WD 00/ 59996 PCT/ US00/ 08706 PROCESS FOR MANUFACTURI NG A Bl OCDEGRADABLE
POLYMERI C COVPOSI TI ON CROSS REFERENCE TO RELATED APPLI CATIONS 5 Thi s

appl i caf«',qg %19% nms priority to provisional application 6QckArsodasiesfil ed
April 1, (5 , currently pending. TECHNI CAL FI ELD The present invention

relates to a pPPRGEESSFORMANUFACTURINGS BIODEURADABIE t hat contai n one
or nore degradants to faciplst ' ) he pol ynmer conponent.
BACKGROUND ART The use of pgggyiib nggﬂﬂ?be 1?$Ei:to i mproved net hods of
packagi ng goods. For exanpl e, polyethyl ene and pol ypropyl ene plastic

films ‘ RENCE FO/REL8FEBUOSPLICARIONKE" packages, and the |ike
provi de . relatrverlry unpreakapble, chemcally resistant |ight weight
packagi ng. Conv qiis £ppiitatiphagiine priosiedtol provisieaklagplicationdods, 798 ofiledx anpl e,
pol yet hyl ene, pol ypropyl ene, polystyrene, polyethylene terphthalate, and
pol yviApyil 1¢c h99; cumentlyRleadingcs have al so found wi de spread use in other

di sposabl e products such as, for exanple, disposable personal care
products such as di apers, disposable work garnments, and ot her 20 di sposable
garneqﬁﬁjﬂiﬁemﬁgﬁ'Eﬁfvantages of plastics has lead to their increased usage
in a “varrety of products. This increased usage, however, has created a
serious environnietipésenfihoditidmrelaies ¢ea phesy fos pieparinysd pdigmai sgmps@enof af t er
it is used. As a result of the stability and durability of plastics,

howHY ¢hat cohtein eneridt maye degradlants o facititaindégradation of ermebumerdeawepei ng after
di sposal. It has been estimated that over 50 percent of the annual tonnage
of all 25 manufactured synthetic polyners are applied as packagi ng
naterg§£§¥§£ﬁggﬁgéégggpercent of this ends up as a conponent of urban

gar bage: een estimated that recalcitrant plastic accunul ates
i n our environmeTHe &k ofiplastic® Hab gilen st kd prb oetbmpbdyefackding gogisof
plastics is an unsatisfactory disposal solution, since this tends to
danmagddresampleapalyethylare and pdigpropylgee plastivt films, bagsheattlesgstysofaaragupiir i ng
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such as M Cro-organi sns, egrade nost ‘ot’her forns of
polyethylene, polypropylene, polystyrene, polyethylene terphthalate, and polyvinyl chloride.

Plastics have also found wide spread use in other disposable products such as, for example,
disposable personal care products such as diapers, disposable work garments, and other

20 disposable garments. The many advantages of plastics has lead to their increased usage in a
variety of products. This increased usage, however, has created a serious environmental
problem, since the plastic must be disposed of after it is used. As a result of the stability and
durability of plastics, however, they tend to remain in our environment without decomposing
after disposal. It has been estimated that over 50 percent of the annual tonnage of all

25 manufactured synthetic polymers are applied as packaging materials and that 90 percent of
this ends up as a component of urban garbage. It has also been estimated that recalcitrant
plastic accumulates in our environment at a rate of 25 million tons per year.

Burning of plastics is an unsatisfactory disposal solution, since this tends to

damage incinerators due to the large quantity of heat generated during combustion and the

30 adverse effects from the discharged smoke that adds to air pollution and destruction of the
ozone layer. Similarly plastics, unlike paper and cardboard, are not readily destroyed by

natural means, such as degradation by micro-organisms, which degrade most other forms of
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-1 WD 00/59996 PCTIUSOO 08706 organic matter and return such matter to the
biological life cycle. Thus, burial in a waste site is also not an

ef f ect i VWWO®8/59996 of di sposal . The resul ting accunul ati on OfCHVEOBWE in our
envi r onorgaric neastet amtkethrh suchanatkdr té thel oldgichl lifelegcleniThgs, fbutbihldd atweastagirci t y;
unsightly litter _destroying the scenery and | andscape; and destruction of
the Ii visrlpoeelan eifeaiive means prdispasals Therreswting acHmulation of plstiesin@ur | n an
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friendly conpounds. These additives, commonly called degradants, 1ncrease
t he r &t Bfecind ddgr &atatsiofhifof t he plastic by 10 increasing the rate of

phot odegr adati on, _ bi ol ogi cal degradatjon, and/or chenical degradation.

Phot odegr adat i on Inapotf{asstoreeolyrthe eaviremspenial pyoblem, sdskitivesdiayerbeen t o under go

gradual reaction with atno eric oxygen rticularly.in.the presence of
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phot o- exdditied, ainahenlytchlied dopeiageRicreasdheiratalof dgaadation of kgt plhstiads to t he
generation of free radicals, which | eads to an auto-oxidation and eventual

di si ifebicerapipg thsrraternd phpiedegradationy biokegien! degredasionhand/erethemigal degradationed t wo
t echnol ogi cal app ches: . (.a) .introduction. of hqt osensi tive functional
group into the pof’@%gqggr%qaﬂleﬁ)mvgﬂjv Sg}ge gqmrgh}gpggr@ﬁg?wg Prob'é’é%ﬁf%m’c 2% he
pol yrer ; . : d ' S

comer C?M Qg%hgfggﬁhgigpg%h}é{ﬁ?&%ﬂcﬂ%ﬁnﬁﬁla Y %@?)ﬁﬁé}g%cﬁt h 9 Ifrﬁ! %‘?ﬁc%r bi de
Co., anghdasemsitizing agent i traployediid ordert torzecelerprel thiswanesinemicatyl The avai | abl e
from Ecopl astics Co. are exanples of introducing a photosensitive

f unct i oRbetosenBitiping sdditive abseabs wraviotes lighifego dtam sunlightliang thadsitbeeinsthe i ve
o TR PRt B Wstees A hrRioa eapa hAEa 1 SR Ao AR R IES ¢ hat
devel opggh; s%ilgggeéés-tﬁggﬁe- ?aﬁ%ﬁaﬂgé%rﬂéﬁﬁi#ﬁ%#g}?%%ﬁg@nsgi fio. 4,360, 606.

The thermal oxi I on follows the 1nitia t O al I'nitiation

st ep maphéedaeadiion ahegenellyliavaldet twoocigfoleital apsrohetiesal)entsathistignees. The
aut o- oxi di zabl e subst ances nmay al so increase the rate or efficiency of the
phot oc hehetesgnsigive functional group into the polymer; or (b) adding of photosensitive reagents to

the polymer. A copolymer of ethylene and carbon monoxide, such as those commercially
20 available from Dow Chemical Co., DuPont Co., Union Carbide Co., and Bayer Co., or the
vinyl ketone copolymer commercially available from Ecoplastics Co. are examples of
introducing a photosensitive functional group into the polymer. The approach of adding
photosensitive reagents is exemplified by the commercially available polymers of Ampacet
Co. and Ideamasters Co. that contain an added metal complex, such as that developed by

Scott-Gilead Co. as disclosed in U.S. Patent No. 4,360,606. The thermal oxidation that
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follows the initial photochemical initiation step may be accelerated by the addition of auto-
oxidizable substances. The auto-oxidizable substances may also increase the rate or
efficiency of the photochemical step.

Biodegradable plastics developed so far include, as the degradable material,

30 polymeric products of microorganisms such as poly-p-hydroxybutylate, polymers synthesized



Bi odegr adabl e pl astics devel oped so far include, as the degradable
material, 30 polyneric products of m croorgani sns such as

pol y- ( 3- W58t yl at e, pol yners synt hesi zed -2 WO 00/ 5BGHES00/08706

PCT/ USOfro88bioéheniicalsrpiniducdiey mirsorpamising etletnjcatty symthesjzedi atiphaticcpodyeseas, | y
synt hesi zed al i phati ¢ pol yesters, or naturally synthesized polyners, such
as st ar Chngghrallysynthesizgdpolysaers,fuchas starcB pp cBHIN. di scl oses t her nopl asti ¢

iti t qi @i It of a fatt id and.a free.carboxyl i
el 6. Conpr esst on o1 BN et 2 dhsefe it iplaE orRRt B f b gy ¢
fatty agicthlamdofa fi§ckPiaINd Grilyfic 8601 Widhiffe3tAhSed lBSwhitgf or e the

filmbecane enbrittl'ed when exposed™to light than filns containing only the
met al 5 pxobutiedrbatietht methl Salt PAs éatty a8idaht], a7fvée cirbadydis asidaxtibited dhdrte tipleast i ¢
cont ai ni n nic photosensitizer and at | east one organic derivative

of atrd& é" &’62{ - egpme pbritled when exposed to Heht thenims containiag @nbixthe metale

reaction o(%fe tge tphot osensitizer and is sustained by the organic derivative
of a tr&NSI el hetal. The plastic will continue to oxidize in the dark

after an initial (eEPOSLS 949, MMbidiRYdsed £Hedra@ible ?15&@' coﬁ%ﬁrﬁﬂ% aﬁleag[al?ﬁcggdﬁ 855
rs of a-olefins co

di scl oses thernoplastic polyners or copol al ni ng one
or nor e photasaisitizenarmiedt ddast onEleeggid derbvatico oPo srahdiinsmetad Degaasti is 15 under
the action of sunlight and/or ultraviolet light and may al so be subject to
t her id) 1iHgfed % pinbato-exidativegeastipn Rbthephosensitives pad issystaingd i1 gheergmie
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and at leepsshrediltRAsNE lfgraUt OXi di zabl e organic material. 20 U S Patent No.
4,156, 666 di scl oses a degradabl e polyolefin resin conprising a polyolefin,
a fatty acid or ediBrPaéntNd. 8199¢,846 idikchnes termayiinyidrpotynsdrs phedpotyradrs ehol |
and optionally an inorganic filler. The resins are nolding resins and

degr ade %PleHnseastaiping @ne er morafrangition metals. Fhe palymes compogdtossre degadadses a

navi 5 ArGsap Rt SR o B GR IR LBl A8 g B bt b Beelal conol or
et hyl enidggtlawidﬁnsat urated ester derived therefromas a readily
U.S. Patent No. 4,101,720 discloses a degradable plastic composition that
includes an organic polymeric material having dispersed therein at least one organic
derivative of a transition metal and at least one readily autoxidizable organic material.
20 U.S. Patent No. 4,156,666 discloses a degradable polyolefin resin comprising
a polyolefin, a fatty acid or ester of a fatty acid and a monohydric aliphatic alcohol, and
optionally an inorganic filler. The resins are molding resins and degrade when subjected to
sunlight.
U.S. Patent No. 4,256,851 discloses a degradable plastic composition
25 comprising an organic polymeric material having dispersed therein at least one ethylenically
unsaturated alcohol or ethylenically unsaturated ester derived therefrom as a readily
autoxidizable substance.
U.S. Patent No. 4,360,606 discloses a plastic composition containing an
organic photosensitizer and at least one readily autoxidizable organic substance. Exposure of
30 the polymeric material to an artificial source of light or sunlight initiates a chemical

degradation process. The initial photochemical reaction is followed by susbequent reactions
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aut oxi di zabl e substance. U S. Patent No. 4, 360,606 discloses a plastic
conposi tion containing an organic photosensitizer and at |east one readily
aut oxi diwelbe/s9996 gani ¢ subst ance. Exposure of 30 the pol WelfUSOREPerial to
an art ithatare¢ssamially ¢hevtnal (i.ghmoniphetocherichl)i The reatldy aatoxidezableaubsiamgeadat i on
process. The i n|t|aI Bhot ochem cal reaction is followed by susbequent

react i (&eelerags o th autexidatron sieptha fadlo wsitheyinitigl phetoskaspical Stgp. t her mal

