PTLE OF THE | NVENTI ON BLENDS OF POLYLACTI CACI D AND THERMOPLASTI C POLYMERS
FOR PACKAGQ NGAPPLI CATI-ONS -FILELD-OF- THE-I.NVENTI ON [ 00011 The invention -
enconpasswe iss®20f pol ynmers i ncluding, for exanple, poryusaeviosssaci d and
pol yet hyl ene terephthal ate and articles manufactured therefrom In certain
enbodi nents, the invention enconpasses bl ends of polyners including, for
exanpl e, polylactic acid and pol yethyl ene terephthalate that are useful in
packagi ng and have inproved physical properties, such as flexibility,

el ongati on and/ or deadfo'qTTtE(ﬁQﬁ%ﬁ§ﬁ@YE&ﬁﬁ?ﬂ?'yner bl ends of the
er o i cations

invention may be suitable foranu app , such as in the

manuf act ur g1 eiNgs sRop@blve Aotid 8RS TDW BIS THIFNCENADLITEPOP RS KRS Ng
materials or as coating materials. BACKGROUND OF THE | NVENTI ON [ 0002]

Certai n packagi ng mat er iF&s Pav(eK AQIING AtfBhded THONS si ngl e use, such as
boxes, cartons, pouches, bags and waps used to package itens purchased
fromwhol esale and retail outlets. There is an ever-increasing anount of

packagi ng materials that are- - QnGe, | ,di scarded. In view of the
hi gh vol une of di sposable S@@%?Sﬁ%gpﬁgFg?g%f@ bei ng generated, sone

countfpp@g. PFRE ih%&ﬁfdnyer{cﬁﬁﬁ%s!s& BHAPES @%ﬁ?erb@f&@ﬂdﬁﬁ, f@f@%ﬁﬁgl@] ther the
recycling. [0003] The current inventors ﬂave devel oped’ i mproved pol yner

bl endsolylehtic hcidranddpslyk Usdehatrde g thh mbelaihé petidies BRhEFacSUKKINARY (O THE
| NVENTI ON [ 0004] The i nvention genera | K enconpasses conpositions including
a bl &5atast epgripeats, the invention encompasses blends of polymers including, for
example, polylactic acid and polyethylene terephthalate that are useful in packaging
and have improved physical properties, such as flexibility, elongation and/or dead-
fold. In addition, the polymer blends of the invention may be suitable for a number of
applications, such as in the manutfacture of disposable bottles, wraps, bags and other

packaging materials or as coating materials.

BACKGROUND OF THE INVENTION
[0002]  Certain packaging materials are only intended for a single use, such as boxes,
cartons, pouches, bags and wraps used to package items purchased from wholesale and
retail outlets. There is an ever-increasing amount of packaging materials that are used
once and then discarded. In view of the high volume of disposable packaging
materials being generated, some countries, particularly those in Europe, have begun to
mandate either the recycling.
[0003]  The current inventors have developed improved polymer blends, which are

disclosed and claimed herein.

BRIEF SUMMARY OF THE INVENTION
[0004]  The invention generally encompasses compositions including a blend of
polymers.
[0005]  In certain embodiments, the composition include a polvmer blend of poly-

lactic acid and polyethvlene terephthalate



[ 0005] In certain enbodi nents, the conposition include a polyner blend of
pol v- aetic acid nd pol vct hvknc terephthal atu[ 0006] In certain enbodi nents; -
t he conposD20IVsEBWE an intrinsic viscosity of about O 5Ppdir/us2ec9/03dseut 0. 9
dl/g. [0007] In certain enbodi nents, the conposition has an intrinsic
viscosity of about 0.7 dl/g. [0008J In certain enbodi nents, the poly-lactic
acid is present in an anount of about 1 wt. %o about 20 wt. % [0009J In
certai n enbodi ments, the poly-lactic acid is present in an anmount of about

aCI d {ﬂgﬁéé ab?r%l cr%am\@tmb /?m{e?\%l?l]\ égng)gg&%%ag%qg@%% %1%5 QR Rpjd%dta(:t Ic

resen I'n an anoun

enboc{m;rgp/f&smﬁk@tmmfygt%yl ene terephthalate is present in an am)unt of
about 80 . % o0 abou % [0012] In certain enbodi nents, the

pol yqdoog7leneln eeremhtelmdbcahmanss phesenpositioarhaamountriodic aisoositvoof altout% o
about 97 wt. % [0013] In certain enbodi nents, the polyethylene
terepﬂﬂ HM%te is present in an anount of about 95 wt. % [0014] In certain

aboutl 08000 e REBNE] iR AR IR PeR Bl M 1 PR IERRANE B ofabn0E"
radi g Yoyung'asoipowlysey,of at | east about 410000 psi. | 0016] The invention
al so enconpasses packaging materials including about 1 w. %to about 20
W, %P009)- | att rertacicdnantnpolty ehhipbbrlctienaphs padsanein f0adivlunk of skodtai n
errbodé Vr\rf?nt Sto . ggt %{(})VI’LDOSI tion has an intrinsic viscosity of greater

[0010]  In certain embodiments, the poly-lactic acid is present in an amount of about

5 wt. %.

[0011]  In certain embodiments, the polyethylene terephthalate is present in an

amount of about 80 wt. % to about 99 wt. %.

[0012]  In certain embodiments, the polyethylene terephthalate is present in an

amount of about 90 wt. % to about 97 wt. %

[0013]  In certain embodiments, the polyethylene terephthalate is present in an

amount of about 95 wt. %.

[0014]  In certain embodiments, the compositions have an axial Young’'s modulus of

at least about 210000 psi.

[0015] In certain embodiments, the compositions have a radial Young’s modulus of

at least about 410000 psi.

[0016]  The invention also encompasses packaging materials including about 1 wt. %

to about 20 wt. % poly-lactic acid and polyethylene terephthalate.

[0017]  In certain embodiments, the composition has an intrinsic viscosity of greater

than about 0.7dl/g.

[0018] In certain embodiments, the polviactic acid is present in an amount of about 3

wt. % to about 10 wt.

[0019]  In certain embodiments, the polylactic acid is present in an amount of about 5

wt. %

[06020]  In certain embodiments, the polyethylene terephthalate is present in an



than about 0.7dl/g. fbASJ In certain enbodinents, the plylactie acid is
present in-an anmount of about 3 w %o about 10 wt. % [0019] In certain
enbodi merwe,20tos3el yl actic acid is present in an anounPCofUSaiwo0s9684 Wt . %
[ 0020] Fn certain enbodi nents, the polyethylene terephthalate is present in
an _ >. anount of about 80 w. % o about 99 wt % [0021] In certain

enbodi nents, the polyethylene terephthalate is present in an anount of
about 90 wt. %o about 97 wt. % [0022] In certain enbodi nents, the

polyeth eds esent in an anount of about 95 Wt . %
[0023 % gg@ nﬁ d?%%ﬁ?gﬁR?HgFCOHDOSItIOnS an axial Young's nodul us at

| eastypabput 2&@@@9111%@30&993&1 m@ peRld diRylonerbegh MRS is pRcROAPAS ti ons
have a radi al Young's nodul us of | east about 410000 psi. [0025] The

|nvenmmﬂunabsﬂxﬁnéﬁnpa§sESammﬁﬁﬁﬁsto% naklng a consuner packagi ng product

conprisin 50026] (1) conbi ni ng about wt. % o0 about 20 wt. %oly-lactic

aci d HRa2 ]gm Tétcﬁ‘iﬁ’é‘rfé“?‘é‘ﬁ@ﬁfmthé 19@@%66@%9%@8%1%? ippessgnt foER7] (i)

m Xi n%]nﬁ)ol %/r’rp [L0028] (iii) heating the polyner blend; [0029] (iv)
v

ext r udi Bf'end; and [0030] (v) blow nolding to forma consumer
pac kaRJOQQ] pr od 'é&ttam[é?ﬁéédlﬂéms [{AY ePEd R RIS AnSREAMMARSES nkRIFUERY [cR§toduct s

i ncluding a polyner
about 210000 psi.
[0024] In certain embodiments, the compositions have a radial Young’s modulus of
at least about 410000 psi.
[0025] The invention also encompasses methods of making a consumer packaging
product cémprising:
[0026] (i) combining about 1 wt. % to about 20 wt. % poly-lactic acid and
polyethylene terephthalate to form a polymer blend;
[0027] (if) mixing polymer blend;
[0028]  (iii) heating the polymer blend;
[0029]  (iv) extruding the polymer blend; and
[0030]  (v) blow-molding to form a consumer packaging product.
[0031]  The invention also encompasses consumer products including a polymer
blend, wherein the polymer comprises:
[0032] (i) about1 wt. % to about 20 wt. % poly-lactic acid; and
[0033] (i) a polyethylene terephthalate, and wherein the composition has an
intrinsic viscosity of greater than about 0.7 dl/g. ’
[0034] In certain embodiments, the polyethylene terephthalate is present in an
amount of about 80 wt. % to about 99 wt. %.
[0035]  Incertain embodiments, the polyethvlene terephthalate is present in an
amount of about 90 wt. % to about 97 wt. %
[0036]  Incertain embodiments, the polyethylene terephthalate is present in an
amount of about 95 wt. %

[00371  In certain embodiments, the polylactic acid is present in an amount of about 3



bl end, wherein the polyner conprises: [0032] (i) about 1 wt. % o about 20
wt. %oly-lactic acid; and [0033] (ii) a polyethylene terephthalate, and
wher ei n tWe 200mB3a®2t i on has an intrinsic viscosity of gPexUSzom0ags4about
0.7 dl/g. [0034] In certain enbodi nents, the pol yethyl ene terephthalate is
present in an anmount of about 80 wt. % o0 about 99 wt. % [0035] In certain
enbodi nents, the polyethylene terephthalate is present in an anount o about
90 wt. % o0 about 97 wt. [0036] Ir, certain enbodi nents, the pol yethyl ene
terepht hal ate | resgnt in an anount of about 95 wt. [0037J I"i certain
enbodi*h ﬁgg?g?ﬁéﬁgﬁﬁvfacric acidis p e en in an anount of aboutwt. %o

aboutop8gwt . 15 %eﬂt&%@ﬁbédln@t@f&,@hﬁp@[Kbé?éﬂd’ﬁﬁ:ﬁﬁ ) Iivztelﬁ@ntFlQ'aﬂ A&ablist CdtbutS
present i'n an anmount of about 5 . % [0039] 1n certain enbodinents, the

pol ymet. bl end has an axi al Young' s nodul us at |east about 210000 psi.

[0040] In certain enbodi nents, the polyner hlend has radi,al Young's

modul 1983%f  atn Ferdin capbed nensd e,%f)}im@ﬁrle BESERIPT O TRECET T HES

[0041] Figqur idd ustrates illustrative enbodi nents including the pol yner
dba g 2tol

bl en %on i ncl udi ng 0.1 %°LA powder in PET, 0.2 %LA powder

in PE[;BO‘L@}O %0 PAcBehinetmbddiRehts aRd pb%hb HIRRLIHE al dRIE Voun@04abdbl guste 2
S

illustrates illustrative enbodi ments i ncl udi ng the pol yner bl ends of the
i nvendtilemstiabolitidli(9§0gscontrol , 0.1 %°LA powder in PET, 0.2 %LA powder in
PET, 5% PLA Pellet in PET, and 1%°LA Pellet in PET.

BRIEF DESCRIPTION OF THE FIGURES

[0041]  Figure 1 illustrates illustrative embodiments including the polymer blends of
the invention including 0.1 % PLA powder in PET, 0.2 % PLA powder in PET, 5% PLA
Pellet in PET, and 1% PLA Pellet in PET.

