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BIODEGRADABLECONTAINERCLOSUREANDRESINTHEREFOR 

TECHNICALFIELD 

100011 Thedisclosureisdirectedtobiodegradablecontainersandclosuresthereforandin 

particulartocompositionsandmethodsformakingbiodegradablecontainerclosures.  

BACKGROUNDANDSUMMARY 

[0002J Withthecuuentplasticscrisisplasticsarebeingcontinuouslyreplacedwithbio

friendlyalternatives.Onelargecontributortotheplasticproblemispoly(ethyleneterephthalate) 

(PET)waterbottles.Itisestimatedthatin2017onemillionPETwaterbottlesweresoldevery 

minute.ConsideringthatittakesA50yearsforaPETboftletocompletelydegradetheearthis 

becomingover-pollutedwithPETbottles. FurthermorewhilePETcanberecycledsome 
e 

developedcountnessuchastheUSonlyrecycleafractionofthePETbottlesusedandother 

less-developedcountriesdonothavearecyclingstreamatall.Inthesecountrieswithnorecycling 

infrastructurethePETbottlesoftenendupintheoceanbreakingdownintomicroplasticsthat 

begintodamagetheecosystemasthemarinelifeconsumethemmistakingthemforfood.  

[0003J Eachpartofthebottleplaysaroleinthisissueincludingthebottlelabeland 

closure.OnPETbottlesclosuresaretypicallymadefrompolyolefinssuchaspoly(propylene)or 

poly(ethylene).Polyolefinclosuresaretypicallymadeviainjectionmoldingandtheprocessing 

conditionsforthesematerialshavebeenoptimizedovertheyearsmaximizingproductivityand 

[0004J Tomitigatetheenvironmentalissuesassociatedwithconventionalclosure 

materialsclosuresmaybemadefrombiomaterials.Closureshavebeensuccessfullymadefrom 

biomaterialssuchasusingpoly(lacticacid),butoftenthesematerialsdonotdegradeina 

significantamountoftimeandrequireexternalstimulisuchasheatandpressuretodegradeto 

thedesiredextent.  

100051 Additionallyifotherbiomaterialsareabletobemoldedintobottleclosuresthe 

biopolymerstypicallyhavedismalbarrierpropertiessuchasbottlesandclosuresmadefrom 

poly(lacticacid).  

[0006J Inviewoftheforegoingpoly(hydroxyalkanoate)(PHA)containerclosuresare 

providedthatarehighlybiodegradable.ThePHAcontainerclosuresaremadebymodifyingPHA 

withotherpolymersfillersandadditivesandtheninjectionmoldingthepolymerformulations 

1 

costs.Howeverthesematerialsarepetroleum-basedandtakehundredsofyearstodegrade.
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intoclosures.BecauseofthebrittlenatureofPHAadditionalmaterialsarenecessarytobeadded 

tothePHAformulationinordertopreservethefeaturesoftheclosuresduringejectionfromthe 

mold.  

100071Insomeembodimentsthedisclosureprovidesabiodegradablecontainerclosure. The 

biodegradablecontainerclosureincludesfromabout40toabout99weightpercentofapolymer 

derivedfromrandommonomericrepeatingunitshavingastructureof 

'N 

R 0 
ii 

whereinR'S selectedfromthegroupconsistingofCH3and/oraC3toC19alkylgroup. The 

monomericunitshavingR' CR3 isabout75toabout99molpercentofthepolymer.  

100081Thebodyoftheclosurealsotypicallyincludesfromabout0.1toabout10weightpercent 

ofatleastonenucleatingagent.  

100091Insomeembodimentsthebiodegradablecontainerclosureincludesfromabout40toabout 

99weightpercentofpoly(hydroxyalkanoate)copolymerandfromabout1toabout60wtf' 

additionaladditives.  

I000101 In some embodiments, the biodegradable container closure includes 

polyhydroxybutyrateasthepoly(hydroxyalkanoate).  