.e., h Th dj d |
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conposition that contains a conplex of two different netals. A conbination
of |rfomd«eﬂcdﬁnpnmldebrowmdapauhaimeqbph&to@a@ﬂbnnﬁ&x& pohohadegipasiabhon of the

pol ymer conposition. ent No. 4,476,255 discloses a plastic

conposi t | on cont &8 B@}e%ﬁ N‘Mﬁy‘l&%ﬁsdlﬁql%é? apb@}s%@rﬂbosmortm%n@g@u c

corrp05| nto natygral s or artificial sourc Itr V|0Iet | i ght
i e atetRetsiie FmeuR M elntetrasicn f et ey oyfess

di scl 0%@@&@@1@@%&&@@&@%%&3@%&% okigh. 10 compri ses a styrene
resin and at |east one photodegradable agent selected from benzophenone,

ant hr oqui none, f |W.St Batent Nard, 318 dibuedosek alpkiylodigrhdubisstyehe raiythahal i des,
and derivatjves of these corrpounds and optionally at |east one
phot b@é@n@mw Estyrene resipanskat legstonephiotedegradablg agant salggedifron oses

th t t t hat ' d d bst
Such adBapendi, Kool RERE AR xtelfins, RV ReRnfl pReREPhaaRe oo or
of a faénumea%tﬂfes IPeeSOBRRSIUNIO BRI SFonh ) ekt bﬁ@khksi?d%@da% d9RLIErafrher

transition netal conpounds to catal'yze degradatio e polyner. The

pol yner corrp05| tW SnBatanteNoled)9a1 488 disdipses thernapldsto polynite abmpositieds that
ul travi ol et ght. U.S. Patent No. 4,983,645 discloses that the addition of
canphorlqalpﬁm élosisgraé%hlgf&M@mﬁéu@ltwt@ﬁb;tae%mﬁ@npn@ﬂwm@tandra fafty t he
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contains a out 3 to 40 percent” sta e terlor ers conprise
pol yet hyongpositivnslaretideadsd umdee the action of heat and/or ultrav1olet light.

U.S. Patent No. 4,983,645 discloses that the addition of camphorquinone to
polyethylene accelerates the photodegradation of the polymer when the polymer is exposed to

20 ultraviolet light.

U.S. Patent No. 5,091,262 discloses a biodegradable multilayer polvethylene
film produced by a conventional extrusion process. The inner layer of the film contains about
3 to 40 percent starch and the exterior layers comprise polyethylene and at least one
prodegradant to facilitate degradation of the outer layers and expose the starch filled inner

25 layers.

U.S. Patent No. 5,096,939 discloses a polymeric composition with enhanced
reactivity toward oxidative and/or photo-oxidative degradation. The rate of degradation is
enhanced by incorporating at least one alkoxylated ethylenically unsaturated compound as an
organic photosensitizer. The compositions may further include other readily oxidizable

30 substances.



prodegradant to facilitate degradation of the outer |ayers and expose the
starch filled inner 25 layers. U S. Patent No. 5,096,939 discloses a

pol yner iWO8YMIi ti on Wi th enhanced reactivity toward oXiCHA{S0VE874d/ or
phot o- oxi dat i ve dbgy.2atent o, 5,78k 19Zdisclosesdaulpetbylemacapelyneen madifeat toy

I ncorporati.ng, at | east, one al koxyl| ated ethylenically unsaturated conpound
as an GYHHACEOMIAIRRIGINqIPYSs, Wﬁéhéi’%hﬁbgﬁ‘ﬁ%hsrﬂﬁa%&%gpo P’ﬁ‘e?‘t?géls ot her
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chr onmonaddekit6 virRingiolyeshylevei refideadmhe icbmpbsiviay aldee Siseeptibl et Bfadibien 200 nm

such as para-substituted benzenes and anthracenes, chem cally bonded
t her eforad®tiencopol ymer, when added to virgin pol yethyl ene renders the

conposition nore eptibl e raviolet 5 radiafion, US. Patent No.
5, 145, 779 di scl os@?‘&a&”&gﬂ@sg’ﬁgﬁ%%@ﬁi’l&ﬁﬁsﬁé’r@esﬁgor gﬁﬁﬁ’rﬁacz tBICGF‘ﬁ ast ar ch
cont ai nj $aittth L.onl n- | ' gani. . U S Patent No.
5, 258, 45%98?{5%5 osél_s 90%8%%8% @tﬁﬁ%ﬁ%ﬁdg@%&?ﬁﬁ%&?&e@g "}%{rpérfopl astic

conposi tions conpu.$.iPagndNohs 2R AbAdistiosdUorifdktabR A Biddeytadgib! Y unst abl e
10 antioxidant, a pro-oxidant, an accelerator, and a property nodifier.

U. S. Pathsrmoplastics:08(@5iti08s chimsprisieges thermeplasticdatyeerg b Asdotyicalty omstgidsi t i on

conpqased of .an el astonmer A-B-A. bl ock_ copol ymer, where A and A are each a
t her mop AYGX t’ﬁd?r?ﬁérdpa%éﬁla%i@rgﬁﬁaBd?sPr%PeEWHPQfB $ed di ene mononer havi ng

a | ow degree of resg t ' raf. | val.efin. and an
ef fective amunt gj?s'sirégér?él]\]?i g,ﬁb%g?gpﬁg@%%;@%ﬁga%?ggﬁo%pg801?11:{?%1 & bl end
of the pehiedeehf in slastoRleP AKB LG K ®polyhhte, @h&%t&ﬁﬁrACar%HapaSﬂfehﬁgblasﬁc
degrades in thermally oxidative environnments. U S. Patent No. 5,378,738
di scl ospelymebendhdopkeantd!B s aionpigated piodunembninr hasnidiaigwalegreb of sosatual hat
I nparts @ﬂpydrophi lic property to the plastic so that the plastic is
deconpoSByleBif UBsaratigm 2 Rel¥alelinmng an effsgliveameyt of travsitionymetg] eumryed a
degr ada . . hti iS4 entially,. of a.thernopl.astic
Dol yagr mcsg'lr%lgég ; Oenglglgcp mg)ft;hg rpﬁ@o%a?i?x@ﬁnﬁg&%gﬁ?/@mcr %e daStom2ric composition
degrades in thermally oxidative environments.

U.S. Patent No. 5,378,738 discloses a biodegradable plastic produced by
adding a substance that imparts a hydrophilic property to the plastic so that the plastic is
decomposed by Blasidomycetes.

20 U.S. Patent No. 5,444,107 discloses a degradable polymer composition
consisting essentially of a thermoplastic polymer composition comprising primarily poly-
lactic acid or a copolymer of lactic acid and another hydroxy-carboxylic acid and starch
and/or modified starch. The degradation rate of the polymer composition is controlled by the
varying the amount of starch and/or modified starch.
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U.S. Patent No. 5,461,093 discloses a biodegradable polyethylene
composition. The composition includes starch chemically bonding to polyethylene with a
coupling agent, a radical initiator, a Lewis acid, an autooxidizing agent, and a plasticizer.

U.S. Patent No. 5,565,503 discloses a film of a biodegradable polyolefin resin.
The resin contains fillers selected from the group including inorganic carbonate, synthetic

30 carbonates, nepheline syenite, magnesium hydroxide, aluminum trihydrate, diatamaceous



| actic acid or a copolynmer of lactic acid and anot her hydroxy-carboxylic
acid and starch and/or nodified starch. The degradation rate of the

pol ynmer wonqseeé i on is controlled by the varying the amB&GHUSP0&04 ch
and/ or eunttj ficagnattmal ehsynfietit/sificaf@bleined My, or, Mbiyretherkiof ahds arta

bi odegr adabl e pol yet hyl ene conposition. The conposition includes starch
chem caﬂarlgpmmwrpéegwyét hyl ene with a coupling agent, a radical

initiator, a Lew i d n | di zi ng _agent, .and a,plasticizer. U S.
pat ent. N, 5, 565, 803 aFaCRESRE 43 Aot s rBlranf e Rt BeERls ¢ osn.
The 1 eSidihadkdd® of cbhRhfa® thal o Rl (OPRIYBRAAL TR dddtWadBadelOn 0aNI €
carbonate, synthetic 30 carbonates, nepheline syenite, gnesi um hydr oxi de,
al um fiwonibindtiotredtaemetali cattxgaeoasl an Hiph@liOpdls B9 xPCADISARAAIB 706 eart h,

m ca, natural or synthetic silicas, calcined clay, or mxtures thereof and

a netal car boxyl HtS PaeneNpr bl t@lodistlosey adiodegradable plastis compositon di scl oses
a chemcally degr bl &/ conpost abl dditi.v ac e qr,.goncentrate that
7 naaeArs oty b B 4 et aped e Hatch iy SheR el SEcodf PR BR o5 *a 1ot al
car boxy, i RaAdeki {Mg | . Patent No.

5, 861, 4%‘%b§?§§%3§{ebs§§abi odgelgrdg§g%’lee pPS?%‘?%Q’E‘gE os??iegﬁ}yegﬁgr acterized in
that a thernopl asUis Pawedi Noe$l866,634 tis¢loses hdrivdegtddgblepotienkrikpnipbsitiuse of a

coupling agent to a matrix resin of polyethylene and a bi odegradabl e
pol yé8teamprising pabylaetis acihymixedgwieh 8 palygstactype bipdagmdadrpelamsbl e pol yner

oy ohoor atabl o pot b paient BoPROYLAT iEcBEsG b Ripdibl HBuB S PRt 8 b
pl asti cre@EResy éoin&eua@qh@raté*@ftﬂlegﬁgfr&raps& Bf ﬂx@'b‘ic%}d%@raﬁﬁﬁe ?fe{sﬁc Ofhe rate of

bi odegradati on of the biodegradable plastic. The rate degradation is
cont r ol depgladayionikiongoHed by hdiing aicakdoditmiizwothpbond toethd bivdegradatsidbplastid.ast i c.
The carbodiimde is mxed into the plastic by dissolving the plastic and

car bodi The epsbediinide isgnixed antp chesplpsticrhy dissolving thernlantio iand carhedigmigigrin ensol vent

by distillati I Xi ng. t bodjimde.w.th. th lastic, b
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is a bl gpgofifmid uﬁﬂ’i&ﬂ@#faé’ticﬂéfﬁleﬁ-l@@%gal |l y saturated polyner and a | ess
&E Fy unsa d poly

st abl e chem cal ur at mer- or copol yner, an anti-oxidant active
over a limted peW®g8mb354 dieclosd’dch degladhbletpobiter composition that is a blend of a

normally stable chemically saturated polymer and a less stable chemically unsaturated
polymer or copolymer, an anti-oxidant active over a limited period of time, and a latent pro-
20 oxidant, such as an organic salt of a transition metal.

WO 92/11298 discloses a photodegradable thermoplastic composition that
includes a first transition metal compound, a second transition metal compound, and an
aromatic ketone. The second transition metal compound acts as a catalyst with the first
transition metal compound to enhance degradation of the thermoplastic material. The

25 aromatic ketone has a synergistic effect that increases photodegradation of the plastic.