[0042]  Figure 2 illustrates illustrative embodiments including the polymer blends of
the invention including a control, 0.1 % PLA powder in PET, 0.2 % PLA powder in PET,
5% PLA Pellet in PET, and 1% PLA Pellet in PET.

[0043]  Figure 3 illustrates illustrative embodiments of bottles including the polymer
blends of the invention including a control, 3% PLA 50/50 RPET/virgin, and 5% PLA
50/50 RPET/ virgin.

[0044]  Figure 4 illustrates a bar graph of the axial and radial Young's moduli of

illustrative bottles including the polymer blends of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0045]  As used throughout, ranges are used as a shorthand for describing each and
every value that is within the range. Any value within the range can be selected as the
terminus of the range. In addition, all references cited herein are hereby incorporated
by reference in their entireties. In the event of a conflict in a definition in the present

disclosure and that of a cited reference, the present disclosure controls.

4.



[0043] Figure 3 illustrates illustrative enbodi nents of bottles including
~the -polyner bl ends of the invention including a control, 3% PLA 50/50 RPET/
virgin, amNo2280m@E#250/ 50 RPET/ virgin. [0044] Figure 4 ipCrasteoanessa bar
graph of the axial and radial Young's noduli of illustrative bottles
including the polyner blends of the invention. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON [ 0045] As used throughout, ranges are used as a shorthand for
descri bi ng each and every value that is within the range. Any value within

t he rgnge f@gwcb_e ts}el ected as the termnus of the range. In addition, all

r ef er-er * , ein argnhereby incorporated by reference in their

entir S. IReiRG BN sG@Nb Iy Bler lerdisdaf iudiitd ORe bA ntdie ,
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cont rfok exGepéy, polDesiragd hod o048} leTleciephémtlaen Ehe priyassddenpdd yinde Mends
i ncluding one or nore polyners, for exanple, poly lactic acid and

pol yeniNgnidpre haee BpREMCaRI@PeTies, BBlywes 1BrEaus ﬁf&“l}gﬂg, ﬁl‘?ﬁ}gﬁﬁ’on have

i mproved properties, including incre dstr.er Cflexihidity, elongation,
e B S A A L S Al RV
The p@nbzl?;l” l?h@g@ﬁw%r bREdL BY 8t inRBNnE8A B8 bexkhuded, bibhayrastcast or

ot herw se fornmed into sheets and filns for use in a wide variety of

pac kﬁgﬂmgwfmtfefmaﬂ stoshedtsasdvilapstor bags) a pdde hesigtvanidpd kg iveg matwids, ngs,

or they may be nplded into shaped articles, for exanple, ttles. In

cer t aitthewsbodingebras, Penrhas; aed Eﬁ%ﬂ‘?ﬁe C‘@?ﬂ&ﬁs?’bﬂ}e}fﬁp%ﬁ &I‘Sﬁﬁ;‘l &% on
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herein. [0048] In tertain enbodiments, blends tontaining a pol ymer, derived
f r om thep@bptaatic art are suitable for use in forming useful articles of manufacture,
including bottles, sheets and films, from the polymer blend compositions described
herein.
[0048]  In certain embodiments, blends containing a polymer, derived from a natural
source, for example, polylactic acid and a thermoplastic polymer, for example,
polyethylene terephthalate (PET), polypropylene (PP), polyethylene (PE) or
combinations thereof, are surprisingly shown to have strength and elongation
properties, which are superior to the polymer(s) taken alone. Thus, the invention
encompasses blends that possess or demonstrate surprising synergistic effects.
[0049]  In certain embodiments, blends containing polylactic acid and polyethylene
terephthalate (PET) are used in the compositions of the invention.
[0050] In another embodiment, the invention encompasses polymer blends
characterized as having a relatively high glass transition temperature and which are
highly crystalline at room temperature. The inventors have discovered the surprising
and unexpected result that various blends of polylactic acid with polyethylene
terephthalate actually exhibit higher elongation than the polymers by themselves, as
well as higher break stress compared to the polymers by themselves.
[0051]  In certain embodiments, blending a mixture of poly lactic acid with

polyethylene terephthalate, in many cases, exhibit the favored characteristics of each



source, for exanple, polylactic acid and a thernopl astic pol ynmer, for
—exanpl e, polyet hyl ene terephthal ate (PET), polypropylene (PP), polyethylene
(PE) or cwobratssinas t hereof, are surprisingly shown toPhaxs2e0089%gt h and
el ongati on properties, which are superior to the polyner(s) taken al one.
Thus, the invention enconpasses bl ends that possess or denonstrate
surprising synergistic effects. [0049] In certain enbodi nents, bl ends
cont ai ning polylactic acid and pol yet hyl ene terephthalate (PET) are used in
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i nve n-en asses po ends char act as having a relatively

hi gh glags ikansinkkeivd prigrrabdbterRthoMineh bargelti ghly crystalline at room
t enperature. The inventors have di scovered the surprising and unexpected
resul[p052jat Vrannotrsr bindodsment, plo¢ irivaotioo cactpapsds appdlyatehpleamnk

terepht hal ate actual!) exhjbit higher elongatio han,t he I b
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aci d LR e, PSP RTRPAT R fryeRLBRTDE R Al fler b O e
char aetRIdiSE | (68 eRarhpRAGDIy-lactie aciblindREvikY al lasied fYoungson®dedaast @xbishi ting
even better properties, while dimnishing or mnimzing the negative
prope&rk_tdmﬁ“lm{)()qa{i.h polymer by itself. [0052] In another enbodinent, the

i nvention enconpasses a polyner blend including, for exanple, poly-lactic
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| east about psSI . Ano r enbodi nent” enconmpasses a consuner

pr odusslybhslerd, ﬂith@dibtk;&ﬁ?h denkity pekatiptlene qallyethabineceaphdhane, one or nore
t her nopl astic polyners, for exanple,
polypropylene.

Polvmers of the Invention

[0054]  Polymers within the scope of the invention include polymers, which include a
range of synthetic polymers, such as polyesters, polyester amides, polycarbonates and
the like. Naturally-derived semi-synthetic polyesters (e.g., from fermentation) can also
be used. Natural macromolecules containing hydrolyzable linkages, such as protein,
cellulose and starch, are generally susceptible to degradation by the hydrolytic enzymes
of microorganisms. The polymer blends of the invention also exhibit characteristics that
affect degradability including crystallinity, chain flexibility and chain length.

[0055] Polymers within the scope of the invention include, but are not limited to,
synthetic polyesters, semi-synthetic polyesters made by fermentation (e.g., PHB and
PHBYV), polyester amides, polycarbonates, and polyester urethanes. In other
embodiments, it is within the scope of the invention to optionally include a variety of
natural polymers and their derivatives, such as polymers including or derived from
starch, cellulose, other polvsaccharides and proteins.

[0056]  Included within the scope of the polymer blends of the invention are
polvmers based on, for example, polylactic acid, polyhydroxybutyrate,

polyhvdroxyamide, polytartrate, and mixtures thereof.
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pol yet hyl ene, including high density pol yethyl ene, polyethylene
~terephthal ate; or pol ypropylene. Polyners of the Invention [0054] Pol yners
wi thin t hwosemps3s2 the i nvention include polymers, whi ®eaTiuseéo9ma9eas r ange
of synthetic polyners, such as polyesters, polyester am des, polycarbonates
and the like. Naturally-derived sem -synthetic polyesters (e.g., from
fermentation) can al so be used. Natural macronol ecul es containing
hydr ol yzabl e | i nkages, such as protein, cellulose and starch, are generally

susc ihle to degradation by the hydrol yti Zynes . Y. CI.QC ni sms. The
pol yﬁ@bg I enh%cﬁgﬂpﬁén%%@ghetr%{%rtgﬁ%tpgpéﬂé(%ﬁi tfiﬂﬁe %ﬁ%ﬁgﬁ é%tzg [ ?&gﬁg% aff ect
degr aelabi lont ot ihE‘le!dli'x‘EJgF Egh%d{&tzﬁélid (BILAY). CR@iuBed hexdili thi t¥rmapdldhaidndi@ngt h.

[ 0055] Pol yners with the scope of the invention include, but are not

li m tiedyhonomyas heth polytdyeletensinchetes degnidedi¢, chpohyplsster, sliphdec by
fernentation (e.g., PHB and PFIBV), polyester amties, polycarbonates, and
pol yeaelsestar demeribiom rererrdie sspBiicrettcd asiqorn stafrk Af fUgHERSope of t he

i nvent.j to j-onal Ly .include.a.variety, of -natural . ngd._t.heir
dor  iPPes BRSNS by RER SOF KA n U Ol Yo T R 3 B0 El e
ot herf&ﬁ!ﬂﬁ@}ﬁ@hﬁ pagsL andiRr(PLeinss tHOORRIct RGlustedivht pbRnidieasioang of the
poK ner bl ends the inv ention are polyners based on, for exanple, poh

| act il Laattide (ddoykyekoxyhutaytide)e, Inpehtaanenibpdpoentsar thatrerendind, RiAthases
thereof .[0057J) In certain enbodi nents, the polyners of the.invention

i ncl vierysBImisy of Beeader thanap s H VMY epBIntadts @ RrSdTqsPiAY) . As used

P ey RS} SRS L SRy SR 0 BB and
el opamom g gy aier ior M anecy [00SLanEL o
i ncl ugliosigtheoiyplastiactritd éibePlfbApxamptehesipg odoeenticesilimdlingpifiniony processes)
pol yn-eg{cli i:zlﬁ;[ll %r}]le?rtlelting temperature of PLLA can be increased 40-50 °C and its heat
deflection temperature can be increased from approximately 60°C to up to 190 °C by
physically blending the polymer with PDLA (poly-D-lactide). PDLA and PLLA blends
of the invention form a highly regular stereocomplex with increased crystallinity. In
certain embodiments, the temperature stability can be maximized when a 50:50 blend is
used, but even at lower concentrations of 3-10% of PDLA, there is still a substantial
improvement. In the latter case, PDLA acts as a nucleating agent, thereby increasing
the crystallization rate. Degradation of PDLA is slower than for PLA due to the higher
crystallinity of PDLA. Accordingly, the invention encompasses lactic acid and its
several isomeric forms, for example L-(+)-lactic acid; D-(-)-lactic acid, and mixtures
thereof. In another embodiment, the invention encompasses the racemic mixture, DL-
lactic acid.
[0060]  Also included are high polymers of lactic acid (Mn = about 50,000 to about
110,000, which are strong polymers that can be fabricated into useful products that can
be broken down by common soil bacteria. In certain embodiments, PLA can be a
homopolymer or it may be copolymerized with glycolides, lactones or other monomers.
[0061]  High polymers of lactic acid can be manufactured, for example, in a two-step

process. Lactic acid is first oligomerized to a linear chain with a molecular weight of




