito Sberottinlewiy Riar dige resulting

. shelf Iifegas shown in Figure 10. Further discussion of Examples 5 and 6

e aH gﬁ?{aaofeoaa?& ?an&é%'_ﬁee*F%’%6‘?\&8@‘3@%619@%{%”{8%“ period
WA AT B S8 B R HUAE R ) L B P RASEpled Bifwell within
t6' For.gé%gggle 5,.CO2 was adied tg -28 WO 2005/084464

d=an ) 1856 858 ARSI OSE IO olE crhonated heverages s packaged

aﬁgasli'&g only 3.38 volumes was measured. In Example 6, 4.35 volumes
were added but only 3.89 volumes were measured within one hour after

oS R R SR B S yan s
o e S b T e davs i o
R Y R —
o AR P R AR T bl B e TG B Va6 ST Riteriats to be
effective.

We examined the effect of drying temperature on carbon dioxide regulator
performance. We found that it 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, resuited in a
significant decrease in the regulation period. Avoiding the need to dry the sieves
prior to used would be very advantageous in a number of carbon dioxide regulator
designs.

Increasing the particle size and surface area of the adsorbent resulted in a

significant increase in the amount of CO, which a carbon dioxide regulator could
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the comparative examples. The shelf-life was extended by over thirty days

wWiheagtease. A variety of different molecular sieves were evamggt
basis for a carbon dioxide regulator. As illustrated in Table 5, we ou?@%ﬂomﬁs

wide variety of materials to be effective. 15 We examined the effect of
ag8mid Wﬁ%%%%o@ﬁ%ﬂié@ﬁe@@ﬂﬁﬁb@ gizefendswéacy@fearfdr a particular
that it was not necessary to dry molecular sieve based regulators to
Cﬁ&?ﬁ%\/éfeﬂe’@@@tﬁémﬁmﬂégﬁrﬁj mafterphiptting experdmeniatiors
lower than conventionally used to dry these materials, 120 C, gave some
improveig dhyisigsd ferm & dbe reguigtor mdhbednpritantris davetoping an optimized
resulted in a 20 significant decrease in the regulation period. Avoiding the
Cﬁété‘af‘tdjW%e@@\‘)ég“pﬂBFWUSW%&HB%SWW&H%MQQSQM@%Fﬁessed into the
number of carbon dioxide regulator designs. Increasing the particle size
ol SlifadBRleb Lo P duSHHRRGHEGHYR A deqidalneaar imalaestan sirve powder.
amouynt of CO% hich a carbon dioxide regulator could -29 WO _
Oriiaiealion P& B0 A 08PB8e 063 oo GHINIRT is TaBRs A matier of routine

o] timizin%garticle size and surface area for a particular carbon dioxide
© &.’ﬂﬁfgp 8% be a matter of routine experimentation. The physical form
of the regulator will he important in developing an optimized carbon
Coal

dioxide 8y (B ?@H.‘%(é%%&ffhmfm&@emp@év& PrdpiiieHiady effective
AR SO P IRSHA A SR ERBIS BHIRGAR RSB be o llow
matter. of routine. experimentation. Coating a molecular sieve tabletis =
S SRRIS.ARPRIPIO i e, 0 o i HEagotc, Feetiale veigaramsurication as @
B R i G ettt dlesii o BUbe iR GoRtngs 10 be
c&ducir? dditio.na.,.c b(;i dioxide. We found silicone coatings to be

T RE R

patr
CLREUS REBAT 1. An insert cup assembly represents one

ractical methqd for producipng a
Practid Mheent cup passemgg/ represents one practical method for producing a

carbon dioxide reguiator system. We found that polyethylene based insert cups could
to be effective as illustrated in Table 12. Other polyolefins suitable for such
assemblies would include thermoplastic polyolefin elastomers, ethylene copolymers,
such as linear low density polyethylene, and ultralowdensity polyethylene, ethylene-
propylene copolymers, propylene copolymers, and styrene thermoplastic elastomers.
Softer polyolefins materials capable of forming a tight seal with the surface of the
package would be preferred. Determining the optimized dimensions and materials for
an insert cup or other regulator form is a matter of routine experimentation.

