HEAT RESI STANT POLYLACTI C ACI D COVPOUNDS CLAIM OF PRICRITY [0001] This
application clains priority fromU. S. Provisional Patent Application Serial
Nunmber 6IWB2¢13%288sheari ng Attorney Docket Nunmber 120110P8TAarsdoiRiosmd? on
August 25, 2011, which is incorporated by reference. FIELD OF THE | NVENTI ON
[0002] This invention relates to new conpounds including polylactic acid and
havi ng i ncreased heat resistance to inprove structural integrity during use
of the compound. BACKGROUND OF THE | NVENTI ON [ 0003] Pl astic articles have
repl aced glass, netal, and wood articles because plastic can be engi neered
to not shatter, rustjEAT REMSTANE ROk EbACHEY AFTIpCOMPQUANS cl es al so
creates a disposal dilemm. Al so, many plastic resins are nade from
petrochem cal s, which have | ong-term supply and cost issues.

[ 0004] Ther ef qrieaNs ey BRIGRACYEONSI derabl e effort underway to find

bi ol ogi cal | y-derived and sust ai nabl e sources of thernoplastic resins,

pref erably tHO8™Iwhi ch THegrppdicattom dainmpasioritolramdd .Sy Bywisienat Retenti sposa

di l emma. [0005] Pol yl agt i ci.d wn. as, .pol yl act i or PLA, has been
xpl of ed as A deripbrald NSRS RS TP a VB Bhoh BT Soflesl e or 1 g1 ne

whi ch can repl2a¢e) Beindgnéesn aakhy 261 2@l NFhRE i§ Bebipdratcd MMRYefde. THE

| NVENTI ON [ 0006] Whil e polylactic acid is probably one of the three nost
popul ar bi o-derived resins being explored, it has the distinct

di sadvant age, the fossil-derived resins it is nmeant to
repl ace, in Jﬁ%@[ﬁ@?ﬂgﬁ?@@%@@?ﬂ%@at defl ection tenperature. WO

2013/ 028857Pq000232012/ OBROMF et élatdsad neleicbmpodural ihcugiag adlytaeti¢ HDT) is a
measur enent of deflectiaon of a sanple under flexural |oad using. the
protocol of ASFMIEGUSINSTRFCISLEREAAPSiITiRyeG [ 4RPIgNC siryqiwpl gfeeFibdEH% i ngs. For
pur poses of Hﬂg%fhﬁ%%ﬂﬁbgﬁi 66 pounds per square inch (psi) or 455

kil o-Pascals (kPa) will be used for conparative neasurenents of heat

defl ection. [0008] The problemwi th polylactic acid is that it has a heat
deflection t n | exural | oad of about 55C or 131F

I n ot her morgggékggﬂ@@Ng)Qﬁﬁgﬁ%ﬁ?$@§5ﬁ) n Arizona sumer day, PLA would not
be sturdy enqg@dst 0 be psed adfcld HaRerEPReaSdsE M&sl dWbstestitrto a
passenger conpartnment conponent, as the case for an el ectronic handhel d
devi ce | ayi ngpeorrse plasteean begngaweredpd seeshetterpask @yratg Theduebiitngf peri shabl e
food in a graogery hag on the floor inside the,autonobile. [0009]The problem
wth PLA T o o sl e A R Rt AR ATRO afic et Bl Tow ¢ o
be consi der edn@k feorphagddhemlical £ phahai®e lodfeoerh o851y astbedsy Boudsher mopl asti c
resins now used in many common plastic articles. [00010] What the art needs
is a heat redP@4nt polThesfeicethsts iy acenpdunkie effartgpdewaykafinduch conpound
can repl ace I egl i qqmﬁ (2 %Q:
thernDpIastigﬁg%éF%ﬁ$g&ﬁgﬁé&Fggﬁggggggg g%icafgggnggé 0 ggFﬁggmbfa m ni ng
or drilling ithtwe whieh ésuride. or[cOB(d L] tdaBd hewolyartbdbirposal ditenithA i n some end use
applications i hat it _is not suitably tough, i.e., resistant to inpact.
Brittle ther &B@?éisti ¢ st éffe?fnpwﬁégﬁymg&%@a% X BOLL sul & abl e
for commerci %XRH)?&isas a[tﬂ@i%c%ﬂlé'éﬁ@ r&ﬁrﬁﬁ@ﬁ%ibl@%ﬁ@ﬂ %tﬁﬁbl’e%ﬁjéiﬁ%hi%om em by
conpoundi ng PLA wth a particular anount of talc and optionally an inpact
nmodi fi er, in @ndelacehatrotiemilly apmpoetasinas suf fici ent heat resistance and
i npact toughness to permt the PLA conpound to replace a conventional

t her nopl astic,.co d 0 rt has had a long-felt need for solving
the heat resﬁgﬁggggﬂgﬁgghg&%%%%%ﬁfgﬁ@d literature of NatureWrks, LLC a
princi pal mangjgat ur er Wflilg)lzgl%llaE&Pchi@l% prH@&Hh@Ylﬁé&&%@o‘ﬁﬁmt hat

addi ng as nuch as 50% by we t of acrylonitrile-butadi ene yrene (ABS) to
PLA to creat eiedBlivé&iOefhAbein\BSlbilednitl hantpe disesctiddRdiantas, hi whére as 2C over

the HDT of PLA pal yrer. resin. Add - 80% i ght of ABS
Lo PLA. does. 8GR R SRS DI b FESE b 0 BoP L ARG oRh «t ur o, 1 1

is actual ly mpaedélectddh BBPeR@lymer being nodified by PLA. [00014] Mor eover
the art has had a long-felt need for solving the heat



resi stance problem and it has been commonly characterized in sone

i ndustries that a PLA conpound should preferably have at | east a 65C HDT at
66 psi towvbeow/qpsscti cal thernoplastic conpound of bot hPbiraiSegizosiosy

sustai nabl e origin and practical commercial use. At long |ast, the present
i nvention has discovered al so suitable conbination of ingredients to

