TI TLE OF THE | NVENTI ON BLENDS OF POLYLACTI C ACI D AND THERMOD PLASTI C
POLYMERS FOR PACKAG NG APPLI CATI ONS 5FI ELD OF THE | NVENTI ON [ 0001] The

i nventi on enconpasses bl ends of polyners including, for exanple, polylactic
acid and pol yethyl ene terephthal ate and articles nmanufactured therefrom 1In
certain enbodi nents, the invention enconpasses bl ends of polyners

i ncluding, for exanple, polylactic acid and pol yet hyl ene terephthal ate that
are useful in packaging 10 and have inproved physical properties, such as

flexibility, elongation and/ ﬁ%ﬁ@FHﬂﬁilN{/ﬁhﬁq@ﬁ' on, the polyner blends
0

of the invention may be swta r "a nunber or applications, such as in
t he manuf act uBBENIDSIDE pod atil ACPBEL AKED, AWLAPEIERMMGsPlahsll It ]P@LYMaER&gi ng

materials or as coating na i J&%?ﬁg;%i E | NVENTI ON [ 0002]
Certain packagi ng materi al ES{%I?A@K@ i Nt ende E?Jﬁ%@; ngl e use, such as

boxes, cartons, pouches, bags and waps used to package itens purchased

from vghol esale and retail OUtPLI%EEJ EWIW&E\?r'i ncreasi ng anount of
en

packagi ng materials that are ‘'used once an scarded. In view of the
hi gh vol UeB0K]f Thies pusaahba 2ficqrapkssgs Niglends eofi glodyrheisnindedingat fod, esanple,

i nd i th h
ecyel ﬁffcﬂ?%&%%?&? o R S s M
bl ends, weirtain atrdacuﬁuswhtssehle amrdemiow mmbnmmssesn bldn@B 0Fapolumersliisdudiigo fopf
docurrent Sex 1 Ia%ﬁ isd’ a e%ho%l%ng tgr %ﬁrl'ggl?tgrtﬁ?{]aerepltﬁe%%l‘é\% %chaag?ngb een

i ncl uded Th sen s eci I'S SO
provildi nearal h@m anprci\md phﬁnmiqs*epemewmmh as flekibility, alonghtiohenidyleniead- an

adm ssi o a f th t RALS 1, rior art base
or were cr}gir%{]mt%n 33311:1% gLen%év)\lfm& § %fenn ftﬁ% eghr?p ARV S‘tu%ahﬁﬁg Ol gg@:lg rof

i nventi orapqpilcahom |satleds e ftloee maméaqmrenof d;spdsatbie bbttac wrapsyibage fandhother
appl i catl Throu out this specifi cati on the word "conprise",
or vari at ons&ggrﬁﬁggi orascozgt:m 8 enac%np“ sing", will be understood to
inply the inclusion of a stat ed el errent i nteger or step, or group of

el emgpts, integers or st ep any ot her el enent,

i nt ggg’r or step, or group %F%%M%Wo?l@e BRI EF SUM\/ARY

[ 0004] Tﬂ%ﬂﬁ]nﬁ‘@mtamnpa@@gm@iﬁayermis armmlyantmdﬁﬁder 4 smgi;e um kuch agbaxds] end

of poly 0004 rel at ositi r|S|n a, bl end
of 5w - aiipab AR Va2 BBt P JointeRad RS angHRsiE R St o
wher ei n tand lceoarboatletsonmm iaani everlimseasing amﬂt;oquacga@agenaﬂeﬁan tBat dl /g
t o about / and ng of an aX| dul.u | east
220000 ps%e Yt et B e dhur fr e aof Pt SHEIR POUIES 5 Fstinelner o
the poély anatdnhhﬁa@n aﬁaateaﬂeoa@ecomitﬁes;lpammﬂagjntmé%h Eﬂ‘uope,

50, 000-1 0, 1 OOObAnth S relates to a packaging materi al
20, 000, tfh% 9@8 oL RISABI BRI B RRDSEHg

[0003] The current mventors have developed improved polymer blends, which are
disclosed and claimed herein.
[0003a] Any discussion of documents, acts, materials, devices, articles or the like
25  which has been included in the present specification is solely for the purpose of
providing a context for the present invention. It is not to be taken as an admission
that any or all of these matters form part of the prior art base or were common
general knowledge in the field relevant to the present invention as it existed before
the priority date of each claim of this application.
30  [0003b] Throughout this specification the word “comprise”, or variations such as
“comprises” or “comprising”, will be understood to imply the inclusion of a stated
element, integer or step, or group of elements, integers or steps, but not the exclusion

of any other element, integer or step, or group of elements, integers or steps.
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blend of 1 wt. %to 20 wt. % poly-lactic acid and pol yet hyl ene

t erepht hal ate, wherein the conposition has an intrinsic viscosity of
greater than 0.5 dl/g to 0.9 dl/g, and at |east one of an axial Young's
nodul us of at |east 210000 psi and a radial Young' s nodul us of at | east
410000 psi, and wherein the poly-lactic acid has a nunber average

15nol ecul ar wei ght (Me) of 50, 000-110,000. 100041Anot her aspect relates to
a nmet hod of naking a consuner packagi ng product conpri sing: (1)

conbining 1 wt. %to 20 wt. % pol ¥ i@ﬁdhﬁ%ﬁﬁ%@ havi ng a average nol ecul ar
wei ght (Ma) ﬁf E’OI' 000 - 110, 000 an]é pol yet hyl ene terephthal ate 20to form a
pol yner bl ent®04]'Thej inyertipy; grgeralhe eseammsses pogwasitions  fncluding he dil¢ndgof he

pol ymer bl enpolymers.(iv) extrudi ng the polynmer blend; and (v) bl ow nol di ng

to forma co rp i roduct . wherein the praduct.. 25 has_an

I ntrinsic _vi E)?gigﬁt y gﬁ %&_’8@% (%'Irgtef g)aanC%r.lp?S@P? ﬁmf'%”sé{ﬁo%@erff%f ldW'c£ 9 at

| east one? of Whrt® axlydactivecid gnd pelweibnlens teophikaldte adiered (08 @0mpsitioarhds an r adi al
Young' s noduinttnsiefvisgbsily@f gleattl G200 7R io Mgpﬂslhﬁgghﬁ@{ lﬁagsw%lcéfﬁé‘r%k fgf] dto C
CONSumer pro » COMPII Si r end, W I n,

conpri ses: 38 |r§1S &ﬁorr&ul% ?Q%z@“&?w@?p"éi §9$56i’4”\@e\é‘&‘i"§ SHH?H“EPB %lf Husaser

aver age nol et P08} pHieinghvheraie theafolysRetBO@Id NabGy D@her avethge moleculal Weight

pol yet hyl ene(Mgoefiddoaliafoep. and wherein the product has an intrinsic
| east one of

1 900! g T oA R oy U4 0.2 200 i S b ©
modul us of aflendeqfskt Wiy Yo o0lowh &4 pol@Sc008&q anhpapathydéne terafiniciiae mihsreint he
composi tion haebHpRitdnRabl YRRty BPb¥akAmhA 8 53 %o A aRLNELNY! ene
terepht hal at {€ast one of an axial Young’s modulus of at least 210000 psi and a radial Young’s
modulus of at least 410000 psi, and wherein the poly-lactic acid has a number average
15 molecular weight (M,,) of 50,000-110,000.
[0004¢] Another aspect relates to a method of making a consumer packaging
product comprising:
(1) combining 1 wt. % to 20 wt. % poly-lactic acid having a average
molecular weight (M) of 50,000 — 110,000 and polyethylene terephthalate
20 to form a polymer blend,;
(i) mixing the polymer blend;
(iti) heating the polymer blend;
(iv) extruding the polymer blend; and
(v) blow-molding to form a consumer packaging product, wherein the product
25 has an intrinsic viscosity of greater than 0.7 dl/g to about 1.5 dl/g, and at least one of an
axial Young’s modulus of at least 210000 psi and a radial Young’s modulus of at least
410000 psi.
[0004d] Another aspect relates to a consumer product comprising a polymer blend,
wherein the polymer blend comprises:
30 (i) 1wt % to 20 wt. % poly-lactic acid having a number average molecular
weight (M,) of 50,000 — 110,000; and
(i) a polyethylene terephthalate, and wherein the product has an intrinsic
viscosity of greater than 0.7 dl/g to about 1.5 di/g, and at least one of an axial Young’s
modulus of at least 210000 psi and a radial Young’s modulus of at least 4100000 pst.
35 [0005] In certain embodiments, the composition include a polymer blend of poly-lactic
acid and polyethylene terephthalate
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WO 2010/ 053592PCT/ US2009/ 039644 [0006] I n certain enbodi ments, the

conposi t iwo 2mwssdzi ntrinsic viscosity of about 0.5 dl /gcfmsﬂﬁ%g%‘g 9 dl /g .
[0007] I n certain enbodi ments, the conposition has an intrinsic viscosity of

about 0.7 di/g. [0008]1n certain enbodinments, the poly-lactic acid is
present in an anmount of about 1 wt. %to about 20 wt. % [0009] I n certain
enbodi nent s, the poly-lactic acid is present in an anmnount of about 3 wt %

t 10 % n certain enmhqdiments, the poly-lactic¢ acid is
or codfibeln it SR LBE0E BSHOMBHSI oD I PR B! AT DALS, t he
pol y@@&ﬁ]@g&; phy ate is present in an anount of about 80 wt. %to

about 99 % [0012] Pn certain enbodi nents, the pol yethyl ene

t er ejbOOTAl at Br destapn eﬁﬁmﬁiﬁl@nﬁf)tlﬁfﬁmﬂﬁboﬁﬁoﬁh@#bn91QtriMsic st @igTuboly W . %
[0013]In certain enbodi ments, the polyethylene terephthalaté is present in
an afpUdl/ gof about 95 wt. % [0014]In certain enbodi nents, the conpositions

have [ﬁllﬂ)S Xi afn CePthiny embmc)lgr%eg s, aie polyl-lggt?g acu? ?sulgre%élgtolgoanpgrlnount of about
1 wt. % to about 20 wt. %
[0009] In certain embodiments, the poly-lactic acid is present in an amount of about
3 wt. % to about 10 wt. %.
[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 polylactic acid is present in an amount of about 3
wt. % to about 10 wt. %.
[0013]  In certain embodiments, the polylactic acid is present in an amount of about 5
wt. %