100011J Inotherembodimentsthebiodegradablecontainerclosureincludespoly-3

1000121 Insomeembodimentsthecontainerclosurefurtherincludesfromabout1.0to 

about15.0weightpercentofatleastonepoly(hydroxyalkanoate)containingfromabout25to 

about50molepercentofapoly(hydroxyalkanoate)selectedfrompoly(hydroxyhexanoate), 

poly(hydroxyoctanoate),poly(hydroxydecanoate),andmixturesthereof 

[00013J Insomeembodimentsthebiodegradablecontainerclosuremayfurtherinclude 

poly(hydroxyalkanoate)sincludingaterpolymermadeupfromabout75toabout99.9mole 

percentmonomerresiduesof3-hydroxybutyratefromabout0.1toabout25molepercent 

monomerresiduesof3-hydroxyhexanoateandfromabout0.1toabout25molepercentmonomer 

residues of a third 3-hydoxyalkanoate selected from poly(hydroxyhexanoate), 

poly(hydroxyoctanoate),poly(hydroxydecanoate),andmixturesthereof 

2 

hydroxybutyrate-co-3-hydroxyhexanoate(P3KB-co-P3HHx)asthepoly(hydroxyalkanoate).
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1000141 Inotherembodimentsthepoly(hydroxyalkanoate)polymerhasaweightaverage 

molecularweightrangingfromabout50thousandDaltonstoabout2.5millionDaltons.  

[00015J Insomeembodimentsthepoly(hydroxyalkanoate)polymerincludesfromabout 

0.1weightpercenttoabout3weightpercentofatleastonenucleatingagentselectedfrom 

erytliritolspentaerythritoldipentaerythritolsartificialsweetenersstearatessorbitolsmannitols 

inositolspolyesterwaxesnanoclayspolyhydroxybutyrateboronnitrideandmixturesthereof 

[00016J Insomeembodimentsthepoly(hydroxyalkanoate)polymerfurtherincludesfrom 

about1weightpercenttoabout40weightpercentofatleastonefillerchosenfromcalcium 

carbonatetalcstarchzincoxideneutralaluminaandmixturesthereof 

[00017J Insomeembodimentsthecontainerclosurefurtherincludesfromabout1weight 

percenttoabout50weightpercentofpolymersselectedfrompoly(lacticacid),poly(capro

lactone),poly(ethylenesebicate),poly(butylenesuccinate),andpoly(butylenesuccinate-co

adipate),andcopolymersandblendsthereof 

[00018J Inotherembodimentsthecontainerclosurefurtherincludesfromabout0.1weight 

percenttoabout3weightpercentofafattyacidamideslipagent.  

[00019J Insomeembodimentsthecontainerclosurehasamoisturevaportransmissionrate 

ofabout20g/m2 /dayorlessasmeasuredunderASTME96.  

[00020J Inotherembodimentsthereisprovidedamethodformakingabiodegradable 

containerclosurefromapoly(hydroxyalkanoate)polymerthatincludesformingthecontainer 

closureinaprocessselectedfrominjectionmoldingandcompressionmolding.  

0.05weightpercenttoabout3weightpercentatleastonemeltstrengthenhancerselectedfrom 

thegroupconsistingofamultifunctionalepoxideanepoxy-functionalstyrene-acrylicpolymer 

anorganicperoxideanoxazolineacarbodiinaideandmixturesthereof 

[00022J Inanotheraspectthedisclosurealsoprovidesaresinwhichisadaptedforforming 

the biodegradable container closure described above. The resin is made up of 

poly(hydroxyalkanoate)andoptionallyotherpolymersaswellasotheradditivesasdescribed 

abovewithrespecttothebiodegradablecontainerclosure.  

3 

[00021J Accordingtocertainembodimentsthecontainerclosurealsoincludesfromabout
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DETAILEDDESCRIPTION 

1000231 Thepresentinventionanswerstheneedforabiodegradablecontainerhavinga 

biodegradablecontainerclosureusingbiodegradablematerialsthatarecapableofbeingeasily 

processedintoplasticcontainerclosures. Thebiodegradablematerialsandcontainerclosures 

madetherefromansweraneedfordisposablecontainershavingincreasedbiodegradabilityand/or 

4 

[00024J Asusedherein"ASTM~9 meansAmericanSocietyforTestingandMaterials.  

[00025J Asusedherein"alkyl"meansasaturatedcarbon-containingchainwhichmaybe 

straightorbranched~andsubstituted(mono-orpoly-)orunsubstituted.  

[00026J Asusedherein "alkenyl"meansacarbon-containingchainwhichmaybe 

monounsaturated(i.e.,onedoublebondinthechain)orpolyunsaturated(i.e.,twoormoredouble 

bondsinthechain);straightorbranchedandsubstituted(mono-orpoly-)orunsubstituted.  

