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USI NG CARBON DI OXI DE REGULATORS TO EXTEND THE SHELF
LI FE OF PLASTI C PACKAG NG Background of the Invention
5Pl astic and nmetal contai ners have been repl acing
glass in bottling beverages where easy handling, |ow

usifs Bk BEHERLLA RS S b L o
(PET) bottles, arepp Aﬁ%ﬂb paABKkASING e packagi ng of

car bonat ed products S beer, soft drinks, stil
wat ers and sone dairy products. For each of these

products there is,sone opti n”ano nt of 10

car bonati on or c§$§%ﬁﬂa£§i9ﬁﬁﬁ@§&ﬂ@¥£hes referred to

'P?aétl!:' 8ndl 9GHEP BonBfherSHave TS R é‘mmt; tg'fééé inhSottling beverages
package to maintain its optinum gual

whereC%5¥ nhéﬁ@ﬂ{g C@? N gl lélﬂg' '?IQJRI Br[eak :nfa:ré: uh{a @é)d Plastic

ure at S op eve

packa@ﬁgﬁé%ﬁ%gfvﬁe&fﬁy eo%%r%em %h@%pﬂigéﬂgé"%et Hidely used for

the_ 15 bottle dimnishes. Utimatel after a

the paghkaging &7 samonated progustnsiichoas besr. Is@étd”ﬂkﬁes'fﬁl’watﬁ$ and some
is no longer suitable for use which is usually

dairy predectsi. ndbrbgach mit thesabpmduets dherec iptsablee opliange amount of
flavor or taste. The point at which this occurs

carborg@ibAr & barbdel divgile (soribtnbs | deferad td he tn@c&aaﬁneﬁhgs “CO,")
CX2 loss rate is highly dependent on the MEIght and

rssf A O GRS PRSHTER, SR AR B o s
pasefELTIE RSB SR Y e el o o

plastjc boItIes becone smaller, the relative rate of
extend@grq%pgtq d¥"¢-0ss becomes more rapid. Permeation is
faster at higher t enper at ur es, reducing shelf-life,
firstieenackgoing i peimeatle to GPprad vesdima de pmuaeg@athm the
in plastic containers in hot climtes and stil
bottle dimninishies. a Ulmataipbbftes lzeldefihed eambomgef cabedriationf &, lost, the
lighter, |ess expensive plastic bottles, and the

produckid hb‘k\(ng?1 & stitAbR R luskashicR g esublily &&@rrﬁmr&?aqotlceable and

cool i ng have numerous econoni ¢ advant ages.

unacc%ﬂ%%l?é%%ﬂgg?@f?l%@%h SE gggt\ée Akﬁélg n%?iﬂp :’Eri:tet%ﬂ'] éﬁ ftﬁgeoccurs generally

ot FERALRR B RL RGeSt o BB B R HaEndSht on e
filling. This is currently used for carbonated soft

weight gnddigiensipnsoe! ecpackage and ogfthedemperatyee g which it is stored.
hi ndered due to the effect of the over-carbonation on

Lighterp tiidoet befties ilose aadonhbtionagarte qeickly f eznrottwithtstamd &igh internal
can cause on the bottle's physical performnce. Snal

pressuftd, f SiENRRR BRortédt ehBRllivds esAlr pladtit iotidd deRafleca8haller, the
cause significant differences in the effervescent

relatlvé%"é"l‘é 'of b%%oﬂ%ﬂ&ﬁ SoRNELRIES nidrS FahiMeE @e@%aﬂbﬁ G - gft@rcétsl'ngher

hese precise requirenments vary frompro

to product Over-carbonation is also hindered by the

pressure limtations of the package. 15 Making the

bottle nore pressure resistant is possible but

requi res use of additional material in the bottle

construction or nore exotic higher performng

pl asti cs. Car bonati on can be mmi ntai ned by

reducing the CO2 perneation rate. This typically -

i nvol ves application of a secondary barrier coating

to a PET bottle, use of a nore expensive, |ess

per meabl e pol yner than PET, fabrication of nultilayer

bottl e 20 constructi ons, 61" conbi nati ons of these

nmet hods. These nmanufacturing approaches are

invariably significantly nore expensive than what is

incurred in typical polyester bottle production and

often these create new problens especially wth
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This disclosure is also directed to a nethod for
repl eni shi ng carbon di oxi de gas in a carbonated
beverage container. The nethod conprises inserting a
carbon dioxide regulator into the container or into
QSuLe of the c ai ner; and subsequently
terﬁgé{ﬂ HEsng" q"ﬁ'@"’@el@‘é‘ife' ifigr amd making itli dificult ftoostarbe carbonated
car bon di oxi de regulator at a rate approxi mately
beyefagesip niasticreardaisers: i boh clinalesdand st naingirs ai réasonable shelf-
container. 5This disclosure is also directed to a

lifep abrugemshelfylifec fighter, lesisréxiarishg: pla%ﬁ@%io&k%mand the ability to store
pressure of a carbonated beverage conpri sing

bottles doniger im tipe Qbééricé?@%lﬁgrh A Rufefdtfs gﬁ?:'&ngh'ﬂ{f ggfl%gfages

regul at or. hi s dIS osure 1s

to A viRichper Eﬁbrdgéhb? eﬁrepgégﬁ%:pgﬂ?i)(%rtem %gﬂ%rtn@diescr:bed above.

mai nt ai ni ng a consi s pressu

ve nDI 10_a preform around
aﬁ*’i% IR R, SR beliee e Ratsmated beverage s to add
s dis Iosure IS SO dlrected to a nmethod for
add] ‘k" 8%9!93@‘?13 @g%?@mt 1 fillig. nThis ris eyrrently used for carbonated
8n5|stent pressure in _a carbonated beverage.
soft; ipreaidbuigtseffactivenatisds hitlereg duettothé effect of the over-
t he plastlc material used to formthe body of a

cargonatiomen produstquialitprareh the thaganes %ﬂ%ctslﬁfﬁrt”tgls can cause on the
disclosure is also directed to a carbon di oxi

bottie'g uplysical cosmOPhadnce) | Sdlle RftbAcd % Ciﬁ{eli’r%"l ﬁh suge within the

gas I n a carbonated beverage contal ner corrp

rgani c.gar bonat.e
pamgg?\%ﬁg fiéﬁ'h Itﬁﬁgoi%lﬂce ﬁ] ﬂ‘ke effivesgent Qualities of the beverage
C .S ,al so rected to a carbon di oxi de
DISQrg]e{’% (#6 E%Z) Cft§l et oﬂ‘?ﬁe %ﬁ?'ﬁ%l"@@#lfﬁjﬂeﬁﬁsb‘@w from product to
% xi de gas in a carbonated beverage contai ner
pro lb‘ﬁpri sing materials that absorb and subsequent!y
rel ease carbon di oxi de. A "carbonat ed beverage"

as Quescankonstion is also diuderesl byl prissure ms@hoﬁérob% package.
d| oxi de gas, 'in the range of about 2 to about 5 vol

- Mal@@p tive lboHRO mape giressuiteyredistiht & Bodd I@b&}{t gi‘quﬁ QJSE of additional

CO2/ vol H20 for carbonated soft dri n

 matéfalih tﬁ@%ﬂle%o?ms‘ﬁ%ts%ar b/rNé?} ' eXotic rﬁéré%fﬁeéﬁqg?n?ﬁg QEas%cs '

di ssol ved ,
lrjrgregl I@%Elag{ an?é@g%bﬁ'ﬁ' Slt g’?’pt §lﬁ‘9et"\ﬁ| é&zgéi'%ea&;f%namte This

. for a riod oftlme by either slowy

WP"?"’@'V g‘ﬁﬁ “%e#mdgfha sesandani batier koatingito ReRETIbwitle, use of a
grocess or by adsorbi ng and desorbing CO2 through a

more RXpERgivep lesscpermpable polyment haaf PEN| falkicationser m‘ijltllayer bottle
approxi mately equivalent to the CO2 |oss rate of the

conglauskiags, or combinafiohs @ the§&nerads A T Hesel M&htfRiuring approaches
pol ynmeri c carbonates, cyclic organic carbonates,

are invgaably ﬁg\ﬁlﬁ@ékﬁtyeﬁ\o?é‘ sRle¥an C hQP%a@?gﬁgé ! t)%llgal polyester

car bonat e, propy ene car bonate, polypro

bottléb ﬁ@&ielﬁfgﬁc aﬁﬂbonaq ! 0@?% i ngg)/ hgr]rgs ggéqbﬁ;oq ¥ with recycling.

r banat rreth rocarbonate, dialk

"g%ﬁ%&n‘g‘?é"’%&e’}ﬁ@fﬁg ééaﬁﬁw%aﬁveuh%nglmczm the art to extend the
h !fc%r ﬂ s such as sodi um bi carbonate, ferrous
sheli- Wepeh s °”@£¢‘1:|Qﬁ¥ﬁﬁ%€lﬁonaM@ledularhmams:awdaxtetatvatra@érbon dioxide

m xtures thereof; npolecul ar sieves, zeolites,

activated car bon, silica gels and coordination

pol ynmers, metal organic franmeworks ("MOF s"), and

i soreticular netal -organic f?amavvor ks (I RMOF' s). The

amount of CO2 regul ator utilTZed is dependent upon

the 15 anount of carbon di oxi de rel ease desired which

i s dependent on the anmount of carbon di oxi de | ost

fromthe container over the shelf-life of the

contalner Areas of the bottle in which the
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15Det ai | ed Description of the Invention There are a
w de variety of conpositions that can serve as carbon
di oxi de regul ators. These conpositions fall into two
categories. The first category i s conpositions that
ner at e rel ea e car bon |de via a o
nav fgan dsfd T sethasiRs BaUraEBR e BRI e fiadoulid Satbon dioide
pol ymers such as allphatlc polyketones 20 whi ch
with watesr at e carbon di oxi de as a degradation by- product
of the polyners reaction with oxygen or organic and
i nhSgaRalkent ddd.o a8 2 788 oispsed hat Hekbkame thBbdfatent Application
di oxi de upon hydrolysis, especially in the presence