[0020]  In certain embodiments, the polyethylene terephthalate is present in an



[0015]}-In certain embodi nents, the conpositions have a radial Young's

nodul us o¥oadiokoszsye about 410000 psi. [0016] The |nvent|p@T@is§@9,@mgnpasses
packaging materials including about 1 wt. %to about 20 wt. % poly-lactic
acid and pol yet hyl ene terephthal ate. [0017]In certain enbodi nents, the
conposi tion has an intrinsic viscosity of greater than about 0.7dl/g.
[0018]In certain enbodi nents, the polylactic acid is present in an anount

of a bgu 0 0019] I n certain enbodi nents, the _
pol y Fag%é{gﬁl%t%\%}b ttgﬁ atSe%ﬂ ]t?or]llwggvé Sunt of about 5 wt. % [0020]In certain

enquOUPﬂt S, Ik B&t&!ﬁ'eﬁ%&&ih@‘@s ffﬁé Eggfetﬁ% 18h&Ster fﬂ'hﬁ?a@% O%{%s@x{‘c ingpunt of

about 80 wt. %to about 99 w. I'n ce aln e nents, the
pol yarhwmxﬁeﬂmueﬁﬁtm%toeabcmt@?estem in an anpbunt of about 90 wt. % to

about % 0022] In certain enbodi ments, the polyethylene
ter edﬁ&gﬂl at Q‘F‘sl Presehndimenis therpolyetiyrlendistepigbalate iopreF@uisprn certain

(2”1“88 ML Sof atb%%t%%{?%',t I ons an axial Young's nodulus at | east about
[0023] In certain embodiments, the compositions an axial Young’s modulus at least

about 210000 psi.

[0024]  In certain embodiments, the compositions have a radial Young’s modulus of 7
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]  (ii) 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) about1wt. % 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 di/g. _

[0034]  In certain embodiments, the polyethylene terephthalate is present in an
amount of about 80 wt. % to about 99 wt. %.

[0035]  In certain embodiments, the polyethylene terephthalate is present in an
amount of about 90 wt. % to about 97 wt. %.

[0036]  In certain embodiments, the polyethylene terephthalate is present in an
amount of about 95 wt. %.

{0037]  In certain embodiments, the polylactic acid is present in an amount of about 3
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[0024]In certain enbodinents, the conpositions have a radial Young's

nmodul us okoavidisawt about 410000 psi. [0025] The inventi garas %%%%rpasses
nmet hods of neking a consumer packagi ng product conpri sing: [50026 [

combi ning about 1 wt. %to about 20 wt. % poly-lactic acid and pol yethyl ene
terephthalate to forma polymer blend; [0027](ii) m xing polymer blend;
[0028] (iii) heating the polynmer blend; [0029](iv) extruding the polymer

bl end; . a g %6030130( v) plownolding to forma consunmer packaging product.
[0031‘ftl'h€ ? AVt iR aPso enconpasses consunmer products including a pol ymer

bl en er ej ' : [ % t.0,about 20

. o %%%]yw el 3%%@2%‘?@08‘3%??&13&%%% {ﬁé%rﬁfﬁg‘gg}é af‘ea\r%é%tﬁi‘th"éﬂdgf’%?:’ and

wher evt %.he conposition has an intrinsic viscosity of greater than about

0.7 dl /%.] [0034] I n certain enbodi nents, the gol yet hyl ene terephthalate is
n

pr esdfi¥ ah grinendiodimsnts, Soe pelyreertidendbas anexisl Young{s0088jlus ater t ai n

enbodi nent.s ol yethyl ene terephthalate is present in an anount of
abouﬁeeg%a&fﬁtéi@gﬁé’ﬁ%ut 97 Wt. %

[0040] In certain embodiments, the polymer blend has a radial Young's modulus of

at least about 410000 psi.

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.



- [0036]I.n certain enbodi nents, the polyethylene terephthalate is present in
an anountwoho@eis2 95 wt. % [0037]1n certain enbodi nenpsr/ukivaspekyl actic
acid is present in an anount of about 3 WD 2010/ 053592PCT/ US2009/ 039644
w. %to about 10 wt. (% [0038]1n certain enbodinments, the polylactic acid
I's present in an anount of about 5 wt. % [0039]1n certain enbodi nents, the
pol ymer bl end has an axial Young's nodulus at |east about 210000 psi.

[0040! I n cigtai n_enbodi nents, the polymer blend has a radial Young's
modulSenegal Resc about 410000 psi. BRI EF DESCRI PTI ON OF THE FI GURES

[ 004 khdrigur evil, | : | | | | | 3Ql ynmer

bl enc}ig@o@ t hgﬂﬂla %{\}gﬁﬁ F’%ﬁehﬁﬁﬂﬂﬁg‘ﬁ?@%%%ﬁ%ggﬁggﬁ ?\ﬁl%é#glogg EB /?IIID{}% powder
i N PEdr exxfinPleApbBiideic deil BT pondhilitndldde PrtHagdte] MTTREToly [r#0 42dridsgifrthe 2
illustrates illustrative enbodinents including the pol%/rrer‘ blends of the

i nvennverrtiomhatwm@rca'edmmpmuesamh%lPgmcgwgrswe@gﬂm,exmlht}% PLA powder in

e A PR et bt P05 B S s RET Langsl e

D endoog L S%Répg¥%¢fglﬁfﬁ&§bpme%v@nﬁcﬁﬂ&ﬁpbe Y0 BeA ROUPOAHEI/ virgin, and
otherwise formed into sheets and films for use in a wide variety of packaging materials,
such as wraps, bags, pouches, and laminate coatings, or they may be molded into
shaped articles, for example, bottles. In certain embodiments, existing mixing,
extrusion, blowing, injection molding, and blow molding apparatus known in the
thermoplastic 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,
polyvethylene 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}  Incertain embodiments, blending a mixture of poly lactic acid with

polyethylene terephthalate, in many cases, exhibit the favored characteristics of each
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--[-0044] Figure 4 illustrates a bar graph of the axial and radial Young's
nmodul i of WDI20L#a56%2i ve bottl es including the polynmer bl epggisedosiosiRas

i nvention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0045] As used t hroughout,
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
termnus of the range. In addition, all references cited herein are hereby

. a addi tion, all references c in are he
B e e R G e S

the phedefitingithec hogatiw: sRiHerQésSof caWpdlkatPB3a3IPCT/ US2009/ 039644 Cener al
Description [0046] The invention enconpasses pol yner bl ends including one or

nor e [B813ner i1 anefheesabptibnenolyd myentoaehdorapdsses kyetyiylee hinider epht hal at e.
nor S86hTFe Pufian e bRT R 0 GG TE AR e BodBM ateast |

b o, L oF : 4 | b f
Phe Tovant A ! EERR etoRRaro B 0 fon SRR ENGLOR doliher hEN  neet s

and fintlodidg fotsenpleppulydacieadidtaynddfaviae Kk 28d a0 YORhSSIrAbIulus W Rt RS aps,
bags, . pouches, and | am nate coatings, or they may be nol ded into shaped
arti @lb€§,t47f'(&00é3§arrpl e, bottles. In certain enbodi ments, existing m xing,
extrusion, blow ng, injection nolding, and bl ow nol di ng apparatus known in

th | i . itable f in f i ) f ul ticl f
ot OSPE B, ARkl 3t AP b taFadBl a S et T o R i waga Dked BT end
conpgss éie@ﬂﬁleﬂﬁ?l“ytlia@@@ad‘i&fa%ﬁrbnd Q0481 theth) .s@icﬁfcggﬁgl%f@ ?c'irsexapr};gg,ds

cont ai ni ng a polyner, derived froma natural sou or exanp

pol yIpeétdtbymeidnalvdling high dempigspilgeihylame polyfetiiylexarmbghthabiyairhy| ene

ter epgﬁ hal atf PET), pol ypropylene (PP), polyethylene (PE) or conbinations
t her €0tYPIEPE S rpri si ngly shown to have strength and el ongation properties,
whi ch are superior to the polyner(s) taken alone. Thus, the invention

encompasses HRPHSv iR, Possess or denonstrate surprising synergistic

effeﬂ%._—rovml n enbodi ments, bl ends containing polylactic acid

and palSgpt hyPepmeteweith bisd sdope(dPIEH9 irbieativaafclubie ity ©OrPogiith eRsuRf t he