[00027J Asusedherein"PHAmeansapoly(hydroxyalkanoate)asdescribedhereinhaving 

randommonomericrepeatingunitsoftheformula 

R. O.K 

whereinR'isselectedfromthegroupconsistingofCR3andaC3toC19alkylgroup. The 

monomericunitswhereinR'isCR 3 areabout75toabout99molpercentofthepolymer.  

[00029J Asusedherein"P3HHxmeansthepoly(3-hydroxyhexanoate) 

[00030J Asusedherein"biodegradable"meanstheabilityofacompoundtoultimatelybe 

degradedcompletelyintoC02andwaterorbiomassbymicroorganismsand/ornatural 

environmentalfactorsaccordingtoASTMD5511(anaerobicandaerobicenvironments),ASTM 

5988(soilenvironments),ASTMD5271(freshwaterenvironments),orASTMD6691(marine 

environments).BiodegradabilitymayalsobedeterminedusingASTMD6868andEuropeanEN 

13432.  

[00031J Asusedherein compostable"meansamaterialthatmeetsthefollowingthree 

requirements:(1)thematerialiscapableofbeingprocessedinacompostingfacilityforsolid 

waste;(2) soprocessedthematerialwillendupinthefinalcompost;and(3)ifthecompostis 

4 

[00028J Asusedherein P3HBmeansthepoly-(3-hydroxybutyrate).



WO20221066866 PCTfLTS2O21/051695 

usedinthesoilthematerialwillultimatelybiodegradeinthesoilaccordingtoASTMD6400for 

industrialandhomecompostability.  

1000321 Unlessotherwisenotedallmolecularweightsreferencedhereinareweightaverage 

molecularweightsasdeterminedinaccordancewithASTMD5296.  

[00033J Allcopolymercompositionratiosrecitedhereinrefertomoleratiosunless 

specificallyindicatedotherwise.  

[00034J Inoneembodimentofthepresentinventionatleastabout50mol0obutlessthan 

1000oofthemonomericrepeatingunitshaveCR 3 as morepreferablyatleastabout60mol0.  

morepreferablyatleastabout70mol0omorepreferablyatleastabout75to99mol0o.  

[00035J InanotherembodimentaminorportionofthemonomericrepeatingunitshaveR' 

selectedfromalkylgroupscontainingfrom3to19carbonatoms.Accordinglythecopolymer 

maycontainfromabout0toabout30mol0opreferablyfromabout1toabout25mol0o and 

moreparticularlyfromabout2toabout10mol0oofmonomericrepeatingunitscontainingaC 3 

toC1 9 alkylgroupasR'.  

[00036J InsomeembodimentsapreferredPHAcopolymerforusewiththepresent 

disclosureispoly-3-hydroxybutyrate-co-3-hydroxyhexanoate(P3HB-co-P3HHx). Incertain 

embodimentsthisPHAcopolymerpreferablycomprisesfromabout94toabout98molepercent 

repeatunitsof3-hydroxybutyrateandfromabout2toabout6molepercentrepeatunitsof3

Synthesis ofBiodegradable PHAs 

[00037J BiologicalsynthesisofthebiodegradablePHAsusefulinthepresentinventionmay 

becardedoutbyfermentationwiththeproperorganism(naturalorgeneticallyengineered)with 

theproperfeedstock(singleormulticomponent).Biologicalsynthesismayalsobecarriedout 

withbacterialspeciesgeneticallyengineeredtoexpressthecopolymersofinterest(seeU.S.Patent 

5,650,555,incorporatedhereinbyreference).  

Crystallinity 
[00038J Thevolumepercentcrystallinity(~)ofa S 

semi-crystallinepolymer(orcopolymer) 

oftendetermineswhattypeofend-usepropertiesthepolymerpossesses.Forexamplehighly 

(greaterthan50~o)crystallinepolyethylenepolymersarestrongandstiffandsuitableforproducts 

5 
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suchasplasticmilkcontainers.Lowcrystallinepolyethyleneontheotherhandisflexibleand 

toughandissuitableforproductssuchasfoodwrapsandgarbagebags. Crystallinitycanbe 

determinedinanumberofwaysincludingx-raydiffractiondifferentialscanningcalorimetry 

(DSC),densitymeasurementsandinfraredabsorption.Themostsuitablemethoddependsupon 
thematerialbeingtested.  