achi eve, and exceed, that goal of 100C at 66 psi. [00015] The art needs a
means to increase the actual HDT val ues for PLA, while also retaining the
resul ting conpound as principally significantly a PLA conpound. [00016] For
pur poses of t[A0E7]i nventhleun defldvd oPtemmpnaguted HBED tihe ntegbuyerinéntadnt conponent ",

meani ng t hat Ais present in at |east about thirt i rcent (30%
of ¢ he compouiiec Bl EIRrP e e TR deE ek desredt o ST BRI

conbi nati on ofheRleAurd) @320RERN be cANG 0P tW& kdiih gsP &8 Bltpoes drahi€ invdRgoRpt i onal 1y
an acrylic inpact nodifier can increase the HDT of a PLA conpound to nore

t han 100C. [ pdneeragpae inchf(psiher Prddglonbascaly @ita) oill be ugeddfent resi st ant,
flame retard L.ylLactjc i . conprising: (a) polylactic acid;
(b) poIycarbgﬁggggn%%?K?%Fg%%%ggﬁﬁgﬁgﬁﬁ h8 "fromabout 2 to 9 weight
percent of te0@8npoundrhegiteblemtvwicinpdllMclicici@dyrtihtiChdsntaat defediibn er .
[ 00019] Anot her aspect of the E&gsent Invention is a plastic article forned

from the conpeURedEsRidenadsSy e dexyral ]i?a%%‘%k@.‘lt ?@O@‘O(’Eoljﬁélét [ir@tBerand
advant ages .()fw&JaEfiﬁs%'&)Qh{ﬂgm%i}l]ée %ﬁﬁ%ﬁ?gﬁg sdnﬁ}{ﬁgfabrolﬂL)Q‘vHul BotiHdr t her

explained with reference to t ments a he "exanpl es showi ng the
unexpect ed r eswrtly snougEMBODLMINES thFnTEstiESNTIhGNed 0062 phRkhedr00022] PLA i s
a wel | -known bi opal yner, havin he fallow ng nononeri ¢ repeating group in
Formul a |- comPRmERGEgmTent. g5 Ficese ty {0t fﬂ%%alwdﬁ%lﬁésﬁwﬁ YHI% her

pol y- D- 1 acti dg, hPQaY-dral @pldcd8f pRika 'né@%ﬁ‘@ﬁ%— isREb1ORIR in Rlofbdedy _
commercially avail abl e from NatureVWrks, LLC7ocated in all "manufacturing
regi ons of tHeagworthelflognyside hdeumind®ild i s a candi date for use in the

present inveniiap. Currentl rades, 4042D and 4032D are.preferred. The
nunber averaghb@ﬁlecula e%ﬁ%@ﬁ@‘ggl ‘ﬁl%éﬁtﬁ ?3H§§ Ve i e@ﬂ??%nt!y
avai | abl e i n 13siGQMEFRE Gllew iGHOIRRoRIIdABE ay\pabtida3 rdpl RUsRAt fopfaveilket in the
future. To the extent that a current end use of a plastic article could

benefit fromdsevedgtheraeplastionesnsnamusedrio mana¢pmganadtieartidiessi st ance of the
conpound of ﬁp&?ﬁ{] esentWhEWtﬁQSllt%?ehdstipgﬂez{t?@s&t&#'pg)ﬁrﬁcﬁc Bk gl gy be the
[0} € conpoun 0 e pr |

starting poi constructing esent rnveriti on.

[ 00024] Pol ycan bedeatit sidBQQApbbad tan feplaby/hént viddmo iiempplbytieer wel | known to
all skilled polynmer chenmists. It can be either aliphatic or aromatic in
cheni cal charQEPerNdy ip veueh the tharprelaste IKsiRdpBRYGEPMGEtckay6tly mer i n

content. [00%%QI]C@@gbtgﬁ%%%%%r%ﬂﬁmf%ﬁgﬁﬁ a candidate to be used in

the present invention. is C y avail able in a nunber of
grades from dA00dnber AdotoampmerlenadithplPlod uc esse enducdeagphicptiSABIsGhdtnnovat i ve

Plastics (fornerly General Electric Plastics,). Chem cal Conpany, Bayer
Cor por at | on. ARAKHHFOBL ALY b At g e tgmoplasie T

2013/ 028857 P idS20d:26 A52AP Bdat [ QP02R] RCnusefthle k8 doRfn@E@BERE. i Nvent i on has
anelt flowrate (MR) ranging fromabout 2.5 g/10 mn tested @ 300C and

1.2 kgf |oad [080E)out 6Glhegird@nhinmerttostselye@REp0ObEmIbY compgindingal per ASTM D
Funci i onal fTRES PUCRHH TR Gl pHor emisBtpue: st moariha pRC IR 'S That a
particul ar arRePL.AQonipalfid BiseidiesIhet resistance and impact toughness to

permit the PLA compound to replace a conventional thermoplastic compound.

[00013] The art has had a long-felt need for solving the heat resistance

problem. Published literature of NatureWorks, LLC, a principal manufacturer

of PLA, reports at www.natureworksllc.com that adding as much as 50% by

weight of acrylonitrile-butadiene-styrene (ABS) to PLA to create a 50-50 PLA-



i ncreases the HDT of blends of PLA and PC resins. Mire specifically, as is
denonstrated in the exanples below, in order to obtain a HDT of nore than
100C, thewarrowsi2sssi tal c can range from about 2 wei ght perasati2o05206he
compound to 9 wei ght percent, but not 10 weight percent. Surprisingly, the
addition of as little as 2 weight percent of talc increases HDT as nuch as
15% (from 94C to 108C). Even nore surprisingly, the increase on wei ght
percent of talc in the conpound from9 to 10 wei ght percent causes HDT to
pl umret nore than 16% (from 105C to 88C). [00031]Talc is a naturally
occurring m neBablenddmptoves BO Tgmnerlitle ys 2% avenylly DY ofwgreBiAm silicate
havi ng a Cheni cal Abstr . Services er af 4807-96-6. Its formul a
e ah0asi 021D OB edE o S 2 FUBTS yRgh T Mo AREs i oi o

sour ces. Non-jplh RinpiodBmeENARPIEE bPBoKU Mt hith& Hxafd!it ishictudilp nickvent i on are
Jetfil TM brand talcs from Luzenac America, Flextal cTM brand talcs from
Speci al ty M riarBS polymgr Peing nsiTiedoyalldAt al cs from M neral Technol ogi es,
Inc. [00033] T an h article si i bout p.mto
about 20 p. mBAEIT or orBre s b BBk AP IR RS RT BB e Onete