i nvention. [0050]1n _another enbodi ment, the invention enconpasses pol yner

bl enddgelsyatimticealymern svrhgs Rolyesters, psilyestergmiglesspoliyramenttesnnd

tenp urevapd which are highl rystalline at roomtenperature. The

i nveﬁlﬁeglﬁl%é hl\él\%gurangb(%\l;lé?gcfefrﬁ'%ygﬁ?%ﬁ%qﬁﬁ‘ﬁt%rﬁge'&ﬂmg%%r?%%%)tmﬂ%ﬁo vari ous

bl ends uekd PRIaYhAE A r@GbicW i fﬁgfyw Jy exhi bit
ul aYu r WdsRoRediy }{xﬁ?ﬁé@?[ﬁ@ﬁ%gﬁpaﬁgﬁﬁlw){

hi gher el ongation than the polyners vVes, I'gher break
st r esdlospandstard, Rhegaairtie sasdeyptibhematioradatid06p thé Hﬁ&ﬁﬂ}fﬁ& Bnzymes
enbod% ments, bl endi ng a mxture of POl y lactic acid wt )
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 (¢.g., PHB and
PHBV), 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 polysaccharides and proteins.
[0056]  Included within the scope of the polymer blends of the invention are

polymers based on, for example, polylactic acid, polyhydroxybutyrate,

polyhydroxyamide, polytartrate, and mixtures thereof,
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. pol.yethylene terephthalate, in nmany cases, exhibit the favored

char act ernygbh@BsBb2 each polymer by itself, in some casgsrgxdifossld even
better properties, while dimnishing or minimzing the negative properties
of each polyner by itself. [0052]1n another enbodi nent, the invention
enconpasses a polynmer blend including, for exanple, poly-lactic acid and
havi ng an axi al Young's nodul us at |east about 210000 psi. In another

nbodj , the ir i o I bl.end including, f
a1 ol Y Gesioth STER G aRs, R QO M VORGP SHOGPAE RS at | east
about, 4108090, PS5l d{r%‘);?&}fé’&% EIS{d @po d?/.m%i‘é . &’&ﬁ?&@g& ﬁ?@te%néﬁ&?&%ﬁ& afigoduct
i ncl uding a b eng 0 or exanpl e, po - I'ACETC achd’and onet of “nor e

t her @@rﬁﬁﬁrﬁo@d«%ﬁqﬁ?ﬂa&ﬁﬁe axanitiadedabytibyleetiRrmoptdgid] Agpiytgh density
pol yet hyl ene, pol yethyl ene terephthal ate, or pol ypropyl ene. Pol yners of the

| nvemolmstfrobsajeRdrymemesewiable reseimses sople ap torrnsarolvaratigencangs| ude

I i.ch_jncl X f ti I IS, h I t ,
o B s 3 bl e i gt =
sem . 10 r . _sQ..he.. _
SRR S e S SR e i e

cel | ul os$gctrRdakbamoivn a3 B-1gahed) alh Yessiscepbodiheertootiggriadaition HA hhe
hydrol ytic_enzymes of mcroorgani snms. The polynmer blends of the invention
al so asxpsthilinighefrgrester than 3x%1 learxaipés abdetPdbabglass ransitiondi ng
crystallinit chai n flexibilit d ¢chain length. [0 l,Bal,ymers within
Cho LOORERHY EPRRD St 1k PR B P AP R PR TIG "yt het | ¢

pol y S, ) [ I FeLent ald 804 11 and
P B o e R R B RRS RS Lo TRal B At fed B S her
enmboahd nharmaoplasticsihtdfilbert (fier @consde akirig@rnveebhalaneltapipting paddegsdshcl ude
a variety of natural polynmers and their derivatives, such as polyners

i ncl aafdgmer Themelting raturech PLa) fan be Encrensid 20p8) Ysard Hahieales and

protejns...[0056] 1 ncl uded. wi.t hin t scope of th r_bl f the

P e RERE Y ietg P S B R iR Bt EaBRoRim 3fy Bl R BT 8

pol y By RYNP bloHRh theogdﬂ YREA @K PDIGA g%&goﬂ@étiﬁeP.aPUL% hid PG\ Blekbyr €S

t hereof. WO 2010/0535 ZIXCT/ US2009/ 039644 [0057]I'n certain enbodi nents, the
pol ywétls: mivehtien fonre athighlyi reghlmtetqrebgumreplexbeaitle thaveased drpsthllichityg Ipol yl acti c
acid ("PLA"). As used herein, the termpolylactic acid is tslsignonormu_s wth
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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-
factic acid.

f0060]  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 s first oligomerized to a linear chain with a molecular weight of
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[ 0058] The. PLA of the invention is chiral and therefore can exist in several
di stinct wonasyessskudi ng pol y-L-1actide (PLLA) is the ppefggionsesedsd i N9
from pol ynerization of L,L-lactide (also known as L-lactide). In certain
enbodi nents of the invention, PL A has a crystallinity of greater than 25%
for exanple, about 37% a glass transition tenperature between 50-80 C and
a nelting tenperature between 173-178 C. [0059]In certain enbodi nents,
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i ncl uded are hi gh polymers of lactic acid (M1 = about 50,000 to about
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[0067]1n certain enbodiments, the PET polynmer is a nodified PET. As used

herein, {8 hfNddksop0di fied PET" refers to PET, which copgpiygsgsasdgpnoners,

for exanple, ether, am de or aliphatic nononers that provide weak |inkages

that are susceptible to degradation including biodegradation through

hydrol ysis. [0068]1n certain enbodi nents, the PET polyners can be

characterized as including alternating units of terephthalate and an
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ot her sheets or filns intended to contact food usin ernopl astic starch
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conposi tions and tﬁe invéntion can inclu but are not |n1ted
to, acrylonitrile butadlene styrene (ABS); acrylic; celluloid; cellul ose
acetate; ethylene-vinyl acetate (EVA) et hyl ene vinyl al cohol (EVAL);
fluoroplastics (FIFE, FEP, PFA, TFES ECTFE, ETFE); iononers; Kydex, a
trademar ked acrylic/PVC aIon, I|qU|d crystal polyners (LCP); polyacetal
(POM or Acetal); polyacrylates (Acrylic); polyacrylonitrle (PAN or
Acrylonitrile); polyanm de (PA or Nylon); polyam de-im de (PAD;

pol yaryl et her ket one (PAEK or Ketone); pol ybutadi ene (PBD); poiybutyl ene
(PB); polybutylene terephthal ate (PBT); polycaprol actone (PCL);



[0073] I n certain enbodi nents, the thernoplastic polynmers of the invention
are el astweg 2e0@sdsbexi bl e above a gl ass transition tenpep@iysRodtahosaapeci fic
for each polynmer - the mdpoint of a tenperature range in contrast to the
sharp freezing point of a pure crystalline substance |ike water. In certain
enbodi nents, below a second, higher nelting tenperature, Tm also the

m dpoi nt of a range, in certain enbodinents, the thernoplastic polyners
have crystalline, regigns alterpating wth anmorphous ., regions.in which the
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di sti nct phase change. [0074]In certain enbodi nents, the thernoplastic
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t hernopl astic starch” polynmers that are made w thout th of such
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enbodi mrents, thernpplastic starch polyners for use in making food waps may
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films intended to contact food using a thernoplastic starch pol yner nade
with a high boiling liquid plasticizer, it my WO

2010/ 053592PCT/ US2009/ 039644 be dési‘rable to limt the quantity of such

t hernopl astic starch polymers to | ess than 10% by wei ght of the pol yner

m xture, exclusive of any solid fillers. [0077] 1 n other enbodinents, it is
within the scope of the invention to include one or nore non-bi odegradabl e
polynmers within the polynmer blends (i.e., a theiinoplastic polymer that is
not a bio-polyner). Such polyners may remain in particulate form or they



.conpar ed.to unblended. pol.ymers or._thernpplastic honopol yners and

copol ynmemngo 20ilbesgzot ynmer bl ends exhibit, for exanple, |nprpusHosézoengt h,
flexibility, elongation, tenperature stability, processability, and
dead-fol d. Mreover, sheets, filns and other articles nmade from such bl ends
are in many ways superior to conventional plastics, which are not readily
printabl e absent special treatnment, and which generally have poor dead-fold

prop {es., [0080]1.n ogne e i.ment, pol yner bl ends accordj o the
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- desired thickness. Thicknesses of sheets and filnms may range from 0. 0001"
to 0.1" (wbaoto/d382m crons to about 2.5 mm). Sheets andpfipiRBoosuidabl e for
wr appi ng, enclosing or otherw se covering food itens or other solid
substrates will typically have a nmeasured thickness between about 0.0003"
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i chpne RmSE, A BRSERR: b SBbua A SRR PR ER 10 o anout
125 nhermopihstit B lotyer cq:taqu.i SEA-Srylflland REMOPIAMABEIMO L08Rt O ab%t

0. 003" (about 12 to about 75 microns), and in other enmbodiments in a
201020936 IZPdT pEE0i0 9y 03 0 e wismndesifablmpratysutiesOha300b High abguit @n@iRn( about

25 t bout m,grons). I n other enbodi ment.s, sheets and filns suitable
For ' DedBRted by FUGLRTR Ly o Rt GeR P e rr= R raelf Arigee FargNndbout

0. 000R]sti8 SPiioQ- )a:QRP . i . f
abou'?ﬁlg.s E(58503" toOIgblgglsh%éOOZ" &%cgg%%?tﬂgggﬁ%%l%g 53’%1 Rgg)n%ngxﬁegﬁasra,acﬂgeﬁ) d;O;nange
f r ombatrelding nebQBactive siio dhaids @0 ' mcalbettrs bafdre pabetibriddidi. CB@RS) -

[0088] The difference between the cal cul ated and nmeasured thickness tends to
i ncr aatBods makefbe eobiagr ehainestapd mfbabitdremainesnaither. iReforeabeng particl e

si ze._Conpver sel the difference, between the.cal cu] ated d neasured

©hi RN oY pls S et LB RS B ST park L el o o i th
decr QASIRG. PHIth&! 1fefHorof 1SHR frb]: fig { 'Hzgﬁ) blJr@hSa OF

| ower quantities of fillers hg@l%n?]g)rprarqti Tlgﬁs? izd;i%&. rrgtgfeértht%ﬁ)ggn?eg
subspéasticahtoya tayayrtehars with grhftcopelsnab of pelysejrenerorintd i Xomplokite have a
measured thickness that is simlar or equal to the cal cul ated thickness.

