GLOSS RESINS AND METHOD FOR MAKING SAME CROSS-REFERENCE TO RELATED
APPLICATION [0001]This application claims priority to U.S. provisional application serial no.
61/102,212 filgghamsastotzer 2, 2008, the entire content of which is incosoFatedwes&itt by reference.
BACKGROUND [0002]The present disclosure relates to thermoplastic polyolefin (“TP0") compositions
that provide a gloss finish to thermoformed articles. [0003]The use of TPOs in thermoforming
applications is known. The thermoforming process typically includes heating a film or a sheet of an
extruded TPO at or above @1OSSRANTY St MEFBOPEORPEMNFHE S EHed sheet is fit along the
contours of a mold with pressure supplied from vacuum, air pressure, and/or mechanical draw. The
mold is used to form a moldecRarsigia ENERENATOIKDIREMdTobnAIRELAL he softened sheet between
two cooperating molds. The formed article is cooled, removed from the mold, nd,trimmegJ as
necessary. 14084 1In dtypicairlirsionfoing SpSFRion ub & ad'MUtAas é884 B  He dFiginal TPO
sheet is lost ag serap: Attlerptsiooasysle arbincerpatatesosapinthitiemioplastgsddiysiefins have
been problematic. This is particularly the case with TPO sheets capped with a gloss layer. The
presence of tﬁérﬁfﬁ@gcl%yer in the scrap lowers the melt strength of the scrap-containing thermoformed
sheet. Scrap-containing TPOs also experienggsam ieraase in the sag rate during heating of the sheet.
This deleteriously impacts the thermoforming operation, causing operability problems and product
degradation. QR8P T eninaleiisy: twisutilize: thisthigh degreslastisaicpoledim CAPPEUTPEY HIELs is
|neff|C|ent. and ea>t<greogsc{vg. ogssg%bﬁet g\{g&{gmg@%mgglastlc po!yolefm having a glos.s layer that does
not negatively 1m At thadhermo oouing process or product quality when scrap material of the
thermoplastic éﬁé’éxﬂefim&é addettom sylBseauamithermsplastic tcokmpositidie WORGX0/089713PCT/U
U

S2009/058796 SUMMARY [0006]The present.disclo ravides, pOlA§iie) CRPQSHiens. structures,
and films as WaICES B s“%%qruées‘cin%%ﬁrégs%r%%niﬁragtﬁger%%rming operation. The polymgric
n

compositions sufepagicuiarsisaitéthtsBE rddypcieirnsbsgin Staimn § opRanse! fBe'
embodiment, ﬁ&?&%ﬂ&i@@@?&ﬂ%ﬁ@&hﬁ RIovidad Theipe ietkiit aompesitias indtidesed reaction
a

product of a clarified random propylene/a-olefin copolymer and a.coupli ling agent
may be a bis(&MoaTAsdertthe éﬁﬂ%‘iﬁ&?&%ﬁﬁ%&g |oﬁl%gia%leség? rﬁ%%%%i&s%gg %%I_&c%‘e%?tggter than 60
as measured ip@eeandanoriwitiiba SiveD SRde in eoflsthemenisolinmetie BRidpahEREbAposition
has a Gardner gcl%sgrat 60 of greater than 80. [0008]The polymeric composition has a melt flow rate
from about O.fg §'Mhin to about 2.0 9/10 min as measured in accordance with ASTM D-1238, 2.16 kg
at 230C. The piyaperigeemprsitinerhamtassgthan 2080 areasimbas vitd o hecoigiatdd With ASTM
D-1003. The pelymeric composition a flexur Si t1R-abenks200 kpsi as
measured in at&ordanes v%ic'ths?&glrMlllf)%f tSz;ri\}ilzl %Cr%?fr%flg%ﬁg%?ékiﬁggg at 233%‘r0m about 3

ft-Ib/in to aboupdybiedibsineas hrensupblemeitcoriarcRAMEHALTRE S258 HD008) S sfibodtiment, the
random propylgpe/aRIgfin copalymetdsadaneernspropyienelethienecopelyrierncogtairifg less than

6% by weight ethylene copolymer. [0010]In an gmbodiment, t ' includgs the clarified
random propyI%‘F@fﬁ%?@ﬁf&(‘%[ﬁagr‘?/%%[él}?%gn]%?gétgraﬁa r?ﬁ%%ﬁégcﬁgﬁﬁggﬁéﬁ% lFl;gelgngl}las, omer may be an
ethylene/a-olefir capolyendrifhbersiactiohthrothaet of fHe SRR 2BREH 6%8%@%?@é{§omer and
coupling agent has.ameltflow satefian abruts kil gfdf et dadliont 2.0 g/10 min (ASTM D-1238,
2.16 kg at 230C), a notched 1zod impact strength at 23C from about 10 ft-Ib/in to about 20 ft-1b/in
(ASTM D-256)eumdjan anierageifiexusatiitiod ulis irgmdapetitcdOxpai foabouradl KpsiES iV D-790).
[0011]In an embodiment, a multiple. layer.shaet,ispioyideehhhepmultnieaKsmsheatdnciudes a base
layer in contact With & cap Iafer. The base layer is compqgsed of a thermoplagti(c:t %%Iex%e@g@;rhe cap

layer is compolsset ¢ feescBnnSEEHYRY GFIPRS CilkiHisgrotormung process of produ

scrap material of the thermoplastic polyolefin is added to a subsequent thermoplastic

. &

RETMdToEAiRBLdfadd )

composition.



random propylene/a-olefin copolymer and the coupling agent. The cap layer has a Gardner gloss at
600 of greate™Rat@FASTM D-523). In a further embodiment, the capPlal/Epiesta8Bardner gloss at
600 greater than 80. [0012]In an embodiment, the the,loplastic polyolefin is a blend of (i) a propylene
impact copolymer and (ii) an elastomer. [0013]In an embodiment, the cap layer is a reaction product of
the clarified random propylene/a-olefin copolyger gmekastomer, and the coupling agent.The
elastomer present in the reaction product may be an ethylene/a-olefin copolymer. [0014]in an
embodiment, [tise6jlosS he sirdasdscheitfiprovate fromaboutBgiibdsnmitesctoabdime 6 g/10
minutes (00153413 g0 rppmantametbok RrodusidaSAGS! IspiRNded e methad indludes

blending a virgin thermoplastic polyolefin with a multiple layer structure to form a recycled sheet. The

virgin thermoBRES0e! ity B AR A E s pAte Wyﬁﬁé PRTERP KHBER R R Sl rate SRR. The
multiple Iayeg? aTturelphas a bgﬁ%la%?r ang? Iabyer Jhe, gaﬁ ?ye‘;]dngludﬁ a &9%%Iggsm The
ow rate

method inclu djusting a e ss r sm sot he recycled sheéet has a sag

resistance indexgSRn éxdudvan é‘ﬁﬂé@ﬂfap{@iaﬁcﬁﬁtalc@ ifferbrSRPTS RIERSIPRRTEE BRLWERP BT YFe following

equation. SRI5SRRBR %@]%H%ﬁﬁé%é@ﬁ %@ﬁ%&%m@@ﬂr&h@wm@ oco sdigiaie the
blending.The blendin can be It bl ndlntg&?ox sion b![g g}g or a co |nat|on thereof}[0016a]ln
cle

one aspect, tHEPRIF B %%3 Yof produ NS R G T SRS corﬁ%r?gfﬁé “Biénding a virgin.
thermoplasticAsdlybzfigidwith a SathaaterSRIntH. shenpdtipheriayermsirsitnurbaroefmidnbesiesyiled sheet
with a sag ratg,SRR.the jultiple layer structure having a base layer and a cap layer comprising a
gloss resin; and adjusting, before the blending, a melt flow rate of the gloss resin so that the recycled
sheet has a spgosisistanegdhamsi(SRpessothan ofeldaMoad: FovheriniSRIFISRRGR  and

wherein <ag i2le A FAGAIeAR Ay g2 08 0P has i amput of #me i ssgends ke e
Inc

lowermost portiofi 0 5 inch sheet having a thickness of 187 millimeters to droop 2.63
inches with am@éﬂﬁ@ r%t@RﬂSQIQ‘F brar lsac . 2000 D nrerRsfine AECHE R R (Bl MeTides
decreasing the.gloss mesindnealtiovsratesiihisdesases thedBR ratiebdihe glagsiresibanelt flow rate

can be decregged o maiian fhe SR o leso hauyesah 18 APouL 1.2, 190181 . eimpgciment, the

gloss resin is com oseH163 4 ‘clarified random propylene/a- o e in copolymer.The method includes
coupling the @ifiorrahelsrh fp#bbyl@r?éﬁaﬁdléﬁh“?fﬁbﬁlmﬁf% %@Gﬁiﬁ@@%&#e“sﬁs@é théXnelt flow rate

of the gloss resin to less than 2.0 0 m|n [00 Inan em bodlmetfc‘%l the gloss resin is 8omposed of a

clarified ranchfglgf)’ﬂopyf&n%‘}aerf)1 é a0 2 G f’&% ge e TREtHBY incIGdes coupllng the
clarified rand@mpwmﬂé‘m&w&a@ﬁ&ﬁ’@w@&ﬁmywm&%rupyma@/aﬂ@l@nn wupbipater and the
elastomer. The coupling decreases the melt flow rate of the ‘ﬁ%loss resin to less than 2.0 g/10 min.

[0020]In an eMBYdimelt, fie FRRAGIAIUIES HaEHRY FORTEhOtRCHISHt Hicto il 66*0P%, of the

virgin thermoplasiieRalyighintpdramnabosts0ms: dmictaboubifevat ot ofiechudtipieraydr structure to

form the reCyCIGQhS}rIi]eelle ti-olefin copolymer. The reaction product of the propylene/e-olefin copolymer,

elastomer and coupling agent has a melt flow rate from about 1.0 g/10 min to about 2.0 g/10
min (ASTM D-1238, 2.16 kg at 230°C), a notched Izod impact strength at 23°C from about
10 fi-1bfin to about 20 ft-Ib/in (ASTM D-236) and an average flexural modulus from about
90 kpst to about 100 kpsi (ASTM D-790).

[0011] In an embodiment, a multiple layer sheet is provided. The multiple layer sheet
includes a base layer in contact with a cap layer. The base layer is composed of a
thermoplastic polyolefin. The cap layer is composed of a reaction product of the clarified

random propylene/o-olefin copolymer and the coupling agent. The cap layer has a Gardner



100211In an embodiment, the method includes adjusting the amount of the multiple layer structure
present in the recycled sheet and forming the recycled sheet to contain from about 5 wt % to about 15
wt % of the gloss resin. [0022]In an embodiment, the method includes collecting a scrap material and
blending the scrap material with the virgin thermoplastic polyolefin to form the recycled sheet. The
recyclgsshitet®anthertasinitiorifetiRtd e attite. foop3rbsn erlivgimsiintha siultipreridperasheet
containinguteeysied matesatishpiaided. The multiple layer sheet includes a base layer and a cap
layer. The base layer is a blend of (1) the virgin thermoplastic polyolefin and (ii) the multiple layer
struct{¢@1Zlhe niultipte kyeristrerctiurbaabafivstaiivenile]dicap layebladmpbseéld of themless resin
and ai%ggp&fggw&&d aipﬁggggﬁgrpomposed of TPO. 'I_'he cap layer is a coupled clarified random
propylene/a-olefin copolymer. The virgin TPO and the multiple layer structure are melt blended and/or
extrusign Hlended heforgpsdgusing faemadiongtthe multiplelayesrsheet. cFhenmuitiple:lnyen&mcture is
one or more }ep sfof scrap material, tlhe;“pieces of sgrap miterial bei{lg blended with the vir%itn TPO.
Thus, W& base gyeelrniscggcﬁ%esrédagf ree%syc ed'material. [(385p ﬁlﬁ arr embodinery ??Wén E)raéaerﬁsaeyer
includeglfromciibout@anvngs te abahyRBEtdsiorf thectheemoplastic polyolefin (virgin TPO TPO from the
second layer of the multilayer structure). In another embodiment, the base layer includes about 40 wt
% to dBBLH 60 wito Bt (RPRERYEREG BmBIosticRS T BehurtheRdmbiodimiatt, theretSRted’corifdsition
includesnfremedout o mAitatabout 15 wt % of the gloss resin. DETAILED DESCRIPTION
[0025]Any numerical range recited herein, includes all values from the lower value and the upper
value [#§3Akreméntsiof orwdinienprovidedhtat trereriduriseparationt ofsatiwasictvo ubits bethekn any

lower yalug-andamy higheryalugAsaRsaxapilisiciit wislatedihabe eampegilional.physigalor other
property, such as, for example, molecular weight, melt index, etc., Is from 100 to 1,000, it is intended
that afiHaTAFYaludse Uit "FEB° %fcl@a%ygpéf?nahassabSPgn&é%, 3eh a5 FoFHE A4S to 170,
197 t200, sig. rare BXprdislyneniipheated irthigrspesificdiimn. Ikpr randes cgntiaymng Elkuespvhich
are legs thap e, o coptaiing fraclionahBMMRRIS.ORAICEIBAN QB8R @b rhd of BreloksORG ANt is
considered to be 0.0001, 0.001, 0.01 or 0.1, as appropriate. For ranges containing single digit
numb&Ps s tiafrtErqe. gheat 1695) 2o uttit ’eRfpicaf*c Bl elad (BPe @ 1carRede égé%n?ys-
exampligssiwhatdmepeciically dntentedyancallapessible combinations of numerical values between
the lowest value and the highest value enumerated, are to be considered to be expressly stated in this
application. In other words, any ntlberiédirange recited herein includes any value or subrange within
the stated range. Numerical ranges havggeen recited, as discussed herein, in reference to density,
weight percent of component, molecular weights and other properties. [0026]The term "composition,”
as usgobberein, ngludesa mixtuse gbinatesialsswhichosonapeisectes coatpesitien syl as Teaction
produg&sm nd de O”ﬁfé?t%ﬁ% : roducts fog) eg&il I{‘rom the rglatecrialglglfetl}e composition. [0027]The term