20045662@7"46%1 tRFdatihan cbaNRESibaNd G Rleasifl coMgD sy that can
be conbi ned mnth these materials to help control the

be irfcdrPH At B @Hegtlﬁi ﬁéoﬁz?ﬂéﬁgfﬂ;gonbk ﬁﬁcﬁﬁ%& beverages. The

carponat es SUC

car,bonat e p ene carbon

comRERBEiTalre InGRen g Taonaeso i B iHEBEIsE R rent by weight of
but yl ene carbonate, diethyl carbonate,

inorggpico CarbRIRLE e 2SmEhRy SOURSEr ﬁaﬁ%nﬁ@rgoncm’%(‘ée blended into the
carbonate acryl ates such as trinmethylol propane

thermaplasticat & 3Ry PEAL bottlenalithlical&3pl loadingrdfosadivs hibadienate has the
generate carbon di oxi de upon hydrolysis that can be

potertiEnas aelbdey 4.6agidnes ofi ddib@m diwide.s Uktis ds apipreXimately den tlmes
or phosphoric acid.- The second category is sorbent

hlghé?otp’ﬁﬁsr'lééo%@lsforrt};ﬂiph%%ﬁ i3 PET BbaXb&eddi WdulteNkely cause an

ease It 1nto the container as carbon dioxide is
unsaledBlado L ATAAAF PIE ANt 28 BB ML HOERSS 1l carbon
dioidhs s Iﬁét‘?ﬁSQH@g%ﬁatrégﬁt%%m%%‘ia?%?@p%S%&%é’% kpecidly if they

i soreticular netal -organic frameworks or "I RMOF' s

wereheparedrie polyashienerierapitiealaty as eppogadaio @@dvq@ybﬁﬁ@ which has a

~organi c acids anal ogous to zeolites. These materials
far lowier peymbeatiengiteder aigtarehae haareyfougdpmrch gk ésadimgl levels to be
carbon di oxi de storage capacity. The vari ous

unsuﬁéﬁl@qﬁr @Uﬁﬁpﬁﬁcé{ﬂ?ﬁéﬁk@rtﬁeﬂml thedostbANS taBeldse far too much

bl ended into the polyner that makes up the container
can also exist as layers in a
aﬂxﬂq?bgﬁeQQ§ﬂ®F§§LPQ§¥|Iner or bottl e design
Alternatlvely, t hey can be ol ded into an insert or
di sc that can be placed in the top of the bottle

closure or in an i ngghmakp oMHeClhvERiididl be placed into
the finish area of The container. Sone designs are

sﬂ'dmmdﬁsmosugame@r@:t@d to a methoﬂﬁogm@n@hlm@ﬁébon dioxide gas in a

noi sture is used to regulate the release rate of CQO2,
carbdrizged bebeaagdicoxitaiaer.egul at or can be encapsul ated or

bl ended with a suitable polyner selected for its

PRCEBARAY ithYarl QsPBEStHER RNFrdvided BYmREHHRETorSRIpRSHisRg carbon
of the 2 encapsulatlng or barrier polyner, the rate

i P R0 S5 B S, A o coor
ST TR T T R ——

period of tinme. This period of tine is referred to as
carbqrh@op(@@megpp@cpf iget p@ﬁaent that absorbs gvgtsgpﬁeq\wﬁg}t@ releases carbon

oxygen is used to regulate the release rate of CQO2,
dioxidehearwhribsegulbting dber dpdset of casvorbdicde frouh aaddi carbon dioxide

bl ended into a suitable polyner selected for its

perneability to oxygen and CO2. Again, by proper

selection, the rate of CO2 gkneration can be

regul ated to match the CO2 | oss rate of the package

and 5 maintain a near constant ‘internal CO2 pressure

for a period of tine. When t he carbon dioxi de

regul ator is prepared froma CO2 adsorbing material,

the additional CO2 needed to extend shelf-life may be




These desi gns have several conponents, the body of
the cl osure, the carbon dioxide regulator material,
and a liner or cup material which supports the carbon
di oxi de regul ator and can separates it fromthe

e contents, The liner material can be desi
roguBETaRY 25 poT9R b bres MaRifs it igie SeSR BetSlyredad 16 the rate of
carbon di oxi de re ulator 5 material either by acting
carberodisuisterlobs froen &gl qeetaiaalti on rate directly or by
controlling the rate at which an activator can reach -
t hiehec aeliiood domprides iregurting ar carldan efioxidel reguilastor watpdhe beverage
can act as an activator in nany systens. The anpunt

cont&heCaf RS éjbl%uﬂﬁof ﬁ@h@ﬁ@iné%aﬁnﬁ abkadriReestbbs MBxiiBErom said
requirenents of the package. For smaller increases in

ca-rb&f]a'ofx de. fe uﬁat#)ﬂng a rf}fe%fcﬁ ot cﬁ@n phaceddasif ‘Ph%@grbon dioxide is

arger wher e m)re car

reguiglLaf & B FaR LB PREH (5 %erai?r&u Ay Bigfldelged from sai

di oxi de regul ator to be used. The carbon
contain®xi de regul ator may be placed into the bottle after
it is fabricated by placing a forned piece into a
s Uitisa il qeuse tis ariso wirehtechtat &l methid fori repldriishing axagon dioxide
in Figure 6. One approach woul d be a short tubular ‘
gas iRi £earinaeaTberaga Oraingp! dued mbtHot corhpasds issiting a carbon
area of the bottle either during or after
bl ow nol di ng. Anot her approach would be to over-nold
-a bottle preformaround a carbon di oxi de regul at or
assenbly by placing the assenbly on the core pin of a
conventional injection nold and then over-nolding a
preform around this assenbly using a polyner such as
PET. The preform containing the carbon dioxide
regul at or assenbly would then be blown into a 20
bottl e using conventional equi pnent. Anot her concept
woul d be to use the stretch rod to position a
regul ator assenbly into the bottle during
bl ow nol di ng. - The carbon di oxi de regul ator can
al so be blended into the plastics used to formthe
body of the package or the closure. The preform
contai ni ng the carbon di oxide regul ator assenbly
woul d then be blown into a bottle using conventiona
equi pnent. For such a system it would be
advant ageous if the carbon dioxide regul ator would
not becone active until the package was fill ed.
The carbon di oxi de regul ator can al so be added as a
layer in a nultilayer fabrication either as a | ayer
in the bottle, a layer in the closure, or a layer in
the liner. 5 This layer nmay be nade by any of the
conventional multilayer extrusion and fabricating
practices common in the industry including nultilayer
performfabrication, nultilayer film extrusion,
coating, and |am nating. The nunber of layers in the
final package formnmay be fromtwo to ten | ayers, and
preferably three to five |layers. The rel ease rate of
carbonation fromthe carbon dioxi de regul ator can be
10 further controlled by either lamnating with a
film coating the carbon dioxide regul ator assenbly,
or by bl ending the carbon dioxide regulator into
anot her material, especially a plastic. This may al so
facilitate the fabrication of the carbon dioxide
regulator into a formsuitable for this application.
One approach woul d i ncl ude BPendi ng the carbon
di oxi de regul ator material into the polyner used to
formthe 15 closure liner or blending the carbon
di oxi de regul ator material into the material used to
produce the closure itself. Ml ecular sieves are a
preferred carbon dioxide regulator for this
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woul d i nclude polynmers nmade by the reaction of
et hyl ene and/ or propyl ene with carbon nonoxi de.
One of the paranmeters inportant to optimzing the
present invention .is maxim zing the density of CO2 in
~ the CO2 source. The hi gher the densi of the,source. '
dioxiget regudaipecinte oth?olc@élt%f‘erc@' yap @nicﬁg%‘? uﬂg,thghgonfalner; and
nore CO2 can be incorporated into the package to
subseguenilly seégulating the release aitthe earbemsliaXige fidnithe Zangon dioxide
the vol ume occupied by the source. A variety of
regui®dresi alrataagpioxehateGOBqukiNGi theastané calmmndionidBaloiss from said
-1 below. TABLE 1 10Density of Carbon Di oxi de Sources

-c‘ont%]é%ﬁm ive Density C2 Density glee 9/cc Solid,

Tenp., C=-80 1.565 1.565 Liquid, CO2
Tefm's’digckzjsgre YSa%IsoPrdﬂ%éted: tél 9:9 ;:fé%'kgging' g)?s%eﬁn 0 maintaining a

consistent pressure of a carbonated beverage comprising a closure, a plastic

container, and\a carbon dioxide regulator.

‘This disclosure is also directed to a method for making a packaging system for
m-aintainiﬁg a consistent préssure ina carbonéte_d beverage comprising overmolding
a preform around an assembly for a carbon dioxide regulator. -

This disclosure is also directed to a method for making a packaging system for
maintaining a consistent pressure in a ca.rbonated be\}erage_comprising blending a
carbon dioxide regulator into the plastic material used to form the body of a container
for said carbonated beverage.

‘ This disclosure is also directed to a carbdn dioxide regUIa‘tor.composition for
feplenishing carbon dioxid_e gas in a carbonated beverage containér comprising
polymeric carbonates and organic carbonates, individually, or in combinations
thefeof.

‘This disclosure is also directed to a carbon dioxide regulator composition‘ for |
replenishing carbon dioxide gas in a carboﬁated beverage Coﬁn."(ainer comprising
materials that absorb and subsequently release carbon dioxide.

A “-carbon.ated beverage” as used herein is an aqueous solution in whfch
carbon dioxide gas, in the range of about 2 to about 5 vol CO./vol H,O, preferably
about 3.3 to about 4.2 vol COs/vol H.O for carbonated soft drinks, and about 2.7 to

about 3.3 vol. CO»/vol H;0 for'beer, has been dissolved.

A
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Temp., C = 25, yap. Press = 0.713 0113 917 psig
Gaseous, CO2 Tenp. C = 0, Pressure =44.07 psio
0. 008 0.008 Sorbent Sorption: 0.8 g/g for I RMOF-1
0777C 0.620 0.496 Sorption: 0.18 g/g for 13X Mol

Si eve Conpacted @2 C_0.766 0.139 | .
“Carbon dioxide regulator,” as used herein, is a composition that acts fo

maintain a more'constanf carbon dioxide preg.sure within a package for a period of
time by either slowly releasing CO, through a controlled chemical reaction process or
by adsorbing and desorbing CO, through a physical process where the rate of this
release is approximately equivalent to the CO:2 loss rate of the package.

Suitable COZ regulators  include: polyméric carbonates, cyclic organic
carbonates, organic carbonates such as alkyl carbonate, ethylene carbonate,
propylene carbonate, polypropylene carbonate, vinyl carbonate, glycerine_ ca,rbonaté,
butylene carbonate, disthyl carbonate, ethyl pyrocarbonate, methyl pyrocarbonate,
dialkyl dicarbonate, or mixtures thereof; inorganic carbonates such as sodium
bicarbonate, ferfous carbonate,'calciﬁm carbonate, lithium carbohate and mixiures
thereof; molecular sieves, zedlites, activafed carbon, silica gels and coordination
polymers, metal organic frameworks ("MOF’s”),l and isoreticular metal-organic
frameworks (IRMOF’s). The amount of CO, regulator utilized is dependent upon the
amount of carbdn 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 limirted to, the bottle closure, the bottle finiéﬁ/neck, the bottle base, or blended intb :

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 bbttle.

5.
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Sorption: 0.022 g/g for Anorphous PET @22 C, 20 bar
1.335 0.030 Stoichionetric Pairs lonization

I norgani ¢ Carbonate Acid sodi um bi carbonate,
NaHCO3 ascorbic acid, C6H806 1.797 0.304 nono sodi um

[ be Zoi C aC|d C2F1602 1.578 0. 337
rond S04, 315 5 GEPEUNLEL & RAFRSHOlnHda toeaiatar coBuBMth disk insbt
696 0. 270 npno sodlun1b|carbonate NaNCO3 fumari c
a"ééﬁ"&r CAHA04

Figure 4 is a depiction of a carbon dioxide regulator assembly with gk ant

liner.
Figure 5 is a depiction of a carbon dioxide regulator closure with inset plug
assembly.
Figure 6 is a depiction of a carbon-dioxide reguiator finish insert assembly.
Figure 7 is a depiction of carbon dioxide vield for an organic carbonate
activated by water vapor.
| Figure 8 is a depiction of the effect of bag sachet matenal on carbon dioxide
release rate.
Figure 9is a depiction of carbon dioxide loss on internal bottie pressure.

Figure 10 is a depiction of presaturatzen of carbon dioxide in 20 ounce botties.