[ 008F1AtRTIBh EORIBEE He ftnotithe cabnyayite remecedrrittieaessn\amsyiog (andsimibe of any

[ ' Lc fill | h nbodi h iti f
the PRreReabRPaEhEr bitehEIR mobelRl AF e R R M et P FEFR N Hr dor 1 o

decr eRgies ahlof dadbes ieitilehagwer the cost, and increase the nodul us of
elasticity (Young's nodulus) of the polyner blends. Exanples of inorganic
fill §1056} nclibdrewtthircthemcope bbtlet imveniivan imlud ofiedmopdadticqalyinate, i ca,
and the ]ike. npl. e f orgapi ¢ fillers include wood flour, seeds,

pol yHetS Orbﬁttaf‘%&@é 3“%‘6@%P%&B?@H‘%@‘Hﬂé@%ﬂﬂréﬁm analMEEnRi ke. | norganic

fill grSodiBge 1504 | &y el : X] magnesi um hydr oxi de,
sodi Er#@ygﬁ ogﬂﬁg, caf%@%h@oﬁe%!m dei,fll{ﬁpcg,\ir“%ﬂ gﬁ% h&%?&?%@%c A& 53 Powder .
I'n attdehdedto phras tihtoicoakst Wivh Rﬁ)d?ﬁ@dcfb,%dﬁﬁzé therRAstasdLrd sof tening
and el ongation properties. The particulate fillers, both organic and

i nor pahyineersiagt ave madovpiboat gk e ¢imuch\dastvzede avhithicdn poogeidiyes,

i ncr e bu] k. hand. fee|, redquce cost, and decrease_ self-adhesion,

Pl as f}i‘fsfépgo ﬁ?é@ bH SR e{rgaq pts: @F%’gaﬁﬁfsﬁ@ﬁhﬂ?lmf@% F§ail on

pr OpgLAik o&e i ' il ted.or otherw se
D e e B L g p ety RS s L AR o Bl kPP s
accostdidhggtaouldseoiinitiatiyi ealgoe n @Rdirhiuide s8RthA8 dnd ehak hPhdle CONpared to

conventional plastics or waxed papers because they typically include

oxy geArdentheraifiy. Hyi welted stasc barabe bbreled with deg comareetyhéingicgr oups, to
whi ch , i nks can readi | dhere. [0090] The use of fillers coupled wth
specP P ?’o%’égg]tﬁalﬁtﬁg%%lﬁ%bg ‘&g‘ﬁnge‘]ri&r T QY ’@Ilféétf’é‘ palvinpeg blend -

Cavi }181drOf 190681 ne rthe i . ctd.0n i ulled in either
a nonoaxi aII or bi agfgfa gfrecﬂ%ﬂg gﬁgﬂ%ﬁgﬂ%%%grﬁfh%g(rf%fiegaéési%%r%%tfiétdfgoa

di scasitg autheymoplastiestikdmpolynsdiaabdé hath 4 ARG 111 uSd £E1s8HIZENGt mav
stretching. During strethgﬁi ng, a portion ofrghtehe s?rgtchgd pol yrrerﬂg‘ﬁl S
away fromthe filler particles, resulting in tiny cavities in the vicinity
of the filler particles. In certain,gnbodinents, this results in increased
breathability and vapor transm ssion“of the sheets and filns. It also
results in filnms or sheets having a touch and feel that nuch nore closely
resenbl es the touch and feel of paper, as contrasted wth conventi onal

pl astic sheets and filns. The result is a sheet, filmor wap that can be
used for applications that are presently perforned or satisfied using paper
products (i.e., waps, tissues, printed nmaterials, etc.) Properties of the



- [(0092] The pol yner -bl ends of the invention exhibit certain physical

properti 8802819133392 stiffness, flexibility, water-resispanggzoosbiength,

el ongation, tenperature stability, noisture vapor transm ssion, gas
perneability, and/or dead-fold. The application enconpasses pol yner bl ends
havi ng properties that are appropriate in order for a particular polyner
bl end, or conposition nade therefrom to exhibit the desired WO

2010/,05 / 4 rformance criteria. I.n the case of ets

and 1erRrebie e AatAR: SaR0d BOL R IPRECRER s Fard relBaietaes ot romniiee

crit ey @eggmﬁlcjﬂgmpowerllﬁm@;el bkéThbi®d of Any 8bRAGALLON, dead-fold, strength,

printability, inperviousness to |iquids, %reat hability, tenperature

st abilPPTAl, ahdothee efiboelinedBYB]i$ widridehe sapergirthy envidneiodeadnflabd opeeper ti es

of sheets or mﬂms E)r?duced therefrom polymers nay be sel ected, which

yi el dPBiEHAE PIrERyable aphimers withinghe wolirges blendalivs, a thermeplastice, gr eat er

t han - e r ag. apout 150 MPa, or.greater hap about 200

vPa. H Ser B0l 88 o BLEBORIndenc e Bhrmatd T seReineinGR Pl el & 1

t end they nisf Rasend MherXe r&ﬁ&a@ﬂ% cestigy, YRLRG a3 BRHY so be

i ncr eagyed by | oadi ng thg pol ymer }?&?ndsh\%thwggteﬁ%r m?gﬁfﬁﬁ/te@s, such as

par t iresllting podymiebblends fwillltend to eshibhestagradabifbover exad®94] the addi tion to,
increasing th .modul us_to _inprove dead-fold, the

or instead o 1 Young' _
sheef"&f@?gf% able palygrds A "crk‘iﬁfq‘?é#%ﬂ/ BPess. rdhenbapm qomsiauops phesessed to

i ncr @pf;% t hep, gl b . whieh is. done by. di srupting the
gene?a I)l/ pl z?nar Afn%tguredfélﬁg%lﬁéa{sehegfﬂgg%gpfﬁoglfﬁ?rzlséjé)rlr"%gﬁ? e, for
exanpérephthaleebos sengin Ghbo®iniehts, GHE khdrtb st ;B@Frme%ti‘s b%&lg% gnt hg, sheet
so as to have regularly spaced-apart or randomhills and valleys rather

t han ceftas gmbodimeth, thp theraroplhetit polyhies ispylykerdene, Inf@rtaéxanpl e, by
passing the sheet or, filmthrqugh a pair of knurled or other enbossing-type
roll 8P§?°‘£W8Hpsr gl}‘r ooy ﬁﬂ‘ﬁrp‘mer 1@3&3’% depity P Jﬁeffgb’q%?e- aisiestn eghogimentse

mai Nt} thedn{PisbticHdikkeis r L)) Sod NPLOVI t he
dead-fol d prO?pertCiCF{asﬁIgf %bh%regﬁggtﬁ.ag[adgé A ce(rzlEE gpémér’{gbtg)p |br%1r¥? gwtt ﬁ’e

sur f iam:eemieaembodih&ms)Itb!@ﬁﬁerhkcqﬂﬁlst&ﬂﬁﬂ?rﬁle@ fis hidsomt AGFOAEbNEL HOaBNRR 90
invention increase their bulk hand feel and/or dead-fold is to include

par t Mufeaioatiaut Pémet. v Irfestaimembedimentspidietthermoplastie pphmhércis gsedeave a
part i i i t th equal s or exceeds the thickness of the pol yner
fil né%%ﬁgﬁ{eoélt%t%lf%ggﬁféé%%‘the sheets and filns of the invention can be
manuf act ured t hat have dead-fol d approachi ng or equaling 100% which
exceeds the dead-fold properties of virtually all conventional paper or

pl asfiompesihensefdhe heedrdiccurrent |y on the market. A rare exanple of a
convgjb%%al sheet or wrap having 100% dead-fold is alum num or other netal
foi | & APEGNHSRELD PeaTR295e9 PobueablEnde BrYingdmyupved propertiee t he

dead; | il duced, ther ef
ot yaeh PEre! APEIBLERe bR RS Rhsrno TR BHARP e aorORPbmeRS) may be

engi Teepellher Jent cyhigttdidridimavi bReH¥x . S modul us,
for exaﬁplae, greater than about ﬂ%oh{l\%g,@e((ﬁ)r§&1‘éﬁo$t\ﬁé§gﬁgpgp’g%i§ggg?§?’han about
150 Wwraperameistrinlitye prerbedilitonasd dead-foldandloecovgt adicers, filan aalher200 MPa.
It sh ukd be ugrderst%‘o@, Howe_v,er, t hat Young's nodul us _onlf/ | oosel y

cor r ¥Ts{SE RS HOFUSYY) HenAs ko MABY WaNs severigr Encenvensioval pastieti ne or