Many materials which adsorb carbon dioxide do not readily form regulator
systems as is illustrated in Table 13. Ascarite is a mineral which readily adsorbs

iarge quantities of carbon dioxide but does not in its pure form produce a suitable
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carbon dioxide regulator system. We found that polyethylene based insert
WoREAMIA4 S to be effective as illustrated in Table 12..OtherpﬁJ}¥8§ﬂ(r)lq 006268
suitable for such assemblies would include thermoplastic polyoléfin
elastomers, ethylene copolymers, such as linear low density
CaHpajrvide drgulntarcinrming pélpdthirhesletsgdrat- arapysimilar to the rate of
copolymers, propylene copolymers, and styrene thermoplastic elastomers.
Cyriesp bippictiieshagkagals capable of forming a tight seal with the surface
of the 20 package would be preferred. Determining the optimized
dimenEitie aRe fatTBRS Rl fagions dhat aner sitledrisythetartioemlikea would further
matter of routine experimentation. Many materials which adsorb carbon
ealamge dbisoinarigiorr risyaryantagaeus thats thesedesdbiantahevs. as high a
Ascarite is a mineral which readily adsorbs large quantities of carbon
CaRGHY o RRY R RArRE pliRxidPnABregssibiesuitaapaciio isvthe weight of carbon
2005/084464 PCT/US2005/006268 carbon dioxide regulator since the
998 FEress e athe eightiaf thtadaerbertoXidserhentaniith higher CO,
ack% e. There are a number of factors that one skilled in the art realizes
i R pufEPRr QU S AR (RO RingR dAssguauidinaasdo be added to the
adsorbents have as high a s capacity to adsorb carbon dioxide as
pBB@@%&Q%%&%&%@?\%@W%&%WQ%rbed per the weight
of theﬁfsorbe {. Adsora%nts with higher CO2 adsorption capacity would _
be pr ‘?r&&'%"iﬁ‘&%'l%é@ Udticieies e @rsuhandietheapaisage igportant. it is well
enerate the desired shelf-life improvement. The conditions under which
s Tt o DR'SRUARSIRYGS AR TERIQK) tRRPRAESPeGihaAshgreate more
molecular gieves can remove trapped species and create more capacity.
R ing L RS YRR RIS Hho REBP R lciRscaterials as a
Cg?OZ reﬁ]ultator. The molecular sieve may need to be combined with a
RGBPWRARNal to facilitate its fabrication into parts suitable for this
applicﬂai'on. Tli}?e !ta}/ e needed would 15 depend on the properties of the ’
sieve and tRS'fK f%m%%\'ﬁe&?é(e%&% O agmhingtbaviiiec. bindgr material to
faV(\:'ﬁWalgéq sll'%ggr%gg{%%nfﬁtg IBgﬁrsssf&ggtla?g¥0¥S§%?stggl)gﬁ)(:rgt\i/§nt.heE'he type needed would
depend on the properties of the sieve and the final properties needed in the final

fabricated piece. They would include inorganic binders regularly used to improve the

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

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

adsorbent could be dispersed. These could be thermoset or thermoplastic in nature
and can include materials such as silicone rubbers, polyolefins, epoxies, unsaturated
polyesters, and polyester oligomers.

It is important to control the rate at which adsorbed CO, is released from the
adsorbent and to prevenf liquid water from causing a sudden release of adsorbed
COz, to prevent the removal of sensory components of the beverage, or to permit

components of the package to contact the regulator in a controlled way. This can be
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mechanical properties of molecular sieves, organic polymers in which the

vagsasberlsgpay be blended and lower molecular weight resin?i,ft\.rl;%r
oligomers in which the adsorbent could be dispersed. These cou e 0v62es

thermoset or thermoplastic in nature 20 and can include materials such as
dginedny sithseRiasingdhemssasbardsntmanaiyeer polhcadow, permneability for water
polyester oligomers. It is important to control the rate at which adsorbed