Detailed Descripti_on of fhe invention

There are a wide variety‘ of compositions that can serve as carbon dioxide
reg’uiators'. These compositions fall into two categoriee. The first category is
compositions that generate or release carbon dioxide via a controlied chemical
reaction. Such compositions include: a) polymers such as aliphatic polyketones
which generate carbon dioxide as a degradation by-product ef 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, poiypropylene carbonate, vinyl carbonate, glycerine

carbonate, butylene carbonate, diethyl carbonate, ethyl pyrocarbonate, methyl
-&-
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1 833 0.403 nono sodi um bi carbonate, NaHCO3 nual ei c

acid, C4N404 1.799 0.396 nmono sodi um bi car bonat e,

"NaHCO3 oxalic acid, C2H204 1.836 0.384 npno sodi um-

bi car bonat e, NaHCO3 succinic acid, C4H604 1.693 0.369

nono. sodi um bi car bonat e, NaHCC3 terepht halic acid,
pyrocabosate, tyehs @rboratavacyiaies sushr andfimethWal geepans: carbonate

NaHCO3 Citric acid, non- stoichionetric 1.574 0.121

acryla@)and d?akyIQiiSamahbmanleichigeue(aité)oaahicbmdfmb('ebe, ufdireb@drolysis that
- citric acid, C8H807 2.040 _
can be enhanced by reaction with an acid such as citric acid or phosphoric acid.

The second cétegofy 'is'sorbent compositicns that store carbon dioxide and
then release it into the container as carbon dioxide is lost from the package. These |
include: absorbents such as silica gel; molecular sieves, zeolites, clays, activated
alumina, activated carbon, and coordination polymers, metal organic frameworks or
“MOF’s” and isoreticular metal-organic frameworks or “IRMOF’s” which are crystalline
materials of metal oxide and organic acids analogous to zeolites. Thesé materials
may be engineered to have varying pore sizes and carbon dioxide storage capacity.

The various carbon d|0X|de generators described above may be blended into
the polymer that makes up the container or the closure. They can also exist as layers
in a multilayer closure, liner, or bottle design. Alternatively, 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 regulate the release rate of COg, the
carbon dioxide regulator can be.encapsulated or blendéd with a suitable polymer
selected for its permeability to moisture and CO,. By proper selection of the
encapsulating or barrier polymer, the rate of moisture permeation can be used to
control 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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0. 275 nmono Ferrous carbonate (iron(1l)carbonate),
OFe03 fumaric acid, CA4l-1404 2.353 0.414 nono
[ithiumcarbonate, Li2CO3 citric acid, C8H80_7 1. 6_67
0. 276 nono potassi um bi carbonate, KHCO3 citric acid,
C8HB807 1.712 0.258 npbno sodi um bi carbonat e, NaHCO3
ci tIn; gysiemg, whergsoxygen ds used3tp deguake the release rate of CO,, the
bi carbonate, NaHCO3 fumaric acid, CAE1404 1. 9_28 _

carbos diioxide cegulaton canbom@neapsalatéd o) ,bi€iadE® intoi & 'duitable polymer
acid, C8H807 1.714 0.301 di cal ciumcarbonate

sel¢cted dort it pefEﬁ&Bﬂity to oxygen and CO,. Again, by proper selection, the rate
of CO, generation can be regulated to match the CO, loss rate of the package and
maintain a near constant internal CO, pressure for a period of time.

When the carbon dioxide regulétor is prepared from a CO, adsorbing material,
the additional CO, needed to extend shelf-life may be incorporated through over-

carbonation at the point of filling. The package can be over-carbonated with the

‘precise amount of CO, needed based upon the desired increase in shelf-life,

regulation period, and the CO, permeability of the package. The CO, regulating
material must rapidly absorb this excess CO, before the package can deform due to
excess CO,. This adsorbance should occur within about six hours and preferably in
about one hour_.' The CO. regulator shouid then release the adsorbed carbon dioxide
at a rate less than or preferébly approximately equivalent {o the rate of carbon dioxide
loss from the package itsélf. This will ensure that a uniform and stable internal CO;
pressﬁre is maintained. Performance of specific regulator compositions may be
op_tirﬁized.byproper drying, impregnating, and fabricating cbh'ditions 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 reguiator may be pre-charged with CO, by
subjecting it to an environment of CO, gas so that it absorbs and holds enough CO,
gas to replacé 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, piacing 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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DL-malic acid 1.828 0.418 di cal ci um carbonate
(calcite), CaCOB dl-tartaric acid, CAH606 1.886
0.398 di cal ciumcarbonate (calcite), CaCl8 fumaric
acid, C41-1404 1.885 0.476 di dolomte, Ca01V1ig02CO2

cid, CAl- om te,  Ca01V1go2C
Thése HeSigfis have %&F’%g??' OTRIENSS (b6 hody o toe ?:!osm'@[:t/ge earbon dioxide

r bonat e dration mono ethyl ene carbonate, C3HA03 ‘
regﬁ?ator material, %d 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 controliing the CO, loss rate of the carbon dioxide regulator

material either by acting to control the CO, permeation rate directly or by controlling

the rate at which an activator can reach the carbon dioxide regulator. Water and- -~ -

water vapor can act as an activator in many systems. The amount of carbon dioxide
regulator can vary depending on the requirements of the package. For smaller
increases in shelf-life a thin insert may be placed inside the closure. For larger
effects, where more carbon dioxide regulator would be required, the cup or plug-
closure design would allow large amounts of carbon dioxide regulator to be used.

The carbon dioxide regulator may be placed into the bottle after it is fabricated

by pIaCing a formed piece into a suitable position in the bottle. This is illustrated in

Figure 6. One approach would be a short tubular piece placed into a siot molded
into the finish area of the bottle either during or after blow-molding. Another approach
would be to over-mold a boﬁie preform around a carbon dioxide regutator assembly
by piacing the assembly on the core pin of a-cohventiona| injection mold and then
over—fnoiding a preform a’réu_hd 'this_:as’sembly using a poiymer_ such as PET. The
preform containing the carbon dioxide regulator assembly WOuid then be blown into a
bottie using conventional equipment.  Another concept would be to use the streich
rod to position a regulator éssembly into the bottle during blow-molding.

The carbon dioxide regulator can also be biended 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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1.344 0.671 propyl ene carbonate, C41-1803 1.204
0. 519 nono butyl enes carbonate, C5H803 1.146 0.434
nono gl ycerine carbonate, C4H604 1.390 0.518 nono
vi nyl ene carbonate, C31-1203 1. 353 0.692 nono

di et hyl rocar bonate, C81-11005 1.122 0.304 nono o
equpz‘i"?{ér gé?b@ﬂ?%@wﬁiﬁﬁmlﬂwg be mdyantageeny itithe carbon dioxide

regulator wouid not become active until the package was filied.

The carbon dioxide regulator can also be added as a layer in a muitilayer
fabrication either as a layer in the bottie, a layer in the closure, or a layer in the liner.
This layer may be made by any of the conventional multilayer extrusion and
fabricating practices common in the industry including multilayer perform fabrication,

multitayer film extrusion, coating, and laminating. The number of layers in the final

7 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
further controlied by gither laminating with a film, coatihg the carbon dioxide regulatdr
assembly, or by biending the carbon dioxide regulator into another material,
especially a plastic. This may also facilitate the fabrication of -the carbon dioxide
regulator into a form suitable for this appiicaﬁon. One approach would include
blénd-ing the carbon dioxide regulator material into the polymer used. o form tﬁe
closure liner or blending the carbon dioxide regulator material into threl material used
to produce the closure itself. |

Molecular sieves are a preferred carbon dioxide regulator for this invention.
Neat, uncompacted molécular sieves ‘have the ability to absorb high levels of CO,.
The 13X molecular sieves absorb about 18% of their weight of CO, at bottle
preésure. Thus, for a 12 oz carbonated soft drink bottie 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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di met hyl pyrocarbonate, C4HSOb 1. 250 0.410 nono
di met hyl pyrocarbonate, C4H805 1.250 0.820 d
di et hyl carbonate, C5H1003 0.976 0.364 nono
Anot her challenge is regulating the release of CO2
fromthe source so that it generally corresponds to
can hénenadified by ibpexchang@oprdqesaes fie f@@%ﬁ/a’@ﬁ’@'r osiGad peeRrarties, and
may be optim zed through sel ection of the source

may bé gehibinedwithdlliers) piraters varid otheopradessibglai@sr el easi ng
reaction or by appropriate selection of nenbranes,

C %dt!ﬁ‘&s sBf of i ddiBors ahakiat | reguldiersCake ToBFd ﬁal‘]c arP '@olﬁ@ers metal

beverage. Various nethods are explained in the

organjgré hEwSRE! l‘ME)Fbgé éfY‘t]d é%?étﬁﬂaﬂﬂbﬁﬂ%‘f@émb %%éﬁéﬁ(st(mMOF s).

ZI hg the preese nvention IS vol unme
thlckne he, car bon  di,oxi,de requl at U|r
Thespqhie: Babeterdn SpEIEa TaAue e taF o of | bR drld Broanometal
cal cul ate the carbon di oxi de regul at or |nsert or

reagems owtle gEgamis sgacgsg{rm@Wu@s SUHAL aRPER PArQus gtrubture results.
series of calculations are made assum ng 100%

Arny ob thve vairions aklatbe hdgh lpomasity lattice systenes @C2pared thireugh such a
case of di- or tri- functional organic acids, one or

reactf@hr an@fthaihareachshtge wfpsisavighy drebedleading momurmshould be
of the -13- <calculations in the chart below it is .

mdu@é@urred that only one acid group reacts. The CaCGS
nd fumaric acid combination is included to

Sorag PtV GRiorT cliepbne eRlRoNE REREY CRFY Ad' morganic

bonat h
carbq%%rt%%?%t;ggé %astgﬁamlg HS%@S@: exg’grl t(éld‘g}f:m Tarbor di rclalx%esgs%remaily in the

presence of acid catalysts. Blending these materials _rinto PET and activating ‘them by
filling the package 7Wi’{h 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 carbonate copolymers such as poly(vinyl alcohol) cyclic carbonaterand poly
cyclic carbonate acrylate or linear aliphatic carbonate polymers-. The poly(vinyl
alcohol) cyCIic 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-(hydroxylmethyl)-1,3-propanediol
(trimethylpropane) and diethyl ~carbonr:ate. -

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

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

11-
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5 reaction with water and does not require
acidification. Table 2 below thotars the effect of
reactants on insert thickness. TABLE 2 FEffect of
Reactants on I nsert Thickness to