. Gl OBSTABY O seper o
000/ et ket e ier P5 ARy heeRbrehri SrEhse P iR PbrtheFrvaeren on i o

t hat dehibfold yebpbiteeds are bl own, extruded, cast, or otherwise formed into
sheets and filns, such sheets and filns are readily printable wthout

f ur t[RE8CIpr odr ont meboThiment, pedyer birdviantageingf tathelihzémgorn heyi inviedei ve

pol e manufacture of waps is that such blends are

bl.ends, in, t
gené@haﬁ ggpsg alt’gi aeaBong %@@gﬁaﬁhﬁpp&m@mcﬁs w5ed herain) frettpem

conwv I; RSP ‘ & ..Man lastics an es are highly
Py dhon 2 P it e R HRAR R I BBBs (S SRRl aeidingcal | v

r ecqpiliter aufatest ondied hdplkstRal pARer & 42088k ThenLRLR (daadsf ol d”

refers to the tendency of a sheet or filmto maintain a crease, crinkle,
fold or other bend. The dead-fold properties of sheets and filns can be
accurately measured using a standarg test known in the art. This test
provides the ability to conpare and tontrast the dead-fol d properties of
various sheets and filns. The follow ng equi pnent is useful in performng
the standard dead-fold test: (1) a semcircular protractor, divided along a
1" diameter semicircle; (2) a weight consisting of a snooth-faced netal

bl ock that is 0.75+1- 0.05" by 1.25 +/- 0.05" and of such a thickness so as

to weigh 50 g +/- 0.05 g; (3) a 1" x 4" tenplate for cutting test



[ 0099] The first step is preparation of an appropriately sized sanple. In
the case wihepw/a3fel m has different properties in the npefigiedisRes | on
conpared to the cross-machine direction it nmay be useful to neasure and
average the dead-fold properties in W) 2010/ 053592PCT/ 1JS2009/ 039644 bot h
directions. The standard sanple specinen is a 1" x 4" strip of the sheet or
filmto be tested. [00100] The second step is a conditioning step in order

to en Lformt ftest .conditjon The speci nens .ar i.tioned by
ol aci B ERERE RO il Apr e SlendlitXBE9s Fert e Fotmidy O or 2
M ni MIDPEf o2MhikokéSthek@F101] The third step is the actual dead-fold test of
each conditioned test strip. The specinen is renoved fromthe humdity
chantjéd81ind Wis:nvidegiied tagetheted is possilghito terikeitke bagdicldl fropaiReeraad of

t he test sLyrip. he test strip is then placed on a flat surface and bent
over €3fh PRE e Whigoigeitngutr diminsting thhaesativepropexiies affrechioltroel s pl aced
squar, g% e hen i th .t thirds (or 0.5") of the weight
over |“§'Jb%} ng %gjg%%élé’iot\rée%ﬁ%%%rﬂ%tsggy@ raéléis‘g?\fﬂéa]i‘h&f%d, and with one third or
(0. 2500829f t PStenBhOYpIRUEOARBIIHGS1DEE LEARE withs 849eS-Okf '

parallel to the st%%pshoul d prﬂcﬁ%ct evenly (Vgtlbout 0. 1%%? %{gﬁgﬁ%%h si de
of t feclgde disporhllemitdin, phpenaddatingd foopadaiian(fode anfdel sRpefcartohd), seconds.
Then g jsf re vg%. Aft er exact la%; 30 seconds, the angle forned by the

cr eaPEA 1S RBASOF Pt [ strL BEFTOPY 30kt B gT roddber ensepeamsadues aych he

ot hegs%%g)ls letd}%%éisrolr%g@%a@é}g%sas many additional strips as will give a

statisti y accurate-‘neasure of*t he dead-fold properties of a given sheet
~or f [6083] TheTlaygivagavapslyendr bisnddaihy BPetahddd Biden oo lokeskige By a to
determ ne the percentage dead-fold Cfor a given sanple: C =100*(180-

A) / 1800 sheets@ad filins foe vaein @ wide safiety of packaghrey matérinls; sasls as wrapsi nt ai ned
SO tgat no spri ng back isixbser‘ved), .the sanpl e has 100% dead-fol d

( C=10887 FE6C05 te6 5y nd Agminade soafingse diy iseding a palylagtisiasidaviith a 800

(i.e mﬁ; I i : k. S hat_ t anple jis
essemeiral I ;gﬁ‘tlkgfo,@?ﬁg' @g%%?%ﬂﬁ%sﬁ%%o%ggoﬁ éc/)‘i1 9%? tf:nfg)é&? 368“'6?’}1}5%%?%%@%1% . In
t he projoiiréips af garpibed hb@bll?@&b@gﬁtm&ﬁéirﬁmefpr\é%ﬁrt&% Fat® pbB Akt angl e
has 50% dead-fol d (C=100*(180-90)/180=50% . [00104] When used to wrap

f ood&sedindinichalisr Idosdthesaaprisng reswpef an emespectetésymagdistiseéfetishand il ms
accoggé' NG H%Qg i;nventi on can be manufactured so as to have a dead-fold of
at | east "abou 185}0 In certain enbodi nents, such sheets and filns have a
WO 2 405358 2R6T H2200U ;! Kleadz < %..greater
thanfbggogt 70% or great égﬁ%ﬁgﬁtaboufﬁgg&&gﬁggﬁ%ﬁn fcﬁlt%ﬁrgs%‘%%o@o&i ng to

t he amedwettsar flavdnbleeiing pobimadsdehiabndavesdtaitator mhRingpPFHRENING OF

equal ;to 100%, Sheets and films according to the invention can be
manuPHEr PrekAEBE RRateraliaJhe demas { diegtsrapkilies arh4e beeatemtoekesed t hose

of standarf.: \ and whi ch, ar ny ties greater than conventi onal
ol acr AR BRI 8eartigh BU G Se TR mr B d Pdiagint pob105) | n
cer t BleeRhblegd, BB ikse thO ifRIc-HBR bebleads Hat C(Itnlfkﬁi \é%mshg&"aa&l%h‘}&ﬁg{‘ in the
preparation of consuner products, for exanple, bottles or other containers
havi eanstipies e é dilméAsigely simeogtthe olieknéssainhe artsdleref manatieel:, tHen certain
enbodj nents, . the axjal Young's nodulus is about 210000 psi, about 230000
psi , LSHBERO SO as . arREY (Ber0B0De pRicleomagisenstingnboth gisets ami of her
enbogy_n®sn j : ' dul us i.s_about 390000 i, about 410000
pai i PRt Salibog kRS By TRGY o B0 it 0 dnkt To HditeChes000
psi ,a ah@etaddfONQirPsles cARRNLFRIQROhdISH; ; s} 6] In
certain enbodt?gent s, the PET in the dg%%i?r%grﬂgilgglr%géﬁg%g%ﬁﬁi %%Crlﬁggg?)g

vi scgbetyisewdikigd foograpohed enal sutsttbes, ialwiiegshetBeandaiyisiaangat o t he

ol ecul ar vu%i %zt ?f aboyt 0.1 dl/g to about 1.5 dl/g, in other enbodi nents
t he KHEURTSTE CABGEReSS oty megsupsland calrpigted)nitos heltheribsaitivarmt shisbout

0.5 gl e ey ik 0 r_embodi nents the intrinsic viscosity is
about b B RaLlingly Mot o Sh bert PR W his aF aisbitagstidia ki | s
[ 00X@REet tveksisirtibied thatams¢ B8Oy LHRsHAKENT 0R “t PLETRLQYWARY AL Xi ng
apparatus known in the art” of manufacturing polynmer conpositions in order
to formthe polynmer blends of the invention. Exanples of suitable m xing
apparatus that can be used to forn15%g bl ends according to the invention
include a tw n-shafted kneader with*heshi ng screws havi ng kneadi ng bl ocks
sold by the Buss Conpany, a BRABENDER m xer, a THEYSCHN TSK 045 conpounder,
which is a twin-shaft extruder with shafts rotating in the sanme direction
and which has nultiple heating and processing zones, a BUSS KO Kneader
havi ng a heat abl e auger screw, a BAKER- PERKINS MPC/ V- 30 doubl e and single
auger extruder, single or twin auger OMC extruders, a Mdel EPV 60/36D WO



extruder, a BA li AGE ON 1\4E100 direct-current slow m xer, a HAAKE Reonex
ext ruder wa2630lk3sbe Bl owmn Fi | m Extruder, a BATTENFELD- GLe6ESHBEQWN Film
Ext ruder, and a BLACK- CLAWSON Cast Film Extruder. [00108] Many of the
foregoing m xers are al so extruders, which nakes them suitable for
extruding filns or sheets fromthe inventive blends according to the
invention. Alternatively, the blends of the invention can be nade using