WO 94/13735 discloses a degradable thermoplastic compositions. The
compositions include a thermoplastic polymer component combined with a directly
biodegradable component, an oxidizable component, transition metal additives, and an
aromatic ketone. The polymeric material degrades in three stages. The first stage is

30 biological removal of the directly biodegradable component which results in mass reduction

and a highly porous material. The second stage is chemical and results in oxidative

-6-



20 oxi dant, such as an organic salt of a transition netal. WD 92/11298
di scl oses a ({)hot odegr adabl e thernopl astic conposition that includes a
first tr3H3PYI98Y metal conpound, a second transition net aPCIBRAYIRE and an
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conponent, an oxi di zabl e conponent, transition netal additives, and an
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and the weiighubfshag@lymienvmhe/IeSumh@bﬁ@i&agomﬁ@%hiaﬁgﬁtxg)&letdégmh% frh&eul ar
ants are o ed

wei ght fragments. The one or nore degra en ad to virgin
pol yner Wsetpolatter masufagiyripgopearatipns shéheass extruspanydigm bidwinpgorelding tpol ymer

d ' th dants to th lted 5 pal , moxi the d dant
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d ext | ' ' . | e f f. th
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per cent prasidthgonffidient hesitgdmelf thelpolyRadranB the hafpdvas ebit REpLtouded pol yner
containing the degradants is then wused in |atter manufacturing operations

such as,reagltingstapn Merepyiarbthewrengss is detrhatitalgo the qualipr afidhe fina poiyimdr bigridi cl e.
Expens: VBT gheaach re of et Bl melinech Bplvmat ddids therheabhighrcniahly cost s
manpospr Bat A ARG s i inhd b Rlad B ¥ bR over - [he process 15
event of heating ang nolt) e a porreogrAnRE ARG iR me e En o

pol yner beihings resterbatehing involves adiingla gackdge thanimfuded thelepdeits ilMbe omaf t en,

t he one c%r nor e .degr adant.s .are added to vi rgi n polymer by nmaster
of a master batch to the virgin polymer. A master baich is a blénd of the polymer containing

high concentrations of the degradants. The master batch is prepared by the process described
20 above except that higher concentrations of degradants are added to the virgin polymer.
Typically a master batch contains between about 5 to 20 percent of the degradants by weight
of the polymer and may contain as much as 30 percent of the degradants by weight of the
polymer. Polymer compositions for final use, having the desired lower concentration of
degradants, are then prepared by combining remelted virgin polymer and remelted polymer
25 from the master batch in a ratio so as to provide a desired final concentration. Typically the
weight ratio of virgin polymer to master batch is about 5:1. An extruder, such as a twin screw
extruder, is typically used to mix the two polymer compositions and to disperse the master
batch degradants throughout the virgin polymer. The resultant mixture is then extruded into
pellets or other useable form of the polymer for use in latter manufacturing operations such

30 as, extrusion, film blowing, or molding to produce a final article.
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Furthernore, nmster batches are inconvenient to use since, due to the high
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t her ef o, e red,.for.a ljmted | th of tjine hus, they nust
of t enfﬁé’%%‘f"gfé‘ﬁgghﬁ(%eg%ia@??@%‘el Thisythets N B‘F‘%% f {mprgued mﬁ‘é?P-E{%afPFﬁP g e
hi gh co drabhPbsitios @A ' peal l'y
| eads tory(\a ggh% erigl?ation of gﬁiﬁggg??&n%r@?lﬁﬁfrﬁténdﬁggéégr%ﬁggﬁlgﬁ%dgﬁﬁﬁ?%gh

r esul t s higheaqéalitppradatty rife cutrant insemifonipaéedéswuchiapradeys. This is especially
true when the polyner is subjected to the high tenperatures necessary for
extrusion or filmblow ng. The difficulty in obtaining a polyner of high

qual i tymmmi ated with preparing polymers containing
degr ada t hese products

20 The present invention is directed to a method for manufacturing a polymer

component containing a degradant component. The method includes the steps of
polymerizing one or more monomers to provide a fluid polymer component, and directly
combining the fluid polymer component and degradant component to form a blend and to
distribute the degradant component substantially homogeneously throughout the fluid

25 polymer component. The method may further include the step of solidifying the blend
sufficiently to inhibit further distribution of the degradant component in the blend. The
combining may be accomplished with an extruder.

The degradant component may be added in an amount of about 0.01 to 10

percent by weight of the polymer composition, preferably in an amount of about 0.1 to 5

30 percent by weight of the polymer composition, and more preferably in an amount of about 0.5

to 2 percent by weight of the polymer composition. The degradant component may be one or
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cheni catligegdr adant nay be one or nore of a conbination of a netal

car boxyl ate and a,?hal I phati c poly hydroxy-car bogél_ acid, a conbination of
metal car boxyl at e (D& RYIYMer fIpponsht may pg akleast one pE(ixhomemandesppolymers of

h ; ' i th f .
Pt oS PO i B AR, B CorS BB FE o drdosB iy RbtsHer BnheBletios withni ¢ 10
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unsaturated fatty acids, natural and synthetic resins, and m xt Ures
t her eof hydPogeneted mhadificdtions! dgrada(it) hoanp and nopaptersfdf siygenes] (virespotyan@enent
are hormfgeneousl y distributed. The degradant_ conponent nmay be

of one or mor€ styrenes with other vinyl monomers; (vi) graft copolymers of styrenes on

polybutadienes, polybutadiene/styrene copolymers, and polybutadiene/acrylonitrile

20 copolymers; styrene or a-methylstyrene and acrylonitrile or methacrylonitrile on
polybutadiene; styrene and maleic anhydride on polybutadiene; styrene, acrylonitrile and
maleic anhydride or maleimide on polybutadiene; styrene and acrylonitrile on
ethylene/propylene/diene copolymers; styrene and acrylonitrile on polyalkyl acrylates or
methacrylates; and styrene and acrylonitrile on acrylate/butadiene copolymers; (vii) halogen-

o
n

containing polymers; (viii) homo- and copolymers derived from o,f-unsaturated acids and
derivatives thereof; (ix) copolymers of homo- and copolymers derived from «,B-unsaturated
acids and derivatives thereof with other unsaturated monomers; (x) homo- and copolymers
derived from unsaturated alcohols and amines or the acyl derivatives or acetals thereof, and
copolymers of these monomers with other ethylenically unsaturated monomers; (xi) homo-
30 and copolymers of cyclic ethers and copolymers of these with bisglycidy] ethers; (xii)

polyacetals; polyoxymethylenes which contain ethylene oxide as a comonomer; and

9-
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nodi fied with thernoplastic pol yuret s, acrylates and/ or

pol yphenglyether sukfiodess amhpolgethér ldtsnesy (xixy yropedinked pgl}ymemdeﬂi&ed frech dldehynde t
hydroxy-functional , conponents with aljiphatic and/or aromatic isocyanates;
(XV) poF?PA{%P%félen epse B¥0) drumeded nopwirying @lkyd gesies; £aii awsatarated molseyier ¢

P > . ) 1o | Wi th
o t e PRl Qe 8 R BK S of e apt B sl PRSP Bl e wi eh
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el astonersS,” or pol yethers;” and pol yam des co e urimg processing (R'M
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(xvii) pev)akidiesingdiolxesier rastmn andasryiateyesins eresstisked with melamine resins, urea

resins, isocyanates, isocyanurates, carbamates, or epoxy resins; (xxv) crosslinked epoxy

20 resins derived from aliphatic, cycloaliphatic, heterocyclic, and/or aromatic glycidyl
compounds which are crosslinked with hardeners; (xxvi) polysiloxanes; (xxvii) Michael
addition polymers of amines or blocked amines with activated unsaturated and/or methylene
compounds; (xxviii) polyketimines in combination with unsaturated acrylic polyacetoacetate

resins or unsaturated acrylic resins; (xxix) radiation curable compositions containing

o
W

ethylenically unsaturated monomers or oligomers and a polyunsaturated aliphatic oligomer;
and (xxx) epoxymelamine resins such as light-stable epoxy resins cross-linked by an epoxy
functional coetherified high solids melamine resin. In one embodiment the monomers
comprise at least one of ethylene, propylene, styrene, or mixtures thereof. Preferably, the
polymer component is substantially free of an inhibitor component.

30 The method may further include combining an inhibitor component with the

fluid polymer in an amount sufficient to inhibit degradation of the polymer during processing.
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The method may further include conbining an inhibitor conponent with the
fluid pol ymer in aReamsOHen Al dirested at metheds of makingreapidymenartiélet he pol ymer

duri I nel. 10 WO 00/ 59996 PCTI USOQ 08706 The i nhi.bj

R S R e e T e
h | i L hi.t . .t . b Ui |
R R R R S R

pr ocess andydegratidhocompapatiof ford a bendunt te Histribiee hkidegrapimeefponchtso that the
pol ymer begins to degrade after the inhibitor 5 conponent is depleted,
wher ei nSgbsiangigdy homagensapsiin throughouhihe fluidpolpmer eerspongni, solidifying thedidnde
Ki i f t.h I .. The,inhibjt t b
\é\ﬁ{ i I_ gg ng‘ﬁt _u(i)ch?}gﬁ)_ep 1% goenrent and delg?a ant co%po%gn , gr?c? POI‘I‘Illnl’ngthe gol?(ﬂﬁed biend
20 into a polymeric article. The forming may involve the steps of remelting the solidified blend
and shaping the blend into an article. The shaping may be accomplished by one or more of
extrusion, extrusion blowing, film casting, film blowing, calendering, injection molding,

blow molding, compression molding, thermoforming, or rotational casting.

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present process is used to prepare polymers that are degradable. The
process of the present invention combines a polymer component with a degradant component
immediately after the polymer has been synthesized. The process involves the steps of
polymerizing one or more monomers to provide a fluid polymer component; adding a
30 degradant component to the fluid polymer component to form a blend of the fluid polymer

component and the degradant component, preferably directly after the polymer has been
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acconpl| deghastantgomposenris added. @fithoegh thesdegradarodomminent ibpreféralgly atidddeockst i ng,
] cal endering, injection polding, blow nolding, conpression

i 1 m bl . Npr €
];nl)l g}lﬁgﬁ‘\ﬁwfl %&WGPW%‘EN gpmediataly mlth%a@lwﬁghaszlwemamh@@gmsmemom OF

hat arseSan ana et {08 MGl bo RESEFaert tRGRieR sRthnbnce &
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has been synthesized. The process involves the steps polymerizing one
or nor eByredding tte degradaundodmpoaeritlimintbdpxndly after the pplynenis syaddsingd, aha30
ent to the fluid polyner conponent to forma blend of the

19 ?8[ Sdﬁé}?m‘%% Bp&gm%ﬁverawa aypids thegindesirablenged do eqmc;lt ibe gg@m“@'ﬁ@ﬂ i_éhec'él ly
] 0/,59996 PCT/ USOQ/,08706 . .synt hesj zed:;
o i i, ety Enohas, 5005 e MBI R sdeiated R S el SR blog  hat

the decidigtanla GEITRERREEoriofiS ibnil i tcali-AOTPARRERY Hekrdl GHrbh
t hr oughout ?hae | ui d pool yr%er conporllenta.ZTh I 'en g#g te%e %w ghgﬁeymar and
degr adapulymenplraemehting stepasetiregy fméristliefand dnanpower intensive and, thus, costly.

The process of the present invention realizes a substantial reduction in cost by avoiding this

step. Moreover, a better quality polymer is produced by the process of the present invention.
20 Eliminating the additional step of remelting the polymer means that the polymer is exposed to

less heating and hence, the polymer suffers less thermal degradation. Moreover, the present

invention facilitates substantially homogeneously distributing the degradant component in the

fluid polymer. Thus, the process of the present invention is less expensive and provides a

better quality polymer compared to prior art processes that require remelting the polvmer to
25 add the degradant component.