" { mg can 3 , EXITUSION , O 4 CcOmml 1&& 101 ..
polymer,™ as used herein, retérs to a polymeric’ compound prepared by polymerizing monomers,

whethgi@édhe sangkadifferent eiddde Hanslit o RAVMI SRS RD GRS DSt ®IMding
homopolymer, usually emplo e{gnto refer to pol merslgrepar,e f%om only one type of monomer, and
the tefmTALB O AR S IR G Rt Bh T TO0 BIAR O R AD ST e e ™ e S, as
used RisrainitefessetonpdiRnehs préppietlby thecpol/imerigationokatleadtatwy differentyises of
monogiers. e GRAGIHEIIMIIEIRRY BIEI RS AEARS. SRR mgisyallk SRIPXRE R faler to
polymers prepared from two different types of monomers, and polymers prepared from more than two
differefEty pestorHisHver1dpbod P Hes thMOT SRR dr 8§ HHEr blend,” as used herein, mean a
composition of two or more polynsens= Ssieh a blend may or may not be miscible. Such a blend may or
may not be phase separated. Such a blend may or may not contain one or more domain
configurations, as determined from transmission electron spectroscopy. [0030]in an embodiment, a
polymeric corgasietnisasreidie dalrplatpdrrbridios mpd diibes it hgcxrareiaeitionpibsiseréobiposed
of a claified lsReemsPrRRWgREA6lafn MV ARG HR2Q09/038 72aisrRAIMGLaN a
coupli a%ept. Theﬁpolxmeric co gl§ition has a Gardner gloss at 600 of greater than 60. 10031]As
used K&rel ; ' éla HEd8H Dro ylgﬁre%q%rfgfin copolymer" is a random copolymer of propylene
and an a-olefin with a clarifying agent. The clarifying agent reduces the haze value of the random
propylene and a-olefin copolymer (ASTM D 1003) by at least 10%. Thus, a "clarified random
propylene/a-olefin copolymer” has a haze value that is at least 10% less than the haze value of the
random propylene and a-olefin copolymer without the clarifying agent. [00321The clarifying agent
reduces the size of crystallites, thereby improving the transparency and clarity of articles made from
the copolymer. Not wishing to be bound by any particular theory, it is believed that the clarifying agents
act as sites for more ordered and faster polyolefin crystallization during cooling. During the process of
crystallization, polymer crystals organize into larger superstructures which are referred to as
spherulites. The spherulites are more uniform and are smaller in size than spherulites formed in the
absence of the clarifying agent. The reduced spherulite size reduces the possibility for light to be

scattered. In this way, the clarifying agent improves the optical opacity of the random
nronvienea/a-nlefin conolvvmer In an embodiment the eclarified random nronviene/a-nlefin conolvvmer



100341The random propylene/a-olefin copolymer is a random copolymer of propylene and a minor
proportion of one or more a-olefins, a diene, or a mixture or blend of a-olefins. The mixture can be a
mechanical blend or an in situ blend. Nonlimiting examples of suitable a-olefin comonomers for
Polympise i PIaPYlEARREN e AN LRMIRDCykRRAIeNG: LIRXCIS, TIPS, Tpetene,
-nonene, 1-decene, 1-unidecene, 1-dodecene. The rangom propy enég}a-ole In copolymer may include
less thas 18rpaieentisy Wligator diby vinse ress thsh fopeaitemymoberiearasrsrdocamioiémées based
on thestotal weighinah:thedapdesatpropylene copolymer. In an embodiment, the random
propylene/a-olefin copolymer may include less than 8 percent by weight of one or more comonomers
baseditfidhe tothl weighttofltinentaritlo nglpropyhenefa-wiefinsed pdlymekrificthe aahdomrppeleyténe
COpOIyTREH, m@sf)y%%d.e lesg,thap.G.perGRARIX WEIGHSS ORE OLIMAE COmanRMEIs,Mazed aadhe total

weight of the random propylene/a-olefin copolymer. In an embodiment, the random’ propylene/aolefin
copoly RS rarddsns PRIpVIelfarsaasetiy 8 dbpoiitertinbs mirtersmpadireriiame Pasdbm
propyleite and ethylene copolymer contains less than 5 percent by weight ethylene or about 3 percent
oy weightgithviene . 1 00RpAFRE Ao IORYIEN S O1gHN SORVINEL GRS RIERATEG DY, Katlous
processes, for example, in a single stage or In muftlp(fe s]?ages, y suc po(fymerlzatlgn Metliods as
slurry pefinsepiamsnangaicpsersrocas spybadprriadepetyrvad zegioaribedlkkasdhymerization, solution
polymerization or a combination thereof using a metallocene catalyst or a Ziegler-Natta catalyst, which
usually is one having a solid transition metal component of titanium. In an embodiment, the catalyst
contains a transition metal/solid component, a solid composition of titanium trichloride which includes
components titanium, magnesium and a halogen; an organometallic component such as an
organoaluminum compound; and, optionally, an electron donor. The electron donor may be an organic
compound containing a nitrogen atom, a phosphorous atom, a sulfur atom, a silicon atom or a boron
atom. The electron donor may also be an ester compound or an ether compound containing these
atoms. 10036]In an embodiment, the clarified random propylene/a-olefin copolymer is made with a
Ziegler-Natta catalyst and is available from The Dow Chemical Company of Midland, Michigan under
the designation Dow 6D83K Polypropylene Resin. Dow 6D83K is a clarified random propylene and
ethylene copolymer and contains about 3 percent, or 3.2 percent by weight units derived from ethylene
and has a melt flow rate of about 1.9 g/10 min. WO 2010/039713PCT1US2009/058796 This clarified
random propylene-ethylene copolymer exhibits a heat of fusion of approximately 93 Joules/gram, a
molecular weight distribution (Mw/Mn) of about 4.5 and a melting point of about 145C. The properties
for Dow 6D83K are provided in Table 1 below. Table 1 Dow 6D83K Physical Properties Property
Value Test Method Density 0.9 g/cc ASTM D792 Melt Flow 1.9 g/10 min 230C; 2.16 kg; ASTM D1238
Tensile Strength, Yield 28.3 MPa Molded and tested in accordance with ASTM D4101; ASTM D638
Elongation at Yield 10% Molded and tested in accordance with ASTM D4101; ASTM D638 Flexural
Modulus 155 kpsi 1% Secant; molded and tested in accordance with ASTM D4101; ASTM D790A Lod
Impact, Notched, RT 5.5 ft-Ib/in Molded and tested in accordance with ASTM D4101; ASTM D256A
Deflection Temperature at 0.46 MPa (66 psi) 86.1C

3a



Unannealed; molded and tested in accordance with ASTM D4101; ASTM D648 100371The polymeric
composition ao invltaes a coupling agent. As used herein, a "couplin@@ljEsrvigiasettemical
compound that contains at least two reactive groups that are each capable of forming a carbene or
nitrene group that are capable of inserting into the carbon hydrogen bonds of aliphatic, CH, CH2, or
CH3 groups, and also ALRAlIG,GHLGraHpsobiasRebimernchainyiNoalciing exannles.etahemical
compounds that contain reactive groups capable of forming carbene groups include diazo alkanes,
geminally-sul?&i?ﬁt@ﬁsﬁféiﬁ)fféﬁéggﬁﬂfg@, Qr&d”rﬁ‘etallocarbenes. Nonlimiting examples of chemical
compounds thap gontalp reactivegiayes capable o1 (UVINANITENE Qiokne indludeabihae not limited

to, phosphazene azides, suffgn{iﬁ azides, formyl azides, and azides. The polymeric composition may
include from a8urP 0B trabshTopBspare Iy siRighEdrAR EtbING 48RP et Rt Malill parts of the
clarified randgqmfsRR¥enafaceielin sapalymeycidd ineividual values and subranges from 200 to 1000
parts per million are included herein. For example, the polymer composition may include 400 to 800
parts by weiglitietthe doupkngaiieritobe vatediliohdrand el aatod! Hrito muptepyistie and
a-olefin copolymer. or.he holvimer. cRIBPOsIomMAY U A0 K 6QR:palsMRIghiwhihe coupling
agent per one million parts of the clarified random propylene/a-olefin copolymer composition.
Exemplary coupfiriageetsimtiuds’ Bt Fslimited to, poly(sulfonyl azide), and a bis(sulfonyl WO
2010/039713 S2009/058796 azide). imiti ( lL.azige)dnglude 1,
5-pentane blsﬁls%%{f nyl %z%e%m%ogl%%éﬁggb%émﬁﬁg%%%g%g%%ggﬁg%%%%n%g| e),
1,10-octadec#iestrisuatonil sy, itgarermanb sl (e denyrantsed $iphdfiyl ether
bis(sulfonyl azided.d Sisi slenazidepheanylzhexane, 2,7-naphthalene bis(sulfonyl azide), and
mixed sulfonyl azides of chlorinated aliphatic hydrocarbons containing an average of from 1 to 8
chlorine atom@egid frofn 2ntenBetitfoniy karitieolgrsupsshrst prptEiaine reMelshRRTEY therestNonlimiting
E?@Em |c|)1!es (l’f “Tf%et?)iﬁg%gl@é@%&ﬁﬁx@?%ﬁﬁ&@gﬁbﬂéﬁ@jﬁﬁﬁhﬁlal'i@ﬁl/z@é:.d@@ﬂifﬂ(@efﬂﬁF&ﬂ%ﬁfﬁlﬁnde
is(sulfonyl azido), 4,4'-bis(sulfonyl azido)biphenyl,.4,4'-diphenyl ether bis onyl azide) an
bis(4-sulfonyi B ioHR SRR HITRIALHRO Y %&%r@é %%Fré%{‘g)ﬁ:ea{%yeerrﬁ ot Frﬁéﬁr}l’&%xgg %ﬁl%ﬂagent may
be 4,4'-diphenyhoxigenhis: Sirdaydrazides [@038]Sompbeed ddsharelesrinsie ridlfysesrifalsistor are
prepared by the reactian ef spdium.azidewiththie agrresponding sulfenyhichlendecaltaaugh oxidation
of sulfonyl hydrazines with various reagents (nitrous acid, dinitrogen tetroxide, nitrosoniu
tetrafluoroborﬁf@lﬁ%fﬁéé?ﬁﬁsfé’a?mg]%Ffovﬁﬂﬁlﬁgggsaélﬂcf}&ﬁ‘é WS T BEERSLK Behsitive. It
may be necessasy-tD-phlegmatize henazidesdor dodutherfiseaprotethtrewdmtels feoshasadtion during
the manufact%%gnig pag[%(r:g

| BRNBL e gride. g ke shipplg.and-hancingaidhe agidaha used
herein, "phlegmatl%ng re S

T - . .
ers to methods for reducing the shock sensitivity of a chemical or chemical

species by miReirg StaerpiintiEFeddNe THenthedRRtaR rrerRsTe s RS EH ical. For
example, an antioxidant and a coupling nt may be plended toge form.; lgr melt, and
Pé)%éi é b JJ xgem tﬁggasehr%g T gl e?]qreom %%(futth%\;g oL ?J&ng%{@r

that the format f thid HofecUlar melt can phlegmatize the coupling agent as disclosed in U.S.
Patent No. 6, 77848 26crtheplastivedppiedint Ghraihidi G intdfpratdi iy rar fére @ hifemulilayer
[0040]"Coupligg;e+GeHPHNSLERRF RRodRRROMR Bekcim B iRARGRaRISM AT thereaation by wiich the

reactive groups. of the coupling agent band tpgether polymer chains within the propyleng/a-olefin
copolymer. THE %ﬁﬁﬁﬁﬁgﬁﬁﬁﬂgg@ﬂl\/g&at ueggcl érﬁrirgbd’ TARdom Bropy ieene?céf{-n %}ﬁ%%(%%%ser and the
coupling ageniryiekisa Seaction srodiitvthdtds theadopsledivlarified random propylene/a-olefin
copolymer. Not wishing to be bound by any particular theory, it is believed that the clarified random
propylene/a-olefin copolymer contains lingger Anlyin &BIERERTITRE reactive groups of the coupling
agent couple or otherwise bond these linear polymer chains to%ether. This increases the amount of

long-chain polf¥RsH bradetimgrekih HeclesirdheEmrIcRT plepiieTiéras emiolsdigvaleris presence

of long-chain %@Wﬁﬁeﬁ hraRChingcERERERaNGIngly: incserse shehme sttepgihianet eedusesithe melt
flow rate (MFR) of g 59 ghe clarified

of the coupled, clarified random propyleng/a-olefin copolymer .
random propyHHE/EEBIEHh TSR FHUS, e réggg{ig% %efodl‘ﬁc%ﬁseﬁégg%g’u%rlg %}g%le random
propylene/a-olefin copolymer. [0041]Other types of coupling are within the scope of this disclosure.
Coupling may be accomplished by way of silane coupling, peroxide coupling, and diene coupling.
Coupling may also occur by way of graft maleic anhydride/diamine reaction. In addition, electron beam
radiation can be used to introduce long-chain branching into the polymeric composition. Any of these
procedures can be used to decrease the MFR of the polymeric composition. [00421The coupling
reaction surprisingly and unexpectedly does not adversely impact the optical properties of the clarified
propylene/a-olefin copolymer. The polymeric composition containing the coupled clarified random
propylene/a-olefin copolymer has a Gardner gloss at 60 of greater than 60. The Gardner gloss value is
determined in accordance with ASTM D-523. In an embodiment, the coupled clarified random
propylene/a-olefin copolymer has a Gardner gloss at 60 greater than 80, or between about 80 and
about 90 or about 86.5. The polymeric composition has less than 20% haze, or less than 10% haze,

as measured in accordance with ASTMD-1003. The polymeric composition includes the clarified
random nronviiene/a-nlefin connlvvmaer and from ahoirit 200 nnm to abhoirit 1000 nnm of the coirinlina



a-olefin comonomer having from 4 to 20 carbon atoms, or any number of carbon atoms therebetween.
Exemplary a-olefins include, but are not limited to, 1-butene, 1-pentene, 1- hexene, | -heptene,
1-octene, 1-d&tRAEY"*dbdecene, 1-hexadodecene, 4-methyl-I -pentenel,) %T-W\%zfﬁ')gfi‘-}sﬁz%%tene,
3-methyl-l-butene, 3,3-dimethyl-1-butene, diethyl-I -butene, trimethy1-1- butene, 3-methyl-1-pentene,
ethyl-l-pentene, propyl-I-pentene, dimethy 1 -1-pentene, methylethyl-I-pentene, diethyl-1 -hexene,
trimethyl-I-pentemesigamétippiybingxenethdinmathyii-hexadnes. 305 Sxamptetmplebulsexenghtnieelyl ethyl- 1 -
heptene, tri methy! L -hepisRg ofimetiMoRtaNs B iaostene: maehvlibanonans, 1ioyleyclopentene,
vinylcyclohexene and vinylnorbornene. The elastomer component cp%zép%ve a densig in ihe range of
0.855 to 0.984g/Ei3. 3 A4 HEEL B Ak Rk &1dstoMer s AR ethgien &5 eBRETEHSIymer.
100481In an emineginieint fikespaiyinaes. cBonpasgitio nooitain s dhom oy eRossthab out.35% percent
by weight, or a%%ﬁg}@aayox&mnﬁbg@r Lty Bt Riopyiena/sthydsng, cappiumetRRA TN about 5%

f
to about 25%CBy weight, or about 20% by weight elastomer. [0049]In an embodiment, the coupling

agent is a colfdoféHe 808 b RTIAr i RPEEPHakd hrEnes SRGREEAFe HaY HBRRI'B¥a coupling

agent and angatiexidant, 1optinaiywalse egitaliiogsithesdpolyaer atbktves. diecouplingagent and

the antioxidant, (o 2 CompIeWhere Ihe RN SRSEIRRIANNG Iaind ouRsatuug e nitrene
ibited by t [

groups are shi 8d'ce r%cﬁaredyto the Raman pectra ex e groups forming the nitrene groups

of the couplingsesertlatond, TodBe|mheEabe PR ARSI ATt e 38 TS Heddmbs &rBFSSt (/&S Br classes of

chemical compeundsthahars carable-al hainguserdomininzedirerdatiosthalcameceur during
WO 2010/039713PCT/