transfer-1ine-injection technol og here resin manufacturers can inject the
Var | U T HETelBh o iEs ! R s et e vyt - Component s
during. W et Hife ugf'\eergé oPERIRATf rﬁcjﬁ.ﬂflact'u?e g n%j al\é%]albéybgor?sl?iltl?tet o sel ect
and opti‘tmze an appropriate nanufacturing apparatus actording to the

desi regtle@s!’i“¢llgsf"odisthanuf act ured. Once a thernoplastic nelt has been
formed using any of the above-nentioned m xers, or any other appropriate

m xi 1808fd nin thermgsaphahrestuer Kmosimntegdache baesador ‘asraps, "arach agiwtapal |y any

nol di n ext rusi on ratus kno in t her I asti c nol di ng

, r shapin
o o a6 thEi0ge ATkl BRI RRIL S e nl R b el fot et R e met o
001 e ] oo de@f u b Qs 6 g 1Sfeet s
Lo A, HRACLTE Hlod O (TR ek bl UG BE 3 AR BB abfiTIBHE] o
pr epdtaeinhgopd ! jomi-fdblénds penird sa thatawre ffoldedptivrapséd bf bthekwine t o nmake the

films and sheets. The blown filns and sheets of the invention tend to have
si mi Imenipuatad intodedesives) orientpdamytsuchvaraps el tped to suksiertighopeinthids in t he
bi axi,gal. direction due to how fhe re processed (i.e., they. are extruded as
o B PRt Rl el S kRS B gect B Wik Ate e

conf iNBSLE off N8s MR e tsCRARBHNGS {do ! folg¥ )i b8 BelaldrQAM dedBRYIaf Id 4B OF
sheet s, onc% e ot hereﬁand, 1unI{es% @1}1 je te%i)to bi gxi al sfreff’achi ng, Svérrl be
substaedsuat b thst abdhigest A shegt or filrhito hetain s ulmbgntrirdld yr giteabend tieisi | e
strength) in the machine direction and will be substantjally nore tear

r esi Sneafuredhindepepdsaty pheelf Hlengiihcatsgabing, ombe weraf g@iasdheslverie mpaiptadat i ¢
mat erj al . t-he.polymer nolecules tend to be oriented in the machi ne

di re@t‘?eos%r.edﬁar%:‘%?%%oﬁi rection orientation is further increased if the

ext r yogsk] sheatti@bs bf nahlifacP@@SAddé REQWEMBTHD 1 RriRAT RAIeh@ysheet or
filmthi ckness in the machine direction. 1001101 The sheets ang filns
accorddisirgd thickhessi MherkriessesmdpheanpnilS8me mayglegd Ayer0.08H "nulti'pl e | ayers

They (Wgos FUFioBa (6gPABhGS TaRY SRR PRy LHER SUEaE G WANBPRE RPUaEng
They (R e B GE , neasifiy . e
Lhe B O e B B o LR 4 e "o

t ogetrheisut@l fIacknesabksyedOstRit.0000UsAE Sboantl 01 h@bbuke 5-2B0enkebyd BindG heet s
can be lam nated onto existing sheets or substrates. The pol yner sheets can

al so apaladeieddhickaasdiaresen pboat Q. PONISH eadiadloud P.OBP afabaiut 41125 teilaiarg).of
h d fil . be . d.t t itarian. | t ai nbadi ts,
cavi LRErDrREERY P rus g e Pisr s ERar ety 00 Fagier Eham i GUTORegt e
v § ) o A
B B e, AR M e B Yo ek SRt I A RO By 11

t ouc higindoiceakracibnpd pertiadapdilbd gaoticleswehicheaalprohedevimshé sushealfs and
filnms, EXAVPLES Exanple 1 [00112] In one illustrative enbodi nent, PLA was
bl endle@ishast or BEn. dihis nhgnomenoai asgeriallppsoneungedavbensignifitaad appear ance

uoeauegLER SURAEELT RS crxiha SbirEReS e pitoet WS Wi geTBaR kR o | oco
cost Ly -MBRLLIHfdhe ?g@irﬂ@ldmg{m{eqﬂ% abl e raw materials. The 5% PLA 95% PET
f e

bl end has a fros appearance and the analytical results indicate no
negaff08s] i npactiewrnfphe fareguidBlgysidetnand fidths stiteblelior atd & wikld3]inl nj ecti on
Mol di n IOOlééA‘i PET and PLA were commercially available for this trial. PLA
was ﬁ@gé@ egrbrMeneatdhaYe pardastiradoitviskngsPETa pangediremt aboan Q10084 sta Hwutnpact

P n, PET f ti i di t |, stret tio, h d
appedP SR ieboks i 4 A QU BRRLy ) RbeF FBEPE RSS90 BEAT o RABE PHPET WD
2010t)@5§§9t%%<551uu§2;@g$(a@%%@4ﬁ b6 A mEEBAS) Rhi 80 ot 2RI ROWIGr, I 0 PET

5% PLA pellets in P
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1% PLA pellets in PET [00115] The PET resin was dried overnight at 280F to

achi eve gy@Bhids9, | evel bel ow 50 ppm ptior to injecti op-fpkshosleaossine PLA
was bl ended and added to PET at desired level prior to the Injection

nmol di ng. [00116] The resin sanples were injection nolded on an Arburg 420C
reci procating screw injection nolding machi ne using the 34.5g 28 nm Col gate
preformtooling. The injection nolding conditions for each variable are
sumarized in the follow n | njection Data Exanple 1 Exanple 2

Exanpregaimraapre WoBede rabgtﬂl; @B‘BS (pbpat B 10 FRond o misrersy Inothey PLA Powder

gg%P%%} Oﬂ%%lfl'%‘s, Igﬁﬁlaétg %ﬁdifﬂmg%ﬁitg?{?epoéugg la:'; x?vtrgpsi SRS lceﬁtcﬁl\é?em&{egg 32%
in a range from about 0.0002" to about 0.003" (about 5 to about 75 microns), or a range
from about 0.0003" to about 0.002" (about 7.5 to about 50 microns), and a range from
about 0.0005" to about 0.0015" (about 12 to about 40 microns).
[0088] The difference between the calculated and measured thickness tends to
increase with increasing filler conteht and also with increasing particle size.
Conversely, the difference between the calculated and measured thickness tends to
decrease with decreasing filler content and also with decreasing particle size, Sheets and
films that include no fillers, or lower quantities of fillers having a particle size diameter
that is substantially lower than the thickness of the polymer matrix, will have a
measured thickness that is similar or equal to the calculated 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
may 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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18. 0 18. Gvd 80105899 Dryer Tenp en 138 138 138 PCT/US2009/039644

inks can readily adhere,

[0090]  The use of fillers coupled with specific processing techniques can be used to
create “cavitation.” Cavitation occurs as the thermoplastic polymer fraction is pulled in
either a monoaxial or biaxial direction and the filler particles create a discontinuity in
the film or sheet that increases in size during stretching. During stretching, a portion of
the stretched polymer pulls away from the filler particles, resulting in tiny cavities in
the vicinity of the filler particles. In certain embodiments, this results in increased
breathability and vapor transmission of the sheets and films, It also results in films or
sheets having a touch and feel that much more closely resembles the touch and feel of
paper, as contrasted with conventional plastic sheets and films. The result is a sheet,
film or wrap that can be used for applications that are presently performed or satisfied

using paper products (i.e., wraps, tissues, printed materials, etc.)

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 polvmer blend, or composition made therefrom, to exhibit the desired
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...138.. WD 2010/ 053592PCT/ US2009/ 039644 | njection Data Exanple 1 Exanple 2

Exanpl e Jy&sgumnissod Description 0.1% PLA Powder in PET p@r2d%pedsobpwder in
PET 1 % PLA Pellets in PET 5% PLA Pellets in PET Barrel Tenperatures

Feed (0C

performance criteria. In the case of sheets and films suitable for use as packaging
materials, desired performance criteria includes, but is not limited to, elongation, dead-
fold, strength, printability, imperviousness to liquids, breathability, temperature
stability, and the like,

[0093]  In order to improve the dead-fold properties of sheets or films produced
therefrom, polymers may be selected, which yield blends having a relatively high
Young's modulus, for example, greater than about 100 MPa, greater than about 150
MPa, or greater than about 200 MPa. In general, increasing the concentration of the stiff
polymer will tend to increase the Young’s modulus. The Young's modulus may also be
increased by loading the polymer blends with one or more fillers, such as particulate or
fibrous fillers, as described above.

[0094]  Inaddition to, or instead of, increasing the Young’s modulus to improve
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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[0096]  In order to improve the dead-fold properties of sheets or films produced
therefrom, polymer-thermoplastic polymer blends (optionally including fillers) mav be
engineered so as to yield films having a relatively high Young’s modulus, for example,
greater than about 100 MPa, or for example greater than about 150 MPa, and in other
embodiments, for example, greater than about 200 MPa. It should be understood,
however, that Young's modulus only loosely correlates to dead-fold and does not, in
every case, serve to define or predict the dead-fold properties of a particular sheet or
film.