The present invention also provides numerous advantages over the prior art
process of master batching to producing polymers containing degradants. Firstly, the process
of the present invention completely avoids the use of a master batch and the disadvantages
associated with using a master batch. For example, the process of the present invention is

30 more cost effective since it avoids the step of making the master batch and, as discussed

above, avoids an expensive remelting step wherein the master batch is combined with the
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5 Inportantly, the process of the present invention adds the degradant
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t o pri orindextreginncEsiag highhatlt iigxirdsins) Rowedver,gay fEnprohisthe feality of ddinahe
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20 may have a melt index or other property that is different from that of the virgin polymer.
According to the process of the invention the degradant component is substantially
homogeneously distributed, preferably homogeneously distributed, in the fluid polymer. In
addition, by avoiding multiple mixing steps, i.e., a mixing step to prepare the master batch
and a mixing step to prepare the final polymer, the process of the present invention is more

25 reproducible than the prior art process using a master batch. Yet another advantage of the
process of the present invention is that small amounts stabilizers such as anti-oxidants can be
added to the polymers to prevent degradation during processing. Preventing degradation of
the polymer during processing by adding small amounts of stabilizers, however, is not
possible with master batches, since the stabilizers are ineffective in the presence of the high

30 concentration of degradants present in the master batch. Still another advantage of the
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can be added to the polyners to prevent degradation during processing.
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20 ordinary skill in the art including, but not limited to, extrusion, extrusion blowing, film

casting, film blowing, calendering, injection molding, blow molding, compression molding,
thermoforming, and rotational casting.
By "degradant component" is meant any additive or mixture of additives that,

when added to the polymer, increases the rate of polymer degradation.

o
(4}

The term "degradable” or "degradation" is intended to mean that the polymer
undergoes an irreversible process that leads to a significant change in the chemical and/or
physical structure of the material that is typically characterized by a loss of physical or
chemical properties, such as integrity, molecular weight, molecular structure, mechanical
strength. and/or fragmentation. Preferably, the polymer is degraded to a benign non-toxic

30 material that is not harmful to the environment.
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20 The polymer component may be any polymer or mixture of polymers. The

term "polymer component” or "polymeric material" includes, but is not limited to,
homopolymers; copolymers, such as, for example, block, graft, random, and alternating
copolymers, terpolymers, etc.; and blends and modifications thereof. Furthermore, the term

polymer includes all possible geometrical configurations of the material including, but not

o
wn

limited to, isotactic, syndiotactic, isomeric, and random symmetries.

Non-limiting examples of specific polymers that may be used in the process of
the invention, include, but are not limited to, materials in the following categories, or
combinations thereof:

1. Homo- and copolymers of monoolefins and diolefins, including but not limited to,
30 isobutylene. butene, methylpentene, hexene, heptene, octene, isoprene, butadiene, hexadiene,

dicyclopentadiene, ethylidene, and cycloolefins such as cyclopentene and norbornene;
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of on§ or m)ge m cal reactlons such as, for exanple, hydrolysis, thermnal
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processes. 20 The pol ynmer cofponent may be any pol yner or m xture
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Non-limting exanpl es ‘of specific polyhers nay be used 1 n the process

of  t hecdpolyamirs.and po}ydnhtadmne/lacnylcmntﬂlmmmlymerh estiyrene (ofat@eihglssyree) ahé
foll owi ng categories
acrylonitrile (or methacrylomtrlle) on polybutadiene; styrene and maleic anhydride on

polybutadiene; styrene, acrylonitrile and maleic anhydride or maleimide on polybutadiene;
20 styrene and acrylonitrile on ethylene/propylene/diene copolymers; styrene and acrylonitrile
on polyalkyl acrylates or methacrylates; and styrene and acrylonitrile on acrylate/butadiene
copolymers;
7. Halogen-containing polymers such as polychloroprene; chlorinated rubbers;
chlorinated and brominated isobutylene/isoprene copolymers; chlorinated or sulfochlorinated
25 polyethylene; copolymers of ethylene and chlorinated ethylene; epichlorohydrin polymers
and copolymers; and polymers and copolymers of halogen-containing vinyl compounds such
as vinyl chloride, vinylidene chloride, vinyl fluoride, and/or vinylidene fluoride and other
vinyl monomers;
8. Homo- and copolymers derived from o,(-unsaturated acids and derivatives thereof
30 such as acrylic acid, methacrylic acid, acrylates, methacrylates, acrylamides, and

acrylonitriles;
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conbi nati ons thereof: 1. Honpb- and copol yners of nonool ef ns and di ol ef s,
I ncluding but not limted to, 30 isobutylene. butene, net hlylg)entene,
hexene, WOWPPEMI octene, isoprene, butadi ene, hexadi ene, PCT/US00/08706
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and nethacrylic acid; acrylates and nethacryl ates; acryl am des;

acryl oni tri | &b; Homoyndenpobjmerg sficyrliastherdsuck aealkylent glyaokstaat alkybgmel yner s) ;

vinyl__hal.i des; vinylidene halides; | ei ¢ anhydride; and allyl _ conpounds
such lasmgri?swse-gam@ PpyIEne S %ﬁwlﬁﬁlﬁPnewvéq%d@ﬂ well presopolmerewithyat i ves

t her eof i s include styrene acrylonitrile (SAN) and acryl ate
styreneblgél?fllﬁgﬁ%r?’le (ASA); 6. Gaft copolyners of styrenes on

pol ybut adi engs, Pel9hosilé atheB poBloxy@BRylehe BAd H¥BE folydtiinethylenes which
pol ybut adi ene/ acrylonitrile copolyners; styrene (of a-nmethylstyrene) and

acr yl ontoentaih ethytane wasidezas mydooonbmiet; @nd polyosymbthy decmeodifiet withntheranplasat ei ¢
anhydri de on _ pol ybut adi eg}a; ﬁéérene, acrylonitrile and mal ei ¢ anhydri de or
mal ei m BRYBIKI8ES, Ber tfsand/or tyrene and acrylonitrile on

et hyllsne/ pr owl g@gé@é&&ﬁgﬁgﬁ%ﬁ%@@g&yr ene and acrylonitrile on
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ST o e RS R BRI e
| sobut yhleols, polyethess, polyestymsepalyaarylicsy ambdrgmlybutaiiddes,ohitioaliphatie dnd/or
aromatic isocyanates, as well as precursors thereof;
15. Polyamides and copolyamides derived from diamines, dicarboxylic acids and/or
20 aminocarboxylic acids or the corresponding lactams, such as polyamide 4, polyamide 6,
polyamide 6/6, polyamide 6/10, polyamide 6/9, polyamide 6/12, polyamide 4/6, polyamide
12/12, polyamide 11 and polyamide 12; aromatic polyamides starting from m-xylene diamine
and adipic acid; polyamides prepared from hexamethylene diamine and isophthalic and/or
terephthalic acid, with or without an elastomer as a modifier, for example, poly-2,4,4-
25 trimethylhexamethylene terephthalamide or poly-m-phenylene isophthalamide; block
copolymers of the aforementioned polyamides with polyolefins, olefin copolymers, ionomers,
chemically bonded or grafted elastomers, or polyethers such as polyethylene glycol,
polypropylene glycol, or polytetramethylene glycol; and polyamides condensed during
processing (RIM polyamide systems);
30 16. Polyureas, polyimides, polyamide-imides, polyetherimides, polyesterimides,

polyhydantoins, and polybenzimidazoles;
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25 pol yet hyl ene; copol yners of ethylene and chl orinated ethyl ene;

epi chl or ohydrin pol yners and copol yners; and pol yners and copol yners of
hal ogen-%@Me/5398¢ ng vi nyl conpounds such as vinyl chlori dETYIRPF08ene
chl ori de, vi hyl Pélyessers deriveshfagro dicarboxiylid ecids,fdiols andfer byttoxptcarhoxyli¢ agids
nononers; 8. Hono- and copol yners der|ved from a, (3-unsat yrated I ds and
der i vat PUS CPHEsPeBding g‘t?‘%ﬁ?érﬁ“&% a%ﬁfﬂwt}lxlea%reaw %mﬁauéﬁ@& tgrephiGalpeat o,

met hacr t - ' Lomi L -

e/ UsobyBal i EYlsatloHBtne RafohuRiid AT bbb EBybekion, BOHEN U Bl0gk o, 1,
unsat ur gsmilly iR RERfsSderiv @ fromshydkr &yl Mmanddedlembr! PETGEPEN; PPU! 2 4898) ;
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al | yl Sapolyksstrs nzxddifyéd with pelycatbbndte gt MBSJyl et her, and derivatives thereof;
10. Hono- ang cgpoly rs derived fromunsaturated al cohols and am nes or
the acyl 5 d8rfolycarbaaatesandnofyester cHBPRAES: such as vinyl al cohol, vi nyl

acetate, vin Vi 'l | eate, vinyl butyral,
allyl al cohpl)[,b‘ gf’ﬁ%?%an%s’ é’?%ﬁrﬁmgfe%@ﬁd%ﬁér@é‘? 'yl phthalate, and
al Iyl nel am ng; Casssifited R%yrR@R bvER fForR aldeHGde FOMALHIRIISH Yisid sAEH&Y
et hyl eni cal ly unsaturated nononers nentioned above; 11. Hono- and

copol ymphenobformatdehydetesias sireaifonmakiehydeyresing, aghl yodarsina/formazdl&ahlyde eesink)
oxi des (e.g. p%I ypropyl ene oxid nd, pol yet hyl ene oxi de), as well as
copol ¥rer s wilh THNg ghe BPRrdry1Rg IESHS; Pol yacetal s such as

. . . | -
B X e amononde Cuitel Rl KT B8RSy Rt Sl o ' %
pol yur ebhgiéated Asdaboly RS adiisvith pYRRY dASalksholPahy PRONInERRINAX A& sshAking

sul fides; 14. Pol yurethanes derived from hydroxy-functional conponentS such
as pol yhgehts and lelegehealostaipog yetiifeatonstbegett ers, pol yacrylics, and/or
D ceur sor's. t Rt EopsShmEabl ATy e s s dEE FYRHEL SOTHRIes ST SHPPRY am nes.
0, 20| 5 OB, A OS5 U o B9 G ERRARTLTS,
pol yam de 6/ 94, pokyPRLidS, folykdter RAINSEAHIIRIALR re?N #BEHliHARed with melamine
resins, urea resins, isocyanates, isocyanurates, carbamates, or epoxy resins;
25. Crosslinked epoxy resins derived from aliphatic, cycloaliphatic, heterocyclic,
and/or aromatic glycidyl compounds such as bisphenol A and bisphenol F, which are
20 crosslinked with hardeners such as anhydrides or amines;
26. Polysiloxanes;
27. Michael addition polymers of amines or blocked amines (e.g., ketimines) with
activated unsaturated and/or methylene compounds such as acrylates and methacrylates,
maleates, and acetoacetates;
25 28. Polyketimines in combination with unsaturated acrylic polyacetoacetate resins or
with unsaturated acrylic resins including urethane acrylates, polyether acrylates, vinyl or acryl
copolymers with pendant unsaturated groups, and acrylated melamines;
29. Radiation curable compositions containing ethylenically unsaturated monomers
or oligomers and a polyunsaturated aliphatic oligomer;
30 30. Epoxymelamine resins such as light-stable epoxy resins cross-linked by an epoxy

functional coetherified high solids melamine resin.
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Pol ysul fROBESOPIIeIey pelystyrena) drdnensls téﬁndofpol yet her ketones; 20. Crosslinked

derived f | dehyd d ti.on resins such as_ .
Phenol] T or mal dehy dUoF SN CHrEBIMEE Al AR jRBoRee) okl in the art may be
| am LS, | .non-dry a resi ns;
rzng amng :@3‘%@%@@%& '% ge‘c'r%@g% }on%lg ?a(gcle\slecfy t\h%] %g%ngb%\ieggg?e?‘ggg?gr%&é%r ated and

unsat ur abafpodert aidycey farexadplsond dmerelof AYHbiodegh8a1 8F PhABSENM, a COMPOUNds
as crossl ?ﬂ)ki ng agents andphal ogen- cont a?fﬁi ng %dl fi cgt I ons thereof; 23.