L,L-lactide (also known as L-lactide). In certain enbodi nents of the
invention, PLA has a crystallinity of greater than 25% for exanple, about
37% a glhaex0twmEsdti on tenperature between 50-80 0C an@Ca/usedo0iosgp44
tenperature between 173-178 0C. [0059] In certain enbodi nents, polylactic
acid of the invention can be processed |ike nost thernoplastics into fiber
(for exanple using conventional nelt spinning processes) and film The
melting tenperature of PLLA can be increased 40-50 OC and its heat

def | el%&s' QRNIBOP S afw{&l A0 BE . IS Sasefef 1%‘%1?&:@8 %ﬂ@}&hym@&@et o up to
190 0C by physically bl ending the polymer wth A (poly-D-lactide). PDLA

and Ruh#&hdk argsliofiirhbecirmisiny drtwicorandenbed hicyic keglinatecsier dddosipl ex with
increased crystallinity. In certain enbodinents, the tenmperature stability
can baepber mngdd nmyéwdaarsbskéneqcs% HITING APSEHS Beltv nesrERtign thgwerluce

concent.rati.ons. - 10% of PDLA, a substantial inprovenent.
I'n t RO gi‘%léf‘c ‘gét R “gl:etr -t hg ﬁﬁ(g) ’tlf(#&( agent, thereby increasing the

Cryst b 1)2/at TP iR Rior PGS eakReRL pBRLA ScAlONRILG AN JIPf BYA due to the

hi ghe stallinity o cord ngly, the i1nventi enconpasses | actic

aci d dnghaticsopeirenad (“GRED@T)J whidr g, ddroratexafiilel had 49 sdlddtyi Diaadpetn
D-(-)-lactic acid, and m xtures thereof. In another enbodinment, the

i nvlen]tﬁkorﬁé@l clonprasy &P ihare a%lélrﬁnei arexelered oasaéilileA dard’ am@ogﬁpAﬁ o)
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pr odugt, s &Qﬁéxtﬁﬁ@erﬁﬁep{t&&e&ﬁm@ by common soil bacteria In certain
enbodi nments, PLA cah be a honop |ymer or it may be copol vinerized with
col i dese3]l acumnasaxarem&»d&ﬁmemmmhepsly1{1@&6:11d b gt ipobytien & plesé@dhian aci d
can be manufactured, for exanp|e |n a two-step proces | actc at id is
fi r stanprgbapred 1ovh % tnakeutcl wt s hsest an g \e'@tglﬁrp%rtg It tl@t pely sﬂetrhan

3000 te hen de nerlze 0.l a
ani croFe i BT iRl EBR R bR G R b IR ERE TR FE RreBR U s
Thi's §iM@BR10 wt. %. In other embodiments, the polylactic ac1d is present in an amount

of about 5 wt. %.

[0064]  The polymer blends of the invention also encompass one or more
thermoplastic polymers, tor example polyethylene terephthalate, polypropylene,
polyethylene, high density polyethylene, poly(ethylene naphthalate, and mixtures
thereof.

[0065]  In certain embodiments, the thermoplastic polymer is polvethylene
terephthalate (PET). PET polymers are manufactured by DuPont, and sold under the
trade name BIOMAX. The invention also encompasses modified PET polymers sold by
DuPont and described in greater detail in U.S. Pat. No. 5,053,482 to Tietz, U.S. Pat. No.
5,097,004 to Gallagher et al., U.S. Pat. No. 5,097,005 to Tietz, U.S. Pat. No. 5,171,308 to
Gallagher et al., U.S. Pat. No. 5,219,646, to Gallagher et al,, and US. Pat. No. 5,295,985 to
Romesser et al., the content of each is hereby incorporated by reference.

[0066]  In certain embodiments, the PET has a molecular weight of 60,000-80,000.
[0067]  In certain embodiments, the PET polymer is a modified PET. As used herein,

the term “modified PET” refers to PET, which contains co-monomers, for example,



ring is purified and subjected to ring opening polynerization to produce

-polylactic -acid w th a nolecular weight of 50,000-110,000. [0062] The

i nvent i orwal2swy/msssenpasses pol yner bl ends i ncl udi ng pol ycaatseade/oadeiphat i c
copolymer ("CPLA"), which is a derivative of PLA and is sold by D ani ppon
I nk. Two cl asses of CPLA are sold and are referred to as "CPLA hard" and

"CPLA soft." CPLA hard has a glass transition tenperature of 60 0C, while
CPLA soft has a glass transition tenperature of 51 OC. [0063] In certain
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60, 000- 80, 000.
groups within the repeating terephthalate units can be sulfonated and neutralized with
an alkali metal or alkaline earth metal base. Both the aliphatic portion of the modified
PET polymer as well as the statistically significant quantity of sulfonated terephthalate
units contribute to the degradability of the BIOMAX polymer.
[0070]  In other embodiments, modified polyethylene terephthalates consist
essentially of recurring structural units having the following general formula: --[--C(O)-
-R--C(O)--OGO--]o--[--C(O)-Q-O--]p -- wherein up to about 40 mole % of R is selected
from the group consisting of a chemical bond and one or more divalent, non-aromatic,
C1-Cio hydrocarbylene radicals, and the remainder of R is at least about 85% mole % p-
phenylene radical, wherein G includes from 0 to about 30 mole % of a polyethylene
ether radical selected from the group consisting of: --(CHz)2--O--(CHa)2--and --(CHz)2--
O--(CHaz)z --O--(CHz)2-- and the remainder of G is selected from the group consisting of
polvalkylene ether radicals of molecular weight at least about 250 (number average),
and —-(CHz)z--, --(CHz)s--, and --(CHz)s-- radicals, wherein Q is derived from a hydroxy
acid of the formula: HO[--C(O)-Q-O--1:H wherein x is an integer and such hydroxy
acids have a melting point at least 5 °C below their decomposition temperature, and Q
is selected from the group consisting of a chemical bond and hydrocarbylene radicals -
(CHz)n--, where n is an integer from 1 to 5, --C(R")H--, and --C(R')HCH:--. wherein R'is

selected from the group consisting of ~-CHs and --CHzCH>, and wherein “a” and “b” are

SG.



[0067] In certain enbodi nents, the PET polyner is a nodified PET. As used
herein, the term'"nodified PET" refers to PET, which contains co-nononers,
for exanpwe,2etssi92am de or aliphatic nonomers that proeciasasaloddeitnkages
that are susceptible to degradation including biodegradation through

hydrol ysis. [0068] In certain enbodi ments, the PET polyners can be
characterized as including alternating units of terephthalate and an

al i phatic constituent, with the aliphatic constituent including a
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branched and unbranched, and derivatives of the foregoing. [0069] In other
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and neutralized with an alkali metal or alkaline earth nmetal base. Both the
al i p%\rﬂugs'porti on of the nodified PET polyner as well as the statistically

si gnifhoegnt quantiditicRf alssbhanabadet e R R et ShaRAldH futd thet t he
degradability of the Bl OVAX pol yner. [0070] In other enbodi ments, nodified

pol yenhidendastaiaphshdl at glyceonsisstbiedspripydeneyglytolrarglihei ldg. dhrcadtir al
units having the follow ng general farmula: - kcé?)
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fromO to about 30 nole %f a polyethyl ene ether radical selected fromthe

gr oupwearrsingy iadganfageoqQiitilize Gh¢ Griiral watwat cop@sh pf nativstaGizgtanu@s(toH2) 2-
and the remainder of Gis selected fromth roup consistjng of
pol yaniialereak Kew Tt di GaPS L s e e MRS EGhpatre PAEy HBSERIsEY nunber

aver 39€).d starch can be blended with one or more synthetic polymers, and the mixture
dried by venting, in order to yield a final polymer blend. Where it is desired to make
food wraps or other sheets or films intended to contact food using a thermoplastic
starch polymer made with a high boiling liquid plasticizer, it will be to limit the
quantity of such thermoplastic starch polymers to less than 10% by weight of the
polymer mixture, exclusive of any solid fillers.
[0072]  In addition to the polymers described above, polymers for use in the
compositions and methods of the invention can include, but are not limited to,
acrylonitrile butadiene styrene (ABS); acrylic; celluloid; cellulose acetate; ethylene-vinyl
acetate (EVA); ethylene vinyl alcohol (EVAL); fluoroplastics (PTFE, FEP, PFA, CTFE,
ECTFE, ETFE); ionomers; Kvdex, a trademarked acrylic/ PVC alloy; liquid crystal
polymers (LCP); polyacetal (POM or Acetal); polyacrylates (Acrylic); polyacrylonitrile
(PAN or Acrylonitrile); polvamide (PA or Nylon); polyamide-imide (PAI);
polyarvletherketone (PAEK or Ketone); polybutadiene (PBD); polybutylene (PB);
polybutylene terephthalate (PBT); polycaprolactone (PCL); polychlorotrifluoroethylene
(PCTFE); polyethylene terephthalate (PET); polycyclohexylene dimethylene
terephthalate (PCT); polycarbonate (PC); polvhydroxyalkanoates (PHAs); polyketone
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and -(CHbJa--, -(QHb) -, and -(CHb)-J-- radicals, wherein Qis derived

——from-a-hydroxy acid-of - the -formula: -HJ-C(O-QO ]XH wherein x is an

i nt eger amo 2010013339¢dr oxy aci ds have a nelting point at PeaaS289M3%G4bel ow
their deconposition tenperature, and Qis selected fromthe group
consisting of a chem cal bond and hydrocarbyl ene radicals - (CH) - , where
nis an integer fromlto 5 -CR)H, and -C(R 1JHCHa-. wherein Ris
sel ected fromthe gr oup consisti ng of -CJHU and -CH CH,, and wherein "a
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poly for use in wraps may advantageously utilize the
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granul ar structure and nelt the native starch. Thereafter, the nelted
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any solid fillers, [0072] In addition to the polyners d bed ab
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which the chains approximate random coils. In other embodiments, the amorphous

regions contribute elasticity and the crystalline regions contribute strength and rigidity,
as is also the case for non-thermoplastic fibrous proteins such as silk. Above Tm in
certain embodiments crystalline structure disappears and the chains become randomly
inter dispersed. As the temperature increases above Tm, viscosity gradually decreases
without any distinct phase change.

[0074] In certain embodiments, the thermoplastic polymer of the invention can go
through melting/ freezing cycles repeatedly. This quality makes thermoplastics
recyclable. The processes required for recycling vary with the thermoplastic. The
plastics used for soda bottles are a common example of thermoplastics that can be and
are widely recycled. The protein a-keratin, softens on heating, is somewhat re-
shapeable, and may be regarded as a natural, quasi-thermoplastic material.