O @eGNRI8aKUA fil ehsushsarpehiani ks hresentr havresenanmd the adsorbent

causing a sudden release of adsorbed CO2, to prevent the removal of
RISy cororBRETAHEAISeRRR PN S cimpeAdisasisaed the over-

package to contact the regulator in a controlled way. This can be -31 WO
CIUH)FERRCAE CPRIS RSosAIBERR dBha B RItRS RIsakls meawsansert permeable
into a polymer with a low permeability for water or placing a thin film of o
%%W'ﬁﬁg;ﬁﬁe? bBHEER e ARG P PEHESARIY rRat riheirhepmbinations.
material would need to allow CO2 to readily adsorb the over- carbonation_ .
e R PR RoPaNRIR TS A It Ases10, ROpKeMRIERE 2Nich density
embrane or a materigl with a high CO2 permeability and their
PRI ET <P QNS E e AU SR BB A Lt (6 eRenyiny! acetate
olyethylene, high.density  polyethylene, polypropylene, ) . L.
oS oSS LB R curHLALID PR Dsiploroutdnoude figui
. Silicone r %pers. Suitable mbranen\aterial would inclyde liquid,
RSTRELRLRRSE PR MAEHAS SiEh.enereaka Gmpipiar structures.
tructul' S, 11 cial eferred embodiments of ou tion are

S e oL e R Rl g b b psesbent nto @
ST AT RN R T Gt —
O Aol M b P55 I Sgoctng o
B A L AL LR RS S AR ner o g
e e e R R T
preferred method of placing the adsorbent into the bottle and optimizing its
performance is a matter of further experimentation.

Carbon dioxide regulators can also be formed by blending CO> releasing
materials into PET as is shown in Table 14. For such a carbon dioxide regulator, it is
critical that the CO; release not occur prior to filling of the package so that carbon
dioxide regulator performance is not lost in bottle storage. A variety of inorganic and
organic carbonates can be blended into PET at concentration below 20% by weight
and preferably under 10% by weight and achieve a rate of CO; release equivalent to

the CO; loss rate of a conventional PET package. These are activated by exposing

to water with a pH range similar to many carbonated soft drinks.
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critical that the CO2 release not occur prior to filling of the package so that
warhge@sgioxide regulator performance is not lost in bottle StREABE /N5 /006268
variety of inorganic and organic carbonates can be blended into PET at
concentration below 20% by weight and preferably under 10% by weight
and aBieespeatobiiopventionis doirinntcarhneatesbhevenagentabe stored for
conventional PET package. These are activated by exposing to water
lepaeansiodade Srtilarabionsiyitheubihactpsstiafinere axpeosive coatings or cold
2005/084464 PCT/US2005/006268 One aspect of this invention is to allow
slofagh SRRt age Bt IoertiaTs: ShgaeptaiBas s keatkmuuite high and
withoyt the need for more expensive coatings or cold storage conditions.
Siﬁ%f%caﬁm&%%g%f tBRfHeraforecashast dioxidsidn arapertienahéo temperature,

naeabilit;g of bottles for carbon dioxide is proportional to temperature, 5
C@%z R3S fates &e dighar Aidbsadus tRethepsrisenpeiatsipe thetgmal pressure

. pressyre .inside the bottle can reach dangerous levels. Thus, a system
56 TS PR AR 2R HPRGETE YR inthHa) 3 SYSIRETANAICh can maintain a
increase ghelf-life is particularly advantageous. Another aspect of this. )
S{RB BRs KARIER IIRTAIGRIREPURLAEH, [BYEARSHARE bl rgcparticularly
ottles and maintain their current shelf-life. The rate of permeation of a
agggﬂlag%e%uﬁ‘wersely proportional to the thickness of the package wall. It

poscOReIeRRSts 0k AR URARHUSE HBimaGuE oA IPRENFIARG of curron

R e R e alele S 1 g o
e T T T —

wvg”hqyt a further los helf-life or throi%h the use of more expensive

lludt R ElK GRS 1 P AARIEAIDS, Ao aBiGidhtias possible
o B S B Rl GRS st o
c \?g%{)—g}g %@&%ngtir?é d\itvs“sﬁoglee da% Gr}b%n 82%@%%&%\)’5{3 epigckaging a shelf-life
equivalent to that of conventional packaging. Many of the bottles in applications that
this technology is directed toward are in packages that cannot be lightweighted
further without a further ioss in shelf-life or through the use of more expensive bottle
fabrication techniques.