Cr ossl i riedsigeadant gt 3 ehemisaldegradanty ddr éxz_tmpls,mmstoitf tthet dagr]aia?ydcmhlﬁmeﬁg Eeas
tes, isocyanato acrylates, ure
cory at ustiosta BT Eetent S67 0D, 531 TR kS A0l gabybbiehch ot ns, and
! ' i | i3S .ol
oy o TR 4 300800, AU, BRI D3 [ 3T gkl £33 685, 5000261 ke

epoxy I &5098939¢5 184493, rom s iopbasR @22 cy/ 309906, BIARITE8, 184LY OLBA61993,
5,565,503, 5,854,503, 5,861,461, 5,866,634, 5,973,024; WO 88/09354; W092/11298: and

WO 94/13735, the contents of which are expressly incorporated herein by reference, may be
used in the process of the present invention.

20 By "photodegradant” or "photosensitizer" is meant an additive that causes
photodegradation. Typically, the photodegradant functions by absorbing ultraviolet or visible
light to become photo-excited; in the photo-excited state the photodegradant is capable of
initiating other reactions, such as photo-oxidation, photo-polymerization, photo-
isomerization, and the like, that result in the polymer degrading. By "biodegradant" is meant

25 an additive that causes biodegradation. By "chemical degradant” is meant an additive that
causes chemical degradation.

Examples of suitable photosensitizers for use according to the invention
include, but are not limited to, aliphatic or aromatic ketones, such as benzophenone, benzoin,
anthrone, and deoxyanisoin; quinones, such as 2-methylanthroquinone, 2-

30 chloroanthroquinone, 2-ethylanthroquinone, and camphorquinone; peroxides and

hydroperoxides such as dicumy! peroxide, dilauroyl peroxide, 2.5-dimethyl-2,5-di(t-
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and/or aronmatic glycidyl conpounds such as bi sphenol A and bi sphenol F,

which are 20 crosslinked with hardeners such as anhydrides or am nes; 26.
Pol ysi | OXQW®599997. M chael addition pol yners of amines orPGH/ERNEE06ni nes
(e.g., Ibgtyllpnrweé)heanekﬁ aadmwabmtt -hmtgpenoxy) ditsopropiydbenzend; pre cempamdsiunds
such as acr tes nd rreI hacr | at es,_. mal eat e%(géqu acet Qacet ates; 25 28.

Pol yket i%% yeﬁ, e Wmee% JeRe SS%?W@(E%@H&%@KM e
resins 215' rota ypn§J Qﬁ@ﬁﬂ{rﬁf Qh&%fy eit&?six%shslt af Lﬁ&b{%ﬁ)hggoﬁg&?t?z% g g?/ V?éaet

pol yet h ares, Vi ny or acry YIer's

groups, iRUK. Patent Noed, 478/2381 th@%ont%ﬂts oMé’htdr@ @xp‘r%si’}bin@oﬁgfﬂ?&ﬁhérélﬁ%?
cont ai ni ng et hyl eni cal | y unsat ur at ed monomers or ol i goners and a

pol yurfs acfereace dllzd photesensitizrimpyrfartherde mblx&doxythmheam merercdanmstosuch as

l'i ght - stab e . epo resi s cro S- Ilnke n epoxy functional coetherified
hi gh sol° ersé‘g As olehpic\ysterp §@¥}§GS pestrisidotalo anunes, pdghydess of one

O eon SRR TR Sl g ABLE TR AL O3 erdcths! S oRIRGERR red B o on

present |nven I'on pal'yners use 1 roc

i nvent i @Rtenéif€ listdF sRiGANIERILS-oRTdiLAROSUbERAE 9 diRIdvd ﬁﬁ@,s PRERYNENE3 68404, €NE,
and mi xtures thereof. More preferred polyners are polyethyl enes (which
opt i onalthecantantdoef \Elmolsslteletxpmslslmnndommatled)hadelrz@djefereﬁces uch as high density

ol ye yI ene (HDPE), h den h nol ecul ar wei ght pol yet hyl ene
FHD%:/’ , high ieg oéﬁwt%lkt gl& 1pelydefonexagiple, §bi %?Whene

( HDPE- U [ ol yet hyl ene
(LDPE) , |E|%%near qld(gl\rl;vgr z‘%s%géf %erg\% lyesé H&lglg%gh%r[@%ly quﬁig iné%’ég density
pol yet hyhgropictoRe IR esterPQlch R BN 1BRR achR bl RS, £d Bhitgiohhdkerf. 10
Any degradant conponent avail abl'e to those of ordinary skill in the art may
be added to the pgoamppies oficyitabls ctg:mlcaltdhgapammfcmdaffotrIammple,s:&mibmanmmt|on

The degr adant nponent may be,  for exanple, one or
phot odgg’?a&ﬁ@ cafbomaﬁwé@g.aélphmc poly hmrea%ﬁ?rzbeaﬂtamd@as élse:lneqﬁl; igdi.S.

Patent Ratent 80, FESTRAE P hidtls Vo RSB RIS AlA ngttelfy Gences >
j Sgg 2 %émbghagg% (?Qﬁetaﬂoaﬂlﬁiky%@s  anfl.fltieFs, Sch asthosk disticied th BXL P%%ﬁt No

5,565,503, the contents of which are expressly incorporated herein by reference; and

transition metal complexes, such as those disclosed in U.S. Patent No. 5,308,906, the contents
of which are expressly incorporated herein by reference.

20 Preferably a combination of different types of degradants are added to the
polymer so that degradation of the polymer may occur by more than one process. The
preferred degradation component is the degradation component disclosed in WO 94/13735,
the contents of which are expressly incorporated herein by reference, containing a
biodegradable component, an oxidizable component, a first transition metal component, a

25 second transition metal component, and an oxidation promoting component.

The degradant component is typically added in an amount from about 0.01 to
10 percent, preferably about 0.1 to 5 percent, and more preferably about 0.5 to 2 percent by
weight of the polymer for use in a final product. The degradant component may be a solid,
such as in a powder or granulate form or in a pellitized form, or a liquid. Preferably, the

30 degradant component is a liquid, since liquid degradant components are more easily dispersed

throughout the polymer component.
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5,096, 939, 5,134,193, 5,145,779, 5,258,422, 5, 308,906, 5,378, 738,

5,444,107, 5,461,093, 5,565,503, 5,854,503, 5,861,461, 5, 866, 634,

5, 973, 02WO 0059988/ 09354; W92/ 11298; and WD 94/ 13735, t hePEFHIWAEW60f whi ch
are expressly i ncddpmnabdydhdpolgner bympmfeat may fyrtherinchele andskibitor t he process
of the present inveption._ 20 B,)é "phot odegr adant” or "photosensitizer" is

meant arFCHRPANENtQE stahizere B dahibiersaseranend £f | Babilizgypisgneany an additive or

phot ode et d h hi | .t raviol et or v sib light to
beconme pho% o'?{e)?(c_ lé\_éfl;sﬁ drﬁg&gig{%@%&é %Pé’&‘% dsgradation. \r?ﬁ%tlf ?I(‘?B'grﬂé YIEy
capabl & @npohéttld sbstafitislly®ée SRMGhAiBRST comtisoheRS THRPHPIE hiftRianAMy free of
phot o- pol yneri zati on, photo- isonerization, and the |i1ke, that resu&ft I n
t he po} yamenhibitor codipogentBgas tisziddeeain astant thai the polynter 26mponcnd dorithivie ldshean
causes hi odegr adati on. gfy "chem cal degradant™ is neant an additive that

causes CcIPRFCE! Py wgightiek Inuphibitoncempeneat. 1o.a prafsrred smbpdisent theipheass for use
accordin . ' lon..include hut are nat limted to, aliphatic or
aronmat i p@\ﬁ% o?llgg); h—%gﬂ&{as biter SRS, E,m%aélﬁglbqt ﬁhe P°A%?‘F&%9HE°“&W§°BMS
deoxyanijggithin SIpéroei® 1we$%;}ﬁ lof 8 irdhri BYRJr e hpBhdH: O Bt HR&E@ referred embodiment th

chl or oant hr oqui none, 2-ethyl ant hroqui none, and canp o?qU|none; per oxi des
and hydhogser subistetalbulrée afsandnhibitpt cquepoment eneadls that theygolyRéravnt@nent

2, 5-d'6net hé}nﬂﬁ 5-di (1- -19 WD 00/59996 PCT/ US00/ 08706 butyl per oxy

hexyn&! Fontang lessthanyt pereent by waight 06 25 ynhibites spmppReAth Enthe wadst prefe ounds;
organic : GL i dl | ow, and odam ne B, Base:; ] atent

sensiti ze%?ugé:hg%@a&h%b%a %&F%’Zhge OS?Pdea‘%}]P& g eIB'F%nSAIPté% RHEMGE
list of cehipoatit@omamis Ass Mt Z Bértert byRVQYhtdFn idHibi t No.

4,476, 255, pE)he cgntents of whi gh gr eyexp%[}gssl yll?}glél(%#rggﬁg)?}eﬁﬁher ein by 5
reference. The phdVbseasinhititer coraporfent istoptiohallycaided rethe Wolyin@tenponsmie of
an auto- oxi di_zabl e substance such as olefinic materials, ethers, acetals,
ketal s, T breor expmpley  stabilizerqugh as ap antsoxidartathat peranitsthigh wmperatige nat ur al
and syqt LG .Lestns, or .conbinati on thereof... . ext ensi ve |ist of

sui taﬁé’ qg%tg %@%%th?\;tadgg@dgﬁ%?t‘;tﬁg Bog'gqe&i s'@‘fd%‘&} 1T COMPENER A alc USRE to

4,360, 6 t&%ﬁaﬂhﬁafﬁl Iy it 5 Stk o p | h DY
referen%?veilo anpl es ofe ggu})iﬁt%arbl e g?){)ﬁ?gg%: aﬂ;l(%fsek?[% {eﬂg{eef%fo?ggt&cg%}f ,

chi tin, cehditiohs of exelukioh and/onndltdidveing ghrl e3akt irlpoliyinet depesadatipnl ThaeHisitdrdes,
pol y- p- hydroxybutyl ate, poly caprolactone, polyesters such as poly lactic
aci d, c&PBPanéHigdded imen amawntsutficient ta prevensidegradation of the polymer during

processing. Typically the inhibitor component is added in an amount of from about 0.01

20 percent to about 10 percent by weight of the polymer, preferably about 0.05 to 5 percent by
weight of the polymer, and more preferably from about 0.1 percent to about 1.5 percent by
weight of the polymer. The inhibitor component may be added before the degradant
component is added, after the degradant component is added, or simultaneously with the
degradant component. The inhibitor component is consumed during processing of the

25 polymer so that the final product contains only the degradant component and, thus, is
degradable. The amount of inhibitor component that is added is dependent, in part, on how
the polymer will be processed in the future to form a final product, however, the amount may
be readily determined by one of ordinary skill in the art without undue experimentation.