[0075]  In certain embodiments, the thermoplastic polvmers do not crystallize and
are termed “amorphous” plastics and are useful at temperatures below the Tg. They
are frequently used in applications where clarity is important. Some typical examples of
amorphous thermoplastics are PMMA, PS and PC. Generally, amorphous

thermoplastics are less chemically resistant and can be subject to stress cracking



conpositions and nethocis of the invention can include, but are not limted
~to, acrylonitrile butadiene styrene (ABS); acrylic; celluloid; cellulose
acet at e; wOhlyloansasoei nyl acetate (EVA); ethyl ene vinyl alPcohiskoooBssl) ;
fluoroplastics (PTFE, FEP, PFA, CTFE, ECTFE, ETFE); iononmers; Kydex, a
trademarked acrylic/ PVC alloy; liquid crystal polyners (LCP); polyacetal
(POM or Acetal); polyacrylates (Acrylic); poly aery lonitrile (PAN or
Acrylonitrile); poh am de (PA or Nylon); poh am de-im de (PAl);
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pol ycycl uhexyl ene di ntt hyl ene terepht hai ate (PCB; polycarbonate '%FC) X

al karrgardand(duas)to yoichkersnization cupryeurphipgads & gartssl Yetthyiilie’ oPE)

i ncludi ng. high density .polv ethyl ene (HDPE): polyetheretherke tone (PEEK);
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pol yphenyl'ene oxi de pol yphen ne sulfid Bol'ypht hal am de

( PPA) tii‘xeia@xbgnﬁﬁb)@ eas (PH)aqueobysii-yreneliaP8¢rnplysidsfreneme PS)britpel yvi nyl
chloride ( VC%; pol yvi ni/l i dene chl oride (PVDCQ); and conbi nations thereof.
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enbodi nment's, ow a sec melting tenperature, Tm also the

i dpobynhd@ingendrafge tive Bideathadistoaitb ogbmene:s, befdre pdiemmiphdsti Bofiol yner s
have crystalline regions alternating w th anorphous regions in which the
chai neeipplsoxplvathe pelimsmcbainsstandoibrivt frerbeons arpthst. Beferatsy phous
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weather. Another method of lowering Tg (or raising Tm) is to incorporate the original
plastic into a copolymer, as with graft copolymers of polystyrene, or into a composite
material. Lowering Tg is not the only way to reduce brittleness. Drawing (and similar
processes that stretch or orient the molecules) or increasing the length of the polymer
chains also decrease brittleness.
[0076] It is within the scope of the invention to include thermoplastic polymers
based on starch that include a high boiling liquid plasticizer such as glycerine,
propylene glycol and the like. In certain embodiments, when manufacturing wraps are
intended to come into contact with food products, to utilize thermoplastic starch
polymers that are made without the use of such plasticizers, which can potentially
diffuse into food. In certain embodiments, thermoplastic starch polymers for use in
making food wraps may advantageously utilize the natural water content of native
starch granules to initially break down the granular structure and melt the native
starch. Thereafter, the melted starch can be blended with one or more synthetic
polymers, and the mixture dried by venting, in order to vield a final polyvmer blend.
Where it is desired to make food wraps or other sheets or films intended to contact food

using a thermoplastic starch polymer made with a high boiling liquid plasticizer, it may



as is also the case for non-thernoplastic fibrous proteins such as silk.
~Above Tmin certain enbodi nents crystalline structure di sappears and the
chai ns bewormiwesidem y i nter di spersed. As the tenperat eCE/US2a0MI®BRE above
Tm viscosity gradually decreases w thout any distinct phase change. [0074]
In certain enbodi nents, the thernoplastic polyner of the invention can go
through nelting/ freel/ing cycles repeatedly. This quality makes

t her nopl astics recycl abl e. The processes required for recycling vary with
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the thermoplastic polymer is present in an amount of about 80 wt. % to about 99 wt. %.
In certain embodiments, the thermoplastic polymer is present in an amount of about 90
wt. % to about 97 wt. %. In certain embodiments, the thermoplastic polymer is present

in an amount of about 95 wt. %.

Compositions of the Invention

[0079]  The invention encompasses polymer blends having improved properties
compared to unblended polymers or thermoplastic homopolymers and copolymers.
The polymer blends exhibit, for example, improved strength, tlexibility, elongation,
temperature stability, processability, and dead-fold. Moreover, sheets, films and other
articles made from such blends are in many ways superior to conventional plastics,
which are not readily printable absent special treatment, and which generally have poor
dead-fold properties.

[0080]  In one embodiment, polymer blends according to the invention may include
polylactic acid and at least one thermopilastic polymer. As used herein, the term
“polymer blend(s)” and “blend(s)” refers to a mixture of at least one naturally occurring

polymer and at least one thermoplastic polymer. In certain embodiments the term
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met hods make the polyner chains stand off a bit from one another. Before
the introduction of plasticizers, plastic autonobile parts often cracked in
col d wi ntwo 20a5B®2. Anot her nmet hod of |owering Tg (or ParAiSeg9IDEY644s to
incorporate the original plastic into a copolynmer, as with graft copol yners
of polystyrene, or into a conposite material. Lowering Tg is not the only
way to reduce brittleness. Drawing (and simlar processes that stretch or
orient the nolecules) or increasing the length of the polyner chains al so

decrease brittleness. [0O76] Wt I L Lhyn 1| -t i [ to
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certain enbodi nents, when manufacturing waps are intended to cone into
cont 60814 t h Winedblenddd ¢ogethen ituis ipokgiblet toataropl ths thievefitiak piopsotisamerm t hat
are made wi thout the use of such plasticizers, which can po entially
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for use in making food waps. nay | tilize the natural water
cont enpebronLe g R IR R T PRRH ALY ok Gown The gr anul ar
str Ugbg&’ﬁ_ angoiRitial hpplittaldns o thé pbBimerlengalvigiin thd&opeldf ele Fhanhebncan be
bl en..ed vmth_ one or re synthetic polvmers, and the mxture dried by
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v e
it mavbe desirable to Iimit quantity of such thernoplastic starch
pol yr’r%"r“15?%58:}32%’glapﬁlésn(}lllb%db‘flgiv%gibggg of the polymer mxture, exclusive of

poly

any s@bssl fi ﬁﬁl@ﬁﬁ@f@ﬂt%{?ﬂdlyhﬁsr AARTs BEPOdicRBRAUSd, blowSoMbiRiwideerse@pe of
the invention to include one or nore non-bi odegradabl e polyners within the
pol ynieto bhansland films fouscharawplasaiicypdlparkaginganatesalsosuch asi wrqwd yer) .

et HoABCeheof g Gl SPRGLY TPEea Pl RBUBBAGRIERC R god with a
thermoplastic polymer, the inventors have discovered that, in some cases, the beneficial
properties of the blend actually exceed the desirable properties of each polymer when
used individually. Thus, the surprising result of an unexpected synergistic etfect has
been demonstrated.

[0084] In another embodiment of the invention, the compositions of the invention
are sheets or films including polymer blends and are suitable for making wraps and
other packaging materials. The terms “sheets” and “films” are to be understood as
having their customary meanings as used in the thermoplastic and packaging arts.
Nevertheless, because the distinction between what constitutes a “sheet” and what
constitutes a “film” largely turns on the thickness of the article of manufacture, the
distinction is somewhat arbitrary (i.e., some articles may constitute both sheets and
films). Because the compositions according to the invention can be used to manufacture
a wide variety of articles of manufacture, including articles useful to wrap, package or
otherwise package food or other solid substrates, including sheets and films having a
wide variety of thicknesses (both measured and calculated), it is not the intention of this
disclosure to precisely distinguish, in all cases, between what may arguably constitute a

“sheet” versus articles that may arguably constitute a “film.” Therefore, when the
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resulting polynmer blends will tend to exhibit degradability, for exanple,

t he nondegradabl e pol yners are included as a disperse, rather than a

cont i nuousOophes35920078] I n certain enbodi ments, the theckask@svswipol yner
i s polyethylene terephthalate. In certain enbodinents, the thernoplastic
pol ymer is polypropylene. In certain enbodinents, the thernoplastic polyner
is polyethylene. In certain enbodi nents, the polyethylene is high density
pol yethyl ene. In certain enbodinents, the thernDpIastic polyner is present
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measure of the ability of a sheet or film to retain a crease, crinkle or other bend. It is
measured independently of self cling, heat sealing, or the use of an adhesive to maintain
a desired orientation.

[0086]  Articles of manufacture made according to the invention can have any
desired thickness. Thicknesses of sheets and films may range from 0.0001" to 0.1"
(about 2.5 microns to about 2.5 mm). Sheets and films suitable for wrapping, enclosing
or otherwise covering food items or other solid substrates will typically have a
measured thickness between about 0.0003” and about 0.01" (about 7.5-250 microns), and
a calculated thickness between about 0.00015" and about 0.005" (about 4-125 microns).
The measured thickness will typically be between 10-100% larger than the calculated
thickness when the sheets and films are made from compositions that have a relatively
high concentration of particulate filler particles, which can protrude from the surface of
the sheet or film. This phenomenon is especially pronounced when significant
quantities of filler particles having a particle size diameter that is larger than the
thickness of the polymer matrix are used.

{0087} in view of the foregoing, sheets and films suitable for use as wraps can in
certain embodiments have a measured thickness in a range from about 0.0004" to about
0.005" (about 10 to about 125 microns), in other embodiments in a range from about

0.0005" to about 0.003" (about 12 to about 75 microns), and in other embodiments in a



[ 0081] When bl ended together, it is possible to derive the benefici al
properties fromeach polyner while offsetting or elimnating the negative
properti esoablog@siv2pol ymer when used separately to nakePCiriusggoosbees s and
other articles. [0082] Potential applications of the polynmer blends within
t he scope of the invention include disposable bottles, paper coatings for
packagi ng (food and beverage cartons), plastic foamfor fast foods,

m cr owavabl e containers and ot her consuner products such as di sposabl e

di apers or. yar L vies P, s may be
extrdﬁ@ﬁef%¥3ﬁ§0§€§§ %ﬁ?@kggﬁﬁe OH{G %@%t ﬁ@“%gQEEQP(ﬁ Use in a wide
var i &b OdinRafk 2968 am@t @A S rabBURR A8 a\e&% s cRRGSve RRULEFed CIOVRARTS,

and | am nate coatings. By blending a polylactic acid with a thernoplastic
poIyman;nﬁ@ﬁfnnnabbatéOﬁ%Vaud&@uOOéméﬂ@thatptmabemﬂﬁSnasesg pthe rbegef i ci a
properties of th tual |y exceed the desirable propertles of each

pol ynfé@nvmwt@w& Hmbmﬁ@d?q  (abeid’ > W%&Hﬁ@ﬁ?ﬁ%@)f%‘%@ fange fzpm

unexpect ergisti =] nstrated. [0084] In another
enbodﬁﬁ%ﬁ%(gﬁg h? gHﬁﬁg ? gigg ?Ef%ﬁﬁkhe i nvention are sheets
or fi [IDG§8 i nclrudidi@eRAkY BBfw é@n%@%aﬁﬁ@at@& %n&%&%@zé‘d ﬁﬁEkﬂ@E e eV W ﬁps and

ot her packaglng materials. The terns "sheets" and "fil are to be
underﬁmﬂmﬂeasﬂhammngn@ﬁﬂk&ammﬂnﬂnmdwﬂmeanﬂngﬁuasny§pﬂﬁkhnﬁhe t her nopl asti c
and packaglng arts. Neverthel ess, because the distinction between what
const¢onersely, therdifferenga defitiean dreiqul @ﬁcé@nai mepgired (thickeesp eRh® on the