[ 00034] Opt i onadisthigegedbblMpdiafd i€ had K60 IbAIYCeHvRdrized &l songiadtstiexdi fier is
a candidate for use in conpounds of the present invention. Core/shel

i mpact nodi f ite¥< Pledyspapoundnhaeld mefaraplydiaye aplegst afppeCHIPT abd@psi[i90036] OF
the various i AN ndj i § .shell acrylic
mpact. modi 11 are R LSRR SRR o TRNELBISHCH ARMnERE BhEh

2013/ 028857 PGhA psbiz A/ dbd0Sdia] @0 M|l Iyt the ipngsantinvandiioh ihes dissovepidi onal

but preferred in this inyention. because nore end use applicatjons require

i npact resi staéﬁ?csé“tglﬂef Hadeyof Pﬁ?ﬂ@ﬁ&gé‘?%ﬁ% Hn‘gSX‘ﬁ‘S ’.tL‘tt(ﬁ%%%f? Opt i onal

Fl ame Ret ar dafyec LPGYZQ] Non- hal ogen flanme retardant additives for

t her nopl asti ¢ conpounds can be selected fromthe categories of a variety of
phosphor us- cdf0@iSdi ng cHemricaeds a Neand forin¢reasg tesxantysll ED b alues for
phosphor us- cqgt ai ni. chem.cal s include pol gos honat.es,. ta

bhosphi nat es, Pl AHIeHSe ST Rs¢ prhlpic e YRR BrnciBuRoten gy o

pol yphosphongtiex eempainaonat e, described in U.S. Pat. No. 7,645,850
(Freitag), which disclosure is incorporated by reference herein.

[ 00040] Opt i orl800I6di p S PeEPSsestof thiodDERlighhaeBlrdsheyldkalthedri p suppr essant
i s a candidat.e; f se | e e imvent | C ri pressants
assist in thegggﬁ%ﬁﬁﬁ%“ﬁ%ngw‘?%fﬁégi?vﬂ%ﬁ%ﬁ‘ggﬁgﬁH?E%Stﬁﬁﬁgﬁ§fﬁs
identified invdifie petdehi @bed of itlicasoaipsuged.f r om Kaneka Cor poration, a

pol ycar bonat e- cont ai ni ng. conpound using a siloxane/(neth)acgylate

corel/ shel | i i@ Inodi fIf Bas hegh foswdernaxbegiesty +that thienmbigafios ofF ek p
suppressant, | (P s of the

pr esent inveg%P%%ngﬁgpgi§E%§{ﬁ%%#ﬁggéﬁgﬁgfagﬁgﬁﬁfgﬁ8?§ﬁg@ﬁ&ﬁF00043]An
addi ti onal benedifier ah ibdreasusie BDTRFREPLLA cohpdundttoinsorathand®WA°C.ubri cant to

assist in pr ing of the co und during nelt-m xing or during final
shapi ng of tﬁ@ﬁiﬁgstic:gﬁi???%ggﬁﬁﬁﬁﬂﬁPbPH%FK@ﬁf?ghﬁFe%ﬁﬂFt'@B% [ 00045] The
conpounds  of rEﬁaﬁ‘daHfﬁ‘cﬁ?I@Etid m&e&mﬁa%ng%bm it @) PoakctioRML s) onal  pl astics

additives in an amount that is sufficient to obtain a desired processing or

performance mobyserbtopatepic) taheincmmpaanmd of e ahmetihto Sweightparemnt bethgast ef ul  of
the additive or detii ntﬁlzﬁp tfe @iocessin .§r performance of the
conpound. ThdSEPORNT:28d opHonalg (G} qer (”PH@pHBg@’§¥ics conpoundi ng, W t hout
undue experi ITegdBN i on Akothértabpdcebethe PERehtQn Fdh€ibn iy Lplhitkestias fithagt i ¢S

Addi tives Dat abase (2004) from Pl astics Design Library
(v, wi | | i ameFdn 8w, eosrgoung descsibediernmeqigiglyabaye-di f f erent types of additi ves

for inclusiong t he sent | Lan.

100046] Non- 1 100" o AEATRE 3Bl 1S oP LRSSl B Bsent o on
pronoters; biiggdnties wilbt i@t explaingd whthefetdnde s tharehbotintkawcindens |
anti-fogging agents; anti-static agents; bonding, blow ng and foam ng
agents; di sperdaples shewing thgwnexpegied egtltr dant s and snoke suppressants;
initiators; lubricants; pignents, colorants and dyes; plasticizers;
processing aids; release agents; slip and anti-bl ocki ng agents;
stabilizers; stearates; ultraviolet |ight absorbers; viscosity regulators;
waxes; and conbi nati ons of them [00047%Tab|e 1 shows accept abl e,
desirabl e, and preferable ranges of ingfedients useful in the present
invention, all expressed in weight percent (wt. % of the entire conpound.




Table 1 Acceptable Desirable Preferable PLA 40-50 42-48 44-46

Pol ycar bonat e 30-55 35-45 35-40 Talc 2-9 2-7 4-7 Optional Acrylic Inpact
Modi fi er WORB1310288579- 11 Optional Flanme Retardant 0-30 O0P2O/UB203/08967 onal
Drip Suppressant 0-2.0 0 -1.5 0-0.5 O her Optional Additives 0-10 0-10 0-10
[ 00048] Processi ng [ 00049] The preparation of conpounds of the present

I nvention is unconplicated and can be nmade in batch or conti nuous

oper at i ons.