It is also possible to add the inhibitor component in an amount sufficient to
30 prevent degradation of the polymer during processing and for a specified amount of time after

processing. The inhibitor component retards degradation during processing and for a limited
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Exanpl es of suitable chem cal degradants include, for exanple, conbinations
of a netal carboxylate and an aliphatic poly hydroxy-carboxyl acid, as

di scl oseWOM/50998, 15 Patent No. 5,854,304, the contents ofCHHPWSHI6e

expr esspgrivchefttimpe afitrquotessieg andthengfter ¢hedahibitonedmpatehois deplbtedrthal
carboxylates and fillers uc s those disclosed in U S. Patent No.

5, 565, 5@3%%3@%&{%4%&6& ?’mgr;@ElIYan@ resyiangspolymermaintinsitesirusairaliiptegrty

ref erencg.: ; F £10n I e such as ose .di sclosed in U S
Pat ent &gﬂlegﬂgggﬁgglgéd folﬁgﬁéoné%gtpgl%gé%’ %’ﬁﬁ%ﬁ? i °8§?t?ﬁ32§’§|°§%ra§ PBPEST at ed
herein byeakedewe Lfder tBdadtiof lof iRl epraaftQubRipdaAta0 réluct bf 4wigBispsiPes Of
degradants are added to the polymer so that degradation of tﬂe pol ymer may
occur Spprobieres withigonveatipna peksnerd hEhe speeified ravudef tadasft@pre@syinninhe i s t he
degr adat the contents of which are

L.on. conponent. digcl osed in WO 94/ 13735, ]
expr esslebg?tﬁ’(?d?(n‘g {1@8 OFL1 éﬁoiynb‘if- Byrselesting the agnuat of inbibitor egpragntandn| e

conpone el t Lrst transition netal co nent, a
25 SGCO@(?%I’G.I’]E?%?%%F% o%{gﬁgﬁf%ugﬁ%?% Oéi}fedéC{IYIBFFC&Pé’i‘?ﬁ’PPﬁ ﬁb‘i’rponent.
The deghadant ofiAHIBRGEMpchehtHM TR AiodH S8 Hedrd AR 0.01 to
10 percent, por ef erably apboflt 0.1to % perceegr{?‘,i aﬁgﬂpr%tgagtﬁ%?%gp about
0.5 to Zeteonined by bye ofieidiiary skilltith thepaot witkout iaduciagetimentafibmal product. The
degra%ant corrponegx'gh_i By be a solid, such as in a powder or granulate form
or inY pellitize R cogrponents hat may be aised imthe pracpss of thediayeniiwannclude,

conpone ' L L QUi ' | i,qui d degradant conponents are re.easily

i spor o 0 4 B A . e Y b S AR Poc RG0S SSde B TUNeEY 05706
Opt i onakhindered el HyRFoxSUFRARS Bhd [R¥nEL!. | AR 1
conponent grr E?Sbi I imzygro. By ?ﬁﬁflbl tt(?rngéég?rp gg%c{g%%{?‘%??%h{ﬁ?it%%?lgwmant
an addi suaheasohindered phemlg hirsldrtidtamiess, aidhthichyaergass and bempainds efat peivideer

degradatjon.. Preferably, the polynmer conponent is substantially free of an
i nhi bi t WE%@%@W sugthgs SSFReRdts, absonbstsaditadl siater qusacksrs, Bnd radicshiraps. for

conp N LN means.t;hat the pol yner conponent. contains | ess
than 131 Brasaite. NBGRCHET STR0E il Rberico BBt TR b Prddn fedrarers

enbodi mgptintdigiophr ase "substantially free of an inhibitor conponent” neans
that the polynmer conponent contains |ess than 5 percent by wei ght of an

i nhi bi t or conponeRtefedablyathednkibjioedopiponentesbn dhtireridaht) ETheRBna S@iti-

"“substantjally free of an inhibitor conponent” neans that the polyner
Corrponeﬁ{“da-n means any stabilizer that inhibits degradation by preventing oxidation by molecular

oxygen. Preferred anti-oxidants are hindered phenols such as 3,5-bis(1,1-dimethy! ethyl)-4-

20 hydroxy-octadecyl ester, IRGANOX (commercially available from Ciba-Geigy Corporation
of Deerfield. IL) and (4-methyl-1, 6-di(2-hydroxy-3-tertbutyl-5-methylbenzyl)-phenol,
TOPANOL (commercially available from ICI Americas Inc. of Wilmington, DE) or a
combination thereof. Both of these anti-oxidants are commonly used for stabilizing low

density polyethylene materials. Other anti-oxidants that may be used according to the

[\
W

invention include 1,1,2-tris-4(2-tert-butyl-4-hydroxy-5-methyl) phenylpropane; BHT
(butylated hydroxy toluene or di-tert-butyl-p-cresol); octadecyl 3,5-di-tert-butyl-4-
hydroxycinnimate (Irganox® 1076, commercially available from Ciba-Geigy Corporation of
Deerfield, IL); and the phosphorous containing anti-oxidants such as distearyl-
pentaerythritol-diphosphite (WESTON® 618, commercially available from the General

30 Electric Company of Berthoud, CO), bis(2,4-di-tert-butylphenyl)pentaerythritol-diphosphite
(ULTRANOX® 626, commercially available from General Electric Company of Berthoud,
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10 contains less than 1 percent by weight of an inhibitor conponent. In the
nost preferred enbodi nent the phrase "substantially free of an inhibitor
conmponenWoO 0659996 t hat t he pol yner conponent contains | esBCTHEW/M70 per cent
by wei gkiO)otrisgnonyd iphériyl ophosphiteoarelNPP (AN GAR DEh carntercialyngyvailabie fiom

ti d to.t ! it be, f l e,
Fabi 1| HabroRgseRCl ORISR M CkRa per LS G SRDE AsemaeiAly 10
: o . e Pri b or ST
B 6 U s Rt Tne Bl TAR o KubBePOLKRBl o Mo h ] Bl COTRENRY, ' °
exanpl e butyphaBies. 2 -FipRas fenediphosphoitd (IDOSTRR® PSERD, @hdh&tial®! t bl owi ng

can result in polynmer degradation. The inhibitor conponent is added in an
armount> gvdilabls Sandqzr Agrerdnc. @ dea dPlainesn 1ok di-tegt-ipuyypiesphonite ngndepsatioassi ng.

20" por c BRI BiRRea op GEBIR Ly e g RO b4 o PR STodi ORISR abot
0. 05 ' : ferably f bout
0 por (RPREREYe Bp0'eh Uil oBabEfom Y TRLE GELAARMY |1 o1 200"
conponeMeeffyd, IE), adel@h-Biefear kutyIpRer@opiRdpkite (IRGAFRTS® 168 cotldRebialff ter the

degradant conponent Is added, or sinmultaneously with the degradant
conponeavailablesfrom Kiiba-Geigydorpanation of Pearfinkl, fe dr NAWUGHR PR 524 somgnendialine 25

pol ynmer sa the .final product contains only the degradant conponent
and, nﬁ)n t‘,’}g‘?llaﬁ’teaé% gf‘%Wé(gll @.‘en‘ﬁﬁé é‘%@ﬁ%ﬁlo’épf Migdlghury, CEh apdAdnethylsaedis &.6rdded
I s dependent i . L 1obe praocessed in.the future
to for mlag |%%¢$B?I§gt%¥&8%lg’% v%r}rl{,%eq5 ﬁg’%}&n@gﬁ& n%ag)? ’ c%rgfnnﬁécéaéﬁll Vaﬁ[ﬁhlg ﬁfnhed by
one of @il CEYoratidd 8f Ribtuhbfd WA, ¥ doUhatioRdURr&sPer | MeNtation. It is also
possi ble to add the inhibitor conponent in an anount sufficient to 30
prevent degradat i die pfocesseofjshé present daventign pray desisdr merladechdidorg @hapaocnf i ed

armount of tinme tte;%@rocessi ng. ,The inhibitor component retards
degr adaf$aSHVGRdES pioohe Belvasra Ry "pep-reachivepddigves” ssimeqnt gcherpgbadditive,

PCT/ . ' ' r.processin nd then,. after.the

i Bt e SopinBRe Bhblfe 4R P ARG AP e iric

Pr ef er algbmpodifiens'tBstdobd At reilviiReg RIS P6MAe bbigmiet.! WGy WbAredciVeMdditive Whi l e
it is being used for its intended purpose, and then upon conpletion of that
pur pose aviilablekts thizserof orbieary skidl in¢hd arthmaf be lddeticig theprotess oftengadent 0 reduce
or avoi d di sposgl S problems with conventional polynmers. The specified
amount Svention bramplespfonanseastve addifives” angleds; putcargetdimijed fofpsoesssinge

pol yrrer a1c§,y vi§c€i‘)|sﬁ§f héﬂ}gssgn §; f0 grréfeagg aéerﬁ si; Qrinhf)sgﬁe(fg; rEB(p) ggé}}ts $Uch as those

20 commonly derived from amides of fatty acids; anti-blocking agents such as silica or talc; anti-
static agents such as ethoxylated amines and quartenary amine salts; fibrous reinforcement
additives; fillers such as barium sulfate, calcium carbonate, calcium silicate, fumed colloidal
silica, glass, and clay; flame retardants; lubricants such as stearates of aluminum, calcium,
magnesium, and tin, talc, and silicones; plasticizers such as low molecular weight

25 poly(alkylene oxides) and organic plasticizers such as glycerol and sorbitol; adhesion
promoters; dyes; pigments such as rutile and anatase titanium dioxides (TiO,); and
combinations thereof. The amount of non-reactive additive that is added to the polymer
depends on the final use of the polymeric material and may readily be determined by one of
ordinary skill in the art.

30 The invention described and claimed herein is not to be limited in scope by the

specific embodiments herein disclosed, since these embodiments are intended as illustrations
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t he anmount of degradant conponent the useful lifetinme of the polynmer can be
varied. The anount of inhibitor conponent and the anmount of degradant
conponenVOMP9ME readily determined by one of ordinary SKGYPSW0R810%e art

wi t houtofisavrral aspesss ofthatnventen. Aoy eqiivalentembodimeneare dntehded todg vithimsed i n

t he progess of he.inventioa i ncl ude, ngt are p t.limted EPh,conpounds
that prig§SeRPS ofs yFBUQ Jndepds varusimedideations,e tg‘ﬁé%‘ﬁﬁp?’één,a der ed

phenol i . : : oy term
phenol sl RO Red Al 91 R6E LAIBALA R ARNRTENEAR R e
and confogsgoilfy deSeription0\Budle modifidatighy aré bRbiihtehded3o €411 WRhMGHE SE¥Pe Df the
absorbers, excited state quenchers, and radical traps, for 15 exanple..