RO RN TN R A T
Becauggnd it GRIPAShd FoRSs, 3¢ ‘F&Xré’ﬂ dé'lgaﬁtﬁléshﬁ HII&Y@HMHQQ afs@ﬂu@@ dinediahfter
manufacture a w de variety of les of nmanufacture, including articles
usef uthat & ssbatantipte kager thamﬁxlaehwkns‘es (fatbk @ghnﬁenﬂxatmx otviehaved i d
substrates, including sheets and films havi ng a X
measured thickness that is similar or equal to the calcu ated thickness.
[0089]  In one embodiment, the compositions of the invention are free of any
inorganic and organic fillers. In another embodiment, the compositions of the invention
optionally include inorganic and organic fillers in order to decrease self-adhesion, lower
the cost, and increase the modulus of elasticity (Young’s modulus) of the polymer
blends. Examples of inorganic fillers include calcium carbonate, titanium dioxide,
silica, talc, mica, and the like. Examples of organic fillers include wood flour, seeds,
polymeric particles, ungelatinized starch granules, and the like. Inorganic fillers
include, for example, aluminum hydroxide, magnesium hydroxide, sodium hydroxide,
calcium hydroxide, ferrous hydroxide, and glass powder. In addition, plasticizers may
be used in order to impart desired softening and elongation properties. The particulate
fillers, both organic and inorganic, may be incorporated to improve the dead-fold
properties, increase bulk hand feel, reduce cost, and decrease self-adhesion. Plasticizers
may be added to impart desired softening and elongation properties. Sheets and films
mav be embossed, crimped, quilted or otherwise textured to improve bulk hand feel
and dead-fold. The polymer blends according to the invention more readily accept and
retain print compared to conventional plastics or waxed papers because they typically

include oxygen-containing moieties, such as ester, amide, or urethane groups, to which
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wi de variety of thicknesses (both nmeasured and calculated), it is not the
—i-ntention-of this disclosure to precisely distinguish, in all cases,

bet ween whatomag3meguably constitute a 'sheet” versus aPCiraiSedo/osdsat nay
arguably constitute a "film" Therefore, hen thedisclosure refers to
"sheets and filns" and "sheets or filnms,"” the intention is to designate the
entire universe of articles of manufacture that may arguably constitute
"sheets/' "filns/' or both. [0085] In the case of sheets or filns intended
to be used as 1V.aps " such as wraps used to encl ose neats, other

per i §H‘§%F‘7§nftdaédl}li%‘ ® and especially fast food itens (e.g., sandwiches,

bur ggpgodnd ¢gs $6E be fiﬁéﬁ‘?c)cmgléd TR é%ﬁcﬂ%sérﬁ@@s&% @cmgmlegl easBeated and fil s
havi ng good "dead-fol d" properties so that once Tol ded, wapped or

ot heraseste “navitgtidrat echviinttionaocdesd aseidthe chémno pibsdnpolyundr fwrciios: iwpllledend t o
substantially maintain their orientation so as to not spontaneously unfold
or urkithep a raenerdalry Rinxial dirpetiqeand skl Patighes creadpa SiCORHBURY s (e. g. |

pol yet hyl ene) . used herein,. ad-fald", . 5 r th ility of a
B ety B eF Bioscsres  Liiee YO0 e B e, EnETAR i Rind HPPRGA G

i ndepgpdaRtdntdYolslet palls Atayhesh e dlilcPBarttiled h& sy of tiah cadipesiyve to

mai ntain a desired orFent ation. [0086] Articles of manufacture made
accorttlenvgeihivy ohehd fillenpartiolesaihn henvainamybatbisiengs thisirekulesis. indivasdchesses of
sheets and films may range from 0.0001" to O, 1" (about 2.5 m crons to about
2.5 mwpathehddy endndior tissausstian Pbtheothegisagpt higns: o elsogieny o Fierivi se

reasUT R Rp e BEruE T BB v O BbBSHEHE TeBkhbieb B At & oo
m Cr 9her, &%r@fa@aécpmtﬁtc%%tenﬁ@[h@%%&%\é@@rm@b@m. OriROREAt iapdhadrout

0. 005" "(about 4-125 mcrons). The neasured thickness will typically be

bet weim &0w18p thdtamgdre udedriot hppladtzuls aheichre piredemélyspasfremacher sitiséed and
films are made from conpositions that have a rel ati \§el y high concentration
of patdingppAEEPFIdUCE (LgaMTRREdissughirsntedmyedeeudfe)f rom t he surface of

Properties of the Polymer Blends

[0091]  The polymer blends may be engineered to have any desired property. The
properties of the final composition will depend on a number of factors, including mix
design, processing conditions, post-formation processing, product size, particularly
thickness, and the like. In the case of sheets or films intended to be used as “wraps”,
such as wraps used to enclose meats, other perishable food items, and especially fast
food items (e.g., sandwiches, burgers and dessert items), it will generally be desirable to
provide sheets and films having good “dead-fold” properties so that once folded,
wrapped or otherwise manipulated into a desired orientation, such wraps will tend to
maintain their orientation so as to not spontaneously unfold or unwrap, as which
occurs with a large number of plastic sheets and films (e.g., polyethylene).

[0092]  The polymer blends of the invention exhibit certain physical properties, such
as stiffness, flexibility, water-resistance, strength, elongation, temperature stability,
moisture vapor transmission, gas permeability, and/ or dead-fold. The application
encompasses polymer blends having properties that are appropriate in order for a

particular polymer blend, or composition made therefrom, to exhibit the desired
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the sheet or film This phenonenon is especially pronounced when
~.si.gni-ficant- quantities-of filler particles having a particle size dianeter
that is |apgero/asksn t he thi ckness of the pol vimer natri x PaTAISe@9®3968087] i n
view of the foregoing, sheets and filns suitable for use as waps can in
certain enbodi nents have a neasured thickness in a range from about 0.0004
" to about 0.005" 1(about 10 to about 125 microns), in other enbodinents in
a range from about .0005 to about 0.OB (about 12 to about 75 m crons),

d in ether enbodiments .in.a V
o R DR the et MBS AMANAUIIO(ATKE £0RROMELO0, 002

bou m Crons er e ets and filns

sui t ahhrfafy, dUSee@PeMbARENEAR i AVMEndudad, Gl & g6t lithitel nesgongatio, alegé- f rom
about 0.0002" to about 0.003" (about 5 to about 75 microns), or a range

f r om fabbstrefgl@3intsloiliab oomtpedyi002tess ab biquidsa brenthdality, 3ompetrtors) , and a
range from abou 'Zi;lngOS" to about 0.0015" (about 12 to about 40 m crons).
[0088?311111&‘%’/@‘?1\‘1?‘ Fef€e between the cal cul ated and neasured thi ckness tends

to i se wth,incr ' ibler dc al SO, Wi iR, d i

part 1OPEFIS T - L DRk DB REER, PO R R B BR B B 0 il BRAFERUER
meas WheshthChNIessert aRAshd Qleesd aaERhWitld Kesdeasiing afreldtaelchighent and
al so with decreasing particle size. Sheets and filns that include no

f ihl I e‘_fsung); nicmiméus,lcj?amdmpbs gufatdr thhepbohtlithyPa, geratérchan sbget Hinet er
that is substanti y. lower than _the thickness of.the polyner i il
hﬁvek%{mﬁe%ﬁ?eé‘éefttﬁil’é bl P o6 BEnre g asgedht Fondme et ity st

t hi ckness. [0 L0 oo t 0 b '
free Bro T hor pai Ao RE A s LR TR EE e r A 2 @
CONPOgktd08$ bgflozldlﬁgltﬁé/ BOLiR& BIhdORMH ynd Bichveefillany gah & paticolgani

fillers in order to decr ease sel f-adhesion, |lower the cost, and increase
t he nfibhalusdillets, ek desirdhadyalforeung' s nodul us) of the pol ynmer bl ends. Exanpl es

of i n[%E)&é]?]ni ¢ Irf1 ialiliietirosn tiot] 8{‘ yn%?ea%(lvf? in%%a%%’rtgp &%%gdné’is %orgulftq]s % %}indo%’e
dead-fold, the sheets or films according to the invention may be optionally processed to
increase the “bulk hand feel” of a sheet, which is done by disrupting the generally
planar nature of the sheet or film. This can be done, for example, by embossing,
crimping, quilting or otherwise texturing the sheet so as to have regularly spaced-apart
or random hills and valleys rather than simply a smooth, planar sheet. This may be
done, for example, by passing the sheet or film through a pair of knurled or other
embossing-type rollers. Such texturing increases the ability of a sheet to take and
maintain a fold, crinkle, creases or other bend, thus improving the dead-fold properties
of the sheet.
[0095]  In certain embodiments, the surface area of the polymer blend sheets or films
according to the invention increase their bulk hand feel and/or dead-fold is to include
particulate fillers in which at least a portion of the particles have a particle size diameter
that equals or exceeds the thickness of the polymer film or sheet. In this way, the sheets
and films of the invention can be manufactured that have dead-fold approaching or
equaling 100%, which exceeds the dead-fold properties of virtually all conventional
paper or plastic wraps and sheets currently on the market. A rare example of a

conventional sheet or wrap having 100% dead-fold is aluminum or other metal foils.
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silica, talc, mca, and the |like. Exanples of organic fillers include wood
.flour,. seeds, polyneric particles, ungelatinized starch granules, and the

i ke. | nowQanionssiokl ers include, for exanple, alum num Irgaruse0d®3erBRgNESi um
hydr oxi de, sodi um hydroxi de, cal ci um hydroxi de, ferrous hydroxide, and

gl ass powder. In addition, plasticizers may be used in order to inpart
desired softeni ng and el ongation properties. The particulate fillers, both
organi c and inorganic, nay be incorporated to i nprove the dead-fold

properties, increase.bulk hand. f reduce. cost nd crease

sel fﬁgégﬁési oh?OP&&@il%"ipi‘éY‘sg}‘ra‘i]‘/eagig}Og\(&(ﬁ’éﬂp‘trg“i’ ﬁ%&‘?ﬁe?%%%gﬁ“éﬁpg‘b‘f%céﬁi ng and
el ongat] r ORShidr&Be - ABH héd BB IR RRANDGSAGHinLAIERPhayd | t ed
or otg£ l-g%e\c/%n&’srfe{ ?@Sﬁﬁr?ﬁggrﬁ ?%%?%gggéu% Kk hgnd% eeIn ahd deagitf él d. ?Tﬁé pol yrer
bl ends\gae€edist@s tO vidié filmy eatirga raagveledifh Yoaepts modulwet Airrexpmipie,
conpared to conventional plastics or waxed 1qapers because they typically

i ncl ugteatsx thaeabednt0AnYIRg, eroveremplegieatesdhar phput B ME2, &rd (r efier ane
groups_to_ whi chinks can readily adhere ) use.of fillers coupled
o ¢ b SpRGI e BE BES Rl BB, GBS Tedh 200N e Ha R T bRt T on.
Cavi LAl O0LOBEH RS, AB L REALRRIPIASLLCoARLINER o LeRRIH RNai@dBU hedid n ei t her
a nonoaxi al’ or biaxi’al direction an “‘t(f'ue filler particles create a

di scanterpuhdey sémetthelefink o predibegie ddaaltfoldprepstiss bha partécudar shegt or
stretching. During stretching, a portion of the stretched polynmer pulls
away filmem the filler particles, resulting in tiny cavities in the vicinity

o b L G BB RS R L R e
o2 P LS St a0 Skl s o e e
pl astdighsiheetssinanilntd drewreadie priesable withcatsheher pfidesniog. Tnapathidter can be
used for applications that are presently perforned or satisfied using paper
pr odusiwntageof, utilizipg the inventiye polymeellepds & the @?néfaé.t‘}fep?fdb’@ﬁi%@“agf t he
Pol ynseurchﬂlgrggss are generally able to accept and retain print much more easily than

conventional plastics or waxed papers. Many plastics and waxes are highly

hydrophobic and must be surface oxidized in order to provide a chemically receptive

surface to which ink can adhere.

[0098] The term “dead-fold” refers to the tendency of a sheet or film to maintain a

crease, crinkle, fold or other bend. The dead-fold properties of sheets and films can be
accurately measured using a standard test known in the art. This test provides the

ability to compare and contrast the dead-fold properties of various sheets and films.

The following equipment is useful in performing the standard dead-fold test: (1) a
semicircular protractor, divided along a 1" diameter semicircle; (2) a weight consisting

of a smooth-faced metal block that is 0.75+/- 0.05" by 1.25 +/- 0.05" and of such a

thickness so as to weigh 50 g +/-0.05 g; (3) a 1”7 x 4" template for cutting test specimens;

(4) a timer or stopwatch capable of timing to 1 second; (5} a utility knife or other cutting

tool; and (6) a humidity chamber.