1000391 Thevolumepercentcrystallinity(~c)ofthePHAcopolymermayvarydepending 

onthemolpercentageofP3HHxinthePHAcopolymer. TheadditionofP3HHXeffectively 

lowersthevolumepercentcrystallinityofthePHAcopolymercrystallizationrateandmelting 

temperaturewhileprovidinganincreaseintheflexibilityanddegradabilityofthecopolymer.  

Nucleatingagentsasdescribedhereinmaybeusedtospeedupthecrystallizationprocessofthe 

PHAcopolymers.  

[00040J IngeneralPHAsofthepresentinventionpreferablyhaveacrystallinityoffrom 

about0.10otoabout990~asmeasuredviaxraydiffraction'morepreferablyfromabout20oto 

about800o'morepreferablystillfromabout200otoabout700o.  

[00041J WhenaPHAofthepresentinventionistobeprocessedintoamoldedarticlethe 

amountofcrystallinityinsuchPHAismorepreferablyfromabout100otoabout800oasmeasured 

viax-raydiffraction'morepreferablyfromabout200otoabout700o'morepreferablystillfrom 

about300~toabout600o.  

Melt Temperature 

temperature(Tm)offromabout30 0 C.toabout1700 C.morepreferablyfromabout90 0 C.toabout 

165oc,,morepreferablystillfromabout130 0 C.toabout160ND.  

Molded Articles 

[00043J Accordingtothedisclosureapolymericcontainerclosureisformedfromaresin 

comprisingapolymerorcopolymermaterials(e.g.,PHA)whichareinjectionorcompression 

molded.Inparticularthemoldedarticlesmaybeplasticscrew-typeandsnap-onbottleclosures 

forbottlesthatholdcarbonatedandnon-carbonatedliquidsaswellasdrymaterialsincludingbut 

notlimitedtopowderspelletscapsulesandthelike.  

6 

[00042J PreferablythebiodegradablePHAsofthepresentinventionhaveamelt
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1000441 Injectionmoldingofthermoplasticsisamulti-stepprocessbywhichaPHA 

formulationofthepresentinventionisheateduntilitismoltenthenforcedintoaclosedmold 

whereitisshapedandfinallysolidifiedbycooling.  

[00045J Compressionmoldinginthermoplasticsconsistsofchargingaquantityofa 

compositionasdescribedhereinintothelowerhalfofanopendie.Thetopandbottomhalvesof 

thediearebroughttogetherunderpressureandthenthemoltencompositionconformstotheshape 

ofthedie.Themoldisthencooledtoahardenthematerial.  

[00046J Thecycletimeisdefinedhereinasholdingtimepluscoolingtime.Withprocess 

conditionssubstantiallyoptimizedforaparticularmoldacycletimeisafunctionofcopolymer 

blendcomposition.Processconditionssubstantiallyoptimizedarethetemperaturesettingsofthe 

barrelnozzleandmoldofthemoldingapparatustheshotsizetheinjectionpressureandthe 

holdpressure.CycletimesprovidedhereinforaPHAcopolymerblendedwithanenvironmentally 

degradablepolymerareatleasttensecondsshorterthansuchtimesforaPHAcopolymerabsent 

theblend.  

[00047J Shrinkageduringmoldingistakenintoaccountthroughthemolddesign.  
0 0 Shrinkageofabout1.5oto50ofromaboutl.O~oto2.5oorl.20oto2.Ooomayoccur.  

[00048J Processingtemperaturesthataresetlowenoughtoavoidthermaldegradationof 

thepolymerblendmaterialyethighenoughtoallowfreeflowofthematerialformoldingare 

used.ThePHAcopolymerblendsaremeltprocessedatmeltingtemperatureslessthanabout180 

0 C.ormoretypicallylessthanabout160 0 C.tominimizethermaldegradation. Ingeneral 

aftermeltforaperiodoftime.Asisunderstoodbythoseskilledintheartinlightofthepresent 

disclosuretheparticulartimerequiredtocausethermaldegradationwilldependuponthe 

particularmaterialthelengthoftimeabovethemelttemperature(Tm),andthenumberofdegrees 

abovetheTm. Thetemperaturescanbeaslowasreasonablypossibletoallowfree-flowofthe 

polymermeltinordertominimizeriskofthermaldegradation.Duringextrusionhighshearin 

theextruderincreasesthetemperatureintheextruderhigherthanthesettemperature.Therefore 

thesettemperaturesmaybelowerthanthemelttemperatureofthematerial.  