[0097]  Another property of the polymer blends according to the invention is that
when such blends are blown, extruded, cast, or otherwise formed into sheets and films,
such sheets and films are readily printable without further processing. Thus, another
advantage of utilizing the inventive polymer blends in the manufacture of wraps is that
such blends 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” x 4" template for cutting test specimens;
(4) a timer or stopwatch capable of timing to 1 second; (3) 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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_ Nozzle (0C) 260 260 260 260_Cycle Time (sec) 28.4 29.6 29.6 29.6 [00117]

Fr eebl owv{;@Q(jlim]BsEj eforms were heated in a convection oymgﬁ{,@o_«,b@qperature
of approximately 100 OC and then placed onto a nandrel on the free bl ow

nol di ng device. The free bl ow nol ding process allows a nmaterial to be fully
oriented to its natural stretch ratio to understand differences in stretch
orientation between material variables. Belowis a summary of the areal
stretch ratios of each balloon_at the m ddle of the prefoiin sidewall area.
[ 001 both diregtps. & he Btandayg sample specimen is a 1" x 4" strip of the sheet or film to be

tested.

[00100] The second step is a conditioning step in order to ensure uniformity of test
conditions. The specimens are conditioned by placing them in a humidity chamber at
230C and 50% relative humidity for a minimum of 24 hours.

[00101] The third step is the actual dead-fold test of each conditioned test strip. The
specimen is removed from the humidity chamber and its weight recorded. A light
mark is made 1" from one end of the test strip. The test strip is then placed on a flat
surface and bent over at the mark but without creasing the strip. Next, the weight is
placed squarely and gently over the bend with two thirds {or 0.5") of the weight
overlapping the specimen so that a crease is formed, and with one third or (0.25") of the
weight overhanging the crease. The edges of the weight parallel to the strip should
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 tollowing
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 essentially flat, the sample has 0% dead-fold (C=100*(180-180)/180=0%).
In the midd!le, 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



. Exanpl e 3. Preform.Temp...(0C)..100. 100. .100 WO

2010/ 053593 P§b/osss8909/ 039644 Exanpl e 1 Exanpl e 2 ExanppergsBoowsefisessur e
(psi) 55 55 55 Ball oon Vol une (ccn

dead-fold greater than about 60%, greater than about 70%, or greater than about 80%.
Sheets and films according to the invention have been developed that have a dead-fold
approaching or equal to 100%. Sheets and films according to the invention can be
manufactured so as to have dead-fold properties that meet or exceed those of standard
paper wraps, and which are many times greater than conventional plastic films and
sheets, often orders of magnitude greater.

[00105] In certain embodiments, the polymer blends of the invention are used in the
preparation of consumer products, for example, bottles or other containers having
improved tensile strength over known consumer products. In certain embodiments, the
axial Young’s modulus is about 210000 psi, about 230000 psi, about 250000 psi, about
270000 psi, or about 290000 psi. In other embodiments, the radial Young’s modulus is
about 390000 psi, about 410000 psi, about 430000 psi, about 450000 psi, about 470000 psi,
about 490000 psi, about 510000 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 Polymer 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 sold 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 BUS5 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

-7 -
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1743.1 .1699 1844.5 The.data show that there is no substantial difference

in the frwee:blomssssel une, i.e., the stretching behavior p&EriReycpssdker m for
PLA content fromO0.1%to 5% w in PET. [00120] Exanple 2 [00121] The

pur pose of this study was to blow nold bottle using 3% and 5% PLA m xed
wi th 50/50 RPET(recycled PET)/ Virgin resin [00122] Injection Ml ding
[00123] The table bel ow summari zed the two preform vari abl es. Exanpl e

Mat er | al SChiARLd 9 hn.50/ 30 RPET/virgin 5% | n 50/ 50 RPET/
Vi r gieﬁgﬁlﬁﬁﬁﬁﬂ%ggﬁgﬁﬂbagg ‘i‘r_éal_lb'g‘é‘f“ﬁ?‘g‘ﬁf' aa}?l%ﬁ ¥ achi eve a
M1 S et e VLA IRV R PPIPE Rl 02 BN PEANPEL DR N R EHER Y $ P
overni ght at 212F, and then the appropriate anount of A was added to
RPET/Extrudyirnaipd b &L ACKHO]. 2EYSON Oadt dlilng Exfradé25] The resin sanples were

injection nolded on an Arburg 420M reciprocating screw injection nolding
mac hilA&LOR] t nManw ofi the faegeing méress pearlse extaufipist whichhmekes thesh suiteble ng.  The

pref ?6%)%gginvgmf§llﬁsh§r diter g)r%%g Ei)’n\D%EtRfreeglgrlicﬁg ac!cgl'&%%itg QhEPIar'{vaention.
Alternatively, the blends of the invention can be made using transfer-line-injection
technology where resin manufacturers can inject the various minor components of these
blends into the main polymer components during manufacture. One of ordinary skill
in the art will be able to select and optimize an appropriate manufacturing apparatus
according to the desired article to be manufactured. Once a thermoplastic melt has
been formed using any of the above-mentioned mixers, or any other appropriate mixing
and 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
(Le., 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 sin gle layer
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..Exanmpl.e..l .Exanpl e 2. Descripti.on.30/0 PLA in 50/50 RPET/virgin 5% PLA in

50/ 50 RPBENOorogssro2 WO 2010/ 053592PCT/ US2009/ 039644 | nj epéiptrdeabdsixanpl e 1
Exanpl e 2 Description 3% PLA in 50/50 RPET/virgin 5% PLA in 50/50
RPET/virgin t Preform Wight (g) 31.7 33.9 Relative Humdity 36% 36%

or multiple layers as desired and in certain embodiments the polymer is an internal
layer. They may be formed by mono- and co-extrusion, casting and film blowing
techniques known in the art. Because they exhibit thermoplastic properties, the
polymer sheets can be post-treated by heat sealing to join two ends together to form
sacks, pockets, pouches, and the like. The polymer sheets can be laminated onto
existing sheets or substrates. The polymer sheets can also be coated themselves.

f00111] Monoaxial or biaxial stretching of sheets and films can be used to create
cavitation. In certain embodiments, cavitation can increase the breathability and vapor
transmission of the polymer blended sheets and films of the invention. It also results in
films or sheets having a touch and feel that much more closely resembles the touch and

feel of paper compared to conventional thermoplastic 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 1V loss.

Material Description

0.1% PLA powder in PET




. Dew Point (C).4 4 Mld Point (0C) 12.7 12.7 Anbient Tenp (0C) 19.4 19.4

Dryer Temm ¢®0ps3ssy. 7 137.7 Barrel Tenperatures Feed g&dudhiodsdésqZone 2
(O

Material Description

0.2% PLA powder in PET

5% PLA pellets in PET

1% PLA pellets in PET

o . .

[00115]
50 ppm prior to injection molding. The PLA was blended and added to PET at desired

The PET resin was dried overnight at 280°F to achieve a moisture level below

level prior to the injection molding.

[00116] The resin samples were injection molded on an Arburg 420C reciprocating
screw injection molding machine using the 34.5g 28 mm Colgate preform tooling. The

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

Injection Data Example 1 Example 2 Example 3 Example 4
Deéscription 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
t Mold Point 4.4 4.4 44 4.4
|
)
Ambient Temp | 18.0 180 18.0 18.0
(°C) !
Dryer Temp 138 138 138 138
(°F)

S04 .




273 275 Zone 3 (9C) 270 275 Zone 4 (C) 270 275 --, Nozzle (C) 269 275 Cycle
Time (seGyo3drofsikdz 3 [00126] BLOW MOLDI NG [00127] Pref éﬁﬁs% 339[5‘{1en bl ow
nol ded using a Sidel 51302/3 bl ow nol di ng nachi ne The bl ow nol | ng oven
conditions used are included in the follow ng table.

Injection Data | Examplie1 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

Barrel

Temperatures

Feed (°C) 260 250 250 261

Zone 2 (°C) 259 260 260 260

Zone 3 (°C) 259 262 260 263

Zone 4 {°C) 260 265 260 274

Nozzle (°C) 260 260 260 260

Cycle Time 28.4 29.6 _ 29.6 296

(sec)

{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]

Example 1 Example 2 Example 3

Preform Temp. (°C) 100 100 100 j

1
o]
LA

3



WO 2010/ 053592PCT/ US2009/ 039644 The bottl e section weight Exanple 1 2 Resin

“3% PLA T 50 RPET/viTgin 5% PLA in 50/50 RPET/virgin ' (g) 11.8
\1/\:;_. 4hUpE)3¥gﬁélﬁgF3 ight (g) 8.8 8.7 Lower Panel Weight ](JgﬁB%é@QEAé‘se
ight (g) 5.3

Example 1 Example 2 Example 3

Blow Pressure (psi) 55 55 o)

Balloon Volume (ccm) | 1743.1 1699 1844.5

The data show that there is no substantial difference in the free blow volume, i.e., the

stretching behavior of the perform for PLA content from 0.1% to 5% wt in PET.
[00120] Example2

[00121] The purpose of this study was to blow mold bottle using 3% and 5% PLA
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 50/30 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] The resin samples were injection molded on an Arburg 420M reciprocating
screw injection molding machine with a mixing screw installed to facilitate better melt

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
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5.5 [00128] Analytical Testing [00129] The top load strength of 11 bottles
from eachygapipaRkP, Was nmeasured using an Instron devi CePCﬁ/‘%@Z(ﬁ%Hﬁ?ﬁ wer e
tested enpty and vented, using a crosshead speed of 1 inch per mnute. The
| oad at 0. 25" deflection and maxi num | oad were recorded and are included in
the followng table. Top Load Results Exanple Load at 0.25" (Ibf) Max. Load
(I'bf) 1 Average 65.6 68 St. Dev. 7.4 5.7 9

Injection Data Example 1 Example 2

Description 3% PLA. in 50/50 3% PLA in 50/50
RPET/virgin RPET/virgin

Preform Weight (g) 31.7 33.9

Relative Humidity 36% 36%

Dew Point (°C) 4 4

Mold Point (°C) 12.7 12.7

Ambient Temp (°C) 19.4 194

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.