[0099]  The first step is preparation of an appropriately sized sample. In the case

where a film has different properties in the machine direction compared to the cross-

machine direction it may be useful to measure and average the dead-fold properties in
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[ 0091] The pol ymer bl ends may be engineered to have any desired property.
—-The properties of the-final -conposition wll depend on a nunber of factors,
i ncl udi ngwoi2R10d83399n, processi ng condi ti ons, post-for NaPCIUSPIOES34 Ny,
product size, particularly thickness, and the like. In the case of sheets
or films intended to be used as "waps", such as waps used to encl ose
neats, other perishable food itens, and especially fast food itens (e.g.,
sandmﬁches burgers and dessert itenms), it wll generally be desirable to

Fol detbiny 15 B oo L R SR BRSOt O &SRB AR BTRARE AR REien

W aps; Wi tend to naintain their orientation so as to not spontaneously
unf ol 3 or “unwrap, as which occurs with a |large nunber of plastic sheets and
fil ns[o0eod. , Thelsyeihiybtepe) a coRRRNidheepth yrder tol @ndse ohifbheity pYesti on
exhibit certain phvsi ca properties, such as stiffness, flexibility,

wat ercorslfienafdde spseimangtaic cendiigaei &y, pleengdhamninea Bwmidity e§ambei &t ur e

vapor_tra Si 0N abl it and dead-fold. The application

enconﬁéggﬁgfli 9ﬁ@ﬁ”8%8ﬂ§% Qfﬁénﬁ%gﬂg??fégﬁ? Wat are appropriate in order

for fel' C'“Hl‘?rthﬂﬁls‘( s tRb 80Gral QEaEf‘?(@IHQ%’;Mf%LH@Qﬁdﬂ%@thEQ n%oneexhl bi t

the desiredperfornmance criteria. In the case of sheets and fil sui tabl e

for ugecatepackaginrgl ﬂﬁaﬁﬁﬁhle&immcﬁﬁsahaad)epemﬁotmmgé\teeadréedam Inghhtudes, but
Usjee

is not limted to, elongatlon deadf ol d streng' rintability
irrpermaohmgdetl fnqnmunagmmféléﬂ teabstripy yhe tesipEimt nﬂwﬂfﬂwﬂa‘and t he

l'i ke. 093 ad f.ol 1es..of sh ts or

11 e BB aREP e 6F P Ter e eyt Be Bk Sf s8I bR o whiEiEnas

haV' NGlafed € ‘i@éﬂtxﬁém gé&'ﬁ X%‘x“@le%eﬁﬁ%’iﬂ%%woftﬁ[rd@(@xr@'f)'% of$h€Al@shtt han about
a greater than about 150 MPa, or greater than ‘about 200 MPa. In

gener@ieﬂamﬁhgals& mcﬁx’ﬂeneomha&ru ¢rahscon fm‘méd}arsitwfth opel thireronD 126"t @ritiet o

i ncrease the Young's nodul us. The_ Youn modul us may al so be increased by

| oadi WgighHevethangsng Brerraasani Ehe estes of %N%Wélghtlﬂaéi‘%ei tQ foagsteip horddl cul at e or

project evenly (about 0.125") beyond each side of the strip. The weight is allowed to
rest on the specimen for 10 seconds. Then it is removed. After exactly 30 seconds, the
angle formed by the crease is measured.

[00102] The foregoing process is repeated using the other side of the strip and using
as many additional strips as will give a statistically accurate measure of the dead-fold
properties of a given sheet or film. The average angle A is then input into the following
formula to determine the percentage dead-fold C for a given sample: C =100%(180-
A)/180.

[00103] If the angle A is 0° (i.e., where the crease is maintained so that no spring back
is observed), the sample has 100% dead-fold (C=100%(180-0)/180=100%). At the other
extreme, if the angle A is 180¢ (i.e., where the sample springs all the way back so that
the sample is essentiallv flat, the sample has 0% dead-fold (C=100*(180-180)/180=0%

In the middle, a sample that springs back half way so as to form a right angle has 50%
dead-fold (C=100*(180-90)/180=50%).

[00104] When used to wrap foods, or whenever good dead-fold properties are
desired, sheets and films according to the invention can be manufactured so as to have a

dead-fold of at least about 50%. In certain embodiments, such sheets and films have a
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fibrous fillers, as described above. [0094] In addition to, or instead of,
l.ncreasi-ng the Young' s nodulus to inprove dead-fold, the sheets or filns
accor di ngvoaotons3iomvent i on nmay be optionally processed POTiuseowas®w44 he
"bul k hand feel” of a sheet, which is done by disrupting the generally

pl anar nature of the sheet or film This can be done, for exanple, by
enbossing, crinping, quilting or otherwi se texturing the sheet so as to
have regul arly spaced-apart or randomhills and valleys rather than sinply
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or fi alr o or ot her "enbossing-type ro Such
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crinkle, creases or other bend, thus inproving the dead-fold properties of
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bl end sheets or filns accordiqg to the.in entionﬂincreqsg their byl hand
feel @mAdrfasFugEs0-94P dhave deaditald pigwepiss thabimeek oF priesr dhpse Uit | east

a portion of the parti.cles have a particl i Le di . | s or
exceéﬁ?“fﬁ%“?ﬁi%}n@g%dB%nfﬁ%gbgﬁgﬁéﬁe%%?g%%?&é é%#ﬁﬁﬁaﬁ¥ﬁ$€ﬂ&g§?H?he sheet s
and n&kgg,ghegb@d&@¥@@gﬁ$ﬁuﬁﬁnggeﬁanufactured t hat have dead-fold
approachi ng or equaling 0 which exceeds the dead-fold properties of

vi rt yabigslal ln camienmondimarapehe polyphashleodwbihs iandntétreetesussdrindhe | y on
the market. A rare exanple of a conven%g%na sheeﬁ or wrap quLn 100*

dead- PEPaTItEOTaP AANTUMCE PO HEP, IREEXAMPY | §?4‘?§G‘56“]t FCBYRYEFT S P Br ove t he

dead-fol d properties ] fi .
deac10L 0 BORRIA68A0 SUESL00 L TRCPERCURRY HISFEES b menis e
engi negsiedo®y dsnddulis & bdut RMBOIIRYY bRyt PEOEIN 4] dbduit @BOOGIURG, #homedul us,
for exanple, greater than about 100 MPa, or for exanple greater than about
150 NE@O0Apd:, on abohie?9080d pei. fenttber drobodivaerph ehe gadiat ¥punpamadieluts i200 MPa.
It shoul d be understood '
corr @@%@9@@%5&5}%%&’1@ Ovﬁ%garsﬁ%%E?b(i)(i)ogsr%,gabsoumg&l)dbsps?,neld}/odt%98(%(91 psi,

about 490000 psi, about 5310000 psi, about 530000 psi, or about 550000 psi.

[00106] In certain embodiments, the PET in the polymer blends has an intrinsic

viscosity, which is proportional to the volume of the polymer and to the molecular

weight, of about 0.1 dl/g to about 1.5 dl/g, in other embodiments the amount is about

0.3 dl/g to about 1 dl/g, in other embodiments about 0.5 dl/g to about 0.9 dl/g, in

other embodiments the intrinsic viscosity is about 0.7 dl/g.

Methods of Manufacturing Polvmer Blends, Sheets and Films

[00107] It is within the scope of the invention to employ any mixing apparatus known
in the art of manufacturing polymer compositions in order to form the polymer blends
of the invention. Examples of suitable mixing apparatus that can be used to form the
blends according to the invention include a twin-shafted kneader with meshing screws
having kneading blocks suld by the Buss Company, a BRABENDER mixer, a
THEYSOHN TSK 045 compounder, which is a twin-shaft extruder with shafts rotating
in the same direction and which has multiple heating and processing zones, a BUSS KO
Kneader having a heatable auger screw, a BAKER-PERKINS MPC/V-30 double and
single auger extruder, single or twin auger OMC extruders, a Model EPV 60/36D
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every case, serve to define or predict the dead-fold properties of a
particul ar sheet or film [0097] Another property of the polyner blends
accor di ngvoaotos3ioaventi on i s that when such bl ends ar ePbirasegoomsdsaauded,
cast, or otherwise fornmed into sheets and filns, such sheets and filns are
readily printable without further processing. Thus, another advantage of
utilizing the inventive polyner blends in the nmanufacture of waps is that
such bIends are generally able to accept and retain print nuch nore easily
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"dead-fold" refers to the tendency of a sheet or filmto maintain a crease,
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dir eCédc@fUﬁgrfBQH@Qeélﬁbd Agictd @S RGRLRR telletie Chh@M fHer Y Id3€ic sedf Hhs t O
measure and a\ erage the dead-fold properties inboth directions. The

st andageth foampt eisspeannehthesatmvemgniddnet mipersfortdny stheeappropfridtemisirige

test ee(ijnd melting apparatus known in the thermoplastic art, virtually any molding, extrusion
or shaping apparatus known in the thermoplastic molding or processing art can be used
to produce finished articles of manufacture.
[00109] In one embodiment for manufacturing sheets and films, the sheets and films
may be manufactured using a compounding twin screw extruder to prepare the
polymer blends, and a blown film or cast film line to make the films and sheets. The
blown films and sheets of the invention tend to have similar, if not identical, strength
and other performance properties in the biaxial direction due to how they are processed
(i.e., they are extruded as a tube and then expanded in all directions by blowing air
within the confines of the tube, causing it to expand like a balloon). Cast films or sheets,
on the other hand, unless subjected to biaxial stretching, will be substantially stronger
(e.g., will have substantially greater tensile strength) in the machine direction and will
be substantially more tear resistant in the cross-machine direction. When extruding a
thermoplastic material, the polymer molecules tend to be oriented in the machine
direction. Machine direction orientation is further increased if the extruded sheet or
film is passed through a nip to decrease the sheet or film thickness in the machine
direction.

[00110] The sheets and films according to the invention may comprise a single layer



[ 00100] The second step is a conditioning step in order to ensure
~uni-form-ty of test .conditions.-The-specinens are conditioned by placing

t hem i n awbuniodiss3p2chanber at 230C and 50%rel ati ve hunmPdirtus2600/03%44ri ni mum
of 24 hours. [00101] The third step is the actual dead-fold test of each
conditioned test strip. The specinen is renoved fromthe hum dity chanber
and its weight recorded. Alight mark is nmade 1" fromone end of the test
strip. The test strip is then placed on a flat surface and bent over at the

mar k but w ut creasing th a uar el
and GRS V%%S S Ao B e gl UG AR PP SRR uar el
over | £ f shvigpe third or
C0° AP ey 1P BERLRA B0 RS o FeaRulion/ QAR é“g‘ézﬁﬁ“’l%hé Bei ght

parahbﬁhﬁ@@g&kﬁbwhﬁmnhéﬁ@uEﬁcpkﬂﬁheteﬁMbnhheﬁahphsnﬂpmﬁﬁﬁﬁebeyﬂnd each side
of the strip. The weight is allowed to rest on the specinmen for 10 seconds.
Then palyiner shensy eth bappetrtreatad tiyyhead seBdgwn@goin tyeo ©eeBrred fo t he

crease j s neasured. 0010 e f ess, .8 sing the

o1 heragk BRSPS R ng Tad ey S raner LRPRReTSati 1P give o
stat 'ﬁ%étﬁ%jh ML@QQ‘L&R@E@a@ Pt ?oﬂhér%eg@@n a@lc%ep&%@@d %H&ﬁse@\f*esa gi ven sheet
or fi e average angle Ais“then input into the followng fornmula to
det erjodpri@]t hMcﬁﬁfa&ﬁfhbﬁ@@xﬁtﬁa&eﬁdﬁdg of tlmfetsaalgdl viems sampk esseCtc-tQOt( 180- A)/
180. [00103] If the angle Ais O (i.e., where the crease is maintained so

t hat cawitspeinp grréknies qzmkmevésaya\ Ifaté)rs%pqﬂémﬁ\ég t&@b%é@&dh%’cﬁ vapor

(e ragpmsiopit tagap s nd AR i S BEme s tifaf "Hels Licklig Y
esse”ﬁﬂ ge,' d¥sheb&tha nga S shdas Qmﬁ?ﬁl@cﬁ Hio@e é@sél té&ﬁ@re%m) éoh%ﬂaﬁhcﬁ I'n

e, a sanp that springs back half way s6 as to forma right angle
has 3@61 Fgaget obthph el Q0808 ﬂ'ﬂ?ﬁﬁGﬁDﬁ@lC sheets and films.