M xt up eappehdegdrrdaims. nor e i nhi bi tor conmponent may al so be used in the process
of the invention. Preferably, the inhibitor conmponent is an anti-oxidant.
The term "anti- oxidant” means any stabilizer that inhibits degradation by
preventing oxidation by nolecular oxygen. Preferred anti-oxidants are

hi ndered phenols such as 3,5-bis(1, 1-dinmethyl ethyl)-4 20 hydroxy-oct adecyl
ester, I RGANOX (commercially available from C ba-CGei gy Corporation of
Deerfield. IL) and (4-nethyl-1,

6- di (2- hydroxy-3-tertbutyl -5-nmet hyl benzyl ) - phenol, TOPANOL (commercially
avai lable fromICl Americas Inc. of WImngton, DE) or a conbination

t hereof. Both of these anti-oxidants are conmonly used for stabilizing | ow
density pol yethylene materials. Qther anti-oxidants that may be used
according to the 25 invention include

1,1, 2-tris-4(2-tert-butyl -4-hydroxy-5-nmethyl) phenyl propane; BHT

(butyl ated hydroxy toluene or di-tert-butyl-p-cresol); octadecyl
3,5-di-tert-butyl-4- hydroxycinnimate (Irganox(r) 1076, conmercially

avail able from G ba-Geigy Corporation of Deerfield, IL); and the
phosphorous contai ning anti-oxi dants such as distearyl -

pent aerythritol -di phosphite (WESTON(r) 618, commercially available fromthe
General 30 Electric Conpany of Berthoud, CO,

bis(2,4-di-tert-butyl phenyl)pentaerythritol-di phosphite (ULTRANOX(r) 626,
commercially available from General Electric Conpany of Berthoud, -22 WO
00/ 59996 PCT/ US00/ 08706 CO), tris (nonyl phenyl) phosphite or TNPP
(NAUGARD(r), commercially available from Uniroyal Chem cal Corporation of
M ddl ebury, CT or POLYGQUARD(& commercially avail able from The Goodyear
Tire and Rubber Conpany of Akron, OH), tetrakis (2,4-di-tert-

4.



but yl - phenyl ) - 4, 4' - bi phenyl enedi phosphoni te ( SANDOSTAB(r) P-EPQ
commercially 5 available from Sandoz Agro Inc. of Des Plaines, | L%,
di -t ert - WEx09599osphoni te condensati on product with bi ph®AE/PSW08106t r aki s
(2,4-di-tert-butyl-phenyl)-4, 4 -bi BHEALAIMMS phosphonite (1 RGAFROS(r)

P- EPQ FF, commercially available from G ba-CGei gy Corporation of Deerfield,
L), tris (2,4-di-tert-butyl phenyl) phosphite (I RGAFROS(r) 168, comercially
avai | ab'WheFtriQET'aﬁlé?ﬁ‘s:Gei gy Corporation of Deerfield, IL or NAUGARD(V 524,
commercially 10 avail able from Uniroyal Chem cal Corporation of M ddlebury,
CT), and 2,2'-ethylenebis (4,6- di-tert-butyl phenyl) fluorophosphonite
(ETHANOX(r) X-398, commercially available from Ethyl Corporation of

Ri chnohd VA) ,l.or comsthedifpomentfaeturiog a polymencompesent fornthiningrademdannvent i on
may further include .addi,ng. ot he%y "non- reactive additives" to the polyner.

I
By "non-PERCLT §°’§BHF1P3\9IES“‘°’HSSO meant a chenical additive, 15 filler, or
rei nf or cement comf;g en\éfex’ﬁ%xféjoﬂerbrtrﬂ&c%r?c; %{0%}8%%85?{&%@&81%9%0 _190| T9T,EI’I c

conpositions that result i egradat P
non-reachtdve additive available to those of ordinary skill in the art may
be added in the process of the present invention. Exanples of

"non-reactive addiditegdscombiningdbs flbig padymenwmmpdnenttand degraganicesponent tai ds;
vi scosity depressants:. | d-rel.ease agents; enulsifiers; slip agents such
as thf)ds efx%a iﬁ?ﬁﬁﬂquz" ﬁlé%&eo‘hif Aegrp tge@PelPeﬂf ghsiangiallyhomaganeopilycki ng
agents Sthkgtl t e i@ pBlyntedc6m ?ﬁgnlt static agents such as ethoxyl at ed

n ua i Ps; Ti

am nes a rtenary am ne sa brous reinforcenent additives;
fillers such as bariumsulfate, calciumcarbonate, calciumsilicate, funed
colloidal silica, glass, and clay; flanme retardants; |ubricants such as
st earat es of Zal umhgmetbed ef clamm 1,rfaghersiomprismgdhe stap of sdilifyarpadhs blendones:

plasticizgrs such.as, .| ow nol.ecyl ar ight 25 poly(al kyl ene oxi des) and
organic S é‘ini%é’ Y9 é"?béblgﬁgweéglsﬁl{?‘%’? \éﬂfthgh{qg@gatgi@g}ppnfggmge@endpr onot ers;
dyes; i gnents such as rutile and anatase titanium dioxides (Ti02); and
conbi nati ons thereof. The anpbunt of non-reactive additive that is added to

the polyner 3deperde methédef dlhifal, wisgeialthd EsnBAINSTE bl OmIPREEA Rith ﬁﬁ‘d may
readily be determ ned by one of ordinary skill in the art. 30 The

i nvent | ¢Atradascri bed and claimed herein is not to be linmted in scope by the
speci fic enbodi nents herein disclosed, since these enbodi nents are intended
as illustrations -23 WD 00/59996 PCT/ US00/ 08706

4, The method of claim 1, wherein the degradant component is added in an

20 amount of about 0.01 to 10 percent by weight of the polymer composition.

5. The method of claim 4, wherein the degradant component is added in an

amount of about 0.1 to 5 percent by weight of the polymer composition.

25 6. The method of claim 5, wherein the degradant component is added in an

amount of about 0.5 to 2 percent by weight of the polymer composition.

7. The method of claim 1, wherein the degradant component comprises one or

more of a photodegradant, a biodegradant, or a chemical degradant.



of several aspects of the invention. Any equival ent enbodijrrents_ are
intended to be within the scope of this invention. |ndeed, various

modi fi caMOMS9W6 t he invention in addition to those showhCHNEMHELr i bed
herein will Becondhepsthasmf claimi7; seherei thel phdtodagraiantaompfisesroneloe madroof goi ng

descriptign.. Such difjcations are also intended to fall within the scope
of the. AHPIRG SR ARACE keloges. BROPgS. DerPs 8B dn BIoPFIS IR 0P MPPHEISCORANS Vihat

[ | ai TN o d h.C nt
cont &, nerg sfept SenkitizArTEohRe hotoBRAUAEG Mk MO BERIGRIBANTT . . o one

Or MDY € cOmPLsEs e bOmPreOvf dhétir sfatdh, SelROdENElicoR HRANARes, podidcdliafigss byly-
conbi ni nglthe fluid pol ymer conponent and degradant conponent to O'forma

bl end Safichydepxibytyiated poly Qﬂp&ldé@t‘aﬂamﬁmnmbrﬁﬁhniéeﬁﬁsg am;tua:lls Itl_;ermlfnn?leth?ﬁusl y
th hout it flui d pol yner conponent.. 2. . The netho claim1, further
oo Do Bt et Dok TE o T Ra0Te A 6 BRIAIER oF § GIeE CRpOTHAE Y B

f h LStr | ' . 0 i | en 15 3. The
ot hoa ATPEEHE pBH AR e BAE A B RATROS thbual A G ot aer

4. The wahditich dbtaCtathpled, wherein the degradant conponent is added in an
20 armount of about 0.01 to 10 percent by weight of the polyner conposition.
5. The nmethod of claim4, wherein the degradant conponent is added in an

b i ght _of th . sition. 25
5T et hod of TR liAis, whE &xﬁmg%eﬁ%?%&%{hef@o”rﬁﬁéwﬁ an
: : ' t ner. €o ifion. 7.
The. et fas Bty dtan - Gfighe Wuch Stk Bom e sRERESRG R Bolae o1
mor e of niudaly, etieq] adadl, keRlsDhRHRS! Atk Hes, Aatural 6118 NinSAlratROhA¢ 20Hs, 30

natural and synthetic resins, and mixtures thereof.

15 10.  The method of claim 1 wherein the degradant component and fluid polymer

component are homogeneously distributed.
11.  The method of claim 1, wherein the degradant component is a liquid.

20 12. The method of claim 1 wherein the polymer component comprises at least one
of (i) homo- and copolymers of monoolefins and diolefins; (ii) copolymers of one or more
monoolefins and/or diolefins with carbon monoxide and/or with other vinyl monomers; (iii)
hydrocarbon resins including hydrogenated modifications thereof; (iv) homo- and copolymers
of styrenes; (v) copolymers of one or more styrenes with other vinyl monomers; (vi) graft

25 copolymers of styrenes on polybutadienes, polybutadiene/styrene copolymers, and
polybutadiene/acrylonitrile copolymers; styrene or a-methylstyrene and acrylonitrile or
methacrylonitrile on polybutadiene; styrene and maleic anhydride on polybutadiene; styrene,
acrylonitrile and maleic anhydride or maleimide on polybutadiene; styrene and acrylonitrile
on ethylene/propylene/diene copolymers; styrene and acrylonitrile on polyalkyl acrylates or

30 methacrylates; and styrene and acrylonitrile on acrylate/butadiene copolymers; (vii) halogen-

containing polymers; (viii) homo- and copolymers derived from a,B-unsaturated acids and

226-



-25 WD 00/59996 PCT/ US00/ 08706 8. The method of claim7, wherein the

phot odegr adant conprises one or nore of aliphatic or aromatic ketones,
qui noneswWoesM9bdes, hydroperoxi des, azo conpounds, or garRE/UPA8T06| ot ent
sensi t i deivatfives thengof; (ixhyepodymers ofi homp- anil xopolpmersiderieat fromfrgPhinsategtaidant
conprises,one or. nore of (%hi.ti n, starch, ?éel | ul ose | ucose, derjvatives,

pol ysac2Hds rivatiyes teereod wifhiethss wnseiprated mopemeTs: G Pemar arheoPobENsFest er s,

S > oF .
one o et TondlndBhithisd BbohAICAShmisRR: Wbty CORTHIRs cREHAY Ao DO,
hydr oxycéplyafey bf tebéimoRomierdithedthérttiflerTBAl M ursatuPRd hohédmedxiHonk-, or a

transition netal conplex. 10 9. The nethod of claim8, wherein the
phot ofegndetpotymess plicxchie ethersrnidreegolyinters oftheseovitmbisgyaflylaathexsit(®iipxi di zabl e

substance selected fromthe group consisting of, olefinic materjals,
et hers, P&X%‘i‘*&ﬁ%?" Oyt EHF%?B‘FR&PH@H& gleng,axide a§ a epmenomeisaidir ated fatty

LS AR O S
conponeplyphéryasRarIRs antbdulfighss ()ﬁi'/)guﬂﬁﬂ'eth&ﬂes dERQedRbAGH dffxyCluttiBnhl Wherein

t he degradant conponent is a |iqui 20 12. The method of c¢laim 1l wherein
t he pol gemporcotspuitltealiphaticpnd/eraromiatit sasyanates; (xvj pglyimidesrand copolyanpddsy mer s

andl O SrOreDiy ismiea it 6@%@2%&%&%&3&2@”&% gﬂg%i; "
FefoBiieridyonfic mononer s,
(i) nordresRAR helaik, Ban P BL, AL AR AR BRE M PO or o

st yr enegolyhiniied W potydlfinsBIRAARESolym¥ts) idhbatets, dRertieRR) BUHRIES oPhraftby r €nes on
pol ybut adi enes, pol ybut adi ene/ styrene copol yners, and

pol ybut eldstemetsaor polpethers] dnd pobysntigessrondersey derirg processingt(RyMsofyzmnide and

acrylonitrile or thacrylonitrile on, pol ybutadjene; styrene and naleic

anhydr i éb@t%?ﬁ)p&mgfﬁmaén@ﬂyw%s@a@ly yméﬁﬁ,pplwﬁﬁeaw@w@y@tm@gfni de or
| ei; . ' - > r nptri 0 .