Ancther aspect of this invention is to permit the maintaining of a more optimum
and stable carbonation level for longer periods of time thus yielding a more consistent
product taste and quality. The amount of dissolved carbon dioxide in a beverage is
proportional to the carbon dioxide pressure in the container. Dissolved carbon
dioxide concentration effects pH and other properties of the beverage. A stable

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

beverge product.
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proportional to the carbon dioxide pressure in the container. Dissolved

waraR\ueiggde concentration effects pH and other properties 9{:%32{)05 1006268
beverage. A stable amount of dissolved carbon dioxide will equate to a

more consistent taste of the 25 beverge product. -33 WO 2005/084464
PCT/AB9Hi) 6656268 oAHitisvassion & s sevdivi o iheneate sk delstape of carbon
rate of release of carbon dioxide and that this release rate not materially

digxidecAil fatibisicleageofaie nehdratiriabyerysiead eaperosation rate of the
carbonated beverage bottles is a significant problem and can lead to

PRA1RPE of IHErRIERYEZaHUL SheRTRORAtedRayeareibottiass Arignificant problem
effective CO2 regulating system for a carbonated beverage bottle must

andrraRRRe & %ﬂﬁﬁ‘st%@%gﬁgﬁm&mpg?@a afetyecensideration. Any
gO% loss, from the]* Eackage. Ideally, the release rate should be equal to

ePrstiyRly s 53BURTRE PERIRELTOH 3E8RERAIRE Peueigeakeiicomysiorot release
exceed a rate of 125% of the rate of permeation of the package. It must

LS BIE, 218 Lt S80S EOHY SESRRRT S ths iRl gl GfReidasst from the
time ideally over a period of up to three months and for at least two

P ?'Anﬁﬁ@%%ls %t'@%%gn% i E‘?é'%wa?‘ﬁ EUEH_ IRy REHligtn, less than the
respegct to th ;‘fmrm | environment of the package such that in a warmer

PERENL IR G Do AR S A e R IE KSR Feigir425% of the rate

aturally release higher amounts of 15 carbon djoxide that replenish the .
ol BRIl 5B R0 L EHB: S A 1 E SRS Slaconsistenty
which can allow over-carhonatign without increasing the pressure inside
offd BB B PR L IER gy B2 RrOP et as Y BIRRGS and for at
1S, onoa\tgéj i;)(everages. Adding extra carbonation at the point of filling is a
BNy EConomieal method for extending the 20 shelf-life of carbonated

B L e A e
o B e TR hant hen o
caar%%r\{\gpion losses are higher, the regulators naturally release higher amounts of
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 economical method for extending the
shelf-life of carbonated beverages and is used today in the packaging of soft drinks
and beer. It is limited by the ability of the package to maintain this higher initial
pressure level. A system which adsorbs and re-releases this carbon dioxide will

expand the amount of over-carbonation which can be done during filling and wili

facilitate the use of vessels with a lower pressure resistance.
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facilitate the use of vessels with a lower pressure resistance. -34 WO

wO0h084464 PCT/US2005/006268 Carbon dioxide regulatiori,}y{l}@g%mﬂmég
facilitate the use of containers which have lower modulus. Many plastics
are not suitable for packaging carbonated beverages because they
canno@eMQiﬁ%C%dww@m wikalse daniitate dheguseiof santainers which have
carbonated soft drinks. An example are polyolefins such as polypropylene.

lawier medbis, Mabhalrtirsaraphamitaia & mrsslrgMusaroanated beverages

olypropylene could allow it to be more generally useful for packaging of

p | ] {
bg HPhsRMgESopRnnhis g iiemal Meessuestaviich can develop with

rposes of illustration gnly in connection with certain embodiments.
RGBS Qewgﬁizé?mtﬁéﬁmmecﬁahg%@m&m@hsa,srﬁerm@wmge- The use

nd m difiCﬂtions Eﬂ?ﬂthe iIIusEHated embodiments 10 may be made by
R pugtensradatrihwtiadrwergediins Rlzstie sy eh @s mplyerargene could

' verlliti n, 15 20 -35 Wgel claim; ]lrg%method for replenishing carbon

aliewiido e Tl aRnsTal Bl RePasagins o FARRIRId PaveEHaRs
a carbgn dipoxide, regulator into sajd container or into a closure of said .