EXAMPLES
Example 1

[00112] In one illustrative embodiment, PLA was blended into PET at varying
loading levels to create a frosted appearance in an oriented container. In this
embodiment, liquid colorants currently used to achieve this frosted look are replaced
with PLA resin, a less costly material derived from renewable raw materials. The 5%
PLA/95% PET blend has a frosted appearance and the analytical results indicate no

negative impact on preform SIV or natural stretch ratio.
[00113] Injection Molding

[00114] PET and PLA were commercially available for this trial. PLA was added
ground and in pellet form to PET pellets to evaluate the impact on PLA on PET perform

properties including natural stretch ratio, haze and appearance, and IV loss.

Material Description

0.1% PLA powder in PET




[ 00104] When used to wap foods, or whenever good dead-fold properties are
~desired, sheets and filns according to the invention can be manufactured so
as to hawsoaoudmsssbol d of at | east about 50 C . In certacm/usawossIsent s,
such sheets and filns have adead-fold greater than about 6000 greater than
about 70% or greater than about 80% Sheets and filns according to the

i nventi on have been devel oped that have a dead-fold approaching or equal to
100% Sheets and filns according to the invention can be nanufactured so as
to have dead-f ol d—properties—that—neetor exceed those of standard paper
wraps, and which lare many ti nkhterakDescrigtaon conventional plastic filns and
sheets, often orders-of--maghi-t-ude-greater—f00105]—Fnr—eertai n enbodi nents,
the polymer blends of the ipventpion paielase®din the preparation of consuner
products, for exanple, bottles or _other containers having inproved tensile
strength over known consumer fr educ N se6-t ai N enbodi nents, the axia
Young' s nodul us iis about 210 06?%2}?&g6%§%ﬁ530000 psi, about 250000 psi,
about 270000 psi, or about 290000 psi. In 8§?er enbodi ments, the radi al
Young' s nodul us iis about 3900@@F%é¥Pd§H%HE 0000 psi, about 430000 psi,
about 450000 psi,—about—470000psi;—about 490000 psi, about 510000 psi,
about 530000 psi, or about 550000 psi. [00106] In certain enbodi nents, the
PET in the polyner blends has an intrinsic viscosity, which is proportional
to t hgod) umeLePHINesROk ¥eBFicarFehtighhgr TR0 B edhdiieweh ghbistuod lakdbitlod: 1 di /g
to about 1.5 dl/g, in other enbodinents the amount is about 0.3 dl/g to
about50Ipsth/pgrior to infehgon enddidigrefiesPhbours Blesded pgdddaddat’ ). @ disirgd i n

ot her enbodi nents the intrinsic viscosity is about 0.7 dl/g. Methods of
Vanuflaeelriordopbe yiHestion B9deingsheet s and Fil ms [00107] It is within the
scope of the invention to enploy any m xi ng apparatus known in the art of
manuf[86116]i nghpotsimeampbrspesietinmesonmeldgdrontan Asbwig FO pacipretatilends of

]E gfml s?:\@]tifij@?fi()n%%qgiln%smgghigg Iu%%l%' t%er?ﬁl)ggn& r%%?aro?éat‘clg ptre 3tm %Qﬁrt%g. ufﬁéj to

injection molding conditions for each variable are summarized in the following table.

Injection Data Example 1 Example 2 Example 3 Example 4

Description 0.1% PLA 0.2% PLA 1% PLA 5% PLA
Powder in Powder in Pellets in Pellets in
PET PET PET PET

Relative 32% 32% 32% 32%

Humidity

Dew Point (°C) | 1 1 1 1

Mold Point 44 44 4.4 4.4

¢C)

Ambient Temp | 18.0 180 18.0 18.0

°C)

Dryer Temp 138 138 138 138

{°F)
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Cycle Time

(sec)
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[00117] Freeblow

[00118]

Preforms were heated in a convection oven to a temperature of

approximately 100 °C and then placed onto a mandrel on the free blow molding device.

The free blow molding process allows a material to be fully oriented to its natural

stretch ratio to understand differences in stretch orientation between material variables.

Below is a summary of the areal stretch ratios of each balloon at the middle of the

preform sidewall area.

[00119]

Ex

ample 1

Example 2

Example 3

Preform Temp. (°C)

100

100

100

25 .
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Monoaxi al or biaxial stretching of sheets and filnms can be used to create
cavitation. In certain enbodi nents, cavitation can increase the
breathability and vapor transm ssion of the polyner blended sheets and
fil nms[0612@]he Exanrglt 2on. It also results in filns or sheets having a touch

heat
and the

and feel that nmuch nore closely resenbles the touch and feel of paper
conpaew2t]o qhe\RAbLANS thidieudppl-@stol dosheeldbatid dsihgrB% FHXPM/BLESA Exanpl e 1
[00112] In one illustrative enbodi nent, PLA was bl ended into PET at varying
mixed with 50/50 RPET(recycled PET)/Virgin resin
[00122] Injection Molding
[00123] The table below summarized the two preform variables.
Example Material Description
1 3% PLA in 50/50 RPET/virgin
2 5% PLA in 50/50 RPET/virgin
[00124] The PET resin was dried overnight at 280 °F to achieve a moisture level below

50 ppm prior to injection molding. PLA was dried overnight at 212°F, and then the

appropriate amount of PLA was added to RPET/Virgin prior to injection molding.

[00125]

screw injection molding machine with a mixing screw installed to facilitate better melt

The resin samples were injection molded on an Arburg 420M reciprocating

mixing. The preform used was the 34.5 gram 28 mm preform.

Injection Data Example 1 Example 2
Description 3% PLA in 50/50 5% PLA in 50/50
RPET/virgin RPET/virgin

- 06 -



| oading levels to create a frosted appearance in an oriented container. In
this-enmbodinent, |liquid colorants currently used to achieve this frosted

| ook are woephuusssoi th PLA resin, a |less costly nateri alPCaaszaed3fonom
renewabl e raw materials. The 5% PLA/ 95% PET bl end has a frosted appearance
and the analytical results indicate no negative inpact on preform SIV or
natural stretch ratio. [00113] Injection Mlding [00114] PET and PLA were
commercially available for this trial. PLA was added ground and in pellet

f or mto—PEF—pettets-to—evatuate-the-inpact—onPLAon—PET performproperties
i ncl udijegicraDatal stretch rBtdmpleiaze and appear aiscenpberZl 1V | oss. Materi al
Description Or-P i A powder—in-PET-—"——Nat-erial—Deseri-pt-ton—-0-—2%PLA
povvdelgeéd}qﬁ% 5% PLA pel | et@/gimfﬁmﬁgPLA pel | et§’/ﬁ|FL£Eq_SD/®9115] The IPET
resin was dried overnight at 2800F to achieve a moisture |evel below 50 ppm
prior to injection noldi ng. RPEE/Btginnas bl ended aRBEZAdegint o PET at desired
| evel—pri-of—t-o—t-he—nj-ectton—+ol-di-ng—[ 00116} The resin-sanptes—were—
i nj eCPIIe@@rrﬂW t@ an Arbuzg7 420C reciprocating ¥c9ew i njection nol diing
machi_ne _usi ng 4,59 28 mm Colgate preformtooling. The injection
nol di for each riable are sunmariz mthefollovmngtable.
Inje ?lgﬁgggf?“n@a le 1 Exaérkr)gle 2 Exanple 3 Exarrgfte 4 i Description 0.1%
PLA 0. 2% PLA /éPLA 5%°LA é

Dew Point 4 4

Mold Point (°C) 12.7 127

Ambient Temp (°C) 194 19.4

Dryer Temp (°C) 137.7 137.7

Barrel Temperatures

Feed (°C) 269 274

Zone 2 (°C) 273 275

Zone 3 (°C) 270 275

Zone 4 (°C) 270 275

Nozzle (°C) 269 275

Cycle Time (sec) 314 31.3

[00126] BLOW MOLDING

[00127] Preforms were then blow molded using a Sidel SB02/3 blow molding

machine The blow molding oven conditions used are included in the following table.



Powder in Powder in Pellets in Pellets In PET PET PET PET Rel ative 32% 32%
-32% 32% Hum di-ty Dew Point-(-C) -1 1 1 Mld Point 4.4 4.4 4.4 4.4 ( C

Anbi ent TwOpRIHAS65928 0 18.0 18 O Dryer Tenp 138 138 138PL38ISR000/0596H0117]
Freebl ow [ 00118] Preforns were heated in a convection oven to a tenperature
of approximately 100 OC and then placed onto a nmandrel on the free bl ow

nol di ng device. The free bl ow nolding process allows a material to be fully
oriented to its natural stretch ratio to understand differences in stretch
orientation between material variables. Belowis a sunmary of the areal
stretch ratios of each bal | ddre bdttlehectivpddveght t he preform sidew all area

[ 00119] Exanpl-e-1- Exanple-2-Exanple-3—-Preform-Tenrp-—(-6—-100—-2100-100- _
_Exar@aqnﬁieExanpl e 2 Example 3 Bl ow Pressure (psi) 55 55 55 Bal | oon Vol une
(ccm_11743 1 1699 , 1844.5 The data show that there is no substantial
di ffiegrence in the free bl owgy I%ﬁ' hsB- . the stral gl g, Bgagvi or of the
perfglg?ﬁupor PLA cont ent fr\(ljﬁn‘l"(c)ﬂ. otgb/gg/owt in PET@G )3
RPET/virgin RPET/virgin

Top Weight (g) 11.8 11.4

Upper Panel Weight (g) 8.8 8.7

Lower Panel Weight (g) 7.8 8

Base Weight (g) 5.3 55

[00128] Analytical Testing

[00129] The top load strength of 11 bottles from each variable was measured using an Instron

device. The bottles were tested empty and vented, using a crosshead speed of 1 inch per minute.

The load at 0.25" deflection and maximum load were recorded and are included in the following

table.
Top Load Results
Example Load at 0.25” Max. Load
(Iby) (Ibs)
1 Average 65.6 68
St. Dev. 7.4 57
2 Average 64.7 65.4
St. Dev. 73 7.2
[00130]  The minimum top load requirement at 0.25" deflection is 40lb;. Both of the bottle

variables are within this specification. The value of 68 and 65.4 Ibf is within the range of the

PET bottles without PLA content. Therefore, adding PLA into the PET bottles does not

negatively impact the PET bottle mechanical propertics.