1$S2009/058796 t rocessing of polymers. The term antioxidant .also includes
chemical deriRAYREE WL#HE tgﬁﬁloa% 5%‘?‘iné%’§fh°§ RS0 %SC%Qr T S?WE;@?H@\Sgﬁst%%%%ﬁ?ﬁﬁﬁner includes
chemical compbumds faeictityyveieis ropenty Sonhimpenwite gseleoup iy dyenbeieigsitherewith to
form a complex that exhibits a modified Raman spectra, compared to the coypling agen ak(,)ne.
Preferably, th@®%Hioxiddit S HoraBHSLRite2t ST dRTPEEhA 8?’%’(“5%##‘0 185%83‘ bntaifiing a
phosphorous daripgst Shexisatianistates Wehanliniting exampien] dephospitite: paskdtaftiokidant is
tris(2,4-di-tert-%@d&%gé{@@p%&gi@m ammercially available from Ciba Specialty Chemicals Company
under the tragre name Irgafos(r) 168. TI00511Exemplary classes of antioxidants include, but are not
limited to, compeynds thatisan frIcken as eitiereaibaradicapantiic exygenibpligairstayengers,
such as, phenolic compounds and derivatives thereof, hindere in i raxi thioester
compounds, §ﬁ(¥rﬁf’ﬁﬁler%31% Oer?%ﬁcwcc()ﬁ%%c?fﬁ% s%aﬁlgéﬁi%ﬁﬂa er,epgc n'ezﬁr% y EQelc-)culigpegcljE%;lzj(r%gél%r?trioxidant.
The moleculathmeitnhiagecoutiEromEnopaOIs. ANt K e YFI0S ZFEk sty shewsarch aead
antioxidants Eypﬂ,%ﬂp%ymh%@ﬂj%ﬁ%@@ﬂm}@fﬂﬂﬁ&j@@mblﬂb@[@aﬂ@{ limited to, 2,2-methylene
bis(6-(1-methylcyclohexyl)-pcresol and 2,6-ditertiary butyl-4-methyl phenol. [0053]Exemplary hindered
phenolic compsass instudesussedarnotthienitad oS idinesttas uwsel-Aerpyireisrh y pobimsemate,

commercially gyallapie, iR GihA-SRRGIALY iehemisals FRmARRYIG R Ade M FgaNOX()
1010. [0054]Exemplary Iactoq!gs |_nc1!ude, but are not limited to, §,7-b|s%,rl-d|metr¥letr%l -33—
hydroxy-2(3HPBR SRR S Fe AEHH T oRAMCRE Wit ) R S eI Sy SR TEHIE #6 Ciba

Specialty ChewigalsoGiffsraniypdndemthetrasd enbpoby trganos@ic R<36n$0065H tmanddfmoodiment, at
least a portion of th%a:ou(palliglg agent and an antioxidant present in the molecular melt form a complex,

which does ngipgﬁgers%qy interfere with the utilization of the coupling agent for modifying polymers.

The mole ratigygisggoupling RgeatiRantioxidathin shadnalesunndrall Aay beokpositichfoxd0:1. All
individual values and subranges from,1:10 to 10:1 are included hergin a iscl %h in. For
example, the %8]8’??&{?3;; o] {:S()ugp f’rﬁ?garagigeélé-tr%yaﬁtfg%faoﬁtg ?nrgils %%}?ro%%:in%%f%gggt rga%:(s;?é ratio of
coupling agerietlastiostdamterhay Sisifranblent terayl oT Heamdlelcsiiisite e ayf inefitiefBadnthan 99
percent by weightof ihe.codRlingadentrpsadandos neight ghliresaplecular melt. Al WO
2010/039713PCT/US2009/058796 individual values and subranges less than 99 weight percent are
included herejagand didelosedhbodimeRioracpalnpheicthemolecetaismgitviday: indlbderldgsdhan 75
percent by weight of e connling AdeR, RaRe eBRsweight githermalast slomealhdba mglecular melt
may include lessthan 50 percent by weight of the coupling agent, based on the weight of the
molecular melt, or the molecular melt may include less than 35 percent by weight of the coupling
agent, based on the weight of the molecular melt, or the molecular melt may include less than 25
percent by weight of the coupling agent, based on the weight of the molecular melt. The molecular
melt may include at least | percent by weight of thfe antioxidant, based on the weight of the molecular
melt. All individual values and subranges of at least 1 weight percent are included herein. For
example, the molecular melt may include at least 25 percent by weight of the antioxidant, based on the
weight of the molecular melt, or the molecular melt may comprise at least 50 percent by weight of the
antioxidant, based on the weight of the molecular melt, or the molecular melt may include at least 65
percent by weight of the antioxidant, based on the weight of the molecular melt, or the molecular melt
may include at least 75 percent by weight of the antioxidant, based on the weight of the molecular

melt. [0056]The molecular melt may be formed by melt blending the coupling agent and antioxidant, by
co-nracinitatina the enrinlina anant and antinvidant from 2 common enlivent ar anvy nthear convventinnal



blending. Reactive melt blending includes, but is not limited to, an extrusion process or any other
method which is c‘ﬁable of mixing the clarified random propylene and a—%(?flé]z&% yimer and the

I
coupling agen‘{ygr% é‘?&?&é sufficient energy to cause a coupling reaction betveen t%le coupling agent

and the clarified random propylene/a-olefin copolymer. In a further embodiment, from about 100 ppm
to about 500 ppm of a bis(sulfonyl azide) (BSA) coupling agent is reactive melt blended with Dow
6D83K to forneithiemenatiba prerlet2eenyetEdwahErcdmpsserasting fve afydmr SEeses oyl azide) is
from about 004,19 ahe4b0.1 weight percent, or from about 0.02 to about 0.06 weight percent of
bis(sulfonyl azide) based on total weight of the composition. [0061]Other components which may be
optionally incjoasagl in the eadmgmeictionfintinddoanmeimsiorner ofimptiiicant, Ardzndder. The

reactive blengiig RrQPGSS BIANkRE AR Rk A SINBIE e SRlaCInAs i MalL MRk, Brabender,
Banbury, or Farrell I

|
ell Continuous Mixer) or a polymer extruder The coupling reaction forms (i) a coupled
clarified randBhBEe p9IEn &f b6 KRR BETY GP‘aif}'&g%%hﬁ?@@%ﬁﬁ&?ﬁhBo’rﬁgg)rc%ﬁgkggg-oIefin
copolymer andwlagtarer ‘asatizelissadmpayelR062] A ustioty tire”amou hbof cduplirg sgent

conespondingly s e, MER, (0 U, POUBIGANARSIR 3 el shans i elatonship

between the amount of coupling agent (i.e., azide content) and MFR for the polymer composition.
Table 2 Sarfilel#i{Deae&DB3K) BSA (PPT) MFR (g/10 min @ 230C12.16kg) A 0 1.90 B 238 1.50 C

333 1,00 1D 393 0.75 452 Q.50 WO 2010/039713PCT/11$2009/05879 3]Table 3 provides an
example of a@%ﬁneriﬁ%r&&%ﬁ%na erlﬁprce?éuec “ot the feattior | f’)%rag! Ssctqge%%gﬁ/ IEJSHISSC’;i}ggeIastomer, and
the coupling agemptrdive aatalnithisl tatikes ermbnsmtiierepthanssupietrprbagde radewjdiftantly

improved low, terpperaiurg, inpagtNsiorsansenwithiities azas segsadalion ibparfasmange of either
haze or modulus. Table 3 Dow . . : . . .

faster polyolefin crystallization during cooling. During the process of crystallization,

polymer crystals organize into larger superstructures which are referred to as spherulites.

The spherulites are' more uniform and are smaller in size than spherulites formed in the

absence of the clarifying agent. The reduced spherulite size reduces the possibility for light

to be scattered. In this way, the clarifying agent improves the optical opacity of the random

propylene/a-olefin copolymer. In an embodiment, the clarified random propylene/o~olefin

copolymer has a refractive index of about 1.5044 at 589 nm and a haze measurement of

about 8.0% or lower.

[0033] Nonlimiting examples of suitable clarifying agents include dibenzylidene sorbitol
acetal derivatives such as 1,3-0-2,4-bis(3,4-dimethylbenzylidene)sorbitol, available from
Milliken Chemical Spartanburg, SC under the trade name Millad® 3988, 1.3-0-2,4-bis(p-
_ methylbenzylidene)sorbitol, also available from Miliiken Chemical under the trade name
Millad® 3940, sodium 2,2-methylene-bis-(4,6-di-tert-butyiphenyl) phosphate (from Asahi
Denka Kogyo K. K., known as NA-11), aluminum bis[2,2-methylene-bis-(4,6-di-tert-
butylphenyl)phosphate] (also from Asahi Denka Kogyo K. K., known as NA-21), or other
nucleators, particularly those which provide extremely quick crystal formation and/or
arrangement. The clarified random propylene/u-olefin copolymer may include opticonal
additives such as plasticizers, antistatic agents, antioxidants, stabilizers, acid neutralizers, and

ultraviolet absorbers.



6D83K (wt %) Affinity PL 1880 (wt %) Irgafos 168 (wt %) BSA (ppm) MFR (g/10 min @ 230C/2.16 kg)

Haze (40 mm plague) Sec Modulus (1% strain), (kpsi) Notched Izod Im -Ih/in) 13.0 Notched
Izod Impact, deé %{‘-?@ﬁ%“i.o 79.98 20 0.02 0 2.3 12.8 110 BB

[0034] The random propylene/a-olefin copolymer is a random copolymer of propylene
and a minor proportion of one or more a-olefins, a diene, or a mixture or blend of a-olefins.
The mixture can be a mechanical blend or an in situ blend. Nonlimiting examples of suitable
. a~olefin comonomers for polymerizing with propylene include ethylene, 1-butene, 1-pentene,
I-hexene, 1-heptene, 1-octene, 1-nonene, 1-decene, 1-unidecene, 1-dodecene. The random
propylene/a-olefin copolymer may include less than 10 percent by weight (or any value less
than 10 percent} of one or more comonomers based on the total weight of the random
propylene copolymer. In an embodiment, the random propylene/u-olefin copolymer may
include less than 8 percent by weight of one or more comonomers based on the total weight
of the random propylene/a-olefin copolymer, or the random propylene copoiymer may
include less than 6 percent by weight of one or more comonomers based on the total weight
of the random propylene/c-olefin copolymer. In an embodiment, the random propylene/o-
olefin copolymer is a random propyiene and ethylene copolymer. In a further embodiment,
the random propylene and ethylene copolymer contains less than 5 percent by weight

ethylene or about 3 percent by weight ethylene.

[G035] The random propylene/o-olefin copolymer can be prepared by various processes,
for example, i a single stage or in multiple stages, by such polymerization methods as slurry
polymerization, liquid pool process, gas phase polymerization, bulk polymerization, solution
polymerization or a combination thereof using a metallocene catalyst or a Ziegler-Natta
catalyst, which usually is one having a solid transition metal component of titanium. In an
embodiment, the catalyst contains a transition metal/solid component, a solid composition of
titanium trichloride which includes components titanium, magnesium and a halogen; an
organometallic component such as an organcaluminum compound; and, optionally, an
electron donor. The electron donor may be an organic compound containing a nitrogen atom,
a phosphorous atom, a sulfur atom, a silicon atom or a boron atom. The electron donor may

also be an ester compound or an ether compound containing these atoms.

[0036] In an embodiment, the clarified random propylene/e-olefin copolymer is made
with a Ziegler-Natta catalyst and is available from The Dow Chemical Company of Midland,
Michigan under the designation Dow 6D83K Polypropylene Resin. Dow 6D83K is a
clarified random propylene and ethylene copolymer and contains about 3 percent, or 3.2

percent by weight units derived from ethylene and has a melt flow rate of about 1.9 /10 min.



79.98 20 0.02 150 1.5 13.5 96 14.7 11.0 Affinity PL 1880 = ethylene-octene copolymer BSA = bis
(sulfonyl azid%gf (\)Nztﬂf’{c’)mggk;%sed on total weight of polymeric composition [198’8@'2290% of8 ;[he foregoing
polymeric compositions 'may be used as a gloss resin in an extrusion process anc%r%ﬁermoforming
process as will be discussed in detail below. [0065]In an embodiment, the present disclosure provides
a multiple layer structure. The multiple layer structure includes a base layer and a cap layer. The base
layer (or substhate}imiiedr mrdymobuontent-thelcap lesrolymer useitisrein eeébrtacti®thehct or the
condition of tgb&ﬁlamaia%%ﬁa%ngs@m)a mesting: wi2n enbedimeninihenhasesayer Sdirecily contacts”
the cap layer, so that at least a portign of the base |a etrr %Paa/sicag&tguches or. CFiJeCt ait%egaces with at
least a portioR o i8ePedH Pi)f"é’}"WitH*ﬁ&inthe‘?ﬁ?Pﬁ'fé%e Brvening stru etween the

d/of NO |nteFv8n|ng structures
base layer argitve cap layer. In another embodiment, one or more intervening layers may be located
or otherwise disposed between the base layer ang,the; cap layer. 100661The base layer is a
thermoplastic polyolefin (TPO). The TPO may be a single component or a blend of two or more
components. In an embodiment, the TPey 28l havaiT & 5osed of (i) a coupled impact
propylene co‘}%!:;)?&i and (")an e!a;tor?:.rvéﬁ:lggjinp°"tMr’;gg;jene copotymer may-have-a-density of
about 0.900 gisgapdarmett-fow rate of 07501 30CT LAt kgeASTM 1238). The elastomer may be an
ethylene-propylen@«opolymer with a density.ab aboit0°8.75 gkecAAB PVD 792) and a melt flow rate of
2.9 g/ 10 min| (F8OCITGHG YASTM 1238). vamiting%ﬁ@%@;@amﬁ&fﬂ%ww D 500
D?V‘?'Opme”‘eéﬁg? erformanpe-Polymeravaijpble from e PonSAemicalimQmaaBhy Midtand,
Michigan. The

o) may or may not include a filler. roan erdreciEent, the base layer includes a
pigment. 100pFdtn=arcgrinbodiment, the TPE kssa blell%%gmﬂﬁsﬁﬁg@g%gghﬁmﬁwmﬁ%r, elastomer,
and a filer (ang.aptionally fpygleating agentapg/on SN AU IEIMAU IR AP laver is
composed of|a gloss résin, ?ﬁe gloss resin being any efthestate@oisg polymeric compositions. In an
embodiment, tha&ap Byeerisecamposid oRtheCreactdnapratidot ofethreddtarified radrorit
propylene/a-aléfirsopalymer and a coupling-agent ad PrRARA A HAERSER d-(-e—the-coupled clarified
random propylene/a-olefin cqpol meg. The cap layer provides %g:iesired inigh tg tcpg ij;\ItiQIe layer
structure. Thé“@&6]|aye?}%§§’36?’?}}/?§y° BPIRLiRé H%%f@%%é%ﬂi?(@?) i 3ﬁeg{r'nb%s'ciilr%eent?]{ e multiple layer
structure incliidepbnthimkigysra Thenthitc-fayrmundaa edntaiiveet leatitact AR YSEEAPSIde #%nd/or the

base layer. In.an, empaorimentyihe thishiavevisdacatedhptwaenthasanlayersatdhabase layer. The
base layer may or may not be the innermosté%\/er The cap layer may or ma%/Hnot Eﬁ the outermost

layer. The thifdBRRPHTSERA9AIHE SYRRE o oS itoR Ae the S By ed t0d R Cea i Broduct of the
clarified randemappoRytenehaind aNohefincepeatymaesantidivamsalipimgagdnthal kenthirdasiee may
include a pigmentlo soler.e iRy elRUliBle Ry siciliuciuim asdasl egk-ita uithan ampodiment,
any combinatfon of th cap layer, theé base layer, or the third layer may contajn a pigm nﬁi The
pigment in ea@?ﬁ&%ﬁerﬁ&?ﬂﬁeafﬁe‘%?éﬁ%‘%‘ibﬁ?ﬁ%rmgﬁ@gi?éﬂmmﬁﬁl‘f&wlﬁltﬁ%qgﬂﬁ%i § multiple
layered structyrggimaydaecexisusiechrabrxituidadiny othervisesforinebkdaidna fitmnot Arstaketo.Similarly,
v pRiEL AR 12, A0 PSR LYEINTINARE BUARL OHORIBHINOR A8 Shect s
e

used herein, ZHSREST 1S an extru or coextruded) structure havm% a thickness greater than about