B@i tl gT&geR actantCale. Insert Thkns. 12 oz.CSD1 nol
w uge pasnets made i the xeagticospf etbyleBGaCand/or propylene with
y

mol Fumaric acid 0.2889" 0.1602" 12 oz. 12 oz.
caneromepoxigeer Beer Beer 1 nmol NaHOO3 + 1 mol Citric

acid 1 nmol CaC33 + 1 nol Fumaric acid ethyl ene

car Dmeatof thel paddmetdld 2fnpdrtdd2® ogitfin2ihdBeRe 1 i jon i

NaHCOB + 1 ol G tric acido. 0758" B 68 pfilnt invention s
ma@hiZihgt the ﬁ@hs@f HRCEO, q’ﬂfﬂtghgé%g cru]réeozTﬁg q{iﬁﬁé}y{h%ngensﬁy of the

car bonat e0. 028 e above,

OpftAN] ' [ nd the total volunme of
soffeg B rePeer Jg' Bles 5 beh ik iy ke more €Oz can be
: ition of .a non-reactive bindi agent . Sone
incBitrblin b P dieaor4Sna, die e Whil gé dhavsemedhme minimizing
by .subjecting it to an environment of CO2 gas so that
the; Yolume fogupigd bythesouspeu dnvanety gh materiale @necthe 200, densities are
| ost fromthe container during the normal use of the
shawmirai alle.1 bgom ef erably, the C2 is rel eased from
the carbon dioxide regulator at a rate approxi mately
equal to the rate of CO2 per mpaBLem | oss fromthe
cont ai ner. One net hod of chargi ng the carbon
di oxi de regul at ofP&psity abGanbentRiopidad®ources sc or
imsert of the carbpmdioxideregul toéﬁcc"i“.mcsi ti-en
into the closure of finish of a car boqﬁf‘é drigﬁ‘;s“!
bottle and then over-pressurizing tire gpitre mlg, f
amount Sofi® @gms 30 thal i S necessary to extendth
Tempoitai8ier shelf Tife to the desSiTed Tanges. 1€ 1568
excess Ligidid, COO2 1 s then qui ckl'y afsorbed by {the
Tempa Croh Vdp.dkesse=r egpil at or so that tHe DoeBS € 1S TyM¥og
490 ppiguly stressed. The sorbed O is |then rel eased into
Temph € TeaMam&eessof t he car bonat ed bever ag@ias tjhe vapor
ﬁiﬁﬂ%gguro of _the decreases _when iproduct CQOR is
ﬁ—eg(rﬁ—gﬁﬁﬂﬁe—’iﬁ%k ge. Anather nmethod is to | - .-
BT OB 7B sk or insert of tHe ©8Pbon |di X08e
Mregm—a-ggm\ﬁh cRl-and-te—place-the pre-charged disk
Mot pte—or—HAtsh—dur--rg—tHe-bot tLing and/or
%"ffgg‘g&g ggfgt 'g{ye%%? Bxanpl es Exanpl e 1 0.620 _ 0.496
/| 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, NaHCO4 ascorbic acid, CsHaO4 1.797 0.304 mono
sodium bicarbonate, NaHCO, benzoic acid, C;H:0> 1.578 0.337 mono
sod!um bicarbonate, NaHCO, citric acid, CaHsO7 1.696 - 0.270 mono
sodium bicarbonate, NaHCO; fumaric acid, C.H,O, 1.833 0.403 mono
sodit_:m bicarbonate,_ NaHCO4 mateic acid, CsH,Q. 1.799 0.396 mono
sodium bicarbonate. NaHCO, oxalic acid, C.H.0, 1.836 0.384 mono
sodium bic_arbonat_e. NaHCO, succinic acid, C4Hz0, 1.693 0.369 mono
sodium bicarbonate, NaHCO; terephthalic acid, 1.688 0.297 mono
CQHGO4
Extra Strength Alka Seltzer, Citric acid, non- 1.674 C 021 mono
NaHCO, stoichiometric

-12-
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10Vari ous carbon di oxide regul ators, specifically
organi ¢ carbonates, were tested to determ ne whet her
they could be activated by water vapor al one and

wi t hout an organic acid present. The results shown in
; i s—that—water—vapgr—activates CO2

(Farfous ERbonalel T UstTate;
irpri()dskBbriatd), dFe@® OF gf r tes Qy hydrol ygis and
;(:aféugmcaywnﬁ acid rs g{féﬁgge(ggi;?y 15 ¥ LI S S 0%75 mono
(irdn(iearbetate) MFeOBNEr  Rikkd &id test e*d dgt epy, pe
lithitme cazbdnatet LighOst he pE‘éiﬁEaﬂﬂJ%%fo(% e 3373? ! fe%gy mone
potassitmdicabrate KHOOZ beird aeid, QR,0A M (T Ur€703 SUUTgi3Eg mo::g
sodiumbicerbanate NahigQsi t | cittic add, WS, Sealled 4 fpod pyuc i 438 di
soeuummmamt@mwsoas humefic aud, €H/0 20 8 feal ed [DOBELE: di
g ‘ﬁ&?&ﬁé&aiﬁéﬁ)e f apeitric adid CHy@m t hij ee G744f €r €nt 0301 di
efials \M th different perrneabilijties _to mpisture:
hongig (ca '85@ pol%ﬁ‘é'!"l@'chm d an@l pol-828t hyl ene418 di
- e 8-denpnstrates that a verv | ow
Ca@@jsst ure BaFrEr al I%\%‘a?%ﬁc"ﬁ&'ﬁ'@ﬁa)l d *%6e of COR9B di
v et | re—barrier pr hvided
cap, t h@bﬂgg?{;g? iﬁ?/l ene ﬂp’)ﬁrd%'r\‘;ci Iwbﬁfg “sl )vvesitaepat e TPrﬂ-és di
doiamie) CaOMd 3T, T 1 €T TEREIGAIC, HigEt Wee thgear bph—— di
doidinite iCde MgERCEGT OF ~ JGINRAIRIdeld0B, /By t]e ona ed0 427 d!
beverage can be used t© contro e Tate of—6 . L

product i on. OrgaieBhsbodate SOr bent COZ pat uratiop—arrd Hydrafion

ethRedecadonate\edH@us darbon di oxi de gener aggEd. | o674 oo

| propyleneicerbonate. ShHigint_[mat ' edcils, wer €| Tesb8dl TP o519 morno

| butijenes catbprate, KailsOscafdaci ty to store and T ehsese] C@4aq mono

m%gﬁ_&ﬂﬂ@re and_to thereby extendiBhe 0.518 mono
;in%engucarbpn ® Gai03 cafbonat ed beverage. | The3sel eLt awssz mono
d:: sapwgcarbqegfgg&m% were first saturated umeler | To.gha mono
o h!prrlgpaf _%r onnent  The sorbeni nhi2% i al s oMge di
P e ”U?ﬁ? 20 oz. bhottles and the bt | es V4@ meno
im ocargonate, .ﬂ%@é 10 wi-th dry ice_apd t&bed. Theeo di

dieth)g 5@9??&1&“&'% hr e obtained from Con®dHci gl 0.364 mono

so:{&c g fl?l ther used as received or dried by
o) e faalengg [surrguiating: the releaseibAICR4 frem the source so that it

di scussed bel ow was obtai ned fromthe Al dr| ch
gensraly earespansiary thadats ofloss wf @D aforEmeI pRtkage. QEO?Pe!ease may
under vacuum prior to use. The rate of | oSs from

be pptimizedt thesughe seleetion dFdheVvedurbe MRelf T
shown bel ow in Table 3: 15TABLE 3 eSuBni‘}%t?&ﬁ'l‘q' ity of the CO,

i ol D A B bt B o s

Control Bottles (no's
f % Bot t | 4A Mol I
sepfnb B s Shifte oM b &ibbec Yelious reaibons Amexplained in the

aturated 00 psig CO20.2% 25The
Exaﬁgﬁésggﬂg@ﬁﬁ&?ﬂrate thz?tB thg s%elf-llfe of a
car bogia\t ed beverage can be extended by placing CO2
saf\ie %ropaaameéqerelmpqmmm Oiptinbizinglths pagskritidention is the volume,
nol ecul ar sieves are particularly effective
or thieknesst of the cafbpe diowidé r égu!afééggqﬁ’# & beo’dd&@ ﬁ?ﬁéléﬁsamounts of

havi ng nol ecul ar sieves wth An experi men

COnadn arddrits eshidRatec e CBRGY HiSRle %au{ or insert_or thigkness for a

over-pressurizing the bottle, storin

th b bed

e et of PortRcof SeflhiutRe e Sk grouming  100%
t 5 f t d

G ! Scafb%‘f*%’ié"rfge& A3 CRac, Eﬁ.tr?emé"é‘e?éfsé‘s'fm ti- functional

o a adcontro and was char%ed with 4.0 volunes of CO2
rg am §C10h PN LE PTERT hesadilagroupsvinight 4e4&, bat fovepurpbses of the

CO2 and about 3 grams of fi mieéy power ed 13X nol ecul ar

sieves dried under vacuum and contained in a test

tube was al so enclosed within the bottle. The third

set was charged with 4.75 vol unes of CO2 and about 3

grans of un-dried finely powered 13X nol ecul ar sieves

al so contained in a test tube was enclosed within the
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30

15 nol ecul ar sieves. The CO2 | evel in the headspace
of the bottles then increased because the nol ecul ar
sieves emtted the CO2 back into the bottle. These
two sets showed a theoretical increase of 11 weeks in

- i n c ared to the control . For
ca?%pgét{%'h 'ﬁﬁr%%@{%ﬁ%%s tispassiiped dhat enly ongdacigygroup reacts. The -
' ngwg?nventi onal injection-blow nolding procedures.
C% WnaHe acid epmbinaian datincluded REdeonstrateXthe effect of a more
resin. The carbonated soft drink (CSD) bottles
denge ghghenpiekl of Gy pervdlaniey reatiane pafr. Hnﬂl&nﬁcegﬁweﬂ—@%arbonate is
ad a

beer bottles used in the foll owi ng exanpl es

showi gist an .exgnapie of an ot elourttd o%g@n%'f@”ﬂ?ﬁﬁﬁ

base, a 1716 fi ni sh, ich is the neck and mouth of

poses upon

redction RatH Water aind db%ch(gt lﬁagh‘g @dggﬁ@mﬁsq}ﬁ]g%giﬁ?\ﬁﬁmws the effect

The effect of the carbon 'di oxi egul at
Ofrie%f?d"rﬁé‘bnﬁﬁs?eﬁfﬁﬁ%n LsPET 25 bottles were conducted by
placi ng a wel ghed ambunt of regulator sanple into a
test -17- tube and placing it into the PET bottle.
Ten mlliliters of water were added to the bottle in
such a way that only water-ppgge sMas in contact with

t he adsorbent. The bottl es‘wergg—(ghen car bonat ed
accordi ng to thisffeetofdReactagtstion msenThiBlaiaset No.
16 —AH—test—bot+tes—were—evaluated in
Botfle o1i JWE  5The annunt ofRQ3GB0N di oxi de | Galténsert Thins.
bottl e was neasured by 1P14R according to the nethod
120%scri GetPby Us?rOENeHEQOR 3, 161! Qitieracid censeOf2889"
12¢he Co&eSRol a CArmanPaCls + dinokEtmariecicics Pongs| 6o~
the internal CO2 pressure in the bottles.
12 apasur Sesit s wef enollaHEO3 edf awl Citribacid ack t bej 134
12 ezrount BelerC2 1 ¢ madirCaQ O3+ Hh@oPRGHREGE achy C‘O.an[gdé%‘“
4 1]