EMBODIMENTS OF THE INVENTION
[00021] PLA
[00022] PLA is a well-known biopolymer, having the following

monomeric repeating group in Formula I:

T
I O—CH—C
1
[00023] The PLA can be either poly-D-lactide, poly-L-lactide, or a

combination of both. PLA is commercially available from NatureWorks, LLC
located in all manufacturing regions of the world. Any grade of PLA is a
candidate for use in the present invention. Currently, grades 4042D and 4032D
are preferred. The number average molecular weight of PLA can be any which
is currently available in a commercial grade or one which is brought to market
in the future. To the extent that a current end use of a plastic article could
benefit from being made from PLA and from having the heat resistance of the
compound of the present invention, then that suitable PLA should be the

starting point for constructing the compound of the present invention.

[00024] Polycarbonate
[00025] PC is truly a workhorse polymer well known to all skilled

polymer chemists. It can be either aliphatic or aromatic in chemical character.
It can be either a homopolymer or a copolymer in content.

[00026] Any commercially available PC is a candidate to be used in the
present invention.

[00027] PC is commercially available in a number of grades from any
number of commercial producers, including SABIC Innovative Plastics
(formerly General Electric Plastics,) Dow Chemical Company, Bayer

Corporation, and many other companies worldwide.



[ 00050] M xing in a continuous process typically occurs in an extruder that
is elevated to a tenperature that is sufficient to nelt the polyner matrix
wi t h addiwDan13gi2sdseér at the head of the extruder or dowmrsTrusasmiososhe
extruder of the solid ingredient additives. Extruder speeds can range from
about 50 to about 700 revolutions per mnute (rpn), and preferably from
about 100 to about 300 rpm Typically, the output fromthe extruder is
pelletized for |ater shaping by extrusion or nolding into polyneric
articles. [00051]M xing in a batch process typically occurs in a m xer that
is also el evdfB@R& o a tRGpefdtintle prhsnt ingesignfliasiaemdlt flov met (MFRe pol yner

matrix to permt. addition e solid,i j ent i.tives. The m xing
Speeds range IR BoM 4593506 & Bhmeuts A SRR FRdhid Rerarld T 5
chopped i nt o SIRhielesl 28350Q aldet. 2 keSlaa® bda HyMeERtipgsi on or nol ding into
polyneric articles. [00052] Optionally, prior to batch or continuous

mel t - mi xi ng, [88@2%an drlM_LL&ﬁgﬁ@ﬁLéﬁtﬁl atj to hel p reduce the possibility of
a noi sture-agty ed degradat i or re i i h t-m xing vessel.

Al ternativel 3%‘@4 cane%%cgga‘{%%@%%\k’“élya% {ighedy aic@“%e‘%? AR Mt asibilities.
such as i ncorde@ipathdyg Whardh Shéxpectsd auBngegartdul desicaast talcdranitially

formul ation, applying a vacuumw thin the nmelt-m xi ng vessel, etc. Any of
t hese techni digsaseptheddihiohflendnoloflA aphRCdadas. Meruipesificallt. ReisS ngr edi ent s
bei ng dried i L X rusi on or
mol di ng techglﬁ%%égtr%%gl\%g% %ﬁ\%\#%ﬂlﬁg}g%&gg?ﬁ%%?ﬁ % tHe ar ?Mcl)lf

t her nopl ast i clH0pO] theremoemgif tee camgn g mobbuthduhepgeeitwériteat i on but with

such references as "Ex rus:hon, Theti Def i 'ti.vE Procesgl n .Gufd and
Handbook" ; " MEREBEk ot VISR P4 11 B8R 1 hRElga" Rifierha ‘]b@g‘émsg Ys %‘ﬁeci ali zed
Mol di ng TechnjgalRs of as RRfeak '2Q>Oéilght|}4%lré$h{‘&“ ARGIICALIVDT AtducHHanghook of

Mol d, Tool and Die Repair Wl ding™, all published by Plastics Design

Li brary (ww.(fwo $46end 08U )c diven nome swarisingliyethanndredse on ofeigh pesenicei vabl e

shape and appear,ance using c ouynds .of .the present | ntion.

000541 Regar dfeue Toihe RimPa AT q O gt ReRFEein oL e bPPime e ¢ -

m xing, it hagoleerm foom nGohhatoaidggrczi ng the noisture content in the the
conmpound before nol ding can have a direct effect on performance properties,
i ncl udi ng hedP0QH{| ect i ko sarpaerall upecurning wingrad, iderifeedteeserslly s de | ess than
about 0.2% f dryl I r. t 48 hours

t han about 4@?50%2% %%heﬁ?rag}ﬁ/cta %%ggﬁ%évgh%ﬁcgg@éﬁrg %tﬁeﬁvc%’%aﬁ?%noéed conpound
prior to nol diAg#1#307-96-baus AgnalaBi3Me®-dSudnHent of |ess than 0.1% To
reduce the pgssibility of drying at a tenperature approachi ng the heat

defl ection t i@t ur e Biic @@@ﬂ%bgfefrtb@rﬁa&naheaPé%ﬁlﬁl@t&?@laﬁur%& t 60C

wi thout vacuypichodesolclbf RRHLaLDAHE iFXRETIERALALL 9 ONFagRRId dent [ Ty (he
best conbi nation tlpme, tenperature, and atnospheric pressure to reduce
the tinme of dromhgzedat Aenerica] Fleztalod™ bremdanoufromdpediaity Minenadst alit

appr oachi ng e ature ich ul d_degr.ade ot herwi se affect
per f or mance ﬁaﬁﬁrwaﬁ‘b%m EHa Herég'r%% °§ed '8f extruded product.
USEFULNESS Grogd¥a] ! NVENTHON [ 100 palieRysi Rk astdite %ﬂl'a%bﬁt 0.5ufm andidat e for

use of the compounds of the present invention.” Wth the heat durability of
PLA now achi eXadn aadl preferplely fipim pba Oi7qurarte pledued i ch required an el evat ed