0.015 inch. Anfarrindude s sbed G0cocskrut dehlsratdie viehh g LRSS Res8tREN°Ebout 0.015
inch. It is undgrsteadhihatdiseesigdirasios tora poset vlagrappyl eqealyoifilivistelotires. The
film/sheet may he thermofarmed into a finished thermoformed atrticle. 1 oforming
manufacturindPrS¢EE8es, ?argmm%%i tgg g@@%%%ﬁ@v%?&h?%ﬁ %c&%rgm}gegﬁ%zétifgh%g%%]ﬁﬁ lost as
scrap. As usepbhereinetyapsronssdrapdn Hetinl 89 angsdmreiiejohir Prping easydstitictures (i.e.,
a film or a shegf):() thathastheen shkiesier-i0 pdhasmotaming-apealinmandotiis pavincorporated
into a final thermoformed prodtfc%ﬁagéatp iésogrogtu%ed 1‘rori[t1t t&r%‘ eglO%eng th rexcess iaoterial that is
cut or removetPHBAT L SEUAEY S B narnomimed Shet, andfor afinishéd tHermotorme
article/producha@ned dbtledteidicthessdrap mepskiaticanidie grenahdrisr Aarmmesiviesy clifF®PRBY other
purposes. As &bﬁ%meag&t;nﬁgﬂegfﬁa@m& SEFARIMBIGHR ALY IR RRteR OB VIfgIn
thermoplastic polyolefin” is a material or TPO that has not been subjected to a thermoforming and/or
an extrusion operation.




100721The ability to recycle scrap is beneficial to economic and production efficiencies. It is difficult,
however, to produce thermoformed articles that contain TPO scrap material. Recycled TPO alone or
blended with \Wr%ﬁ’fww{gfpically exhibits an increased sag rate compaFé%T{[és\z/?r%l%ssf!&O. Several
factors can contribute to the increase of sag rate for recycled TPO. During thermoforming, for
example, the cap layer and/or the base layer of the multiple layer structure undergo thermal
degradation. sEhie)therxodintenradatiores anfsps difiond aasadin MERdfor oheotiavethikydiasf the multiple
layer structure, o, additian, cORVEHIGNA! GARAYEID 18RS avaR:HioRMER (aempasediie TPOs) and

a low viscosity thereBy increasing the sag rate of recycled cap Iayer-contgi%r}ggﬁcr m%&r}rial.
h

100731The presuHeaiscigddre plotitde & MtrsaswHEFSBY A hpattrp Ay B8 Fecycled into
a thermoformingsgiresassauit)out advers ety fafeddindgdng heapertics Teiglitretmofdnviedishdet and/or a
finished thermoformed arficle- i n, emhecimentya methog REAr ucing i sheshisiprgided: The
method includfés Blen ing a virgin {Hermop astic polyolefin with a multiple layer structure to form a
recycled sheeverpae Fhimmplé Fa)ﬂe?féﬁfﬁlﬁmg%%ez By P RGPS IBYSE S the gloss
resin. The myltiplgilaves sleusiurevean-haanaxmipliéplerlayesistuciure diselosethdeoeinbifide gloss resin
can be any gloss resin.disclosed.herein. The virgin thermo tic,pol ' - rate, denoted
SRV, The rocy N AU e sy T et S T A et ow
rate of the gldsk-tisiamsbethert ith&rieydieddshead hiad Wy yevisemeaynasisriy{eas Hsh or equal to
1.5, wherein $RI5SRR.SRUAM4LASLISeshheraiReiharsag rate deihe lioxitiniseatbal) it takes for
a heated thermaplastic sheet to droop (by way of gravity) a chosen distance. For purposes of this
disclosure, trﬂ?g‘éfg rate is based on a 25 inch x 35 inch thermoplastic sheet having a thickness of 187
mils, the she¢@(38ing htdfed frandanbiertaadrdbt ratdable2op PsetmatdThie thehsaditistance” is the
distance betwggna %%epgﬂﬁi%et%w&ﬁogéﬂg%ﬁ@'@w&h@eplﬁm&g@mﬁ@ﬁmdh@imﬁgrmer and a
ram

second position that is 5.88 inches below the clamp . Thus, the "chosen distance".is 2.63 inches.
A detection dBXHEEIRET0CHIBd XPHABSfirkPRELRiof WS sHadt S HEREsE TS a0 EERESHITE in the
clamp frame.ikipgndiaating) ibebeentsedf the sheet begins to droop. Once the lowermost portion of the
drooping sheet passes a detector at the first position, determination of sag rate commences with
initiation of a R, Wiividontradesedinibeantifenatiatbask So¥echB iy HESEES M tinues to
droop. The timgdiiakes the lowmsmastpartiervatthedheated shedistdreackihosedoid pbsition (i.e.,
5.88 inches below_ the clamp frame) is then measuged, This i "travel time." The e
(inches/secorﬁ’fb"}“i”cg?ct“ree §H@e§ (ige?:%‘[?& g%?i %Isdgbﬁ{)veg.sgg%n}%%é Qﬁgﬁ%‘ﬁ%éﬁéﬁ? ?%%él%%%g%econds)
[0075]Accordhaglin, “BRsametirinsiagieatto foedoshdet BGPTSR Y oA RS e for a
recycled sheel,caniaining.anamempiRkseapimateial+QAHeMAS UstIdaneinihas sagiresistance
index" ("SRI") is an index to determine the gﬁgcedssgb%?/nofa th% rn(?%}/g!:eg S eaegoagtgeirs gggmled as
follows. SRI="8BHERIL ft AR Ry SR S P prisingly disco ered that a recycled
sheet with anaSRidess:tel, encdaaitoltBoviddyprodssipricrieshsiaiizohs catmsgntially
similar to, a virgin thermpRiasiic shepkihs fesysies sheahwithirnSiesshan Rriedumieed 5 also
yields a thermoformed product with properties, durability, and/or structural integrity similar to, or
substantially Sff&FRFERH P moformed product made from solely virgin TPO. [0078]The method
includes b'engéﬂ%]ﬁe Vi&‘%ﬂé?@ %ﬁ@&g%&e&%ﬁyg e tofermareryeigdishestThe blending
ri n [

may include drindihg, re-grinding, melting, re-melting, melt blending (or any combination thereof) the

virgin TPO arfe/aipe theuRASH t8/a R Rics- o wpHasARIH ROy R LB e R A Vel omposed
of a gloss resjpapdR/RasginyRbermposetiel hemaplasidcdpolyaletn. The dglodtdesmdmmay be any of
the foregoing polymerjc compositions as preyviously, dis ed. herej : regoing, multiple
ayer WO 208 RIS DBOOIOLe B0 AL I HEo o Hertla s Do o TEG. The
multiple layerostpletusbnifiay ekl proaydteirobace tAkrast, AN BiEBmBRRiBAELHRIEE. In an
embodiment, themiitinleslayer sirustuvedsiashectipigeesalishighopiesoliedtsd assdyapifrom a
previous thermoforming or sheetmaking pragess to be blended with the virgin 791In an
embodiment,‘fﬂ’éth' TP Ollg%lfzern(géa&? oro gr\l}sﬁscgvr%i ed r\)/\s/itﬁy;%% rﬁﬂfﬁg‘%lg tlE;)nrps gg%i)e(%%]ich may be
scrap material) by way of melt-blending. Melt-blending includes contacting the virgin TPO and the
multiple layer sheet (i.e., the scrap material) and thereafter heating to a temperature at which each is
molten. Alternatively, melt-blending may occur by way of individually heating the virgin TPO and the
multiple layer sheet to respective temperatures at?which each is molten. The molten components are
then combined, contacted, and mixed with each other. 100801 The method also includes adjusting the
melt flow rate of the gloss resin. Adjustment of the gloss resin melt flow rate occurs before the virgin
TPO is blended with the multiple layer structure. In an embodiment, the melt flow rate of the gloss
resin can be adjusted before, during, or after formation of the virgin TPO. The melt flow rate of the
gloss resin is adjusted so that the SRI value is less than or equal to about 1.5. Adjustment may include
increasing or decreasing the melt flow rate of the gloss resin. In an embodiment, the melt flow rate of

the gloss resin is adjusted to maintain the SRI value from about 0.5 to less than or equal to about 1.5,
or from ahoiit O 7 t0 lece than ar ediial to ahniit 1 A ar from ahnoitit 1 0O 10 lece than or earnial to abhoi it



WO 2010/039713PCT/US2009/058796 100831Decreasing the melt flow rate of the gloss resin
reduces the dilytion effect imparted by the gloss resin when blended WitpC %slo'ﬁg‘?o's@é diminishing the
dilution effect?\ﬂé%?@ggﬂée of the gloss resin in the recycled compositioni does nof adversely affect
the sag rate of the TPO. 100841In an embodiment, the melt flow rate ("MFR") of the gloss resin is
decreased to less than 2.0 g/10 min, or from about 0.1 g/10 min to less than 1.9 g/l 0 mm, or from
about 0.5 g/16minite hivouthtss Wtd mihEnemiak fewhate ToimBuEgees e seuvtacengith ASTM

D-1238, 21%9@%8@% Resteasingthe glossesinMiR desroraes hemvalugfon&RRnENe lower the
value is for SRR, the’lower is the SRI value. [00851In an e deiment thtgeam?unt of mult(ilple layer

structure add&SBRStABIMSE B RREE STHREBI& FATTS RATTLEY (BRSaTRtARS the 'SETMFILE"St less than
or equal to abedit:dsthPieeds fafwhexmuipie) | afehstroshlird chnifial colidere by verais wafierial which is
reground and m len | irgin. aIEtﬁnn}ﬁ deandnglideaading framuabait 40 wt % to
about 60 wt %%?%1%%%?%%é@rrﬁ%ﬁl\aéstgﬁg:ﬁé%?ﬁieﬁn with rgm about 60 wt % to about 40 wt % of the
multiple layergtierredectoiiarepied chthed ol oI caH R BHARER e amount of multiple
layer structur ed therwise.combined with the virgi j ' d ' r.otherwise
form a recyclg} ‘&?eet %Sévfﬁf E?%rcr’ewf about 5 avff?f % %Ila %5‘%%%%%?%%3@(@2%%%2@ on the
weight of the seoyaitishehbptwhy affeiene cevnbiosRfentidte wmbntoah it soriiifin g 1tPePl8&y cled sheet

to contain frog,abeut S.ut % taaDELIEALS Wil hrhRide Bibntidbeatibe. glasaisasin, d46AdALIN an
embodiment, the method includi% coIIect%ng.ats rap rpatqgil%gnglr&bnl&qgingﬁgetﬁgra l)maetggial with the
virgin TPO to¥&ith fAYFER TaY Sedt*Ths sBNN Thateial can be ground prior to blending. The
blending can &renmsitiblendingpé ke restedsion dafehelirigiate diesserssebicadbeotTtie BRkdPFHtaterial is
one or more pj gfthe multiple layer structure collected from a previous thermoforming operation.
In an embodiment, the multiple layer structure has a first layer that is composed of a gloss resin and a
second layer goamosethefbROn§0R88]in amenbgidinventpthpertativotbénclodedy thshmioforehing the
recycled sheqpnig AAIGIEAUISITENLALING diRsseln. Mat loysigiado mARIGRARAR) value

e

less than or equa??o .5 surprisingly and unexpectedly enables the incorporation of recycled scrap

material into AFRREHEEFERAIBENRT RHRME WRARBER ZAVere PTAR SO SRR e o Préperties of

the finished theraefouned artoke o aeldiiohathetpresenttmeiho gy antagdousigreuudes the need to
discard scrap, thereby increasipg,produgtion effici imiting examnles gf suitablgArticles made
from the therr%cdcfjécrirar]neé/‘(?j r\g%%c%%%ﬂeﬁ%éludznfe%%re]e%bkdi}r{%?écdvers, trim pieces, housingg, hoods, and

automotive pareyjoCgopiHa sHpVRMeeiNe @ fGRABEY &l Ychip Hrate RS L1REMTERotMifig operation
produces a myfftiple daverssheabdit 85 smbrdinantrithemutinte Ryek-sheei Tickibles, abase layer and

a cap layer. The base layer is a blend.of (0 the virgin, t I ﬂg_l L I | i .multiple layer
structure. Thé%@p)i?eh?%fearssrﬁ%a@tlﬁ?g élécaor ISt ag)l/lgl? Ea.,’ a cg@%ﬁgg%ﬂgﬁ%ﬁgf Icﬁglgglloss resin
and a seconditelrele(i ks, dadrdnd pdeycompdersoat TCOPHEFgRIT Poratythe tRutipddayer

structure can he, melbhlgndesandionsyirisionlepsesar dissosadReantn aswembadiment, the
multiple layer structure IS one or more iecgs of sc a&rgjatetréag. ]’ e scrta%ga%tgré'al i%rgg[dtg blended
with the virgir?ﬁqyﬁ?"rﬂﬁg,‘?ﬁbt%ﬁg%l’igsﬁe? i SELPSEEY Ot redytied matetal. [0 %l] e multiple layer
sheet also inaludes« taptaybnm sihtaSTVItR-HE HAsk lkyer 2THE capdapbimisrsctnPosstonf gloss

resin that s aygagtian.aicAYstel & ciafie! apdem praRvensirplefia srpobimar andaseaupling
agent. The cap layer has a Gardner gloss at 600 of greater than g%?ﬁ%ﬁm%fsured in accordance with
M i