ot hyI1anETy BRI A BhEOG AR A EPE U R B led Font Pemprerlisicdt yai ky

acryl at g0 andBr ARIroAhoRY S acidd ¢t thé ¥oieaBoRdiflg BicfonkOMiddk do oﬁgther esfers . .

acryl at e/ but adi ene copol yners; (vii) hal ogen- containing polyners; (viii)

hono- adetivedfoiny hpdexyletermindtet etdrrs PETEH PEN) PAR dnd polgsstes modifiél with

polycarbonate or MBS; (xviii) polycarbonates and polyester carbonates; (xix) polysulfones,

polyether sulfones, and polyether ketones; (xx) crosslinked polymers derived from aldehyde
20 condensation resins; (xxi) drying and non-drying alkyd resins; (xxii) unsaturated polyester
resins derived from copolyesters of saturated and unsaturated dicarboxylic acids with
polyhydric alcohols and vinyl compounds as crosslinking agents and halogen-containing
modifications thereof; (xxiii) crosslinkable acrylic resins derived from substituted acrylates;
(xiv) alkyd resins, polyester resins, and acrylate resins crosslinked with melamine resins, urea
25 resins, isocyanates, isocyanurates, carbamates, or epoxy resins; (xxv) crosslinked epoxy
resins derived from aliphatic, cycloaliphatic, heterocyclic, and/or aromatic glycidyl
compounds which are crosslinked with hardeners; (xxvi) polysiloxanes; (xxvii) Michael
addition polymers of amines or blocked amines with activated unsaturated and/or methylene
compounds; (xxviii) polyketimines in combination with unsaturated acrylic polyacetoacetate
30 resins or unsaturated acrylic resins; (xxix) radiation curable compositions containing

ethylenically unsaturated monomers or oligomers and a polyunsaturated aliphatic oligomer;

27-



WO 00/ 59996 PCT/ US00/ 08706 derivatives thereof; (ix) copolynmers of hono-
and copol yners derived froma, p-unsaturated acids and derivatives thereof
Wt h ot h#™O Wf8¥sur at ed nononers; (x) hono- and copol yner sPCHESPBA06f r om
unsat ur aind ¢oad) epdroinelaminie aesimesich as tiplt-siabl¢ ephetyiresing oress-lnkeddstaml epokher eof
and copol yners of these pongners wi.th other ethylenically unsaturated
rmnorrersffm%%’l’“?l qogthsr ei@@ggﬂb@ﬁ?ﬁléﬂ%n%ﬁes@ycl ic ethers and copol ymers of
these with bisglycidyl ethers; (xii) polyacetals; polyoxynethylenes which
contain ethyl ene oxide as a conononer; and pol yoxynet hyl enes nodified with
t her mopl ast i q3pol Yihie@htROESE cl@a! Y2, a1RSein B MbndvRes c&frfrl?ﬁké at 1081 ngY' ene
oxi des and sul fides; (xiv) polyurethanes derived from hydroxy-tfuncti onal
conponkrethyletiet proayliepd atyirenea ntimmxtures them¢dfc | socyanat es; (xv) pol yani des and
copol yam des 10 derived from di am nes, dicarboxylic acids, and/or

am nocar boxylic acids or the corresponding |lactans, with or w thout an

el ast oner as nodifi el . copol vper.s of ol yam des. with po | efins,
ol efin copol yl??'er s%eorﬁa%t%%#)éf)&%lﬁle?ﬁ‘é’%%?? X 9}%’3@5?(}/‘5?%{"‘;‘8 Su‘%ﬁtﬂ&ah §, or
pol yet hejfan isHibitd@bitpBhéfes condensed during processing (R M pol yan de
systens); (xvi) polyureas, polyimdes, polyam de-imdes, polyetherim des,
pol yesterim des, 15 pol yhydantoi ns, and pol ybenzi m dazol es; (xvii)

pol yesters der.i vedg,férrg_gh%ic rboxyljic acids,, ,diols, and/or o

hydr oi@car boxyt i ¢ Hgi ok Ham: by fughersompsisingdhe sigp of combisingemgshipemer
esters i . -t.erm nat hers; .PETG., PEN... PTT;, and

pol yest éggpﬁﬁﬁ}q#l @%ﬁiﬁﬁf&gﬁ+§%ﬂa&aﬁr§}u§g%ﬁ% ,‘%’&%‘Pﬁdfgfﬁé#&%‘aqfﬁ%at es and
pol yest qfolﬁgérmﬂgggﬁjceggmgg) pol ysul fones, pol yet her sul fones, and

pol yet her ket ones; (xx) crosslinked polyners derived from al dehyde 20
condensation resins; (xxi) drying and non-drying al kyd resins; (xxii)
unsaturated polyester resins derived fromcopolyesters of saturated and

unsat ur at ed diear bid%yngtaodies ¢lainyf 3. rhesein yhe iahibiton ceraprsiest isadded iman
i nki hal agen-cont i ni dificati
Chor oby e 6t et FRCS ReB0it & Y SUR R BEDAYR Y om subst 1 ¢ ut od

acrylates; (xiv) alkyd resins, polyester resins, and acrylate resins
crosslinked with nmelam ne resins, urea 25 resins, isocyanates,

i socyanur at ed. carlhemad¢thed ofxlaiap dX ywheesin tis inhibite) carhpsifehi Rle@AntRRIdaAnt.r €Si NS
derived fromaliphatic, cycloaliphatic, heterocyclic, and/or aromatic

gl ycidyl conpounds which are crosslinked with hardeners; (xxvi)

lysil : i hael. ifi | f l.ocked
i hes vi ch a8 vt terhed o Ciiaim. & Marbpoersinpns % ol MBEh eIt 11 )
pol ykes icGhipBferit fo SRARIABSIRRr M A aHBRA stifRlR (AR o PARNGCEE BB SEHatE

during processing and for a specified amount of time after processing so that the polymer

begins to degrade after the one or more stabilizers is depleted, wherein the specified amount

of time after processing is the effective working life of the polymer.

25 19. The method of claim 17, wherein the inhibitor component is an anti-oxidant.

20.  The method of claim 1, further comprising the step of adding a non-reactive

additive to the fluid polymer.

30 21.  The method of claim 20, wherein the non-reactive additive comprises at least

one of processing aids, viscosity depressants, mold-release agents, anti-blocking agents,

28-



30 resins or unsaturated acrylic resins; (xxix) radiation curable
conpositions containing ethylenically unsaturated nononers or oligoners
and a poveQa#sWeaur ated al i phatic ol igomer; -27 WD 00/ 599FCTASHOGEY 08706
and ( xxethulsifiersy slipp ageintse antestatis agantd) fibsousirejinforednadit addifivesy fitless| fiame
cross-1inked b){ an epoxy . functional coetherified high solids nelamne
resin. rfSaISaPﬁ% A lﬁ?St’(?lzﬁsﬂﬁql??lOW%‘Pl@PW% HEcsnBigaIeREss owirsuredberge!. | east
one of 5 ethylene, propylene, styrene, or m xtures thereof. 14. The net hod
of claim1, wherein the polymer conponent is substantially free of an

i nhi bi tor copponeRh artide é&n;t)l:ﬂi@g HpbRaLr @Imﬁd_n?@nﬂ?ﬁlepa&ﬂ%&&b?ﬁinﬁ?@@lﬁhﬁ iing the
step of conbining an inhibitor ~conponent with the fluid polfynmer i1 n an
amound sufficient to inhibit degradation of the polyner during processing.
16. The method of _claim 15, wherein the inhibitor conponent is added in an
15 amount of 2bet wBHatipls At chrim=2; wheregthe aricleip av@plglggamclq, metrysisyartigle, 17.
The net Hﬁﬁj r%%e %l-ﬁbép 15, wherein the inhibitor conponent is an anti-oxidant.
18. The et hod claim1, further conprising the step of adding an

i nhi bitor 20 conmponent to the fluid polyner in an anount sufficient to

i nhibit degradation of the polyner during processing and for a specified
anount of ti 2 af Aenethodfessinnfactinghepolyiner gratigrentainiega degrhdantiegr ade
after the one or nore stabilizers is depleted, wherein the specified anount
of tilfeCUPRAENLFFRRISHIETHC SEPS Ak ef fective working life of the polymer. 25

anti -oxi aant - 20PStsAkbEiont SE R mbrfmerieh Prayide SATRROE ey Prdousp of
addi ng_a non-  eacktly ey e BBl SpOROHTRAA ek co ol Bl of

claim 20, wherein the non-reactive addi'tive c one of

pr ocessfom ablesd and oaiisribyte depdegsxiant compunknt-subtemtadlydgamigenecdstyi - bl ocki ng
agents, = -28 WD 00/ 59996 PCTIUSOO 08706 enulsifiers, slip agents,
ant i - st tEoughqythe &luid palymercompanest cement addi tives, fillers, flame

:‘)ret ﬂlg?m Z’ t Lg?;'ogq 1 if?fmgpﬂ1g%fehﬁlo% resﬂuigggfsy?rlleggo E)grrlre% gxrlcfdegclirXfa%t pigments,
component; and

forming the solidified blend into a polymeric article.

25.  The method of claim 24, wherein forming comprises the steps of:
20 remelting the solidified blend; and

shaping the blend into an article.

26.  The method of claim 25, wherein the shaping is accomplished by one or more
of extrusion, extrusion blowing, film casting, film blowing, calendering, injection molding,

25 blow molding, compression molding, thermoforming, or rotational casting.
27. A method for manufacturing a polymer component containing a degradant

component consisting essentially of the steps of:

polymerizing one or more monomers to provide a fluid polymer; and

9.



22. An article conprising a polynmer conponent prepared according to claim
1. 5 23. The article of claim?22, wherein the article is a nolded article,
extrudedVQO¥P® film tape, or fiber. 24. A nethod for PRAASPHEE0R i ng a
pol yner article cdireetiyn¢ombiaingshe bitnd of thedluid pplymentomponent anddpgrddanst eps
of : polynerizin ne aqr re nmoponers to. provide a fluid polyner conponent;
directl )?O’E‘Bﬂ‘b‘?%?%%@ﬁgblﬂr;%m tﬁéﬂi}ﬁ@t‘te&ﬁmt componeryy syastartiallyponent to
forma i j . r onponent substantially
hormgenteﬁlgﬁfg g/l?e{aﬂsrlgglgﬁg%'ti&{ttﬁggﬁlggglyg%gﬁmﬁ%egﬁponent; 15 solidifying the

bl end of the fluid polynmer conponent and degradant conponent; and form ng
the solidified blend into a polyneric article. 25. The nmethod of claim 24,
wherein form ng conprises the steps of: 20 renelting the solidified blend,
and shaping the blend into an article. 26. The nethod of claim25, wherein
the shaping is acconplished by one or nore of extrusion, extrusion

bl owi ng, filmcasting, filmblow ng, calendering, injection nolding, 25

bl ow nol di ng, conpression nol ding, thernoform ng, or rotational casting.
27. A nmethod for manufacturing a polymer conponent containing a degradant
conponent consisting essentially of the steps of: polynerizing one or nore
nononers to provide a fluid polyner; and -29 WO 00/59996 PCT/ US00/ 08706
directly conmbining the blend of the fluid polynmer conponent and degradant
conponent to forma blend and to distribute the degradant conponent
substantially honogeneously throughout the fluid polymer conponent. -30
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