HDT (and pref g() I]y a I—(IS)'IE of1 t | t...L00OC at 66 psi), previously nade from
fossil-deri ve[ 0 yners—p—ltm—gm P _ “he'® from a sustai nabl e PLA pol yner
conpound. [ 0QO6EHSTI ast i LnypédnivehtRmanmsict modifepRRAUAdSaRffof ik ipr esent

i nvention can be shaped via nolding or extruding for use in the

transport at i ciempappds erieepregdns stviepneit sCommishellimgpcamadidistss tyhberni on,

bi onedi cal , qg&%&gﬁ&gﬁe ng$%&pgﬂ e'markets. [ 00057] For exanpl e, food
packagi ng can rnow be made from a PLA conpound of the present invention and
retain suffi doeede]heat Oftheshiansampactwhdédifiéranddighes,Fgealod™ bangport at

t enper at ures approachi ng . 100C. The plastic article mde froma conpound of
the present iSUBHEIIGRIYNCIIMPRE maqdifigrs frogy Powi(chenicyl dteeyitpbly- at 1 east 5 C
hi gher than with PLA al one and preferably at tenperatures exceedi ng 100C,
the boiling point of water. [00058] Exanpl es prove the unexpected nature of
the present invention. EXAMPLES [ 00059] Conparative Exanples A - C and
Exanpl es 1-7 [00060] Table 2 shows the List of ingredients. Table 3 shows
the extrusion conditions. Table 4 shows>the nol ding conditions. Table 5
shows the recipes and the specific gravity according to ASTM D- 792,
tensil e properties according to ASTM D-638, flexural properties according
to ASTM D- 790, Notched |zod inpact according to ASTM D-256, and HDT at 66
psi according to ASTM D648. Table 2 Brand Nane I ngredi ent and Purpose
Conmrer ci al Source GIP-323 PC Pol ycarbonate resin GeoTech Pol yners | RGANOX

e o, .



BASF (fornmerly C ba Geigy) PARALO D KMB34 Acrylic inpact nodifier Dow
Chem cal (fornerly Rohm and Haas) Ingeo 4032D PLA Pol ylactic acid resin
Nat ur eWWorwe 201302887l L 700C TALC Tal ¢ heat resistant ageot/usamensmsAnerica
Joncryl ADR- 4300 Epoxy Functional Styrene- Acrylate Aigoneric Chain
Ext ender BASF (fornerly Johnson Pol ymers) TIONA 188 Titani um di oxi de
colorant M|l enium Chem cals FLEXTALC 610D Tal ¢ heat resistant agent
Specialty Mnerals TALCRON MP 12-50 Tal c heat resistant agent M nerals
Technol ogies Inc. Table 3 Extruder Conditions Al Conparative Exanpl es and
Exanpl es Ext rl00@¥7] Ty pe ARykSmpactineddier svwptienhalublgprdeded inghisAddi ti on Al |
I ngredients m xeg t%get her and df ed | nlt ot.t he ext rudert hopper. Al Zones and
Di e (C) 200- 2]16?61% %%1 C more end use applications require 1impact resistance or

toughness, than those which do not.

[00038] Optional Flame Retardant

[00039] Non-halogen flame retardant additives for thermoplastic
compounds can be selected from the categories of a variety of phosphorus-
containing chemicals. Non-limiting examples of phosphorus-containing
chemicals include polyphosphonates, metal phosphinates, melamine
(poly)phosphates, polyphosphazenes, and polyphosphonate-co-carbonate,
described in U.S. Pat. No. 7,645,850 (Freitag), which disclosure is incorporated
by reference herein.

[00040] Optional Drip Suppressant

[00041] Any conventional drip suppressant is a candidate for use in the
present invention because drip suppressants assist in the compound retain
integrity during burning.

[00042] As identified in the published literature from Kaneka
Corporation, a polycarbonate-containing compound using a
siloxane/(meth)acrylate core/shell impact modifier can benefit from the addition
of a drip suppressant, such as polytetrafluoroethylene (PTFE). Compounds of
the present invention preferably include minor amounts of PTFE.

[00043] An additional benefit of the use of PTFE is that it is a known
lubricant to assist in processing of the compound during melt-mixing or during
final shaping of the plastic article.

[00044] Other Optional Additives

[00045] The compounds of the present invention can include other
conventional plastics additives in an amount that is sufficient to obtain a desired
processing or performance property for the compound. The amount should not
be wasteful of the additive or detrimental to the processing or performance of
the compound. Those skilled in the art of thermoplastics compounding, without

undue experimentation but with reference to such treatises as Plastics Additives




Table 4 Molding Conditions Al Conparative Exanples and Exanples 88 ton
Ni ssei nol di ng nachine Drying Conditions before Ml ding: Tenperature (C
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Database (2004) from Plastics Design Library (www.williamandrew.com), can
select from many different types of additives for inclusion into the compounds
of the present invention.

[00046] Non-limiting examples of optional additives include adhesion
promoters; biocides (antibacterials, fungicides, and mildewcides), anti-fogging
agents; anti-static agents; bonding, blowing and foaming agents; dispersants;
fire and flame retardants and smoke suppressants; initiators; lubricants;
pigments, colorants and dyes; plasticizers; processing aids; release agents; slip
and anti-blocking agents; stabilizers; stearates; ultraviolet light absorbers;
viscosity regulators; waxes; and combinations of them.

[00047] Table 1 shows acceptable, desirable, and preferable ranges of
ingredients useful in the present invention, all expressed in weight percent (wt.

%) of the entire compound.

Table 1
Acceptable | Desirable | Preferable
PLA 40-50 42-48 44-46
Polycarbonate 30-55 35-45 35-40
Talc 2-9 2-7 4-7
Optional Acrylic Impact 0-15 1-15 9-11
Modifier
Optional Flame Retardant 0-30 0-20 0-15
Optional Drip Suppressant 0-2.0 0-1.5 0-0.5
Other Optional Additives 0-10 0-10 0-10
[00048] Processing
[00049] The preparation of compounds of the present invention is

uncomplicated and can be made in batch or continuous operations.