ASTM D-523 28 H8deTeaiireme b s e ryimsh & e GIDYs e, EREBTASEP RN B the same or
different. Theiglosadebid tad bepanygloss redit@drdiselesed frdbéintoabant ébddimentidhe gloss
resin in the bagse layer-is; the same, as, e gl el 18.63R-AR%ek A 00Ok Hp. agsembodiment, the
base layer comprises from about 90 wt % to about 95 wt % of thermoplastic polyolefin. The virgin TPO
and the TPO ¢y multinle Jayenisiedg ues 65mbe: thenpasne omditiérent cEenvirginad®@cembined with
the TPO presentint ultiple layer structure.amount to fro 0 %.10 aho t % of the
base layer. Insé%c()"% (let}r% é[:ﬁ‘ o%%@n?% %léjﬁ&%eﬁl%%gpgﬁ trea%%%lgin&ﬁllggrrﬁ%%%iglagér%@?g\%re are
each D500. [0092]In an embodiment, the base layer is composed of from about 40 wt % to about 60
wit % of the virgin thermoplastic polyolefin. This is based on the weight of the base layer. [00931In an
embodiment, the base layer contains about 5 wt % to about 15 wt A, of the gloss resin. This is based
on the weight of the base layer. WO 2010/039713PCT/1JS2009/058796 [0094]In an embodiment, the
melt flow rate of the gloss resin present in the bad® layer and/or the cap layer-is from about 0.5 g/10
minutes to about 2.0 g/10 minutes as measured in accordance with ASTM D-1238, 2.16 kg at 230C.
[0095]Nonlimiting examples of embodiments of the present disclosure are provided below. [0096]In an
embodiment El, a method for producing a sheet comprises blending a virgin thermoplastic polyolefin
with a sag rate SRv with a multiple layer structure to form a recycled sheet with a sag rate SRR, the
multiple layer structure having a base layer and a cap layer comprising a gloss resin; and adjusting a
melt flow rate of the gloss resin so that the recycled sheet has a sag resistance index (SRI) less than
or equal to about 1.5, wherein



SRI=S RR SRv 2. The method of EI comprising decreasing the melt flow rate of the gloss resin. E3.
The method of any of El -E2 wherein the adjusting occurs before the blendi method of any
of El -E3 comgr?s%gfasegg%géasing the melt flow rate of the gloss resin an%ﬁ&g%gﬁ?ﬁ%%; ?ﬁe SRI to less
than or equal to about 1.2. E5. The method of any of E1-E4 wherein the gloss resin comprises a
clarified random propylene/a-olefin copolymer, the method comprising coupling the clarified random
propylene/a-etetiire dpbryprahe EBIifird midaTo Ao PURYF O B wRBIER: the Yrergsiittihprises a
clarified randgsnrenienslaRigfincrposaer andian @astavierifermeihogtggaprisiogicoupling the
clarified random propylene/a-olefin olymer and the elastomer. E7, 'll'h%m) hqq of a0y, 9f El -E6
comprising d%%‘?%gg}ﬁéaﬂgeelr%%?frﬁ(r)‘wﬁ)é)e‘}yg ﬂ%a%a%eég Orléré{%% oafgsgalt;ﬁg%azr.o ﬁblmfn:eEg.eThe method
of any of El-BRatcheps ittpdrom orerylope oplastic
f f El-Bfatdheprisivigdaddiifipdrarndabioaterolwneti ol Bibcapeomit %éf e EinHErRTopl

polyolefin to fEpig,ahaut60MAHR abRHAAR Wb inalihaEnitipie iaver siiuctsrenanfermdiie secycled
sheet. E9. The method of any of E1-E8 ¢co prisﬂgﬁﬁjogming arec clegs eet com%ris'ﬁglge)‘rpm about 5

Wt % to about FEAMELAYI TS FiaedsratihiE 1ane tHod o any of KoM nging co(_ﬁecting,
before the blendingpposerap dnatermkcomprisingdyeensitioids |ayde stresensreoElhe e ghethod of any of

E1 E1 0 comptisipa Iemalarmina arecuret sheekiatanneariclmRid dhemaberetany of E-El|
comprising melt blending the vggel}g thermoplastic polyolefin and the muItLi%Iel yer trucgure. WO

2010/0397 1 3RESPIY SHOTEHYB58706 FORTE7 LR &ﬁ%ﬁ%@dﬁi‘?ﬁeﬁcﬁlﬁ’f\‘fdatﬁo et ESnipdsition is
provided andisemRises R fieaatehrgsodtcl biq hilarfigtbngnddr pripendéa dlefincepdymer and a

coupling agent. and the co, positlion h d%lg@ggnler gloss at 60 of greater than 60 as measured in
accordance ﬁﬁ??ﬁ%??\% ﬁeé%?fp@lyjf}? e‘lr'%g cor%po‘sait'ion of EI3 wherein the composition has a Gardner

gloss at 60 offgypfter tham8ateddchhieicopapesitionahpaytioh kiddiidswiheeipliietoifipbsition has a

melt flow rate from about 0.1 g/l 0.min to,about 2.0,g/10 min as measur g in a{cgdzrgﬁn gﬂwith ASTM
D-1238, 2.16 RSP0 T8 HHE SSRYSEREiS D lgﬁf/r% rélf%-aé']ng%vr\llﬁe%e(}%s fhe compg’é:gition has less

than 20% hazeeasineasuredbiriatecrdanee it ATV DadosMER7ranebaiibb&ti8ridt Shy of
El3-|516 'Whezfﬁgﬂttﬁ.@ Q/ﬁ%lq}{lﬁ'aﬁé?mgﬁfi@ &Qf%ﬂ@@{mnprim lnssriban By tvaigiss aamﬂﬁne |
copolymer. E18. The composition of any of E13-E17 wherei couplin 1tis a bi ony
azide). EI 9. PHERSHSSHRGFERRED: él%f’[:cl Whakath %ﬁe%éqg)r%npg%%)or@h%gseg eli?ug'%ﬁ?%dulus from
about 100 kpsi-t5@bowdt 208viepsicafemed suradlin docordantc&WhkbsASTARPD-790 kP AFA¢Icomposition
of any of E13;£1gwherein the composition has a notched Izod impact strength at 23C from about 3
ft-Ib/in to about 14 Tt-Ib/in as measured in accordance with ASTM D-256. E2I . The composition of any
of E13-E20 wessin tha seseliosrgrogictiannmpeides sheatarifiedicandomqpuepyitepetavolstilt copolymer,
an elastomer and e coupling agent, £22 e compgaitionaf SALIhersinbe slastamerds an

ethylene/a—oleﬁn copo_f;/mer. E. e composition of E2I having a melt flow rate from about 1.0 g/I0
min to about SO FReHsriteaSaraRPi AEE6RIEhcY NG DM 8Py k (At 30E, E24. The

composition Qi ERLRavipaanesteheddzadkiprast strangih wt23GsfronvabhouiidGdtithin teibout 20
ft-Ib/in as measured in gccordance with ASTM D-256. E25. The compaosition,of. having an average
flexural moduﬁﬁgsfrg'ﬁg? ﬁ%gu ¢ Sﬁp%%eaugﬁst Iie(g%fr’l?p%i U ?%ggs%e?gﬁ% 21%(5: %?ééﬁ%%&?t%y@TM D-790.
[0098]In an eshiyerdinisertEdéna enuttipte Riyspithisctiesisrovivderide aprisede-bedsasfiar
comprising a thermeplastispalyeleinAapiaisidnaantast with febase e the-capsiayer
comprising a reaction product of a claéigled ran@gﬁPro&glene/a&-olefi&gogol bmu%}ae]qgsg? %%gp"ng agent,
the cap layer HAIRGH SR PYRLPSP RS e tETIRaN 0 Y eastred in accordance with ASTM
D-523. E27. TREBRitipldiayersshdetobE26dfdFeindBécap layer has a Gardner gloss at 60 greater
than 80. E28. The multiple layer sheet of any of E26-E27 wherejn the thermoplastic ol¥. efin
comprises a B¥HAlof (iFa BrdRReh@ Rttt CptRtieraid Y Al Ha8RHBF E28. PRETRiple 1ayer
sheet of any efdsRerdr 2% uaergin thempap (ayer Comprisis dirgattinmiprd doct.oha ickakfigessandom
propylene/a-olefin, conolymer, an £lasiamar, a3d- SouRlng A9en- 10089 n anempadiment £30, a
multiple layer sheet Is pr waed and comprises a base layer comprising a bfend of (i) a virgin
thermoplastic polyolefin and (ii) a multiple layer structure having a first layer comprising a gloss resin
and a second layer comprising a thermoplastic polyolefin; and a cap layer in contact with the base
layer, the cap layer comprising a reaction product of a clarified random propylene/a-olefin copolymer
and a coupling agent, the cap layer having a Gardner gloss at 600 of greater than 60 as measured in
accordance with ASTM D-523. E31. The multiple!fayer sheet of E30 wherein the gloss resin comprises
the reaction product. E32. The multiple layer sheet of any of E30-E31 wherein the base layer
comprises from about 90 wt % to about 95 wt % of thermoplastic polyolefin. E33. The multiple layer
sheet of any of E30-E32 wherein the base layer comprises from about 40 wt % to about 60 wt % of the
virgin thermoplastic polyolefin. E34. The multiple layer sheet of any of E30-E33 wherein the base layer
comprises from about 5 wt % to about 15 wt % of the gloss resin. E35. The multiple layer sheet of any
of E30-E34 wherein the melt flow rate of the gloss resin is from about 0.5 g/10 minutes to about 2.0
0/10 minutes as measured in accordance with ASTM D-1238, 2.16 kg at 230C. [00100] By way of

avamnle and not limitatinn evamnlec of the nrecant diceclociire will now be anven EXYAMPI EQ



multiple layer structure). Table 4 Virgin substrate, no recycle Sample ID Substrate Material Cap
Material (Table 2) Cag) Léigler MFR* (g/10 mm @ 230C/ 2.16kg) Substrate Thickness (mils) Average
Sheet Gloss ASTH S (%) Average Surface Temp .(F) Average Hea?(ﬁéqaszgfsﬂ%erage Sag Rate
(in/s) Control D500 None N/A 187 N/A 479 2.2 0.045 1 D500 A

or temperature range at which a polymeric material shows an abrupt change in its physical
properties, including, for example, mechanical strength. Ty can be determined by differential
scanning calorimetry. Exemplary polyolefin elastomers include, but arc not limited to,
ethylene/a-olefin copolymers and terpolymers and block copolymers, cthylene-propylene
diene rubbers, propylene-o-olefin copolymers, silicon rubbers, butadiene-based rubber and
the like. Polyolefin elastomer may, for example, include ethylene/a-olefin copolymers, made
with single-site or metallocene catalysts, wherein the units within the polyolefin elastomer

derived from ethylene are greater than 50 percent by weight.

[0047] In an embodiment, the ethylene/o-olefin polyolefin may include ethylene and an
g-olefin comonomer having from 4 to 20 carbon atoms, or any number of carbon atoms
therebetween. Exemplary a-olefins include, but are not limited to, I-butene, 1-pentene, 1-
hexene, 1-heptene, 1-octene, 1-decene, 1-dodecene, 1-hexadodecene, 4-methyl-1-pentene, Z-
methyl-1-butene, 3-methyl-1-butene, 3,3-dimethyl-1-butene, diethyl-1-butene, frimethyl--
butene, 3-methyl-1-pentene, ethyl-l-pentene, propyl-l-pentene, dimethyl-1-pentene,
methylethyl-1-pentene, diethyl-1-hexene, trimethyl-1-pentene, 3-methyl-1-hexere, dimethyl-
1-hexene, 3,5,5-trimethyl-1-hexene, methylethyl-1-heptene, trimethyl-1-heptene,
dimethyloctene, ethyl-1-octene, methyl-1-nonene, vinylcyclopentene, vinylcyclohexene and
vinylnorbornene. The elastomer component may have a density in the range of 0.855 to

0.980 g/cm’. In a further embodiment, the elastomer is an ethylene/octene copolymer.

[8048] Tn an embodiment, the polymeric composition contains from about 75% to about
95% percent by weight, or about 80% by weight, clarified random propylene/ethylene
copolymer and from about 5% to about 25% by weight, or about 20% by weight elastomer.

[0049] In an embodiment, the coupling agent is a component of a molecular melt. As
used herein, a “molecular melt” is a blend of a coupling agent and an antioxidant, optionalty
also containing other polymer additives. The coupling agent and the antioxidant form a
complex where the Raman spectra relating to the groups forming the nitrene groups are
shifted compared to the Raman spectra exhibited by the groups forming the nitrene groups of

the coupling agent alone,

[0650] The term “antioxidant,” as used herein, refers to types or classes of chemical

compounds that are capable of being used to minimize the oxidation that can occur during
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1.90 168 90.1 476 2.2 0.045 2 D500 B 1.50 168 92.9 477 2.2 0.044 3 0500 C 1.00 168 92.1 478 2.2

0.044 4 DSOO\!PO%)Z(%O%&? 3 389.5 479 2.2 0.042 PCTIUS2009/05879%

the processing of polymers. The term antioxidant also includes chemical derivatives of the
antioxidants, including hydrocarbyls. The term antioxidant further includes chemical
compounds, which when properly combined with the coupling agent, interact therewith to
form a complex that exhibits a modified Raman spectra compared to the coupling agent
alone. Preferably, the antioxidant is not a phosphite-containing compound or a compound
containing a phosphorous in the +3 oxidation state. A nonlimiting exampie of a phosphite-
hased antioxidant is tris(2,4-di-tert-butylphenyl)phosphite, commercially available from Ciba
Specialty Chemicals Company under the trade name Irgafos® 168.

[0051] Exemplary classes of antioxidants include, but are not limited to, compounds that
can function as either carbon radical and/or oxygen radical scavengers, such as, phenolic
compounds and derivatives thereof, hindered amines, amine hydroxides, thioester
compounds, and hindered phenolic compounds. Additionally, lactones may be used an

antioxidant. The molecular melt may contain one or more antioxidants.

[6052] Exemplary phenolic-based antioxidants = and substituted  phenolic-based
antioxidants include, but are not limited to, 2,2-methylene bis(6-(1-methylcyclohexyl)-p-
cresol and 2,6-ditertiary butyl-4-methyl phenol.

[0653] Exemplary hindered phenolic compounds include, but are not limited to, 3,5-di-
tert-butyl-4-hydroxy hydrocinnamate, commercially available from  Ciba Specialty

Chemicals Company, under the trade name Irganox® 1010,

[0054] Exemplary lactones inciude, but are not limited to, 5,7-bis(1,1-dimethylethyl)-3-
hydroxy-2(3H)-benzofuranone reaction products with o-xylene, commercially available from

Ciba Specialty Chemicals Company, under the trade name Irganox® HP-136.