227 .



--Average 64.7 65.4 St. Dev.. 7.3 7.2 [00130] The m nimumtop | oad

requi r emeWo 2a10/g323" defl ection is 401bl. Both of the betthgivensald es are
within this specification. The value of 68 and 65.4 I bf is within the range
of the PET bottles w thout PLA content. Therefore, adding PLA into the PET
bottl es does not negatively inpact the PET bottle mechanical properties.

WO 2010/ 053592PCT/ US2009/ 039644 [ 00131] Sidewall tensile bars were cut in
the axial and radial directions for each of the two PLA/ PET bl ends and al so
froma PET contai ner purchad@ce bdttlesghtion matight store. The results indicate
I npreved—Young-s-—-mpdul-us—forboth-PLA bl ends when-conpared to the PET

cont|rlamypel al Sidewal | Tenpile Results Exanple /Young's Mdul us (psi) (Axi al
Young's dulus_(psi) Radiial 1 _(Avg.)

Resin : 3% PLA in 50/50 5% PLA in 50/50

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 5.5

[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
(Ibr) {ibg)
1 Average 65.6 ' 68
St. Dev, 7.4 57
2 Average 64.7 65.4
| St. Dev. 7.3 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 1bfis 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 properties.
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273260 530316.Std.. Dev. 19051 39223 2 (Avg.) 232870 476067 Std. Dev.
40131 CoRyéahiofodsd;) 209877 383656 Std, Dev.

9802 51917pcl A0ARZRIE! O m

sanpl es were anal yzed by solution IV according to ASTM D4

phenol / tetrachl oroet hane sol ution and a PET concentration of 0.50%
results are shown in the table bel ow

[00131]

Sidewall tensile bars were cut in the axial and radial directions for each of the

two PLA/PET blends and also from a PET container purchased through a retail store.

The results indicate improved Young's modulus for both PLA blends when compared

to the PET control.
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

{dL/g)

0.704

0.775

0.789

[00133]

- 20 .

The intrinsic viscosity is a measure of PET molecular weight. The higher the

a 60/40




....PET_Exanpl e. 1 Exanple 2 Intrinsic viscosity (dL/g) 0.704 0.775 0.789

[00133] Whe 2éfokisasi C viscosity is a measure of PET nol gepyddocWgiegit - The
hi gher the WD 2010/ 053592PCT/ US2009/ 039644 1V, the higher the nol ecul ar

weight. Adrop in the IV neans a degradation in the PET. The results show
that adding PLA into PE | does not degrade PET. [00134] Al of the
references cited herein and appended hereto, including patents, patent
applications, literature publications, and the |ike, are hereb

ool ¥ohsltaherihemaplecalar ryaighioA yop it Hredmeand plegrad AOrDRrAPRE THE
| NVENJI ON AS L : A . iti i Si bl dof | wt. %t
50wt P AR HOR: (i e B A GETPRT dd S hof AERERI B 2 D1 e O the 1 °

conposition has an intrinsic vjscosity of greater than 0.7 dl/g to about

] . : : g
1.5 901341 andligy therteregres Greddbersin aid yppriyled heygtn. yaclysling patentst
patent applications, literature publications, and the like, are hereby incorporated in

their entireties by reference.
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5210000 psi and a radial Young's nodulus of at |east 410000 psi; and
wherein the poly- lactic acid has a nunber average nol ecul ar weight (M of
50, 000- 110, 000. 2. The conposition of claim1l, wherein the poly-lactic acid
is present in an anount of 3 wt. %to 10 wt. % 10 3. The conposition of
claiml, wherein the poly-lactic acid is present in an anmount of 1 w. %to
5w. % 4. The conposition of claim1, wherein the polyethyl ene
terephthalate is present in 15 an amount of 80 wt. %to 99 wt. % 5. The
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3. The composition of claim I, wherein the poly-lactic acid is present in an amount
of 1 wt. % to 5 wt. %.

4, The composition of claim 1, wherein the polyethylene terephthalate is present in
15 an amount of 80 wt. % to 99 wt. %.

5. The composition of claim 1, wherein the polyethylene terephthalate is present in
an amount of 90 wt. % to 97 wt. %.

20 6. The composition of claim 1, wherein the polyethylene terephthalate is present in
an amount of 95 wt. %,

7. A packaging material composition comprising a blend of 1 wt. % to 20 wt. %
poly-lactic acid and polyethylene terephthalate, wherein the composition has an

25  intrinsic viscosity of greater than 0.5 dl/g t0 0.9 di/g, and at least one of an axial
Young’s modulus of at least 210000 psi and a radial Young’s modulus of at least
410000 psi, and wherein the poly-lactic acid has a number average molecular weight
(My,) of 50,000-110,000.

30 8. The composition of claim 7, wherein the composition has an intrinsic viscosity
of greater than 0.7 dl/g.
9. The composition of claim 7, wherein the polylactic acid is present in an amount

of 3 wi. % to 10 wt. %,
35
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10. The conposition of claim 7, wherein the polylactic acid is present in

an anmpunt of 5 w. % 11. The conposition of claim?7, wherein the

pol yet hyl ene terephthalate is present in 5 an anount of 80 wt. %to 99 wt.
% 12. The conposition of claim 7, wherein the polyethylene terephthal ate
in an anount of 90 wt. %to 97 wt. % 1013. The conposition of

IS present

claim?7, wherein the polyethylene terephthalate is present

in an anount of

95 wt. %to 99 wt. % 14. A nethod of making a consuner packagi ng product

conpri si ng:

t er epht hal at

10.  (The c&RFRIBH BYcidim, whldelPiné i ; i ¢ .acid having a
aver age 15nvol ecul %r wel ghlt (I\/(I:')mof W50,8808 901%3?0%@%%#%&%%& yugtne
B form a pol ymer bl end; (i1) mxing the polyner blend;
ng the pol yner bl end; (iv) extruding the polyner blend; and

(iii) heati

20 bl | di ik i , in th
(o) gu P Lot 1 B SR AR AL b EEEL T |

product has an intrinsic Viscoslt
dl /g, an ata’ﬁaé%f’élf‘“gﬁé

an

Yo% SO%hut - Young's nodul us of at |east 210000 psi

and a radial Young's nodulus of at |east 410000 psi. 2515. A consumner
product conpyy si jge @OITHJ%LIYEBH? bt c%u%nf,i wh\el\rl‘gﬁrt d Fol}ert}]e)/le%g lt%é{)%{hamee%? grege?'lmr | ses:

15

20

25

30

35

an amount of 90 wt. % to 97 wt. %,

13. The composition of claim 7, wherein the polyethylene terephthalate is present in
an amount of 95 wt. % to 99 wt. %.

14. A method of making a consumer packaging product comprising:

(i) combining 1 wt. % to 20 wt. % poly-lactic acid having a average
molecular weight (My) of 50,000 — 110,000 and polyethylene terephthalate
to form a polymer blend;

(i) mixing the polymer blend;

(iii) heating the polymer blend;

(iv) extruding the polymer blend: and

(v) blow-molding to form a consumer packaging product, wherein the product

has an intrinsic viscosity of greater than 0.7 dl/g to about 1.5 dl/g, and at least one of an

axial Young’s modulus of at least 210000 psi and a radial Young’s modulus of at least
410000 psi.

15. A consumer product comprising a polymer blend, wherein the polymer blend
comprises:

(i) 1wt % to 20 wt. % poly-lactic acid having a number average molecular
weight (M,) of 50,000 - 110,000; and

(i) a polyethylene terephthalate, and wherein the product has an intrinsic
viscosity of greater than 0.7 dl/g to about 1.5 dl/g, and at least one of an axial Young’s
modulus of at least 210000 psi and a radial Young’s modulus of at feast 4100000 psi.

16.  The consumer product of claim 15, wherein the polyethylene terephthalate is
present in an amount of 80 wt. % to 99 wt. %.
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(i) 1 w. %to 20 wt. % poly-lactic acid having a nunber average nol ecul ar
wei ght (Ma) of 50,000- 110, 000; and (ii) a polyethylene

terephthal ate, and wherein the product has an intrinsic 30viscosity of
greater than 0.7 dl/g to about 1.5 dl/g, and at |east one of an axi al
Young's nodul us of at |east 210000 psi and a radial Young' s nodul us of at

| east 4100000 psi. 16. The consuner product of claim 15, wherein the

pol yet hyl ene terephthalate is present in an anount of 80 wt. %to 99 wt. %

35 17. Theygon roduct 15, where et hyl ene
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present in an am)unt of 95 wt. %to 99 vvt % 19. The consuner product of
in an anount of 3 wt. %to
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19.  The consumer product of claim 15, wherein the polylactic acid is present in an
amount of 3 wt. % to 10 wt. %.

10 20.  The consumer product of claim 15, wherein the polylactic acid is present in an
amount of 1 wt. % to 5 wt. %.
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