container if.nﬁ%%{gé?n afﬁ%@f‘dﬁi‘%ﬁféﬂﬂ%# éﬁi(}ll%r%ﬁp%‘iﬁjg%'ﬁliﬁfé?‘on only in

via a ghemic%I] reaction Whelrei‘(gE the %arbo dioxide regulator comprises

[ ) .
CRBNRIERR HiTbriAtEasr S19RR natddO%RYA0 iff FedGStagi4ed that various
cf'n%lﬁa%g oé c?g'ﬂb%n dioxide from i%id ca, bo%ﬁg't%gge ritguléﬁtém at a rate )

approximately YhhdMB IS ERG AR I8 9, e diystrated embodiments
nﬁé)t\g aégﬁg%%]ng) 'th%vsréeﬁ%?sg'nescﬁﬁigg Fnl ﬁgeapggalﬂé}g?ﬁ?uéa&i%?nglﬁg %?;gpe and spirit
of the invention.
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that makes up the container or the closure, (b) exist as layersina 15
multilayer closure, liner or bottle design, or (c) are 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. 2. The method

We clgirtlaim 1 wherein said polymeric carbonates and organic carbonates are

20 used in combination. 3. The method of claim 2 wherein said organic
carbonates have a carbon dioxide density of between about 0.25 and

1 ab®uh&8ogréom sepémisiing cemnticre tiioxks 4 aEhm methddhadtethibevderage container
Wt&gpﬁggigﬁgqon dioxide released from said carbon dioxide regulator of
step (i) Is regulated by water vapor. 5. The method of claim 4 wherein
said carbon dioXi§8THEg AABIPRNFHAFTRRE ABOINRS D AVRIPRY aNndpto a closure
carbonates, dialsdsiadsmaies; ethylene carbonate, propylene 30
carbonate, polyprapylene carbonate, oy} carbongte, dcerine Carbonaiey. via 5
butylene carbona e, mfhyﬁ car onacllte, eth;?l pyrocarcbonate, methyl
pyrocarbonate, efigigatdieatintateharainciioiic eaiiisongiexideyregida®r Termmprises
method of claim,} ywhgieinpsshar diddearleassd s saig carbon
dioxide 35 regulator of ste{) (iig IS rggoulated bg?linersa coatings, or films

individually, Br iR 5IAEatiShSikaREo LT 58P ORhAXEM ST B ERifmogroon dioxide
wherein said caréguiatioati e redelatprexihaisydeguan imseet radhict barben dioxide

thickness of bEtW§§ﬁ(ﬁtngFcocgﬂﬂM‘?§&8 about 0.3 inches. 5 8. The

method of claim 1 wherein said chemical reaction of step (ii) comprises an

oxidation re&ctidhT MBS RAIRN SHRISRTAWRENS h2 At fhinto the polymer
reaction of step tigtopeKadsas thd\drabists reattioricdlrd7(b) exist as layers in a

multiiayer closure, liner or bottle design, or {¢) are moided 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.

2. The method of claim 1 wherein said polymeric carbonates and organic carbonates are

used in combination.

-~ 3. The method of claim 2 wherein said organic carbonates have a carbon dioxide density

of between about 0.25 and about 0.9 grams per cubic centimeter.

4. The method of claim 1 wherein carbon dioxide released from said carbon dioxide

regulator of step (iii} is regulated by water vapor.

5. The method of claim 4 wherein said carbon dioxide regulator is an organic carbonate

comprising alkyl carbonates, dialky! carbonates, ethylene carbonate, propylene
carbonate, polypropylene carbonate, vinyl carbonate, giycerine carbonate, butylene
carbonate, diethyl carbonate, ethyl pyrocarbonate, methyl pyrocarbonate, dialkyl
dicarbonate, and cyclic carbonate acrylates.

6. The method of claim 1 wherein carbon dioxide released from said carbon dioxide

regulator of step (i) is regulaied by liners, coatings, or films, individually, or in
~ combinations thereof.
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. The method of claim 1 wherein said carbon dioxide regulator is housed in an insert

which has a thickness of between about 0.01 inches to about 0.3 inches.

. The method of claim 1 wherein said chemical reaction of siep (i) comprises an

oxidation reaction.

The method of claim 1 wherein said chemical reaction of step (i) comprises a
hydrolysis reaction.
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