[0055]  In an embodiment, at least a portion of the coupling agent and an antioxidant
present in the molecular melt form a complex, which does not adversely interfere with the
utilization of the coupling agent for modifying polymers. The mole ratio of coupling agent to
antioxidant in the molecular melt may be from 1:10 to 10:1. All individual values and
subranges from 1:10 to 10:1 are included herein and disclosed herein. For example, the mole
ratio of coupling agent to antioxidant may be from 1:2 to 8:1; or the mole ratio of coupling
agent to antioxidant may be from 1:1 to 4:1. The molecular melt may include less than 99

percent by weight of the coupling agent, based on the weight of the molecular melt. All
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D500 B 0.50 168 84.3 480 2.2 0.043 Cap layers B, C, D and E are Dow 6D83K coupled with different
levels ofcoupling agent. D500 = D 500 Developmental Performance Polymer Substrate layer (base
layer) = 100 wt /élqg‘g%@ap layer = virgin gloss resin, 19 mils thicknes ﬁ%%%"g@% illustrates the
relative invariance of sag rate when the MFR of the cap (gloss) layer is changed over a relatively wide
range. The situation is different when amounts of regrind are added to the substrate layer. In
particular, thénsaggdrateviondaheuslisstratgdnyess inbre Lo svdigbtPerreRdrese redudtd iRl thidrein. The

thermoformafylity, of the fesuling egingd-eRaRIN:S RS Aalerieralese{00HAGLT baterarsyseveral

factors that contribute to the increase of sag rate fo&iééameﬁles colntaltg}irgrg tegF:ind.gcai}i%ﬁratg increases
with increasiftFIht R AcF B ARG tRE L GPiE S A STISAAES Eighe PhaRt &WER of the
virgin substratasfaichne Reioie of jhecfoltywingheasbnsodpl The gt Rostdre Wiegiriehpolfer (MFR 1.9)
s higher than (e, METR,of 19¢ WLai subs!"alh (MER-RAV (o, Thetaakdoiadaion aldne cap

layer during fhe extrusion (sheet making and subsequent thermoforming) proc%sses further increases

the MFR of tiseuekpaagert bt gadbrinasht RiGRmuosCHemAlaI i RSO P HEEIBATRES layer
during the exfgusinm (sheetmaking-ad stisegusiitdhesmdbersing)iprocadsed furthelcindreases the
MFR of the substrate layer to be ysed in the. regrind. . \W. / TIS2009/Q58 496
1001071As tﬁfée%agtl}%[’é% gefcfﬁeg %%58? %lgﬂg%% %E?%%slepg%l%(?é g ﬁ%%gélgs%% al{rknﬁlggé%%% (%h,erm oforming
performance ds theliveight Hyheeyierasmedts Wit RN Awa e FEREd o1 801581 ¢3/ercial
thermoforming.QparationsAenetaiR UpoiaAthp ROM: Muliiaye rehertstxapienatesialthairdoes not end
up in the finished part. I is desjrable to, recycle this scr. terial. When possible, scr aterial is
processed tobf%r‘fﬁl%ﬁ ﬂﬁ&fetﬁ%uroé‘é‘#?ﬁh Baéﬁ?\%%éaﬁedgal%%pr%@@%gﬁ%g a\fvﬁhg\%r%ir?l '%’Frﬁ(()g:I g%lﬁla%;rate to form
a recycled sheelt. Fheceoyciedishuetkneswdtdy avsabsabtes lagiir<itiatdespsedirittrigidy 1ayer of

virgin gloss resin i.a,6oMinLQUSeREIREAR: e resycirsubsitaleshaetcancarighn spie about 60
wt % regrind. At steady state (assumi,%% Sf?% rec:}/cl Ieve} thethregy ég%as%e Er%%e l{g}ger ggptains about
8% cap layer®{Bp#69]T2¢ &PdREWE SN ST AIR BRG S BT s A Biee ContaiRing Up to 8.5 Wt % cap layer
in the recycle@:subsirateniTiyessightsfasehighvadahithafet sathples gontdsimylaetiearel cap layer.
However, as the melt flow rate of the cap layer is decreased, the SRI value defreases. 1001101Table
5 illustrates tHeR38signiffcaptolsHtfbudt Wﬁéﬁﬁ%ﬁ%ﬁ%ﬂﬁ%r‘}ﬁ%%iw& FrOpEric€ R R amount of
cap layer preggit-iadhe reeysiadisihsizate. douphmplesitlail andbsiddT dbte &¢thencegrimdgubstrate
type is identical and is present in the same amount in.all SR ery
different. SRIVAIIES oeraﬁ%“{if?’g.%“%h‘é‘ét?%% gg‘r%p &%@@%‘?ﬁ?ﬁ%ﬁ%&%@m /o%?ﬁﬁ?g%SMRl of sample
1 virgin sheetfot®0ie.15pTdbrdiSugtemonstrates that decreasing the melt flow rate of the cap layer
reduces the SRI value of about 1.6 fqQr an untreated cap layer to about 1.3 fo F p layer.
This trans.late@(}‘f)ﬂaghlyc%'i‘{%r a 2895 ﬁfw’r&&e#ﬁéﬁ “th sqnée? s%éiglp\l/%lﬁa%%?ﬁ} i?&é@ég}?&%ha%s een
surprisingly angiumdkpectediyrioinidematimulmtaning The SRtk tanoreydany 8EHres that a
recycled shestyillperioi the samsas,of sHiRiantialindhe.same as: aiegin sheefiskiting the

thermoformin%operatlon. Table5 |
the molecular melt to rise significantly.

{0058} It may be necessary to activate a coupling agent with heat, sonic energy, radiation,
or other chemical activating energy, for the coupling agent lo be effective for coupling
polymer chains. The coupling reaction may occur in any equipment that provides sufficient
mixing and temperature control including such nonlimiting examples as a solvent-based
medium, an extruder, a melt mixer, a pump conveyor or other polymer mixing device such as
a Brabender melt mixer. In an embodiment, the coupling reaction takes place an extruder.

An “extruder,” as used herein, is a device which extrudes pellets or sheets/films and has one
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Sample ID Cap Layer Material Cap Layer MFR (g/I0 min @ 230C/2.16k g) Amount of TPO in Base
Layer (wt%) Amount of Cap Material in Base Layer (wt Vo) Base Layer Thickness (mils) Cap Layer
Composition @gﬁq_lgﬂ(}grﬂlahickness (mils) Average Sag Rate ** (inis) Sa&crgyg ThEeR (géhl)* - Based on
Sample | Average Sheet Temperature (F) -1 Sample 1 from Table 4 1.9 00 0 68 Virgin 19 0.050
0.847 468 5-1- recycle Sample | from Table 4 1.9

or more sequence(s) of temperature zones. The extruder may be a single barrier or a multiple

barrier extruder,

[0859]  Inan embodiment, the extruder provides sufficient beat and mixing to perform the
coupling reaction at the softening temperature of the random propylene copolymer and,
before there is sufficient heat to raise the mass of the polymer to the peak decomposition

temperature of the poly(sulfonyl azide).

[6060] In an embodiment, the coupling reaction is implemented via reactive melt
blending. Reactive melt blending includes, but is not limited to, an extrusion process or any
other method which is capable of mixing the clarified random propylene and a-olefin
copolymer and the coupling agent and adding sufficient energy to cause a coupling reaction
between the coupling agent and the clarified random propylene/a-olefin copolymer. In a
further embodiment, from about 100 ppm to about 500 ppm of a bis(sulfonyl azide) (BSA)
coupling agent is reactive melt blended with Dow 6D83K to form the reaction product. In
yet a further embodiment, the amount of bis(sulfonyl azide) is from about 0.01 to about
0.1 weight percent, or from about 0.02 to about 0.06 weight percent of bis(sulfonyl azide)

based on total weight of the composition.

[0061] Other components which may be optionally included in the coupling reaction
include an elastomer, an antioxidant, and a filler, The reactive blending process may be
carried out in a single vessel such as a melt mixez, (e.g., Brabender, Banbury, or Farrell
Continuous Mixer) or a polymer extruder. The coupling reaction forms (i) a coupled
clarified random propylene/u-olefin copolymer or (i} a coupled clarified random

propylene/o-olefin copolymer and ¢lastomer as discussed above.

[0062] Adjusting the amount of coupling agent correspondingly adjusts the MFR for the
polymeric composition. Table 2 below shows the relationship between the amount of

coupling agent (i.e., azide content) and MFR for the polymer composition.

Jable 2
Sample # BSA MFR (g/10 min @ 230°C/2.16kg)
(Dow 6D83K) (ppm)
A 0 1.80
B 238 1.50
C 333 1.00
D 393 0.75
E 452 0.50
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{6063}
reaction product of Dow 6D83K, elastomer, and the coupling agent. The data in this table

Table 3 provides an example of a polymeric composition composed of the

demonstrate that the coupled product has significantly improved low temperature impact

performance with little, or no, degradation in performance of efther haze or modulus.

Table 3
Dow Affinity | Irgafos 168 | BSA MFR, Haze (40 | Sec Medulus | Notched Jzod | Notched lzod
6D&3K | PL 1880 (wt %) {ppm} (/30 min @ mm { 1% strain), fmpact, RT Impaet, 6° C
(wt9%) | (%) 230°C/2.16ke) | plague) fkpsi) (fi-ib/in} (t-Lbfin)
79.58 20 0.02 0 2.3 12.8 110 13.0 7.0
79.98 20 0.02 150 1.5 13.5 96 14.7 11.0

Affinity PL 1880 = ethylene-octene copolymer
BSA = bis (sulfonyl azide}
wt % = based on total weight of polymeric composition

[0064]

extrusion process and/or thermoforming process as will be discussed in detail below.

Any of the foregoing polymeric compositions may be used as a gloss resin in an

[0065]

multiple layer structure includes a base layer and a cap layer. The base layer (or substrate)

In an embodiment, the present disclosure provides a multiple layer structure. The

may or may not contact the cap layer. As used herein, “contact” is the act or the condition of
touching, interfacing, and/or meeting. In an embodiment, the base layer “directly contacts”
the cap layer, so that at least a portion of the base layer physicaily touches or directly
interfaces with at least a portion of the cap layer with no intervening layers and/or no
intervening structures between the base layer and the cap layer. In another embodiment, one
or more intervening layers may be located or otherwise disposed between the base layer and

the cap layer.

[0066]

compenent or a blend of two or more components. In an embodiment, the TPO is a biend

The base layer is a thermoplastic polyolefin (TPO). The TPO may be a single

and is composed of (i) a coupled mmpact propylene copolymer and (ii) an elastomer. The
impact propylene copolymer may have a density of about 0.900 g/ce and a melt flow rate of
0.50 (230°C/ 2.16 kg, ASTM 1238).
copolymer with a density of about 0.875 glcc (ASTM D 792) and a melt flow rate of 2.9 g/
10 min (190°C/10 kg, ASTM 1238). A nonlimiting example of a suitable TPO is D 500

The elastomer may be an ethylene-propylene

Developmental Performance Polymer available from The Dow Chemical Company,
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Midland, Michigan, The TPO may or may not include a filler. In an embodiment, the base

layer includes a pigment.

[6067] In an embodiment, the TPO is a blend of a polypropyiene homopolymer,

elastomer, and a filler (and optionally a nucleating agent and/or a coupling agent).

[0668] The cap layer is composed of a gloss resin, the gloss resin being any of the
foregoing polymeric compositions. In an embodiment, the cap layer is composed of the
reaction product of the clarified random propylene/o-olefin copolymer and a coupling agent
as previously disclosed (i.e., the coupled clarified random propylene/o-olefin copolymer).
The cap layer provides a desired finish to the multiple layer structure. The cap layer may or

may not inciude a pigment.

[G069) In an embodiment, the multiple layer structure includes a third layer. The third
fayer may be in direct contact with the cap layer and/or the base layer. In an embodiment,
the third layer is located between the cap layer and the base layer. The base layer may or
may not be the innermost layer. The cap layer may or may not be the outermost layer. The
third Jayer may have the same composition as the cap layer (i.e., the reaction product of the
clarified random propylene and a-olefin copolymer and the coupling agent). The third layer
may include a pigment to color the third layer/multiple layer structure as desired. In a further
embodiment, any combination of the cap layer, the base layer, or the third layer may contain

a pigment. The pigment in each layer may be the same or different as desired.

[06070] Anty of the foregoing multiple layered structures may be extruded, coextruded or
otherwise formed into a film or a sheet. Similarly, any individual layer (cap layer and/or
base layer) may be extruded or formed into 2 film or a sheet. As used herein, a “sheet” is an
extruded (or coextruded) structure having a thickness greater than about 0.015 inch. A
“film” is an extruded (or coextruded) structure having a thickness less than about 0.015 inch.
It is understood that disclosure directed to a sheet may apply equally to film structures. The

film/sheet may be thermoformed into a finished thermoformed article.

16071) In many thermoforming manufacturing processes, as much as 40%-60% by
weight of a thermoplastic sheet may be lost as scrap. As used herein, “scrap” or “scrap
material” is any of the foregoing multiple layer structures (i.e., a film or a sheet) (i) that has

been subjected to a thermoforming operation and (ii) is not incorporated into a final
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thermoformed product. Scrap is produced from trim, edge, or other excess material that Is
cut or removed from an extruded or a thermoformed sheet, and/or a finished thermoformed
article/product. Once collected, the scrap material can be ground for further recycling or for
other purposes. As used herein, “regrind” is ground scrap material. A “virgin” material or a
“virgin thermoplastic polyolefin™ is a material or TPO that has not been subjected to a

thermoforming and/or an extrusion operation.

[0072] The ability to recycle scrap is beneficial to economic and production efficiencies.
It is difficult, however, to produce thermoformed articles that contain TPO scrap material.
Recycled TPO alone or blended with virgin TPO typically exhibits an increased sag rate
compared to virgin TPO. Several factors can contribute to the increase of sag rate for
recycled TPO. During thermoforming, for example, the cap layer and/or the base layer of the
multiple layer structure undergo thermal degradation. The thermal degradation causes an
increase in MFR for one or both layeré of the multiple layer structure. In addition,
conventional cap layers tend to have a high MFR (compared to TPOs) and a low viscosity

thereby increasing the sag rate of recycled cap layer-containing scrap material.

[6073] The present disclosure provides a method whereby a capped TPO sheet may be
recycled into a thermoforming process without adversely affecting the properties of a
thermoformed sheet and/or a finished thermoformed article. In an embodiment, 2 method for
producing a sheet is provided. The method includes blending a virgin thermoplastic
‘polyoleﬁn with a multiple layer structure to form a recycled sheet. The multiple layer
structure has a base layer and a cap layer composed of the gloss resin. The multiple layer
structure can be any multiple layer structure disclosed herein. The gloss resin can be any
gloss resin disclosed herein, The virgin thermoplastic polyolefin has a sag rate, denoted SRy.
The recycled sheet has a sag rate denoted SRy, The method includes adjusting the melt flow
rate of the gloss resin so that the recycled sheet has a sag resistance index (SRI) less than or
equal to 1.5, wherein
SRi= SRgp
SRy
[0074] As used herein, the “sag rate” is the time (in seconds) it takes for a heated

thermoplastic sheet to droop (by way of gravity) a chosen distance. For purposes of this
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The sheet js heated at 2.2 °F/second while in the clamp frame. Upon heating, the center of

the sheet begins to droop. Once the lowermost portion of the drooping sheet passes a

detector at the first position, determination of sag rate commences with initiation of a timer.

With continued heating at the heat rate of 2.2 °F/second, the sheet continues to droop. The

time it takes the lowermost portion of the heated sheet to reach the second position (i.e., 5.88

inches below the clamp frame) is then measured. This is the “travel time.” The sag rate

(inches/second) for the sheet is calculated as follows.

Sag rate = 2.63 inches
travel time (seconds)

[0075] Accordingly, “SRy” is the sag rate for a sheet of virgin TPO and “SRg ” is the sag

rate for a recycled sheet containing an amount of scrap material.