[00049J PHAcontainersandclosuresforthecontainersaremadebymodifyingPHAwith 

meltstrengthenhancerschainextendersandotherprocessingaids.Theformulationsaccording 

tothedisclosuremaycontainfromabout40to99weightpercentofpoly(hydroxyalkanoate) 

I 

polymerscanthermallydegradewhenexposedtotemperaturesabovethedegradationtemperature
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0 copolymerandfromabout1toabout60wt.opolymermodifiers. Insomeembodimentsthe 

poly(hydroxyalkanoate)copolymerispoiy-3-hydroxybutyrate-co-3-hydroxyhexanoate(P3KB

co-P3HHx). InotherembodimentsthePHAcompositionincludesfromabout1.0toabout15.0 

weightpercentofatleastonepoly(hydroxyalkanoate)comprisingfromabout25toabout50mole 

percent of a poly(hydroxyalkanoate) selected from the group consisting of 

poly(hydroxyhexanoate),poly(hydroxyoctanoate),poly(hydroxydecanoate),andmixturesthereof 

I000501 InsomeembodimentsthePHAformulationusedtomakebiodegradablecontainer 

closuresmayincludefromabout0.5weightpercenttoabout15weightpercentofatleastone 

plasticizerselectedfromthegroupconsistingofsebacatescitratesfattyestersofadipicsuccinic 

andglucaricacidslactatesalkyldiesterscitratesalkylmethylestersdibenzoatespropylene 

carbonatecaprolactonediolshavinganumberaveragemolecularweightfrom200-10,000g/mol 

polyethyleneglycolshavinganumberaveragemolecularweightof400-10,000g/molestersof 

vegetableoilslongchainalkylacidsadipatesglycerolisosorbidederivativesormixturesthereof 

1000511 InotherembodimentsthePHAformulationpreferablyalsoincludesfromabout 

0.1weightpercenttoabout10weightpercentorfromabout0.1toabout20weightpercentofat 

leastonenucleatingagentselectedfromsulfurerythritolspentaeiythritoldipentaerythritols 

inositolsstearatessorbitolsmannitolspolyesterwaxescompoundshavinga2:12:1crystal 

structurechemicalsboronnitrideandmixturesthereof 

[00052J IncertainpreferredembodimentsthePHAformulationmayincludefromabout 

andmorepreferablyfromabout0.3toabout1. 5weightpercentofboronnitrideorpentaerythritol.  

MoreoverininstancesinwhichboronnitrideisusedasanucleatingagentthePHAformulation 

mayalsoincludefromabout1toabout5weightpercentofpoly(hydroxybutyrate)homopolymer 

inadditiontopoly(hydroxyalkanoate)copolymer.  

[00053J InsomeembodimentsthePHAformulationpreferablyincludesfromabout0to 

about1percentbyweightsuchasfromabout1toabout0.5percentbyweightofameltstrength 

enhancerIrheologymodifier.Thismeltstrengthenhancermayforinstancebeselectedfromthe 

groupconsistingofamultifunctionalepoxideanepoxy-functionalstyrene-acrylicpolymeran 

organicperoxidesuchasdi-t-butylperoxideanoxazolineacarbodiimideandmixturesthereof 

[00054J Withoutbeingboundbytheorythisadditiveisbelievedtoactasacross-linking 

agenttoincreasethemeltstrengthofthePHAformulation.Alternativelyinsomeinstancesthe 

8 

0.1toabout3weightpercentofanucleatingagentselectedfromboronnitrideorpentaerythritol
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amountofthemeltstrengthenhancerisfromabout0.05toabout3weightpercent.Morepreferred 

meltstrengthenhancersincludeorganicperoxidesepoxidesandcarbodiimidespreferablyinan 

amountfromabout0.05toabout0.2weightpercentofthePHAformulation.  

I000551 InsomeembodimentsthePHAformulationmayincludeoneormoreperformance 

enhancingpolymersselectedfrompoly(lacticacid),poly(caprolactone),poly(ethylenesebicate), 

poly(butylenesuccinate),andpoly(butylenesuccinate-co-adipate)(PBSA),andcopolymersand 

blendsthereofTheperformanceenhancingpolymersmaybepresentintheformulationinarange 

offromabout1toabout60percentbyweight.  