12 dact or Beer the si gr@(hé}g@@tggn% clonvert t he
, a termnol ogy common

result to volumes of y ‘USed

16 oz t heBeeekagi ng rﬁ(ﬁl‘N@tiCDS"@elnn-g,?@ﬁﬁE%lEﬁ t he "
16 . car Besati on § G @é’ééan@“l%ﬂo YmaRd aeide v TUSE,.
16 i CO2Biegrt he armurgthgfgﬁg%.h& ve 0 nosp \gr:2 39f

k e Fhe conver si an*:

in VL RN Bl RSBkt asoi _ .
. CO 5 PPHZFFQB"'B?/ gasHBasyand iheietabwelume of the.insert or
discigg ﬁ%‘f’&f%ssgﬁm eAfdiin ol pinap-repeticebindingbgent hin -~
one hour of sealing. The conversion 15 constant was
dekga (T ral sures and found tq b L
coﬁ?thglgnte8 %@h?’?m’;iﬂ%e'%ﬁk‘ ga(ct:&% yb Rgreharged Vﬁh‘éspilbw subjecting it
.S m ned the anount Qf tinme it takes the CO2
to abr %&gt‘?e’&"?’ﬁt PF]?%%\%gﬁot at | pbserbs andihalds enough CO, gas to
accgg abl e val ue. The requirenent varies by the
replage, duPe o8t Kaerad theonjainesnduring sthist ndrmak useawf the container.
P fi niti aﬁlthcaégg]nati on | evel of about 20 4.0 volunes is
referably, wihen | 1§ meleasede fromh| thd arbo®f didkidet =84
volunes. This is a | oss of 15-17. 5%0ForI beer’@%@la%r at a rate
approxinhata d oo etia frite ' i
Xl SO0 S0 PO ErhUBHGRSY o 1 b

wth an!nitial | evel of umssd .
?ns aggﬁ?ﬁ%@hgp%@& gfé‘\%g{%ﬁtde(}’ﬁé% 5%@%@@%%} ?.?/Q,z is to place a
disc 8f H&%gsmhé E;%Eqérpgg%%s S%ﬁéﬂ%&tggﬁgﬁ%ﬂqgﬁl@g t%pmrggsur:’gtor finish of a

reac
val.u determ ned by extrapol ation as shown in

car b@?@‘&ﬁég‘a@‘ %{ﬁﬁe fndl\vggﬂ QygEfsgesHrizing thedobtile wittban aneunt CO, gas
their ultimate shelf-life is reached. Maintaining a

that igdisressast i extenddhe meataiver shelflifevkethe Besifgd Rirgét! The excess
of the packages will be used is inportant for product
quality. The period during mﬂ'ch the 5 internal CO2
pressure stays relatively cohStant is defined as the
regul ation period. This is illustrated in Figures 1
and 2. Conparative Exanple 5 A PET beer bottle with
a 1716 finish and CSD cl osure was carbonated to a 10
| evel of 3.3 volunmes CO2. This is a slightly higher
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t he absence of the adsorbent. Results are shown in

Figure 1 and Table 4. Carbonation was nonitored until
the m nimumrequirenent for beer, 2.7 volumes CO2 25
was reached. Placing the adsorbent inside the package

i i I, at reducton, of nmeasured CO2
CClz15 thaf fulcRy b dIBER 551 aTBOR ioes maiimor padhaiibe bote is not
(ﬁs xt ended ﬁ%:days more than Conparative Exanpl e 5.
UNGE NPT eSE0- ef ke Sopped, HOadseth@narelensad dnton the headspace of the
CSD 5 This experinment was conducted as Exanple 5
cargopgiad beveragr ne dheSBPOLPIESS U df BBICOL eitktreassswhen product CO,
~ used. One gramof dried nolecular sieve powder was
is Ipstairenh the packagb. t Abettien shethodhis toasFe-diala Jhé disk &P sert of the
0 . _

was added such that a carbonation | evel

carboh Wiexideveedifator With CO) diie t@B%%%&gPﬁrﬁ%h%r@e{@ g[s?cgh% the closure

Car bonati on | evel was nonitore

or filish 88 tHe b Faple 4. Placing the 10
adsor bm Hl ns@ggﬁﬁﬁggg%ﬂggp@%ﬁﬁsed in an i nmedi ate
reduction of free CO2 and the shelf-life of the

package was extended by 42 days when conpared to
Conpar ati ve Exanple 6. TABLE 4

Effect of Adsorbent on Shdixamples and Internal CX2

15Pressure Loss Exanpl e Added Vol une (Vol. CO2)
Exampleita| vol ume Measur ed (Vol CO2) 3.34 EndPoint (Vol

C2 2.7 i Regulaton Period (Days) O life Time to

ShaldriousErbéw dinxidéregubdiors, specificaifly organic carbonates, were tested
to determine whether they could be activated by water vapor alone and without an
organic acid present. The results shown in Fig'ure 7 illustrates that water vaporr
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 sodilfjm
bicarbonate and citric acid was seaied in a pouch suspended above 25 ml. of water in
a sealed bottle. The pouches were fabricated from thrée different materials with

different permeabilities 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

-15-
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80 Conp 6 4.0 3.98 3.4 0 60 Exanple 5 Exanple 6 3.60
3.38 2.7 30 116 4.35 3.89 3.4 34 91 Conparison of
Various Ml ecular Sieves A variety of commercial

nol ecul ar sieves (shown as individual letters in the

' tested according to the
be O%%gg{??éargglg %’6&% rrgﬁ@}gi)relﬁqfﬂ@osdw gherthefcaninated heverage can

sieve. These materials were obtained fromvarious

be fisrdfta cpoirelibe ratwahCe:a praductiom t he Tabl es bel ow)
and used as received. One gram of each materials was
tested in twelve ounce CSD bottles with PCO (plastic
closure only) -20- finish at an added carbon di oxi de

Exsmplen® -Borbeht CO,SRBrARNMY Refidsde: The initial
W(Wd one hgurhgfte_rn
i1y . .ar A S a
Taby s G Hlokig et B8 iR MU o DR AR, were tested
to MBlRmiHe thel QUSRS Sore and release CO, under high press

cied sorbent

tre and to

thereby e*tend the shelf-life of a carbonated beverage. The sele
materials were first saturated under a high pressure CO; environment. The sorbent
materials were then placed into 20 oz bottles and the bottles were rapidly carbonated
with dry ice and capped. The molecular sieves were obtained from commercial
sources and either used as received or dried by 'heating under vacuum. The 13X
molecular sieve 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) -

Bottles w/8416 saturated fitm ' - 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-ife 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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Si eve Type Added volume (Vol. CQ2) Initial Pressure
(Vol. CX2) Reqgulation Period (Days) Shelf Life (Days)
4.0 control -4.0 4.0 0 62 Aldrich 13X4.54.1 44 102

Mr 1 AA4.54.2 44 114 Mr 1 B4.54.2 44
Experiment 4 — Over-Pressurizing Bottles having molecular sieves with CO.

An experiment was conducted to test the concept of over-pressurizing the
bottle, storing the excess CO, in the molecular sieves and releasing the absorbed
CO; back into the bottle head space. Four sets of 12 oz. bottles, each containing 15

cc of water and carbonated with dry ice, were tested. The first set was a control and

| was charged with 4.0 volumes of CO; only. The second set was charged with 4.75

volumes of CO, and about 3 grams of finely poweréd 13X molecular sieves dried
undef vacuum and contained in a test tube was also enclosed within the bottle. The
third set was charged with 4.75 volumes of CO, and about 3 grams of un-dried finely
powered 13X molecular sieves also contained in a test tube was enclosed within the
bottle.

The results shown in Figure 9 shows that the control botties lost CO; at a
normal rate. However, the two sets that contained the molecular sievés.showed' an
initial rapid drop in CO; pressure indicating that the CO, was absorbed by the
molecular sieves. The CO: level in the headspace of the bottles then increased
because the molecular sieves emitted the CO2 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 bottles were made by using conventional
injection-blow molding procedures. They were made from a conventional PET bottie
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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110 Mr 2 C4.54.2 44 100 Mr 2 D4.54.3 44 100 Mr 3
E4.54.1 44 110 Mr 3 F4.54.2 44 110 114 Mr 3 (4.54.3
44 The effect of drying tenperature on carbon
di oxi de retention perfornance was al so neasur ed.

tut?e;éig@gxelackﬁﬂaﬂe&ﬁﬁfﬁéﬁ Sot8s; EBamlbrars o wateswerzomided to the
5 hours and tested as descri bed above. Results
bog%engﬁ% aj wayr fhatcordy water wapopavas imacardact withIthe ddsorbent. The
Si eves After Drying at 120C Source Sieve Type Added
bolligsuwerg Voen carbonated according to the method taught in U.S. Patent No.
5,473,161, All test bottles were evaluated in triplicate.

The amount of carbon dioxide in the bottle was measured by FT-IR according
to the method described by US patent 5,473,161 under license from‘ﬂ% Coca-Cola
Company. This directly correspénds to the internal CO, pressure in the botties.
Measurements were made periodically to track the amount of CO, remaining in the
package. A conversion factor for the signal was used to convert the FT-IR result to
volumes of CO?_,' a terminology commonly used in the packaging industry when
descﬁbing the amount of carbonation in a carbonated beverage. One volume of CO,
ts the amount needed to give one atmosphere of pressure to the package at 20°C.
The conversion 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
prec:snon of our fest.

Shelf-life is determmed by the amount of time it takes the 002 pressure m the
package tq 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 voiumes. This
is a loss of 15-17.5%. For beer, a minimum carbonation leve! is typically 2.7 volumes
with an initial level of 3.0 volumes. The initial carbonation level for each fest 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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CXx2) Initial Pressure (Vol. CO2) Regulation Period
(Days) Life Shelf (Days) 4.0 control - 4.04.00
62 Aldrich 13X 4.54.2 46 105 Mr 1 A 4.54.2 46 105
Mr 1 B 4.54.2 46 110 Mr 2 C 4.54.2

value was determined by extrapolation as shown in Figures 1 and 2. Most packages
are used well before their ultimate shelf-life is reached.

Maintaining a very consistent carbonation level when the majority of the
packages will be used is important for product quality. The period during which the
internal CO, pressure stays relatively constant is defined as the regulation period.

This_is illustrated in Figures 1 and 2.

Comparative Example 5

A PET beer bottle with a 1716 finish and CSD closure was carbonated to a
level of 3.3 volumes CO,. This is a slightly higher initial 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 6

A 12 ounce CSD bottle with a CSD closure was carbonated to a ievel 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 bottie-closure combination used in Comparative Example 5.
CO_z was added such that a carbbnation level of 3.6 volumes of CO, would resutlt 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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46 112 Mr 2 D 4.54.3 46 99 Mr 3 E 4.54.2 46 114 Mr
3 F 4.54.1 46 105 Mr 3 G 4.54.3 46 Si eves were

dried at 240C and tested as descri bed above. _ Resu! ts
are gi ven in Table 7. TABLE 7 Effect of Drying Sieve

| Added vol unme (Vo c2
reaﬁcﬁ?odﬁoo %lu?éc? C(J_ya wit Enathe ottie and the s(helf-llfe of t%me package was

extended 36 days more than Comparative Example 5.