[6076] As used herein, the “sag resistance index” (“SRI”) is an index to determine the
processability of the recycled sheet and is defined as follows.
SRI= S,,&B
SRy
[0077] It has been unexpectedly and surprisingly discovered that a recycled sheet with an
$R1 less than or equal to 1.5 provides process properties similar to, or substantially similar to,
a virgin thermoplastic sheet. A recycled sheet with an SRI less than or equal to 1.5 aiso
yields a thermoformed product with properties, durability, and/or structural integrity similar

to, or substantially similar to, a thermoformed product made from solely virgin TPO.

[0078] The method includes blending the virgin TPO with a multiple layer structure to
form a recycled sheei. The blending may include grinding, re-grinding, melting, re-melting,
melt blending (or any combination thereof) the virgin TPO and/or the multiple layer
structure. The multiple layer structure has a cap layer composed of a gloss resin and a base
layer composed of thermoplastic polyolefin. The gloss resin may be any of the foregoing

polymeric compositions as previously discussed herein. Any of the foregoing multiple layer
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structures may be blended with the virgin TPO. The muitiple layer structure may be a fiim, a
sheet, pieces thereof, and/or combinations thereof. In an embodiment, the multiple layer
structure is a sheet, pieces of which are collected as scrap from a previous thermoforming or

sheetmaking process to be blended with the virgin TPO.

10079] In an embodiment, the virgin TPO is blended or otherwise mixed with the
multiple layer sheet (which may be scrap material) by way of melt-blending. Melt-blending
includes contacting the virgin TPO and the multiple layer sheet (i.e., the scrap material) and
thereafter heating to a temperature al which each is molten. Alternatively, melt-blending
may occur by way of individually heating the virgin TPO and the multipie layer sheet to
respective temperatures at which each is molten. The molten components are then combined,

contacted, and mixed with each other.

[0080] The method also includes adjusting the melt flow rate of the gloss resin.
Adjustment of the gloss resin melt flow rate occurs before the virgin TPO is blended with the
multiple layer structure. In an en&bodimem, the meilt flow rate of the gloss resin can be
adjusted before, during, or after formation of the virgin TPO. The melt flow rate of the gloss
resin is adjusted so that the SRI valug is less than or equal to about 1.5. Adjustment may
include increasing or decreasing the melt flow rate of the gloss resin. In an embodiment, the
melt fiow rate of the gloss resin is adjusted to maintain the SRI value from about 0.5 to less
than or equal to about 1.5, or from about 0.7 to less than or equal to about 1.4, or from about

1.0 to less than or equal to about 1.2.

0081} The gloss resin may be any of the foregoing polymeric compositions. In an
embodiment, the gloss resin is composed of a clarified random propylene/o-olefin
copolymer. Adjustment of the meit flow rate includes coupling the clarified propylene/o-
olefin copolymer to decrease the melt flow rate of the gloss resin. The coupling reaction 1s

performed with a coupling agent as discussed above.

{0082] In another embodiment, the gloss resin includes a clarified random propylene/e-
olefin copolymer and an elastomer. The method includes coupling the clarified random
propylene/o-olefin copolymer and the elastomer to decrease the melt fiow rate of the gloss

resin. The coupling reaction is performed with a coupling agent as discussed above.
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[0083] Decreasing the melt flow rate of the gloss resin reduces the dilution effect
imparted by the gloss resin when blended with the TPO. By diminishing the dilution effect,
the presence of the gloss resin in the recycled composition does not adversely affect the sag
rate of the TPO.

j0084] In an embodiment, the melt flow rate (“MFR”)} of the gloss resin is decreased to
less than 2.0 g/10 min, or from about 0.1 g/10 min to less than 1.9 g/10 min, or from about
0.5 g/10 min to about 1.5 g/10 min. The melt flow rate is measured in accordance with
ASTM D-1238, 2.16 kg at 230°C. Decreasing the gloss resin MFR decreases the value for
SRz, The lower the value is for SRy, the lower is the SRI value.

[6085] In an embodiment, the amount of muitiple layer structure added or otherwise
combined to the blend is adjusted to maintain the SRI value at less than or equal to about 1.5.
Pieces of the multiple layer structure can be collected as scrap material which is reground
and melt blended with the virgin TPO. The method can include adding from about 40 wt %
to about 60 wt % of the virgin thermoplastic polyolefin with from about 60 wt % to about 40

wt % of the multiple layer structure to form the recycled sheel.

[6086] In an embodiment, the amount of multiple layer structure added or otherwise
combined with the virgin TPO is adjusted to provide or otherwise form a recycled sheet
having from about 5 wt % to about 15 wt % of the gloss resin, based on the weight of the
recycled sheet. In a further embodiment, the method includes forming the recycled sheet to

contain from about 5 wt % to about 10 wt %, or about 8.5 wt % of the gloss resin.

{6087} In an embodiment, the method includes collecting a scrap material and blending
. the scrap material with the virgin TPO to form the recycled sheet. The scrap material can be
ground prior to blending. The blending can be melt blending and/or extrusion blending as
discussed above, The scrap material is one or more pieces of the multipie layer structure
collected from a previous thermoforming operation. In an embodiment, the multiple layer
structure has a first layer that is composed of a gloss resin and a second layer composed of

TPO.

[0088] In an embodiment, the method includes thermoforming the recycled sheet into an
article. Adjustment of the gloss resin melt flow rate to maintain an SRI value iess than or

equal to 1.5 surprisingly and unexpectedly enables the incorporation of recycled scrap
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material into a finished thermoformed article without adverse impact to structure and/or
propertics of the finished thermoformed article. In addition, the present method
advantageously reduces the need to discard scrap, thereby increasing production efficiency.
Nonlimiting examples of suitable articles made from the thermoformed recycled sheet

include fender skirts, covers, trim pieces, housings, hoods, and automotive parts.

[0689] The above method for recycling scrap material into a thermoforming operation
produces a multiple layer sheet. In an embodiment, the multiple Jayer sheet includes a base
layer and a cap layer. The base layer is a blend of (i) the virgin thermoplastic polvolefin and
(i) the multiple layer structure. The multiple layer structure has a first layer {ie., a cap
layer) composed of the gloss resin and a second layer (i.e., a base layer) composed of TPO.
The virgin TPO and the multiple layer structure can be melt blended and/or extrusion
blended as disclosed above. In an embodiment, the multiple layer structure is one or more
pieces of scrap material. The scrap material is (melt) blended with the virgin TPO. Thus, the

base layer is a composed of recycled material,

[0690] The multiple layer sheet also includes a cap layer in contact with the base layer.
The cap layer is composed of gloss resin that is a reaction product of a clarified random
propylene/o-olefin copolymer and a coupling agent. The cap layer has a Gardner gloss at 60°
of greater than 60 as measured in accordance with ASTM D-523. The gloss resin in the base
Jayer and the gloss resin in the cap layer can be the same or different. The gloss resin can be
any gloss resin as disclosed herein. In an embodiment, the gloss resin In the base layer is the

same as the gloss resin in the cap layer.

0091} In an embodiment, the base layer comprises from about 90 wt % to about 95 wt %
of thermoplastic polyolefin. The virgin TPO and the TPO in the multiple layer structure can
be the same or different. The virgin TPO combined with the TPO present in the multiple
tayer structure amount to from about 90 wt % to about 95 wi % of the base layer. In another
embodiment, the virgin TPO and the TPO in the multiple layer structure are each D500,

[0092] In an embodiment, the base layer is composed of from about 40 wt % to about 60

wt % of the virgin thermoplastic polyolefin. This is based on the weight of the base layer.

(0093} In an embodiment, the base layer contains about 5 wt % to about 15 wt % of the

gloss resin. This is based on the weight of the base layer.
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[0094] In an embodiment, the melt flow rate of the gloss resin present in the base layer

and/or the cap layer is from about 0.5 g/10 minutes to about 2.0 g/10 minutes as measured in

accordance with ASTM D-1238, 2.16 kg at 230°C.

[0095]  Nonlimiting examples of embodiments of the present disclosure are provided

below.

[0096]  In an embodiment E1, a method for producing a sheet comprises blending a virgin
thermoplastic polyolefin with a sag rate SRy with a multiple layer structure to form a
recycled sheet with a sag rate SRa, the multiple layer structure having a base layer and a cap
layer comprising a gloss resin; and adjusting a melt flow rate of the gloss resin so that the
recycled sheet has a sag resistance index (SRI) less than or equal to about 1.5, wherein
" SRI= SRy
SRy

2. The method of E1 comprising decreasing the melt flow rate of the gloss resin. E3. The
method of any of E1-E2 wherein the adjusting occurs before the blending. E4. The method
of any of E1-E3 comprising decreasing the melt flow rate of the gloss resin and maintaining
the SRI to less than or equal to about 1.2. E5. The method of any of E1-E4 wherein the
gloss rtesin comprises a clarified random propylene/e-olefin copolymer, the method
comprising coupling the clarified random propylene/a-olefin copolymer. E6. The method of
any of E1-E5 wherein the gloss resin comprises a clarified random propylene/a-olefin
copolymer and an elastomer, the method comprising coupling the clarified random
propylene/o-olefin copolymer‘and the elastomer. E7. The method of any of EI-E6
comprising decreasing the melt flow rate of the gloss resin to less than 2.0 g/10 min. E8.
The method of any of E1-E7 comprising adding from about 40 wt % to about 60 wt % of the
virgin thermoplastic polyolefin to from about 60 wt % to about 40 wt % of the muitiple layer
structure to form the recycled sheet. E9. The method of any of E1-E8 comprising forming a
recycled sheet comprising from about 5 wt % to about 15 wt % of the gloss resin. E10. The
method of any of E1-E9 comprising collecting, before the blending, a scrap material
comprising the multiple layer structure. E1l. The method of any of E1-E10 comprising
thermoforming the recycled sheet into an article. E12. The method of any of EI-ElI

comprising melt blending the virgin thermoplastic polyolefin and the rmultiple layer structure.
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[6097] In an embodiment E13, a polymeric composition is provided and comprises a
reaction product of a clarified random propylene/a-olefin copolymer and a coupling agens;
and the composition has a Gardner gloss at 60° of greater than 60 as measured in accordance
with ASTM D-523. El4. The composition of E13 wherein the composition has a Gardner
gloss at 60° of greater than 80. E15. The composition of any of E13-E14 wherein the
composition has a melt flow rate from about 0.1 g/10 min to about 2.0 g/10 min as measured
in accordance with ASTM D-1238, 2.16 kg at 230°C. E16. The composition of any of E13-
E15 wherein the composition has less than 20% haze as measured in accordance with ASTM
D-1003, E17. The composition of any of EI3-E16 wherein the propylene/a-olefin
copolymer comprises less than 6% by weight ethylene copolymer. E18. The composition of
any of E13-E17 wherein the coupling agent is a bis(sulfonyl azide). EI9. The composition
of any of E13-E18 wherein the composition has a flexural modulus from about 100 kpsi to
about 200 kpsi as measured in accordance with ASTM D-790. E20. The composition of any
of E13-E19 wherein the composition has a notched Izod impact strength at 23°C from about
3 ft-1b/in to about 14 fi-lb/in as measured in accordance with ASTM D-256. E21. The
composition of any of E13-E20 wherein the reaction product comprises the clarified random
propylene/e-olefin copolymer, an elastomer and the coupling agent. E22. The composition
of 21 wherein the elastomer is an ethylene/o-clefin copolymer. E23. The composition of
E21 having a melt flow rate from about 1.0 g/10 min to about 2.0 g/10 min as measured in
accordance with ASTM D-1238, 2.16 kg at 230°C. E24. The composition of E21 having a
notched Izod impact strength at 23°C from about 10 ft-1b/in to about 20 fi-Ib/in as measured
in accordance with ASTM D-256. E25. The composition of E21 having an average flexural
modulus from about 90 kpsi to about 100 kpsi as measured in accordance with ASTM D-790.

[0698]  In an embodiment E26, a multiple layer sheet is provided and comprises a base
layer comprising a thermoplastic polyolefin; a cap layer in contact with the base layer, the
cap layer comprising a reaction product of a clarified random propylene/a-olefin copolymer
and a coupling agent, the cap layer having a Gardner gloss at 60° of greater than 60 as
measured in accordance with ASTM D-523. E27. The multiple layer sheet of E26 wherein
the cap layer has a Gardner gloss at 60° greater than 80. E28. The multiple layer sheet of
any of E26-E27 wherein the thermoplastic polyolefin comprises a blend of (i) a propylene
impact copolymer and (i) an elastomer. E29. The multiple layer sheet of any of E26-E28
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copolymer, an elastomer, and a coupling agent.

[0099] In an embodiment E30, a muitiple layer sheet is provided and comprises a base
layer comprising a blend of (i} a virgin thermoplastic polyolefin and (ii) a multiple layer
structure having a first layer comprising a gloss resin and a second layer comprising a
thermoplastic polyolefin; and a cap layer in contact with the base layer, the cap layer
comprising a reaction product of a clarified random propylene/e-olefin copolymer and a
coupiing agent, the cap layer having a Gardner gloss at 60° of greater than 60 as measured in
accordance with ASTM D-523. E31. The multiple layer sheet of E30 wherein the gloss
resin comprises the reaction product. E32. The multiple layer sheet of any of E30-E31
wherein the base layer comprises from about 90 wt % to about 93 wt % of thermoplastic
polyolefin, E33. The multiple layer sheet of any of E30-E32 wherein the base layer
comprises from about 40 wt % to about 60 wt % of the virgin thermoplastic polyolefin. E34.
The multiple layer sheet of any of E30-E33 wherein the base layer comprises from about
5 wt% tol about 15 wt % of the gloss resin. E35. The multiple layer sheet of any of E30-E34
wherein the melt flow rate of the gloss resin is from about 0.5 g/10 minutes to about 2.0 g/10

minutes as measured in accordance with ASTM D-1238, 2.16 kg at 230°C,

[00106] By way of example and not lmitation, examples of the present disclosure will

now be given.
EXAMPLES
Example 1

Multiple layer polymeric sheets having a size of 25 inches wide and 35 inches long

were coextruded having the following structure:

Base layer 0.168 inches thick
Cap layer 0.019 inches thick

[00101] The 0.168 inch thick TPO base layer (Developmental Performance Polymer
D 500) is coextraded with 0.019 inch thick cap layers composed of gloss resin from each of
the examples as shown in Table 4. The sheet samples are subsequently thermoformed on an
AVT shuttle thermoformer. FBach sheet is placed in a clamp frame of the AVT

thermoformer, and rigidly clamped on all four sides. Next, the clamped sheet is indexed into
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the heat station of the AVT thermoformer, where the sheet is heated by ceramic infrared

radiant heaters at 2.2 °F/second.