1000561 Insomeembodimentsthepolymerformulationincludesaslipagent.Themost 

commonslipagentsarelong-chainfattyacidamidessuchaserucamideandoleamide.Oneor 

moreslipagentsforexamplecalciumstearateorfattyacidamidesis/aretypicallyincludedinthe 

polymerformulation.Whenincludedintheformulationtheamountofslipagentmayrangefrom 

about0.5toabout3percentbyweightofatotalweightofthepolymerformulation.  

[00057J Exemplaryformulationsthatmaybeusedtomakebiodegradablecontainerclosures 

accordingtothedisclosureareshowninthefollowingtable.  

Formula PHA PHA Weight% Weight% Weight% Weight% Weight% Weight% 

polymer polymer 

wt% wt% 

3mol% 6mol% PBSA PBS Calcium Pentaeiythritol Behenamide Polylacticacid 

Hexanoate Hexanoate Carbonate 

in inpolymer 

1 58.7 16.6 21.7 1.5 1.5 

2 40 31.7 1.5 1.5 25.3 

3 40 31.7 1.5 1.5 25.3 

4 50 38 2 10 

5 58.6 21.7 18.2 1.5 

[00058J Withtheformulationsprovided thePHAshoulddegraderapidlybutthe 

degradationkineticswilldependonthedesignofthecontainerclosurewiththickerwalled 

materialstakinglongertofullydegrade.Itispreferredthatthecontainerclosuresundergo 

degradationaccordingtoTUVAustriaProgramOK12,haveashelf-lifeofatleast24monthsand 

9 
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haveamoisturevaportransmissionrateofabout20g/m 2 /dayorlessasdeterminedunderASTM 

E96.  

1000591 Twobottleclosuresscrewon30/25andPCO-1810bottlecapsweremadefrom 

twodifferenttypesofmoldsshowingtheversatilityofthePHAformulationdescribedhereinfor 

useinproducingdifferenttypesofclosures.AdditionallythoughthePHAformulationswere 

injectionmoldedevidencesuggeststhatthedisclosedPHAformulationsareexcellentcandidates 

forproductionviacompressionmoldingaswellBasedontheformulationspresentedhereinthe 

closuresshouldofferswiftdegradationratesandserveasanalternativetothepoly(olefin)closures 

usedtoday.TheforegoingPHA-basedclosuresareintendedtobeplacedonPHA-basedcontainers 

affixedwithaPHA-basedlabelsothattheentirecontainerisbiodegradable.  

[00060J Thepresentdisclosureisalsofurtherillustratedbythefollowingembodiments: 

[00061J Embodiment1 Abiodegradablecontainerclosurecomprising: 

[00062J fromabout0.1toabout10weightpercentofatleastonenucleatingagent;and 

[00063J fromabout40toabout99weightpercentofapolymerderivedfromrandom 

monomericrepeatingunitshavingastructureof 

~'Ih 

R C 
Ii 

[00064J 

[00065J whereinRte selectedfromthegroupconsistingofCR 3 andaC3toCt9alkylgroup, 

[00066J Embodiment2.ThebiodegradablecontainerclosureofEmbodiment1,wherein 

the container closure comprises from about 40 to about 99 weight percent of 

poly(hydroxyalkanoate)copolymerandfromabout1toabout60wt. 0 oadditionaladditives.  

[00067J Embodiment3ThebiodegradablecontainerclosureofEmbodiment2whereinthe 
S 

poly(hydroxyalkanoate)copolymercompnsespoly-3-hydroxybutyrate-co-3-hydroxyhexanoate 

(P3HB-co-P3HHx).  

[00068J Embodiment4.ThebiodegradablecontainerclosureofEmbodiment1whereinthe 

containerclosurefurthercomprisesfromabout1.0toabout15.0weightpercentofatleastone 

poly(hydroxyalkanoate) comprising from about 25 to about 50 mole percent ofa 

poly(hydroxyalkanoate) selected from the group consisting ofpoly(hydroxyhexanoate), 

poly(hydroxyoctanoate),poly(hydroxydecanoate),andmixturesthereof 

10 

whereinthemonomericunitshavingRt CR3 comprise75to99molpercentofthepolymer.
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1000691 EmbodimentS ThebiodegradablecontainerclosureofEmbodiment1wherein 

thecontainerclosurefurthercomprisespoly(hydroxyalkanoate)scomprisingaterpolymermade 

upfromabout75toabout99.9molepercentmonomerresiduesof3-hydroxybutyratefromabout 

0.1toabout25molepercentmonomerresiduesof3-hydroxyhexanoateandfromabout0.1to 

about25molepercentmonomerresiduesofathird3-hydoxyalkanoateselectedfromthegroup 

consistingofpoly(hydroxyhexanoate),poly(hydroxyoctanoate),poly(hydroxydecanoate),and 

mixturesthereof 

[00070J Embodiment6.ThebiodegradablecontainerclosureofEmbodiment1,wherein 

thepolymerhasaweightaveragemolecularweightrangingfromabout50thousandDaltonsto 

about2.5millionDaltons.  