[00050] Mixing in a continuous process typically occurs in an extruder
that is elevated to a temperature that is sufficient to melt the polymer matrix
with addition either at the head of the extruder or downstream in the extruder of
the solid ingredient additives. Extruder speeds can range from about 50 to about

700 revolutions per minute (rpm), and preferably from about 100 to about 300



40 % Shot - Inj Vel Stg 2 35 % Shot - Inj Vel Stg 3 30 % Shot - Inj Vel
Stg 4 20 % Shot - Inj Vel Stg 5 10 Pressures: Hold Stg 1 (nPa) -

Ti me(sec)wo2B/@sd30l d Stg 2 (nPa) - Tine(sec) 3 5 TinmeP€I/USko®s105DN Hol d
(sec) 7 Cooling Tinme (sec) 20 Operation Settings: Shot Size (nm

rpm. Typically, the output from the extruder is pelletized for later shaping by
extrusion or molding into polymeric articles.

[00051] Mixing in a batch process typically occurs in a mixer that is also
elevated to a temperature that is sufficient to melt the polymer matrix to permit
addition of the solid ingredient additives. The mixing speeds range from 60 to
1000 rpm. Also, the output from the mixer is chopped into smaller sizes for later
shaping by extrusion or molding into polymeric articles.

[00052] Optionally, prior to batch or continuous melt-mixing, one can
dry the ingredients to help reduce the possibility of a moisture-activated
degradation or reaction in the melt-mixing vessel. Alternatively, one can use
other ways to reduce degradation possibilities, such as incorporating a moisture
scavenger or desiccant into the formulation, applying a vacuum within the melt-
mixing vessel, etc. Any of these techniques, or combination of techniques,
results in the ingredients being dried before or during melt-mixing.

[00053] Subsequent extrusion or molding techniques are well known to
those skilled in the art of thermoplastics polymer engineering. Without undue
experimentation but with such references as "Extrusion, The Definitive
Processing Guide and Handbook"; "Handbook of Molded Part Shrinkage and
Warpage"; "Specialized Molding Techniques"; "Rotational Molding
Technology"; and "Handbook of Mold, Tool and Die Repair Welding", all
published by Plastics Design Library (www.williamandrew.com), one can make
articles of any conceivable shape and appearance using compounds of the
present invention.

[00054] Regardless of optional drying or other techniques during melt-
mixing, it has been found that minimizing the moisture content in the the
compound before molding can have a direct effect on performance properties,
including heat deflection temperature. Moisture content should be less than
about 0.2%. The amount of drying should be much closer to about 48 hours
than about 4 hours, in order to achieve an essentially dry blended compound

prior to molding, i.e., having a moisture content of less than 0.1%. To reduce
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the possibility of drying at a temperature approaching the heat deflection
temperature of 65°C, the temperature can be up to about 60°C without vacuum.
Indeed, without undue experimentation, one can identify the best combination
of time, temperature, and atmospheric pressure to reduce the time of drying
while maximizing the amount of drying, without approaching a temperature
which would degrade or otherwise affect performance of the compound shaped

as a molded or extruded product.

USEFULNESS OF THE INVENTION

[00055] Any plastic article is a candidate for use of the compounds of the
present invention. With the heat durability of PLA now achieved, all types of
plastic articles which required an elevated HDT (and preferably a HDT of at
least 100°C at 66 psi), previously made from fossil-derived polymers, can now
be made from a sustainable PLA polymer compound.

[00056] Plastic articles made from compounds of the present invention
can be shaped via molding or extruding for use in the transportation, appliance,
electronics, building and construction, biomedical, packaging, and consumer
markets.

[00057] For example, food packaging can now be made from a PLA
compound of the present invention and retain sufficient heat resistance to
withstand storage or transport at temperatures approaching 100°C. The plastic
article made from a compound of the present invention will retain its structural
integrity at least 5 °C higher than with PLA alone and preferably at

temperatures exceeding 100°C, the boiling point of water.

[00058] Examples prove the unexpected nature of the present invention.
EXAMPLES

[00059] Comparative Examples A — C and Examples 1-7

[00060] Table 2 shows the list of ingredients. Table 3 shows the

extrusion conditions. Table 4 shows the molding conditions. Table 5 shows the
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recipes and the specific gravity according to ASTM D-792, tensile properties
according to ASTM D-638, flexural properties according to ASTM D-790,
Notched Izod impact according to ASTM D-256, and HDT at 66 psi according

to ASTM D648.

Table 2
Brand Name Ingredient and Purpose Commercial Source
GTP-323 PC Polycarbonate resin GeoTech Polymers
IRGANOX Blend of organophosphate BASF (formerly
B225 stabilizer and phenolic Ciba Geigy)
antioxidant
PARALOID Acrylic impact modifier Dow Chemical
KM334 (formerly Rohm and
Haas)
Ingeo 4032D Polylactic acid resin NatureWorks LLC
PLA
JETFIL 700C Talc heat resistant agent Luzenac America
TALC
Joncryl ADR- Epoxy Functional Styrene- BASF (formerly
4300 Acrylate Oligomeric Chain Johnson Polymers)
Extender
TIONA 188 Titanium dioxide colorant Millenium
Chemicals
FLEXTALC Talc heat resistant agent Specialty Minerals
610D
TALCRON MP | Talc heat resistant agent Minerals
12-50 Technologies Inc.
Table 3
Extruder Conditions
All Comparative Examples and Examples
Extruder Type WP 25mm twin screw extruder
Order of Addition All ingredients mixed together and fed

into the extruder hopper.