S0% .
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[ 00120] Exanple 2 [00121] The purpose of this study was to blow nold bottle
~-usi-ng 3% and. 5% PLA -m xed w-th 50/50 RPET(recycled PET)/Virgin resin
[00122] Iwpeotosssobl di ng [ 00123] The tabl e bel ow sumaPCTAS20000316W0
preformvariables. [00124] The PET resin was dried overnight at 280 OF to
achieve a noisture | evel below 50 ppmoprior to injection nolding. PLA was
dried overnight at 212 F and then the appropriate anmount of PLA was added
to RPET/ Virgin prior to injection noldi ng [00125] The resin sanples were

rmchilNBEH OB Tt g Le e T At P Bty R B TR PR e

etter m X1 ng

pr ef 1 &&%@H'tﬁﬂv ArdeXRRRre. 1
OMB f;ﬁ%gg??fbé%xf{tgsnég{%/? Ilgﬁ,&ﬁfﬂr}%ga%g&gf&?{%ﬁ n 50/ 50 RPET/virgin

RPET/ T&id @is[td QlA 6 e BV AL DHhdeE s@0d@Tus PoebathnBl. At en dshehetb kompanddied

using a Siclel SB02/3 Mw nol ding machi ne The Mow nol di ng oven conditions

used tartbe PHdlapaédli n t he fol | owi ng table. The bottle section weight Exanple

1 2 Resin 3% PLA in 50/50 5% PLA in 50/50 RPET/virgin RPET/virgin Top

The

Weight (g) 11.8 11.4 Upper Panel Weight (g) 8.8 8.7 Lower Panel Weight (Q)
7.8 Base Weight (g) 5.3 5.5.[00128] -Analytical--TFesting
Axial Sidewall Tensile Results
Example Young's Modulus (psi) Young's Modulus (psi)
Axial Radial

1 (Avg) 273260 530316

Std. Dev. 19051 39223

2 (Avg.) 232870 476067

Std. Dev. 38264 40131

Control (Avg.) 209877 383656

Std. Dev. 9802 51917

[00132] Preform samples were analyzed by solution IV according to ASTM D4603

with a 60,40 phenol/ tetrachloroethane solution and a PET concentration of 0.50%. The

results are shown in the table below.

PET Example 1 Example 2
Intrinsic viscosity | 0.704 0.775 0.789
(dL/g)
[00133] The intrinsic viscosity is a measure of PET molecular weight. The higher the



[00129] The top load strength of 1llbottles from each variable was neasured

~.usi.ng.an.lnstron. device.. The bottles -were tested enpty and vented, using a -

cr ossheadwepewdssfo2l i nch per m nute. The | oad at 0. 25" pdefuseawiosss4and
maxi mum | oad were recorded and are included in the follow ng table. Top
Load Results Exanple Load at 0.25" Max. Load (Ibf) (Ibf) 1 Average 65.6 68
St. Dev. 7.4 5.7 2 Average 64.7 65.4 St Dev 7 3 2 [00130] The m nimum t op
| oad requirenent dt 0 25" deflection is 40tb . Both of the bottle variables

o naaVo i haree IRl BB aBh s Akt Sabe Y of R St AT i LS e
PET bﬂ%etxl @ﬁ%g@géw QL f{%ﬁgﬁlr'ﬂ@l(n{tﬂmt déhe RELLQLE PETMEChANI cal
| es ewa

pr oper P tensile bars were ¢ut in the aX|aI and radia

cont APRERT pu%@#@ﬁ@a Phraigh- i Bran 250 sRrEnard AR PO EE® mpr ovea
Youn%é]s @%%H‘%hgﬂg lﬁ%@mel—}ﬁlm &ndas, %@Wh@@fﬂé%ﬁ%&@b@ %OP}E(-‘]}a@&i‘ﬁf ol .

[ 00132 f'orm sanpl es wer'e anal yzed by solution 1V according to ASTM
D4603hwirtdmtiacthdy/ Horgihrencd./ tetrachl or oet hane sol ution and a PET
concentration of 0.50% The results are shown in the table bel ow. PET
Exanple 1 Exanple 2 Intrinsic viscosity 0.704 | 0.775 0.789 (dl/qg)



[00133] The intrinsic viscosity is a neasure of PET nol ecul ar wei ght. The
hi gher the 21V, the higher the nolecular weight A drop in the IV neans a
degr adat iwo 2010/a5B82PET. The results show that addi ng PLARCratseoo®BIvedoes not
degrade PET. [00134] AU of the references cited herein and appended hereto,
including patents, patent applications, literature publications, and the

| i ke, are hereby incorporated in their entireties by reference. CLAI M5 Wat
is clained is: 1. A conposition conprising about 1 wt. % o about 20 wt.
%ol y-lactic acid and pol yet hyl ene Lqﬁgﬁht hal ate, wherein the conposition
has an intrinsic viscosity of grea(l: *tHan about 0.7 dl/g. 2. The

COWO@M&&%@%&%Q aim1, wherein the poly-lactic acid is present in an
anount of about 3 wt. %o about w. % 3. The conposition of claim1,

wherein the poly-lactic acid is present in an anount of about 5 wt. % 4.
The conposition of claim 1, wherein the polyethylene terephthalate is
present int-an afvsaptpositicabeunpBeingtaboyt & vathouto dmuu2d wh. “spolphlaciensidsi ti on
of cl ai . Wherein t )l yethyl ene terephthal ate is present in an anount
of sttt Pyl Ted; GrimGnRhud Shierel i SrBN Ber ot BB ais okt P uper of n
t he p@e&&%*@ﬂér’?&@oﬁﬁ’fﬁ@b hal ate is present in an anount of about 95 wt. %
7. The conposition of cléai m 1 having an axial Young' s nodulus of at | east

about 210000 psi. 8. The conposition of claim1 having a radial Young's
modul us of2.at |'Hastorapositiod b00ROmMps wherein the poly-lactic acid is present in an

amount of about 3 wt. % to about 10 wt. %.

3. The composition of claim 1, wherein the poly-lactic acid is present in an

amount of about 5 wt. %.

4 The composition of claim 1, wherein the polyethylene terephthalate is

present in an amount of about 80 wt. % to about 99 wt. %.

5. The composition of claim 1, wherein the polyethylene terephthalate is

present in an amount of about 90 wt. % to about 97 wt. %.

o. The composition of claim 1, wherein the polyethylene terephthalate is

present in an amount of about 95 wt. %.

7. The composition of claim 1 having an axial Young's modulus of at least

about 210000 psi.

8. The composition of claim 1 having a radial Young’s modulus of at least

about 410000 psi.

&7

9. A packaging material comprising about 1 wt. % to about 20 wt. % polv-
lactic acid and polyethylene terephthalate, wherein the composition has an intrinsic

viscosity of greater than about 0.5 di/g to about 0.9 dl/g.

10. The composition of claim 9, wherein the composition has an intrinsic




9. A packaging material conprising about 1wt to about 20 wt. %ol ylactic
-aci-d--and - pol yet hyl ene terephthal ate, wherein the conposition has an

i ntrinsi cwoizenossidg of greater than about 0.5 dl/g to alpomtus@oo9/osdesqy. 10.
The conposition of claimwherein the conposition has JIl intrinsicviscosity
of greater than about 0.7 dl/g. 11. The conposition of claim9, wherein the
polylactic acid is present in an anount of about 3 w. % o about 10 wt. %
12. The conposition of claim9, wherein the polylactic acid is present in

an anount . of .aboyt W . % The conposition of claim9, wherein the
poIyéﬂﬂ?ﬁgﬁéﬁﬁ%yﬂﬁﬁgﬁﬁﬁgP@%pi%%/gsent in an anount of about 80 wt . %o

about 99 wt. ?. 14. The conposition of claim9, wherein the polyethyl ene

terepht halgt e i1dRSEMitibA oRBlaAADL Mthe@éinaBowol¥Act acidiOpabontinkh Wt . %
15. The conposition of claim9, wherein the polyethylene terephthalate is
pr esetthoiunt @mband Ontt. 6f taloutt 195vim%. % 16. The conposition of claim9

further conprising an axial Young' s nodulus at |east about 210000 psi. 17.

The conposjition_of claim.9 further cqnprising a radial  Young' s .nodul us of
at | east aBout WEOOBOPBENON PhCla et HibaC B DHRIVIE Y et SURrRHBEhi ng

pr oduct hsing: (i) conbining about 1wt. % o about 20 wt. %oly-lactic
aci d ‘%ﬂ%&%to ‘fékgt%#; é’\rfltt(é f%'erepht hal ate to forma polyner blend; (i) m Xxing
polymer blend; (iii) heating the polymer blend; (iv) extruding the pol yner
bl end; andi3.  The composition of claim 9, wherein the polyethylene terephthalate is

present in an amount of about 80 wt. % to about 99 wt. %.

14.  The composition of claim 9, wherein the polyethylene terephthalate is

present in an amount of about 90 wt. % to about 97 wt. %.

15.  The composition of claim 9, wherein the polyethylene terephthalate is

present in an amount of about 95 wt. %.

16.  The composition of claim 9 further comprising an axial Young’s modulus

at least about 210000 psi.

17.  The composition of claim 9 further comprising a radial Young's modulus

of at least about 410000 psi.
18. A method of making a consumer packaging product comprising:

(i) combining about 1 wt. % to about 20 wt. % poly-lactic acid and

polyethylene terephthalate to form a polymer blend;
(i)  mixing polymer blend;
(iii)  heating the polymer blend;
(iv)  extruding the polymer blend; and

(v}  blow-molding to form a consumer packaging product.
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(\ ) blownmolding ix> forma consuner packagi ng product _ " _19. A consuner
-..product...conprising a polynmer blend, wherein the polynmer conprises: (i)

about 1 wwo 20dosagvout 20 wt. %ol y-lactic acid; and (iipca/ysedogasisyd ene
terepht hal ate, and wherein the conposition has an intrinsic viscosity of
greater than about 0.7 dl/g. 20. The consumer product of claim 19 wherein
t he polyethylene terephthalate is present in an anount of about 80 w. %o
about 99 wt. % 21. The consuner product of claim 19, wherein the

pol yethyl epge tege g;m,ulrﬁ é?{)dlﬁt Rh ;ﬁ{%‘i p@P rﬁ’ﬁgl?{@fliiovf\ h\%{%@“%b@g()%er% 0

about 97 % onsuner rein

pol yethybgae: terephthal ate is present in an anmount of about 95 wt. % 23.
The consuner product of claim 19, wherein the polylactic acid is present in
an amount of about 3 wt. % o0 about 10 wt. % 24. The consuner product of
claim 19, @@her eibwut Aevipdt § aleautOaet. §o P@hp?aééiéﬁt?ldv Andn anobunt of about 5
w. % 25. The consurrer product of cI aim 19, V\/nerel n the pol ynmer bl end has
an axial Yo

nodul t t, 2 0000
SRR R RERE T e R
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20. The consumer product of claim 19, wherein the polyethylene

terephthalate is present in an amount of about 80 wt. % to about 99 wt. %.

21.  The consumer product of claim 19, wherein the polyethylene

terephthalate is present in an amount of about 90 wt. % to about 97 wt. %.

22.  The consumer product of claim 19, wherein the polyethylene

terephthalate is present in an amount of about 95 wt. %.

23.  The consumer product of claim 19, wherein the polylactic acid is present

in an amount of about 3 wt. % to about 10 wt. %

24.  The consumer product of claim 19, wherein the polylactic acid is present

in an amount of about5 wt. %

25.  The consumer product of claim 19, wherein the polymer blend has an

axial Young’'s modulus at least about 210000 psi.

26.  The consumer product of claim 19, wherein the polymer blend has a radial

Young's modulus of at least about 410000 psi.
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