[00071J Embodiment7.ThebiodegradablecontainerclosureofEmbodiment1,wherein 

thepolymercomprisesfromabout0.1weightpercenttoabout3weightpercentofatleastone 

nucleating agent selected from the group consisting of eiythritols, pentaerythritol 

dipentaerythritolsartificialsweetenersstearatessorbitolsmannitolsinositolspolyesterwaxes 

nanoclayspolyhydroxybutyrateboronnitrideandmixturesthereof 

[00072J Embodiment8.ThebiodegradablecontainerclosureofEmbodiment1,wherein 

thepolymerfurthercomprisesfromabout1weightpercenttoabout40weightpercentofatleast 

onefillerselectedfromthegroupconsistingofcalciumcarbonatetalcstarchzincoxideneutral 

aluminaandamixturethereof 

containerclosurefurthercomprisesfromabout1weightpercenttoabout50weightpercentof 

polymers selected from the group consisting ofpoly(lactic acid), poly(caprolactone), 

poly(ethylenesebicate),poly(butylenesuccinate),andpoly(butylenesuccinate-co-adipate),and 

copolymersandblendsthereof 

[00074J Embodiment10.ThebiodegradablecontainerclosureofEmbodiment1,wherein 

thecontainerclosurefurthercomprisesfromabout0.1weightpercenttoabout3weightpercent 

ofafattyacidamideslipagent.  

[00075J Embodiment11ThebiodegradablecontainerclosureofEmbodiment1wherein 

thecontainerclosurehasamoisturevaportransmissionrateofabout20g/m 2 /dayorlessas 

measuredunderASTME96.  
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[00073J Embodiment9.ThebiodegradablecontainerclosureofEmbodiment1whereinthe
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1000761 Embodiment12.ThebiodegradablecontainerclosureofEmbodiment1,wherein 

thebiodegradablecontainerclosureundergoesdegradationaccordingtoASTMD5511(anaerobic 

andaerobicenvironments),ASTM5988(soilenvironments),ASTMD5271(freshwater 

environments),ASTMD6691(marineenvironments),ASTMD6868 orASTMD6400for 

industrialandhomecompostability(insoil).  

[00077J Embodiment13Amethodformakingabiodegradablecontainerclosurefromthe 

polymerofEmbodiment1comprisingformingthecontainerclosureinaprocessselectedfromthe 

groupconsistingofinjectionmoldingandcompressionmolding.  

[00078J Embodiment14.ThebiodegradablecontainerclosureofEmbodiment1wherein 

thecontainerclosurefurthercomprisesfromabout0.05weightpercenttoabout3weightpercent 

atleastonemeltstrengthenhancerselectedfromthegroupconsistingofamultifunctionalepoxide 

anepoxy-functionalstyrene-acrylicpolymeranorganicperoxide~anoxazolineacarbodiimide 

andmixturesthereof 

[00079J Theforegoingdescriptionofpreferredembodimentsforthisdisclosurehasbeen 

presentedforpurposesofillustrationanddescription.Itisnotintendedtobeexhaustiveortolimit 

thedisclosuretothepreciseformdisclosed.Obviousmodificationsorvariationsarepossiblein 

lightoftheaboveteachings.Theembodimentsarechosenanddescribedinanefforttoprovide 

thebestillustrationsoftheprinciplesofthedisclosureanditspracticalapplicationandtothereby 

enableoneofordinaryskillinthearttoutilizethedisclosureinvariousembodimentsandwith 

variationsarewithinthescopeofthedisclosureasdeterminedbytheappendedclaimswhen 

interpretedinaccordancewiththebreadthtowhichtheyarefairlylegallyandequitablyentitled.  
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variousmodificationsasaresuitedtotheparticularusecontemplated.Allsuchmodificationsand
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WHATISCLAIMEDIS: 