Exampie 6: Effect of 13X molecutar sieves on 12 ounce CSD bottle ghelf-life

and CSD closure was used. One gram of dried molecular sieve powder was placed
in a test tube inside the same PET bottle. CO, was added such that a ¢arbonation
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. Placing the

adsorbent inside the package resulted in an immediate reduction of free CO, and the

sheif-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 Re,?::;‘:’“ Shelf-
(Vol. | Measured | (Vol (Days) ' life
CO,} {Vol CO,) | CO,) | (Days)
Comp. 5 3.30 3.34 2.7 0 80
Comp 6 4.0 3.98 34 0 60
Example5} 3.60 3.38 2.7 30 116
Example 6 4.35 3.89 3.4 34 g1

Comparison of Various Molecular Sieves

A variety of commercial molecular sieves (shown as individual letters in the
tables below) were tested according fo the procedure described above using one
gram of molecular sieve. These materials were obtained from various manufacturers

(shown as “Mfr” in the Tables below) and used as received. One gram of each

- materiais was tested in twelve ounce CSD bottles with PCO {plastic closure only)

-20-



Initial Pressure (Vol. CO2) Regul ation Period (Days)
Shelf Life (Days) No Regulator 4'04.0 0 56 No :
Regul ator 4'44.4 0 80 13X Sieve 4.44.2 14 71 Ef f ect
of Surface Area on Performance A sanple of 13X sieve

fnfiPCan #0034 'hbon Wb, FutliRlof .5 wllmes corbip ciwade. The inita

d particle to size of the
caffif dichide SOV 80, skt sransairad aPB@rheyn giendilling. shbata on these

n Tabl.e 8. TABLE 8 Surface Area and Particle Size
m%?cli%?'?wﬁ arpshpw) isTabledr.e and After Grinding

Measur enent

5 TABLE 5

Sheif Life Extension with Various Moiecular Sieves

Added initial .
. Regulation | Shelf
Source ?.;’;’: vc(:\l;glne PTVS;U re Period Life
coz) | coz | (Pays) | (Days)
4.0 -
control |~ 4.0 4.0 0 62
Aldrich 13X 45 4.1 44 102
50 MfT 1 A 45 4.2 44 114
Mfr 1 B 4.5 4.2 44 110
Mfr 2 C 4.5 4.2 44 100
Mir 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 capagcity for adsorption.
10 Sieves were dried at 120°C for 15.5 hours and tested as described above. Restilts
are shown in Table 6.
TABLE 6

Peformance of Molecular Sieves After Drying at 120°C

Added Initial .
Sieve | volume | Pressure Regul_atlon S'fe’f
Source Period Life
Type | (Vol. {(Vol. D D
C02) C0O2) ' ( ays) {(Days)
4.0
control ) 4.0 4.0 0 62
Aldrich 13X 45 4.2 46 105
Mfr 1 A 4.5 4.2 46 105

249-




Units Original MIled Volune weighted mean di aneter
mcrons 5.91 8.45 Surface wei ghted nean di aneter
mcrons 3.41 3.17 | Specific Surface | Areasq.m/g
1.7618 1.8919 |

Mfr 1 B 4.5 4.2 46 110
Mir 2 C 45 4.2 46 112
Mir 2 D 4.5 4.3 46 99

Mfr 3 E 4.5 4.2 46 114
Mfr 3 F 45 4.1 46 105
Mfr 3 G 4.5 4.3 46 110

Sieves were dried at 240°C and tested as described above. Results are-given in

Table 7.
TABLE 7
5 , Effect of Drying Sieve at 240°C
Added initial o
Regulator | volume | Pressure Regul_a tion SI]elf
. Period Life
Material {Vol. (Vol. (Days) (Days)
C02) C02) ys y
No
Regulator 4.0 4.0 0 56
No
Regulator 4.4 4.4 0 80
13X Sieve| 4.4 42 14 71

Effect of Surface Area on Performance

A sample of 13X sieve powder was ground using a Spex Mill grinder t6
decrease its particle size and increase its surface area. The surface area and particle
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 Milied
Volume weighted .
mean diameter microns 5.91 8.45
Surface weighted microns 3.41 3.17

mean diameter
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The perfornmance of these materials was tested as
descri bed above using a twel ve ounce CSD bottle wth
PCO finish and one gram of sieve. Results are shown
in Table 9. 5TABLE 9 Effect of Surface Area of

Mol ecul ap % n .Car bgnat i on ent| on Regul ato
Type Speélf [

%l(f@c% q gde
(vol CO2)lnit] (\ol

€ ossure equ atl on

Period (Days) Shelf Life (Days) No Regul ator - 4.0
4.0 0 56 13X Sieve

The performance of these materials was tested as described above using a

twelve ounce CSD bottle with PCO finish and one gram of sieve. Resuls are shown

in Table 9.

5 TABLE 8
Effect of Surface Area of Molecdlar Sieves on Carbonation Reter'i?é?@nv

Regulator Specific Added | initial | Regulation | Shelf
Tvpe Area (vo! Pressure Period Life
P (Vol COy) (Days) | (Days)
___l(sq.mig) | cO,)
No :
Regulator ) 4.0 4.0 0 56
13X Sieve | 1.7618 4.5 4.3 44 140
13X Sieve | 1.8919 45 4.1 A4 140

Effect of Molecular Sieves in Tablet Form

Molecular sieves were pressed into pellets 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. Resulis are shown in Tabie 10.

TABLE 10

Comparison of Molecular Sieve Tablets and Powder

Added ces .
Regulator | Sieve [ volume p Initial Regu!_at:jon s'fflf
Type Form (vol ressure erio Life
Oy (\(ol COy} (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
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1.7618 4.5 4.3 44 140 13X Sieve 1.8919 4.5 4.1 44 140
Ef fect of Mol ecular Sieves in Tablet Form

Mol ecul ar sieves were pressed into pellets and tested
ei ther by exposing the to tablet to the vapor space

2 E i mrersing_the tablet in water

Eﬂcof tf efl . bgttl or bgrfmrmnee;oaﬁ&v {1npater
TABLE 10 Conparison of Ml ecul ar Sieve Tabl ets and
Povieleculsgiieve dablets wese qrepamdrbpdzimipreskiomeatd @ried at 125°C.
CX2) Initial Pressure (Vol CO2) Regul ation Period

TheyDage) cSated with f22% solution of General Electric Silicone RTV615A G1P by

mixing 10 parts of elastomer with 1 part curing agent, in heptane. Tablets were
dipped in the coating and allowed to air dry at room temperature. The coated and
uncoated tablets were placed in the headspace of a twelve ounce CSD bottle and

tested as described above, and the results are shown in Table 11.

TABLE 11
Effect of Silicone Coating on Tablet Performance
Add | | .. .
. : Initial | Regulation | Shelf
Re%ulztor is=::'::: Coating g’?)i | Pressure | Period Life
yp (Vol CO;) | (Days) |(Days)
CO,)
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 Va cup which would ﬁt inside
thé closure and also act as the liner seal mechanism. This cup was designed to
contain 1g of the molecuiar sieve material and fit inside of the finish of a twelve ounce
CSD bottle. These cups were injection molded from polyethylene and polypropyiene
and the carbonation retention performance of molecular sieves placed into these

cups was tested as described above. Data is shown in Table 12.
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(Days) No Regulator - 4.0 4.0 0 62 13X Si eve Powder
4.5 4.1 46 102 13X Sieve Tablet 4.5 4.1 46 104 15
Ef fect of Coatings to Modify Perfornmance of Sieve

Mol ecul ar sieve tablets were prepared
by conpression and dried at 125C. They were coated
with a 2% sol ution of Gen .
RTV615A 01P by mixing 10 parts of elastomer with 1
part curi nEfiagtof Placinghdptesutar SiabbeirsClosure Msdrtsped
in the coating and allowed to air dry at room

Tabl et s

tric Si

| i cone

Regutatont ur e. Ciipe athdmzur‘Coaﬁﬂﬁalt abl 9% Nﬁiﬁrﬂ | Shelf Life
Matepid | N MRteRBRASPIPS]. O | WPpagsAHICE f (Days)
and testjed as descrii bed aboVe,| angi 21resu| ggie

i Tabte T JTABEE—1T O Tect—B S

Rgﬁ@itait&g on Nablugt Her f od@ance| Regqloat or [ Type (Si eve 62
"Rid” |
Regulator No Cup 4.5 4.5 0 98

No
Regulator 70-7931 4.5 4.5 0 100
No

Regulator 955I 45 4.4 0 92

13X Sieve 70-7931 4.5 4.2 20 76

13X Sieve 955| 4.5 4.2 0 82

Note: 70-7931 is polypropylene obtained from BP
955! 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:rl::or Add g g:) (vol. Pressure (Vol. Period S?;gy';')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

25~
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Coating Add 0C2 (vol CO 2 Initial Pressure (Vol CO2)
Regul ation Period (Days) Shelf Life (Days) No
Regulator - -4.0 4.0 0 62 13X Si eve Tabl et
Uncoated4.5 4.0 46 102 13X Sieve Tablet Coated4.5 4.1

mefk?ng acidity a convenient trigger for CO, release from a carbon dioxide regulator
incorporated into a PET bottle or closure. Common acids found in beverages include
phosphoric acid and citric acid.

Suitable carbon dioxide regulators for this concept would include norganic

carbonates such.as calcium carbonate, organic carbonate oligomers and polymers,

such as shown in Table 14, and combinations thereof. The inorganic édfbonates and
organic carbonates oligomers were obtained from Aldrich Chemical Conéi%@:'a‘eny. 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 cbmpotmded
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 mi 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 CO, Release From PET Blends

CO,
Production, Amount
Carbonate | Molecular PET Temperature, mlfg to meet
Sample Wi% Sieve Wt% | Wi% C regulators/day | target, g
Filled PET
13X Molecular
Seive Powder :
in PET 0 5 95 - 22 0.55 7.4
butylene 5 0 a5 22 0.29 10.5
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Ef fect of Mol ecular Sieves in Closure Inserts 16A
small insert was prepared by injection nolding a cup
which would fit inside the closure and al so act as
the liner seal nechanism This cup was designed to

ontain lg of the molecular sieve materjal and fit
carboreted df the fi hish of d twel vée ounce CSD bottl e.

PE I wor o nj ect! ot !’m! dred fram Pﬂl et hyl ene

a¥al
'JO VVCT T

2:, 'en§ RE! ypropyl eng and thg carbopation retention

PEP&H ixnce Hf npl ecyl ar |si Q€S pl ac&d into t&%%i 20 165

diehyiPS wWag testedas descrifped ab pve—Data— A
pyrdaklogatd 2. TABLE| 12 Effeqt of Placing Ml ecul ar
in PETeves ifn Cl4osurp I ngertg [gggull at orpzVat eri al 1@gp 21

dietMit eri all Add CO2f (VoI'. CQ2) Tni{ial Pressyre (Vor.
pyreg@bpndequl ati on Period (Days) Shelf Life (Days) No

in PRAaithat gr No Cup| 4.0 4.0{0 62 Np Regul atof No Cup
13X 4 5 91 22 0.38 10.5

gltycerine
carbonate in -
PET 4 0 96 22 0.54 7.6

propylene
carbonate in
PET 5 0 95 22 0.52 7.9

propviene
carbonate in
PET with 13X s 5 91 _ 22 0.37 11_.1

-, | bicarbonate,
- NaHCO3 in

sodium

PET 5 0 95 22 8.13 0.5

sodium
bicarbonate,
NaHCO3 in
PET with 13X 5 5 91 22 8.76 0.5

vinyiene
carbonate in

PET 1 0 99 22 2.35 : 1.8
butylene ' :
carbonate in .
PET 5 0 a5 52.2 0.69 6.0

diethyl
carbonate in -
PET with 13X 5 5 91 52.2 0.72 5.7

-_| vinylene

carbonate in
PET . 1 0 99 52.2 7.60 0.5

-Cyclic
Carbonate
polymer 5 0 g5 23 0.13 30.9

Cyclic
Carbonate
polymer 5 0 a5 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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4.5 4.5 0 98 No Regul ator 70-7931 4.5 4.5 0 100 No
Regul ator 9551 4.5 4.4 0 92 13X Sieve 70-7931 4.5 4.2
20 76 13X Sieve 9551 4.5 4.2 0 82 Note: 70-7931 is
pol ypropyl ene obtai ned from BP 9551 | ow density