All Zones and Die (°C)

200~210°C

RPM

450

10
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Table 4
Molding Conditions
All Comparative Examples and Examples
88 ton Nissei molding machine
Drying Conditions before Molding:
Temperature (°C) 70
Time (h) 6
Temperatures:
Nozzle (°C) 228
Zone 1 (°C) 223
Zone 2 (°C) 221
Zone 3 (°C) 221
Mold (°C) 65
Oil Temp (°C) 29
Speeds:
Screw RPM (%) 50
% Shot - Inj Vel Stg 1 40
% Shot - Inj Vel Stg 2 35
% Shot - Inj Vel Stg 3 30
% Shot - Inj Vel Stg 4 20
% Shot - Inj Vel Stg 5 10
Pressures:
Hold Stg 1 (mPa) - 3.5
Time(sec) 5
Hold Stg 2 (mPa) - 3
Time(sec)
5
Timers:
Injection Hold (sec) 7
Cooling Time (sec) 20
Operation Settings:
Shot Size (mm) 55
Cushion (mm) 1.5-1.8

11
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TALCRON MP 12-50 Total Specific Gavity (ASTM D-792) Utimate Tensile @
yield (psi) - 0.2 (ASTM D638 (Rigid)) Tensile @Break - 2 in/mn (ASTM
D638 Tewei2bss/aeesal us (psi) - 0.2 in/mn (ASTM D 638) PCTaisk@2B85M51
473,000 14,040 9 9-1 9 479,000 007-1 L co In OT 540,000 OS17-1 t
co 7r 62 000t O0S

[00061] Table 5 shows the progression of experimentation to produce this
invention. Comparative Example A is a formulation with no talc present.
Comparative Example B is a formulation with no talc present but with Joncryl
oligomer and Tiona titanium dioxide which is a formulation previously found to
have a HDT of more than 120°C. Example 1 shows the use of 5 weight percent
of talc is slightly better in HDT than Comparative Example B. But
Comparative Example C shows that the use of 10 weight percent of talc is quite
unsatisfactory, surprisingly even worse than Comparative Example A having no
talc at all.

[00062] Given these unexpected results, a second series of experiments
was performed, Examples 2-7, to determine how the particular amount of talc
performs in the range from 2 weight percent to 10 weight percent. Examples 2-
5 only differ in the amount of talc present. As explained previously, adding
merely 2 weight percent of talc increases HDT by almost 15% (Comparative
Example A to Example 2). And even more surprisingly, increasing talc content
from 9 to 10 weight percent causes a drop in HDT of 16% (Example 6 to
Comparative Example C).

[00063] Even within the range of 2 to 9 weight percent of talc, the peak
of HDT performance at 5 weight percent is asymmetrical, with the drop in HDT
greater between 5 and 4 weight percent than 4 and 7 weight percent.

[00064] Regardless of the weight percent of talc between 2 and 9, the
physical properties for elasticity (tensile), toughness (Notched 1zod), flexibility
(flexural), and density (specific gravity) as determined all by ASTM test
procedures are acceptable for Examples 1-5, even though toughness is not as
not strong as found in Comparative Example B.

[00065] Examples 6 and 7 demonstrate that alternative sources of talc
give acceptable results at the 5 weight percent, though not as high as that of the
Jetfil™ 700C talc used, which is preferred.

[00066] The invention is not limited to the above embodiments. The

claims follow.

14
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What is claimed is:

A heat resistant, polylactic acid compound, comprising:
(a) polylactic acid;
(b) polycarbonate;

(c) talc in an amount from about 2 to 9 weight percent of the compound;

and optionally

2.

(d) acrylic impact modifier.

The compound of Claim 1, optionally also comprising flame retardant

and drip suppressant.

3.

The compound of Claim 1 or Claim 2, wherein the talc comprises 2 to 7

weight percent of the compound.

4,

The compound of Claim 3, wherein the talc comprises 4 to 7 weight

percent of the compound.

5.

The compound of Claim 4, wherein the acrylic impact modifier is

present in an amount of from about 1 to about 15 weight percent of the

compound.

6.

The compound of any one of Claims 1-5, wherein if the blended

compound is essentially dried before shaping into a plastic article, then the

blended compound after shaping into the plastic article has a heat deflection

temperature of at least 100°C at 66 pounds per square inch using the protocol of

ASTM D648.

7.

The compound of any one of Claims 1-6, wherein the polylactic acid

comprises poly-D-lactide, poly-L-lactide, or a combination of both and wherein

15



lzI <1 1717 373,000 Z1 176 Exanple Elongation @Break - 0.2 in/mn
(ASTM D- 6381 Fl exural Mdulus (psi) - 0.5 in/mn (ASTM D 7901 - - -

Fl exural woebth/a2ges7) - 0.5 in/mn (ASTM D-7901 7 ( ASTMPDTA56()12/050F7 @ 66
PSI (C) (ASTM D-648) WD 2013/028857PCT/ US2012/ 052057 [ 00061] Tabl e 5 shows
t he progression of experimentation to produce this invention. Conparative
Exanple Ais a fornulation with no talc present. Conparative Exanple Bis a
formulation with no talc present but with Joncryl oligoner and Tiona
titani um di oxide which is a fornulation previously found to have a HDT of
nmor e t han 12013 alBrantpif eolylahowsidtihpresm inothe Somppgit rapggsdern abdutdéll ¢ i s
slightly better,in HDT.than Conparative Exanple B. But Conparative Exanple
C shows  t hat thﬁBOL{}SSQ\Yﬁlg h[@)e(ﬁgptght percent of talc is quite unsatisfactory,
surprisingly even worse than Conparative Exanple A having no talc at all.