Claim. Aresinadaptedforformingabiodegradablecontainerclosurecomprising: 

fromabout0.1toabout10weightpercentofatleastonenucleatingagent;and 

fromabout40toabout99weightpercentofapolymerderivedfromrandommonomeric 

repeatingunitshavingastructureof 

II

R 
II 

t.oI 

whereinR1* selectedfromthegroupconsistingofCR 3 andaC3 toC1 9 alkylgroupwhereinthe 

monomericunitshavingR' CR3 compnse75to99molpercentofthepolymer.  
Claim2.Theresinofclaim1whereintheresin S 

compnsesfromabout40toabout99 

weightpercentofpoly(hydroxyalkanoate)copolymerandfromabout1toabout60wt? 

additionaladditives.  

Claim. Theresinofclaim2whereinthepoly(hydroxyalkanoate)copolymercomprises 

poly-3-hydroxybutyrate-co-3-hydroxyhexanoate(P3RB-co-P3HH.  

Claim4.Theresinofclaim1whereintheresinfurthercomprisesfromabout1.0toabout 

15.0weightpercentofatleastonepoly(hydroxyalkanoate)comprisingfromabout25toabout50 

poly(hydroxyhexanoate),poly(hydroxyoctanoate),poly(hydroxydecanoate),andmixturesthereof 

Claim 5. The resin of claim 1 wherein the resin further comprises 

poly(hydroxyalkanoate)scomprisingaterpolymermadeupfromabout75toabout99.9mole 

percentmonomerresiduesof3-hydroxybutyratefromabout0.1toabout25molepercent 

monomerresiduesof3-hydroxyhexanoateandfromabout0.1toabout25molepercentmonomer 

residues of a third 3-hydoxyalkanoate selected from the group consisting of 

poly(hydroxyhexanoate),poly(hydroxyoctanoate),poly(hydroxydecanoate),andmixturesthereof 

Claim6.Theresinofclaim1whereinthepolymerhasaweightaveragemolecularweight 

rangingfromabout50thousandDaltonstoabout2.5millionDaltons.  
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mole percent of a poly(hydroxyalkanoate) selected from the group consisting of
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Claim7.Theresinofclaim1, whereintheresincomprisesfromabout0.1weightpercent 

toabout3weightpercentofatleastonenucleatingagentselectedfromthegroupconsistingof 

erythritols, pentaerythritol, dipentaerythritols, artificialsweetenersstearatessorbitols, mannitols 

inositolspolyesterwaxesnanoclayspolyhydroxybutyrateboronnitrideandmixturesthereof 

Claim8.Theresinofclaim1,whereintheresinfurthercomprisesfromabout1weight 

percenttoabout40weightpercentofatleastonefillerselectedfromthegroupconsistingof 

calciumcarbonatetalcstarchzincoxideneutralaluminaandamixturethereof 

Claim9.Theresinofclaim1,whereintheresinfurthercomprisesfromabout1weight 

percenttoabout50weightpercentofpolymersselectedfromthegroupconsistingofpoly(lactic 

acid),poly(caprolactone),poly(ethylenesebicate),poly(butylenesuccinate),andpoly(butylene 

succinate-co-adipate),andcopolymersandblendsthereof 

Claim10.Theresinofclaim1, whereintheresinfurthercomprisesfromabout0.1weight 

percenttoabout3weightpercentofafattyacidamideslipagent.  

Claim11. Theresinofclaim1,whereintheresinhasamoisturevaportransmissionrateof 

about20g/m2 /dayorlessasmeasuredunderASTME96.  

Claim12.Theresinofclaim1, whereintheresinundergoesdegradationaccordingto 

ASTMD5511(anaerobicandaerobicenvironments),ASTM5988(soilenvironments),ASTM 

D5271(freshwaterenvironments),ASTMD6691(marineenvironments),ASTMD6868,or 

Claim13.Theresinofclaim1,whereintheresinfurther S 

compnsesfromabout0.05weight 

percenttoabout3weightpercentatleastonemeltstrengthenhancerselectedfromthegroup 

consistingofamultifunctionalepoxide~anepoxy-functionalstyrene-acrylicpolymersanorganic 

peroxide~anoxazoline~acarbodiimide~andmixturesthereof 

14 

ASTMD6400forindustrialandhomecompostability(insoil).
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