pol yet hyl ene obtai ned from Dow Chem cal . )
materials were blended together, and formed inio a cylindrical compact in a pressure

press at 10000 psig and approximately 100 to 120 C. The tablets were saturated in
CO2 at room temperature and 300 psig for 36 hours. The tablets adsorbed 1.47
grams of CO2 on average. The tablets had been cut in half to allew them fo be put
into the bottles. The bottles (6) were closed and monitored. The Figure 10 shows
that the shelf life was extended with the 4A presaturated material. A Mimum in the
CO2 level in the bottle occurred part way vthrough the test that revedis 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 placed 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 mil 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 COQ at room temperature for 36 hours at 300
psig. The film absorbed 0.99 grams of CO, on average. The film was piaced in PET
botiles (6) and the internal ievel 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 CO, to be added without causing an increase in the internal pressure of the

bottie. This is readily seen for Examples 5 and 6. For Example 5, CO, was added to
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10 Conparison of Ml ecular Sieves with Ascarite
The performance of 13X nol ecul ar sieves and Ascarite,
a carbon di oxi de adsorbing mneral, are conpared as
descri bed above using | g of each material. 15 Results
are shown in Table 13. TABLE 13 Conparison of
cregiendfarPeRalv iavel oh 33 veiumesibut afleswsslingonly 3.38 volumes was
Ascarite Regul ator Form Add CQ2 (vol. CO2) Initi al
measwedr el YoampBos), 4B8Juldames Weré addédeut)orf3.89 volumes were
Life (Days) No Regulator 4.0 4.0 O 62 Ascarite 4.5
méasured4vittiaXors eear 4fter 4califg. PBeach case, CO, was rapidly adsorbed
preventing the over-carbonation from affecting the bottle.

The adsorbed CO, was then released inio the bottle siowly over time resulting
in a much more constant CO, pressure inside the package. The regulation period
was thirty and thirty-four days for examples 5 and 6 respectively. This is well within
the period of time in which most high volume carbonated beverages are packaged
and sold.

The ultimate shelf-life for examples 5 and 6 is significantly ionger than seen in
the comparative examples. The shelf-life was extended by over thirty days in each
case. A variety of different molecular sieves were evaluated as a basis for a carbon
dioxide regulator. As illustrated in Table 5, we found a wide variety of materials 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, resulted 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

20,
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Aci d Activated Regul ator Systens A convi enent
nmet hod of regulating CO2 rel ease woul d be through
contact of the package with the beverage. Many
carbonated soft drinks are quite acidic, thus

king acidity a convenient trigger for CO2 rel ease
a%a% FMBLI Akl Pa Opligizing partiole size@nat stitfscet area for a particular

PET bottle or closure. Common acids found in
casbor digyide regullatdrwplitssipé arinattec ofircuticle @xpeiimentatibn.
Sui t abl e carbon dioxide regulators for this concept
woul The physidal formof e eeguiatsronil HeSitnotaht i’f?dé@éié?iﬁﬁ‘ an optimized
carbonat e, organic carbonate oligoners and pol yners,

ca‘i'b!@ﬁ_(ﬁéXié@QéQulhfbrTr?é&i@.l%é‘gfhrﬂom %IEQ@%B §E§§)§'§o{f)ressed into the

The inorganiC cati bonates and organi c car
i ' f Al drich Chenical .
To o B! i Be LB e G cr s SQuleEont noleauier sipve powder
. [ f . th f
OFBlapbisfel vosk e el PRciiioRts agsin a mater of routne

Western Reserve University. 10 PET was dry bl ended
experimealidtys sources of carbon di oxi de and conpounded

on a APV lab scale twin-screw extruder to forma

wat droafingh ahawlesmiamsievapiatiiel imtexbyctetr e ber anparticularly effective

material was placed in a pH 2 solution of phosphoric

metbod ofrpraddiSingrd rdiastepace critish! RatireeRtRE éf‘gétﬁ‘nga\/vould be to allow
crinp top silicone gasket. The generation of carbon

thél ir@ﬁﬁgﬁd%ﬁti&‘i’ BF G LHuRNg %ﬁ*& g@iﬂge%ﬁ]‘ag:[ﬁé%t%meg—rqrg?su rization as a

di oxi de 15 generated per

g ot DAL g8 S, SRR W SHEBAT oatings o bo

fff Oﬁ a convent.i c;_nég‘ iﬁ ounce carbonated soft drink
elgGiYQ PRENOWE 1818916 i cated. TABLE 14 20Rate of CO2

Rel ease From PET Bl ends Sanpl e Carbonate W %
Mol édulingsersicepeavsambiyT raprestatspenat prasticl G@khod for producing a
Production, m/g regul ators/day Anpbunt to neet

catbmrgdinXidg regllatat system. We found that polyethylene based insert cups could
fo 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 polyethyiene, and uitkalowdensity polyethylene, ethylene-

‘propylene copolymers, propyiene copolymers, and styrene thermoplastic elastomers.

Softer polyolefins materials capable of forming a tight Vseal with the surface of the
package would be preferred. Determining the optimized dimensions and materials for
an insert cup or other reguiator form is é 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

targe quantities of carbon dioxide but does not in its pure form produce a suitable
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13X Mol ecul ar Seive Powder in PET 0 5 95 22 0.55 7.4
butylene 5 0 95 22 0.39 10.5 <carbonate in PET

butyl ene carbonate in PET with 13X 5 5 91 22 0.25
16.5 diethyl pyrocarbonate in PET 4 0

carbon dioxide regulator since the CO, is not released at a rate similar to the rate of
CO; loss from the package.

There are a number of factors that one skilled in the art realizes would further
enhance this invention. It is advantageous that the adsorbents have as high a
capacity to adsorb carbon dioxide as possible. Capacity is the weight of carbon

dioxide adsorbed per the weight of the adsorbent. Adsorbents with higher CO.

adsorption capacity would be preferred since less would need to be adé:
package to generate the desired shelf-life improvement.

The conditions under which these are handled can also be important. It is well
known that heating molecular sieves can remove trapped species and create more
capacity. Surprisingly, over-drying impairs the performance of these materials as a
CO; regulator.

The molecular sieve may need to be combined with a binder material to
facilitate its fabrication into parts suitable for this application. The type needed would
depend on the properiies of the sieve and the final properties needed in the final
fabricated piece. They would include inorganic binders regﬁlarly usgd to improVe the
mechanical properties of molecular sieves, organic polymefs in which the adsorbent
rﬁay .be blended and lower molecular weight résinsrand oligomers 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
CO, 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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96 22 1.92 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 7.6 propylene carbonate in PET 5 0 95 22 0.52
7.9 propyl ene carbonate in PET with 13X 5 5 91 22

0.37 11.1
done by either placing the adsorbent mto a polymer with a low permeability for water

or placing a thin film of such a polymer between the beverage and the adsorbent
material. This material would need to allow CO, to readily adsorb the over-
carbonation and could be comprised of a semi—permeable membrane, a permeable
membrane or a material with a high CO, permeability and their combinations.
Suitable materials include polyolefins such as low density polyethylene, high density
polyethylene, polypropylene, ethylene-propylene elastomers, ethylene-vinyl acetate
copolymers, and sificone rubbers. Suitable membrane materials would include liquid
impermeable/vapor permeable materials such as Gore-Tex or similar structures.
Especially preferred embodiments of our invention are blending the adsorbent into a
suitable polymer and using this to fabricate the bottie closure itself, inserting a
fabricated disk of adsorbent into the closure behind the closure liner, protecting a-
tubular insert with a thin film or coating of CO, permeabie polymer or molding a
tubular insert from a combination of adsorbent and CO, permeable polymer. The
preferred method of placing the adsorbent into the bottle and optimizing its
performénée is a matter of further experimentation.

Carbon dioxide regulators can also be formed by- bi‘ending CO; releasing
materials into PET as is shown in Table 14. For such a cérbon dioxide regulator, it is
critical that the CO; release not occur prior 1o filling of the package so that carbon
dioxide regulator berformance 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 equivaient 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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sodi um bi carbonate, ' NaHCO3 in PET 5 0 95 22 8.13
0.5 sodi um bi carbonate, NaHCO3 in PET with 13X 5 5 91
22 8.76 0.5 vinylene carbonate in PET 1 0 99 22 2.35
1.8 butyl ene carbonate in PET 5 0 95 522 0.69 6.0

diethyl carbonate in PET with 13X 5 5 91
One aspect of this invention is to allow carbonated beverages to be stored for

longer periods in hot locations without the need for more expensive coatings or cold
storage conditions. In hot locations, storage temperature can be quite high and
since the permeability of bottles for carbon dioxide is proportional fo temperature,

CO2 loss rates are higher. Also, due to these temperatures the i

rnal pressure
inside the bottle can reach dangerous levels. Thus, a system which can maintain a
stable and consistent intemal pressure and increase shelf-life is particulariy
advantageous.

Another aspect of this invention is to allow for light-weighting of current
carbonated beverage bottles and maintain their current shelf-life. The rate of
permeation of a package is inversely proportional to the thickness of the package
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 abie to give thinner walled packaging 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 loss in shelf-life 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 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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52.2 0.72 5.7 vinylene carbonate in PET 1 0 99 52.2
7.60 0.5 Cyclic Carbonate polynmer 5 0 95 23 0.13 30.9
Cyclic Carbonate polyner 5 0 95 22 0.15 27A Effect
of Presaturation 5Tablets of 4A extruded pellets with
PET as a binder were prepared and saturated. 11.3
gr andngthen Aspeetvef thissinventioniis thelceniglnfthefrateEat reléase of carbon
two materials were blended together, and formed into
diaxidg| amdi thatathisc cetpasd rate aopnestetidlly excssl tie pOARGation rate of the
psig and approxi mately 100 to 120 C. The tablets were
packageat@vbri e%uﬂnoh@%?%é@%@ra@%&ﬁ?s CO%Q éfnﬁfcant problem

36 hours. The tablets adsorbed 1.47 grams o

génﬁ?aga gf@@ é?l‘ H%%kggtgl aﬁuécfiﬁ%nﬂ tatnpé%f )%Ilcgeratnon. Any

n tored. The e 1 ows that the
e'ﬁénci???d?@}e 2&&@5“@%@%@“‘ j BrAREnaRdPRETRF fothe must not release
ter .AmaxmumlntheCOZIeeI|nthebottle
083%% r(i'@adﬁa?tt a e signjfieanti, greatst thamthe dabaiiof €Qe loss from the
sl ow process of CO2 evolution fromthe 4A material .
parkgge: s Idgallyathedeleasec patee shoyidabei equairtopopclightly less than the
3.2 granms of powdered 13X (Aldrich as for the 4A) and
petm@atjoa mateofromHhevpackaberard shotld natldbxebed Lrteid? 125% of the rate
hal f, and saturated with CO2 at room tenperature, 300

of Qﬁrﬂlefaﬂbn 3 the Waka é]e Iﬁ ﬂ{dﬁt f%llé’c?I bBEILIES r é%‘é%gliﬁhécééz consistently

in PET bottl es and eve S noni t or

I The
oégglé??r{?%gl 3 org g g‘?%%}h rans o%@ﬁ%ﬁhp%p%emonths and for at
5.25 inches square, 10 m| thick, and
Ie%&i‘f"ﬁé){ d, were saturated at roomtenperature and
300 psn}giz for 36 hours. 29 granms of filmwere allotted
to SNEtheLasnest of faisppventonmisithat duisuseli-eagulating @ith respect to the
at roomtenperature for 36 hours at 300 psig. The

thermah emdronpant f dbegpackagel @I toat mveanegenerToevifdrment when the
was placed in PET bottles (6) and the internal |evel