[00102] The sag rate, as noted in Tables 4 and 5, refers to the time in seconds it takes for a
heated sheet to sag a chosen distance. The “chosen distance™ is the vertical distance between
a first position that is 3.25 inches below the clamp frame and a second position that is 5.88
inches below the clamp frame. Thus, the “chosen distance™ is 2.63 inches. A detection
device is located at the first position. The sheet is heated at 2.2 °F/second while in the clamp
frame. Upon heating, the center of the sheet begins to droop. Once the lowermost portion of
the drooping sheet passes a detector at the first position, determination of sag rate
commences with initiation of a timer. With continued heating at the heat rate of
2.2°F/second, the sheet continues to droop. The time it takes the lowermost portion of the
heated sheet to reach the second position (i.e, 5.88 inches below the first position) is then
measured. This is the “travel time.” The sag rate for the sheet is calculated as follows.
Sag rate = 2.63 inches
travel time (seconds)

[60103] For the experiments reported in Tables 4 and 5, the sag rate is the time for the
sheet to sag from 3.25 inches below the clamp frame to 5.88 inches below the clamp frame.
The sag rate is measured by a light curtain in the oven. The sag rate is the vertical distance
traveled divided by the time. The heat rate is determined by measuring the final temperature
of the sheet after it is heated in the oven divided by the time required to heat to the finai sheet
temperature. Once the sheet reaches a pre-determined sag of approximately 5.88 inches
below the clamp frame, the sheet is removed from the oven. A vacuum box is raised to
contact the sheet and vacuum applied to pre-stretch the sheet. Next, a male mold is inserted
into the sheet and vacuum applied to the tool and released from the vacuum box to allow the
sheet to be drawn onto the tool. The sheet is cooled and the pért is removed from the tool.
Gloss of the sheet prior to forming and of the thermoformed parts is measured using a BYK

Gardner Gloss meter.

[60104] Table 4 below shows gloss values and sag rate values for multiple layer structures
in accordance with embodiments of the present disclosure. Table 4 illusirates that the sheet

gloss is relatively independent of the MFR of the cap material. Also, the sag rate of the
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structure is independent of the MFR of the cap material. In other words the sag rate of the
structure is controlled by the sag rate of the substrate layer (which is about 90 wi% of the

multiple layer structure}).

PCTS2009/6587%6

Table 4
Virgin substrate, no recycle
Cap Layer Average
Cap MFR* {g/10 Substrate | Sheet Gloss | Average | Average | Average
Substrate | Material min @ Thickness | ASTM D- Surface Heat Sag Rate
Sample 1D | Material {Table 2) | 230°C/ {mils} 523(%) Temp Rate (in/s)
2,16kg) {°F) (°F/s)
Control D500 None N/A 187 N/A 479 22 0.045
1 D500 A 1.50 168 90.1 476 2.2 6.045
2 D500 B 1.50 168 92.8 477 2.2 0.044
3 D500 c 1.06 168 92.1 478 2.2 0.044
4 D300 D 0.75 168 89.5 479 2.2 0.042
5 D309 E 0.50 168 84.3 480 22 0.043

Cap layers B, C, D and E are Dow 6D83K coupled with different levels of BSA coupling agent.
D500 = B 500 Developmental Performance Polymer

Substrate layer {base layer) = 100 wt % D500

Cap layer = virgin gloss resin, 19 mils thickness

[00105]

(gloss) layer is changed over a relatively wide range.

Table 4 illustrates the relative invariance of sag raie when the MFR of the cap
The sitwation is different when
amounts of regrind are added to the substrate layer. In particular, the sag rate for the
substrate layer increases due to the presence of regrind therein. The thermoformability of the

resulting regrind-containing sheet deteriorates.

[00106]

containing regrind. Sag rate increases with increasing MFR and the MFR of the regrind-

There are several factors that contribute to the increase of sag rate for samples

containing substrate is higher than the MFR of the virgin substrate for one or more of the

following reasons.

I The MFR of the virgin cap layer (MFR 1.9) is higher than the MFR of the
virgin substrate (MFR about 0.5).

pA Thermal degradation of the cap layer during the extrusion (sheet making and
subsequent thermoforming) processes further increases the MFR of the cap
layer to be used in the regrind.

3. Thermal degradation of the substrate layer during the extrusion (sheet making
and subsequent thermoforming) processes further increases the MFR of the
substrate layer to be used in the regrind.
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[00107] As the sag rate of the recycled sheet increases the SRI increases. Improved

thermoforming performance is indicated by recycled sheets with SRI values at or near 1.0.

[08108] Commercial thermoforming operations generate up to 40 — 60% multilayer sheet
scrap material that does not end up in the finished part. It is desirable to recycle this scrap
material. When possible, scrap material is processed to form regrind, the regrind being
blended or meit blended with virgin TPO substrate 1o form a recycled sheet. The recycled
sheet is used as a substrate layer and is capped with a cap layer of virgin gloss resin. In a
continuous operation, the recycled substrate sheet can contain up to about 60 wt % regrind.
At steady state (assuming 50% recycle level) the recycled substrate layer contains about 8%

cap layer.

[06109]  Table 5 shows sag rate and SRI for samples containing up to 8.5 wt % cap layer in
the recycled substrate. The SRI is as high as 1.64 for samples containing untreated cap layer.

However, as the melt flow rate of the cap layer is decreased, the SRI value decreases.

[00116] Table 5 illustrates that a significant contributor to deterioration of thermoforming
properties is the amount of cap layer present in the recycled substrate. In samples 1, 3 and 5
of Table 5, the regrind substrate type is identical and is present in the same amount in all
samples, yet the SRI values are very different. SRI values of the virgin sheets in samples 3

and 5 are within about 10% of the SRI of sampie 1 virgin sheet.

[00111] Table .5 demonstrates that decreasing the melt flow rate of the cap layer reduces
the SRI value of about 1.6 for an untreated cap layer to about 1.3 for a low MFR cap layer.
This translates roughly into a 25% improvement in sheet sag variability in the oven. It has
been surprisingly and unexpectedly found that maintaining the SRI less than or equal 1o 1.5
ensures that a recycled sheet will perform the same as, or substantially the same as, a virgin

sheet during the thermoforming operation.

Table 5
Sampie | Cap Layer Cap Layer Arrount Amourt Base Cap Layer Cap Layer | Average Sag raic Average
D Material MFR {g/10 of TPOin | of Cap Layer Composition | Thickness | Sag Rate index Sheet
min @ Base Material Thickness {mils} ** {infs) (SRIY* - Temperature
230°C/2.16k | Layer in Base (mils) Based on {°F)
2) (wt%) Layer (wl Sample |
Ye}
5-1 Sample J 19 100 4 168 Virgin 19 0.050 0.847 468
from Table 4
5-1- Sample 1 1.9 91.5 85 168 Virgin 19 0.082 164 443
recyele | from Table 4
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Sample | Cap Layer Cap Layer Amount Amount Base Cap Layer Cap Layer | Average Sag rate Average
i8] Mazerial MFR (g/10 of TPC in | of Cap Layer Composition | Thickness | Sag Rale index Sheet
min Base Material Thickness {mils) ** (in/s} (SRD* - Temperature
230°C/2.16k | Layer in Base {mils} Based on (°F)
2) (wi%) Layer (wt Sample |
5-3 Sample 3 1.0 i00 0 168 Virgin 19 0.048 0.96 469
from Table 4
5-3- Sampie 3 1.0 9i.5 8.5 168 Virgian 19 0.07% ] 447
recycle | from Table 4
§5 | Sampie s 3 100 i 168 Virgin 5 0545 0 7
from Table 4
5-5- Sample 5 .5 91.5 8.5 168 Virgin 19 0.065 13 453
- recycle | from Table 4
®% At heat rate of 2.2 °F/s
* SRY = Recycle sheet sag rate(SR,) / Virgin sheet sag rate (SR}
- The multiple layer structures each have 2 base layer and a cap layer.
- Base layer for each sample includes D 500 Developmental Performance Polymer, a TPO
- Recycle simulated by pellet blending D 500 Developmental Performance Polymer and the various cap layer materials and
extruding in the base iayer.
[00112] Table 6 provides comparative physical property data for multi-layered sheets -
virgin sheets and sheets containing recycle for samples using conventional cap layer and low
MFR cap layer. Table 7 provides impact and thermal properties for the same set of samples.
[00113] Table 6 demonstrates that physical properties of the composite sheet are very
sirnilar for sheets using unmodified Dow 6D83K cap layer and low MFR cap layer — whether
containing or not containing regrind.
Table 6
Cap Layer and Recycle Sheet Physical Property Data
Commercizl
with
ASTM Test Commercial 5.5 5.5'.recycle
Sample ID Method Units Commercial' recycle {Table 5) (Table 5}
Substrate/Base Material D560 D3C0 D300 D360
Cap Layer Material Dow 6DEIK Dow 6D83K E {Tabie 2} E {Table 2)
Amount of TPQ in Substrate
(wi%) 160 915 i00 913 |
Amount of Cap Layer in
Substrate/Base (wi%o) i 8.5 a 8.5
Cap Layer Composition Virgin Virgin Virgin Virgin
Cap Layer MFR {g/10min @
230°C/2.16kg) 2.1 2.4 0.5 0.5
Specific Gravity D792 glem’® 1.H 1.06 1.10 1.08
Flexural Modulus (Tangent) D750 psi
Machine Direction 304,000 268,000 301,000 296,000
Transverge Direction 282,000 283,060 242,000 287,000
Flexural Strength D790 psi
Machine Direction 3,235 5,458 5,409 5.468
Transverse Direction 4,884 3,189 5,107 5,248
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WO 2010/039713 PCT/US2009/258796
Commercial
with
ASTM Test Commercial 55 5-5'recycle
Sample ID Method Units | Commercial' recyele {Table 5) (Tabie 5}

Tensile Stress at Yicld D638 psi )

Machine Direction 3,094 3,209 3010 3,204

Transverse Direction 2,875 3,006 2,900 2,926
Tensile Stress af Break D638 psi

Machine Direction 2,273 2,059 2,248 2,338

Transverse Direction 2,260 2,252 2.243 2,234
Tensile Moduius {Tangent) D638 psi

Muachine Direction ) 314,000 316,000 314,000 334 000

Transverse Direction 298,000 365,000 308.000 305.000
Yield Elongation D638 %

Machine Direction 4.6 5.2 4.6 5.4

Transverse Direction 4.1 4.2 3.9 4.0
Ultimate Elongation D638 Y%

Machine Direction 8i.8 1057 86.2 78.3

Transverse Direction 93,5 126.5 97.6 982

' 500 substrate with Dow 6D83K cap layer

[60114] Table 7 shows the impact properties for all sheets {virgin, regrind, unmodified
cap, low MFR cap) are similar but some subtle differences exist at low temperature.
Specifically the sheets containing low MFR cap show improved low temperature dart impact

performance but slightly lower low temperature notched Izod performance.

Table 7
Commercial with : 5.5%
ASTM Test Commercial 5-5' recycle
Sample D Method Units Cqmr‘ner;i‘al' , pecycler ) _ {Table 5) .(Table 5)
RIS . -
Instrumented Dart
Impact Strength’ D3763
Total Energy in-tb
73°F 407 ] 412 404 429
O°F 372 358 368 454
-20°F 220 208 248 276
Pzak Energy in-lb
73°F 296 287 289 294
0°F 324 319 334 373
-20°F 204 193 238 258
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1.20 1.30 2.20 0.92 Transverse Direction 1.20 0.75 1.10 078 -207? (-29C) Machine Direction
0.75 0.66 0.63 0.67 Transverse Direction 0.72 0.63 0.61 0.

WO 2010/039713 PCT/US2009/058796
Commercial with 55
ASTM Test Commercial 5.5 recycle
Sample 1D Method Units Commercial’ recycle {Table 5} | (Table 5}
Peak load b
73°F 847 858 833 888
0°F 1,24% 1,209 1,28¢ 1,279
-20°F 1,107 1,113 1,221 1,272
Notehed Tzod hmpact
Strength D256 f-1b/in
73°F 23°C)
Machine Direction 8.8 8.2 8.6 8.6
Transverse
Direction 6.8 6.5 6.3 6.0
0°F (-18°C)
Muachine Direction 1.20 1.30 2.20 0.92
Transverse
Direction .20 0.75 110 0.78
-20°F (-29°C)
Muachine Direction 0.75 0.66 0.63 (.67
Transverse
Direction 0.72 0.63 0.61 .

Extruded Sheet

Al properties, unless otherwise indicated, were measured on 187 mil extruded sheet.
D 500 substrate with 6D83K cap layer.

*MTS Impact Tester, 8000"/min., 1/2" Dia Tup, 3" ID Support, clamped test specimens.

[00115] It is specifically intended that the present disclosure not be limited to the
embodiments and illustrations contained herein, but include modified forms of those
embodiments including portions of the embodiments and combinations of elements of

different embodiments as come within the scope of the following claims.
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Extruded Sheet All properties, unless otherwise indicated, were measured on 187 mil extruded sheet.
2:D 500 substrate with 6D83K cap layer. 3 MTS fapact Tester, 8000/min., 1/2" Dia Tup, 3" ID Support,
clamped test specimens. 1001151It is specifically intended that the present disclosure not be limited to
the embodiments and illustrations contained herein, but include modified forms of those embodiments
including portions of the embodiments and combinations of elements of different embodiments as
come withirCib&lsEope of the following claims. 32 CLAIMS 1.A method for producing a recycled sheet

comprising: blendln% a virgin thermoplastic g }é/olefin with a sag rate SR,, with a multiple layer
structure tolform & FEHes JeIRIPSHEBE R RFF A ST ST CBPHBmultiple layer structure having 5a base

layer and a cap | yeriﬁg EErlsm Tgaogﬁas '[Slﬁ &%ﬁnwﬁgjg§ %@r%m%m%glgga melt flow rate
cle as’ n

of the gloss resin e l%cy ee a sag reS|sta ce Index (SRI) less than or equal to 1.5,
wherein SRdtméﬁRRc@mmhmtwh]@ﬁbﬂhesh‘glﬂaﬁeS@g et ByPHivia iy BIGHEHRL B the amount

of tlme in sedqg) é?ﬁ?dtg% Eﬁ"sﬁ'ﬁé‘ Hhd&deeh Myd25 inch sheet having a thickness of 187
m|II|me ers to roo S 2.63 |nc es Wlth a heating rate of 2.2F per second. 2. The method of any of

claim 1 wherein thﬁmwe&ﬁﬂmﬁﬁﬁﬁgaaﬁiaﬂﬁmmdoﬁﬂlp@m@lm w-tigfthecopoipter, the
adjusting co %2% I|n he.c frlfgﬂgp‘alngso[m&gp pylene a-plefin copolymer, wherein the

clarified ran y?é e?la c?m cop erisa ran m copolymer of propylene and an a -olefin
with a clarifying agent. 3gghe mthod of any of claims 1-2 comprising adjusting the melt flow rate of
the gloss resin to less than 2.0 g/10 min.

SRy

10 and wherein sag rate is calculated by dividing 2.63 inches by the amount of ime 1n
seconds it take the lowermost portion of 2 25 inch by 25 inch sheet having a thickness of 187
millimeters to droops 2.63 inches with a heating rate of 2.2°F per second.

2 The method of any of claim 1 wherein the gloss resin comprises a clarified random
propylene/ o-olefin copolymer, the adjusting comprising coupling the clarified random
15 propylene/ a-olefin .oopolymer, wherein the clarified random propylene/o-olefin copolymer

is arandom copolymer of propylene and an o -olefin with a clariﬁ/ing agent.

3. The method of any of claims 1-2 comprising adjusting the melt fiow rate of the gloss

resin to less than 2.0 g/10 min. -