[ 00062] G ven these unexpected results, a second series of experinents was
perfornmed, BEdanpl edezompoppd gleansraniersé (humstlhg wherein ghel pedycapsuate ivf tal c

performs int : i e 10. wei percent. Exanpl es

2- 5 only dif &ehPi9fe LSRR HRd Q‘?O&??%%ﬁ%&?ﬁ W%@Q%?%?thed previ ousl y,

adding nmerely 2 weight percent of talc increases HDT by al nost 15%

(Conparative Exanple A to Exaggl e 2). And even nore surprisi n/gly

i ncreasing tal-c cortesiomperdhrioClagm Powheiehthe Japass Aoddiiseacaedhdb in HOT of

16% ( Exanpl e a@rﬁfe,{)m&r ative Exanmple C). [00063] Even within the range of 2
t o

to 9 wei ght perce talc, the peak of HDT perfornmance at 5 wei ght

percent is asymretrical, with the drop in HDT greater between 5 and 4

wei ght percent th 4 and 7 i ght pergent. [00064] Regardl ess of the weight
percent of tal b eHPO %\é\F@}% Q“I’?é)?ﬁﬁ%}gﬁscla# fb‘it%f‘ﬁéPf‘ﬁ%é‘émf%GPﬂ@?aésti city

(tensile), toudhnessiédet ehadnd é%g% coﬁslis@i)ﬁiél%if Lléiﬁe)éioélfﬂr%we?sl; biocfiedt density
(specific gravity) as determned all by ASTMtest procedures are acceptable

f or Exanpl es ahtiFoggiug agentoagh-stadigherds dondingobloamaratd feammggeaysf ound i n
Conparative anpl e B. .[.00065] Exanples 6 and.7 denonstrate that alternative
sourceq of t A PUBRT bR abrE PRC PR af HerES iR g BRI hough not
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[ 00066] The invention is not Iimted to the above enbodi nents. The clai ns
foll ow. \Whatstdagates; gltyawiplgtdight absorbers; viscosity regulators; waxes; and

combinations of them
1. A plastic article shaped from a compound of any of Claims 1-10.

12. The article of Claim 11, wherein the article is molded or extruded and
wherein the article is shaped for use in transportation, appliance, electronics,

building and construction, packaging, or consumer markets.

13. The article of Claim 11 or Claim 12, wherein the article has a heat
deflection temperature increase of at least 45°C more than the heat deflection
temperature of a plastic article made of polylactic acid alone, when both are

measured at 66 pounds per square inch using the protocol of ASTM D648.
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1. A heat resistant, polylactic acid conpound, conprising: (a) polylactic
acid; (b) polycarbonate; (c) talc in an anpbunt fromabout 2 to 9 wei ght

per cent oVothss/wesspound; and optionally (d) acrylic inp&ct/usedi2ios®s? 2. The
conmpound of Claim 1, optionally also conprising flame retardant and drip
suppressant. 3. The conpound of Caiml or Caim?2, wherein the talc
conprises 2 to 7 weight percent of the conpound. 4.The conpound of C aim 3,
wherein the talc conprises 4 to 7 weight percent of the conmpound. 5. The
compound of Claim4, wherein the acrylic inpact nodifier is present in an
anount of fr ol abodimethadoofatdung ths compgintd gemgene oo Claime leldnpound. 6. The
conpound of an¥gpne q% élahgs 1-5, wherein if the bl ended conpound is
essential |y PP Pefdt € hiping into a plastic article, then the blended
conpound after shapj g@hérﬁngn B8icRls 38dlidin@pblyfakae RA8, plt@mondRf fakCt i on
tenperature of at |east 100C at 66 pounds pér square inch using the

prot ocol of Astwpoexdly, mpasemediissund of any one of Claims 1-6, wherein the

polylactic acid ¢ i . pol.y- D- ti -L-lacti .Oor. a8 conbi nation
of both and mhereﬂﬁP%ﬁgﬁgﬁglﬁ%mg?&§%f§g§%Pﬁgh%5Pfeﬁgmﬁgg?gﬁfnﬁﬁlthe
conpound r anggstit hamlasinpéd £0 ukoinakmyporblioned pplitndeeele@fdnics, Buildiie conpound
of any one of Clains 1-7, wherein the polycarbonate is present in the
conpound f r orANEISBRITUSHOR. PAGEAGIRS. SECMSIRE MB&eEtent . 9. The conpound of
Claimb5, wherein the inpact nodifier is a core/shell acrylic polynmer. 10.
The conpound of any one of Clains 1-9, further conprising optional
addi ti ves sellect edlHermethddef galaup tleocresimind gf Gfaimdlbesirthar gmoprotiey s ;

bi oci des; antj-fogging agents; anti-static agents; bonding, blow ng and

f oam ng agenﬁh?St SPersants; initiators; lubricants; pignents, colorants
and dyes; plasti Cl@Pii§ingRhO &P t8h $oisth R @ARA SOEHN Ban §bbPaiNd
anti - bl ocki ng agents; “stabilizers; stearates; ultraviolet |ight absorbers;
vi scosity regul at ddsshapengeke campbundniorngtlistinsutgfle fon@mse inl franspoypshtast, i ¢

article shaped fron1% ;on?ougd(Pf any OH C%ains -10. 12. The article of
Oaim1l, whePBIHEREe e RAs AR Btk PHKEH &Y RIS n the article
i s shaped formag&si nh transportation, appliance, electronics, building and
construction, packagi ng, or consumer markets. 13. The article of Claim1ll
or Claim12, wherein the article has a heat deflection tenperature increase
of at |east 45C nore than the heat deflection tenperature of a plastic
article made of polylactic acid al one, when both are neasured at 66 pounds
per square inch using the protocol of ASTM D648. WO

2013/ 028857PCT/ US2012/ 052057 14. A net hod of maki ng the conmpound of any one

of Clainms 1-10, conprising the steps of (a) gathering ingredients
i ncl udi ng polylactic acid, polycarbonate, talc, and optionally, inpact
nodi fier, (b) melt-mxing theminto a conpound for subsequent shaping

into a plastic article shaped for use in transportation, appliance,

el ectronics, building and construction, packaging, or consunmer markets.
15. The net hod of maki ng the conpound of Caim 15, further conprising the
st eps of (c) drying the conpound to a noisture content of |ess than
0. 2% and (d) shaping the conpound into a plastic article for use in
transportation, appliance, electronics, building and construction,
packagi ng, or consuner markets.

17