' caffor@@Bnniosseee . higher, 38 _iidipilatord naastally Q8RB Iﬁ’gﬂer amounts of

filmextended the shelf |ife as shown in Figure

caftdit diBkideitRsteplisipthdioagmbes 5 and 6

Another aspect of this invention is fo provide a packaging system which can
allow ovér—carbonation without increasing the pressure inside the package‘ ana allow
iightér'weight botties to be acceptable for hoiding 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 will

facilitate the use of vessels with a lower pressure resistance.
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Pl acing a suitable adsorbent inside a PET carbonated

beverage bottle allows additional CO2 to be added

wi t hout causing an increase in the internal pressure

of the 25 bottle. This is readily seen for Exanples 5

and 6.  For Exgnple 5, CO2 was added to -28- .create a

car HeAORSHONEE qeOuRtiongviy daise daciiate fhe 856 o6 gonieers which have
only 3.38 volunes was neasured. In Exanple 6, 4.35

lowsr matsiyger Magyoplastics aonhot suBsbledbupackaging carbonated beverages
nmeasured within one hour after sealing. In each case,

bevapsedthey ammioy codainbibe high éntemg grogsures which can develop with
over-carbonation fromaffecting the bottle. 5The

carbomited GofHini@s AmeRanpiears polybidtinshfichaid E@Eﬁ%ﬁﬁéﬁe The use

over time resulting in a nuch nore constant

of i %&%Sﬁét’i‘?&%ﬂ?ﬁﬁwﬂ??lﬁaﬂ& mOGuIl§ %%&I%Eﬁje&?p% igﬁ%pg)pylene could

was thirty an rty-tour days tor "exa

ci . I_Su.).S withinth rio f time
albfPRFbe Kk oshBiay fediitior ebRading " sBthar2ied bayerages.
" pac ed and. sold. 10The ultjmte shelf-life for _
exaﬁﬁ%é”‘? o8 B35 sbegn flasceirgd) {or) Blegpumases ek diustration only in
the conparative exanples. The shelf-life was extended
coppeehiat Wik ragftakyembodiraentsc asHowaverr itetsy re€ognized that various
di fferent nol ecul ar sieves were evaluated as a basis

chaoges, additians, dnproviemenisy baidomodficatibhs!$6 H¥ @Msirated embodiments
Table 5, we found a wde variety of materials to be

ma&y beehadeby % pEatnsakilfbeinahbest, éi’lffaﬁihé' thin the scope and spirit
tenperature on carbon di oxi de regulator p&rtornmance.
ofﬁﬁaﬁggﬁﬁm{hat it was not necessary to dry nol ecul ar
si eve based regulators to achi eve excel |l ent
performance and that drying themto a tenperature
| ower than conventionally used to dry these
materials, 120 C, gave sone inprovenent in
performance. Drying at higher tenperature, 240 C
resulted in a 20 significant decrease in the
regul ation period. Avoiding the need to dry the
sieves prior to used would be very advantageous in a
nunber of carbon di oxi de regul at or desi gns.
Increasing the particle size and surface area of the
adsorbent resulted in a significant increase in the
~anount of CO2 which a carbon dioxide regul ator could
adsorb as shown in Table 5. Optimzing particle size
‘and surface area for a particular carbon dioxide
regul ator would be a matter of routine
experi ment ati on. The physical forrn of the
regul ator will be inportant in devel oping an
opti m zed carbon di oxi de regul ator design. W found-
that nol ecul ar sieves pressed into the 5 formof a
tabl et could be just as effective a regul ator as
nol ecul ar sieve powder. Optim zation of the form and
shape of the regulator is again a matter of routine
experinentati on. Coating a nol ecul ar sieve
tablet is expected to be a particularly effective
met hod of producing a regulator. A critical feature
of this coating would be to allow 10 the rapid
adsorption of CO2 during bottle filling to facilitate
over-pressuri zation as a nethod for introducing
addi ti onal carbon di oxide. W found silicone coatings
to be effective as shown in Table 11. An
insert cup assenbly represents one practical nethod
for producing a carbon di oxide regulator system W
found that pol yethyl ene based %nsert cups could 15 to
be effective as illustrated i®Table 12. O her
pol yol efins suitable for such assenblies would
i ncl ude thernopl astic polyol efin elastomers, ethylene
copol yners, such as linear |ow density polyethyl ene,
and ul tral ondensity pol yet hyl ene, ethyl ene-propyl ene



20 and can include materials such as silicone

rubbers, polyolefins, epoxies, unsaturated

pol yesters, and pol yester oligoners. It is inportant
t\@eodaimr ol the rate at which adsorbed CO2 is rel eased
fromthe adsorbent and to prevent liquid water from
causi ng a sudden rel ease of adsorbed CO2, to prevent

t he r erathval fasf repisnisbing eashgbrinxide 88s (he prIPRPAEER beyprage
to ' nents of the package to contact the
regﬁﬁé{a&%r,&%’"g controll ed way. This can be -31- done

by either placing the adsorbent into a polyner with a

| ow per meabi | i diBkid@ RS idolBidbdntdiferek into a
such a pol yfferlﬁ%é_tir%;ae%@%ﬁg'béverrigge ar{dot he ao?sér bent
material . Thi slosateesfisald sovtainprivdedein said|RERNCRKideregulator
readily adsorfy ta%r@&@th&%%%]ﬁt LD s@hdqGOMlydreRises carbon
conprised of a sem -perneabl e menbrane, a pérneable 5
merbrane or adimxidst pd with a high CO2 perneability

and their Cﬁnme%%hltiﬁgfsthe Hibbablop RIS Hidkide | fisth U carbon
_pol yol efins 'suclt ‘as Tow density pol yet hyl ene, high

densi ty po| yetdi[ydl@n@@g%ﬁwlﬁvropyp@" : of three months at a rate
et hyl ene- propylgpG Ehas QBT fy uf Pl &f SaloRVdioRlGe idkerrom
copol ymers, a)régséb?lni%oie uuLE’ers. Suitagl e nmenbr ane

mat eri al s woulsdidigeotaings. | i qui d i nper neabl e/ vapor

perneabl e materials such as Gore-Tex or simlar
structures. 10 Especially preferred enbodi nents of

our invention are blending the adsorbent into a

sy ol G Rl %ngﬁa'n"iqu?r éiH%aFd“éa?bBr?dfoﬁ@E!r@@dl&toF ey optionally
bbtt'le crosure itselt, I'nserting a fabricated di Sk of
ads beberetchiarged witle cattssudiexige Hired te Heseslings 6aid ¢arbyy dioxide
pro 1.NG- - insert wth a thin filmor
Coa??%étggln%ﬁgér%g%ﬁe pol ynmer or nol ding a tubul ar
insert froma conbination of adsorbent and CO2

per | Terdin RIPESHESdiokRENGUIS0r MGdphBnal
t%e@gﬁggggtoyfqﬁ% 1t‘ﬁ§er%'ott[e andﬁ:oioti__rri ziiu&ﬁ irt_sa@ 4 y
per berdmarged bygplacinman serdbf $aid cabpn digyisieiragiatat ingha closure
Car hoxl 9 RRrdrsTRANGYaid contai
o earng Gl L pERg HEe §R0 R, Qe RsIRng el container
i n VatblaesuitableFonountichcasb@rdibdde.di oxi de regul ator, it

is critical that the CO2 rel ease not occur prior to
filling of the package so that carbon 20 dioxide )
r4gThat methodr 6foclaim cle wherairpsaidosarbpm divitide eegitiaiera gemprises
A varLetNs flat ] ' lefs& 8rBoNabegecan be

o1 e s st B AR S e B 3 R ke o
and preferably under 10% by wei ght and achieve a rate

0 S Y feitl QaldNBabR diGdc FréuRat8f c8mprises
c%n\clﬁé%t 'ilhglnhg)ﬁ gE‘?lgggc{lg@geﬁrhgse %re aét [ vat%% by P
exposleglarciavaser with a pH range simlar to many
carbonat ed soft drinks. One aspect of this
invention is to allow carbonated beverages to be o
sé.orTiae riethod ohglaim Havhiersirs sqig chdion| diedde aslalar crgtises silica
the cnged LAk, 1P 8 RXPENSsY CadkiQAelNgRinfifa, C hdltett OE¥Hnati
con |g ronr?gf%cwgphsg?ﬁébcét iS’oﬁasc'f’EI storgé;e_taérrperlatijre caﬂa 1O_n
be golytreri ghetahdorgamic e framewosgssreand | ispletigflapofefabs organic
for di oxide is proportional to tenperature,
C@fr%%gag\%?ﬁ'es are higher. Al so, due to these
tenperatures the Kornai pressure inside the bottle

CAN HEAGLBANG A1 RLRIS iheTRUSrioR o ¥R ARURNSE #ht said
mei ntdin a Stabl'e and consistent 1nternal 'pressure

and carbonedioxds efdlator Hee$ sohgpmidicasdnfach Ikins2ig «gifnated
Anotog%raagpect of this invention is to allow for

i ght-werghti ng of current to carbonated beverage
bottles and maintain their current shelf-life. The

rate of perneation of a package is inversely
proportional to the thickness of the package wall. It

i s econom cal ly advant ageous to make packagi ng as

! | _ghlt-vvei ght_ as poslsi blle v_vhi ch_ resu! ts in \_Nal l.



i omay be nade by those persons skilled in the art,
all falling wwthin the scope and spirit of the
invention. 15 20 W claim 1 A nethod for
repl eni shing carbon dioxide gas in a carbonated

bgVefadRthoNbALIBRT 1 GHERIiA S4B Gatbohiddidd rRguidtc? AR blended
di oxi de reqgulator into said container or into a

cl oslieetofnta el meberiohiuser iaHeraithe Loy of aKbRoRIPHRY @k said
regaLR is a sorbent that absorbs and subsequently
rel eases carbon dioxide; and U. Regulating the

rel ease of carbon di oxide from said carbon dioxide
regul ator for .a period of three nonths at a rate
approximately equal to the rate of carbon di oxide

| oss fromsaid container. 2. The nethod of claim1
wherein said carbon di oxide regulator nmay optionally
be pre-charged with carbon di oxide prior to inserting
said carbon dioxide regulator into said container. 3
The nmethod of claim 1l wherein said carbon dioxide
regul ator may optionally 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
anmount of carbon dioxide. 4. The nethod of claim1l
wherei n said carbon di oxi de regul ator conprises

mat eri al s that absorb and subsequently rel ease carbon
di oxi de. 5. The nethod of claim4 wherein said carbon
di oxi de regul ator conprises nol ecul ar sieves. 6 The
nmet hod of claim4 wherein said carbon dioxide

regul ator conprises silica gels, nolecular sieves,
clays, activated alumina, zeolites, coordination

pol yners, netal organic franmeworks, and isoreticular
netal organic frameworks. 7. The nethod of claiml
wherein the insertion of step (i) occurs so that said
carbon di oxi de regul ator does not cone into contact
Wi th said carbonated beverage. 8. The nethod of
claim 1l wherein said carbon di oxide regulator nmay be
bl ended directly into the material used to formthe
body of said container or said closure.

37



