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WYEFHRRSOF MAKING THE SAME, AND ARTICLES PREPARER <>006/024527
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application claims the benefit of Provisional Application No, 60/694150,
filed on June 24, 2005, incorporated herein, in its entirety, by reference.
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polyolefins (TPO) compositions. " In one aspect, this invention relates to
TPO compositiong\ébhptiding BEPW]@@R&QMJ HBta&dBropylene

homopolymer, an ethylene/a-olefin (EAO) elastomeric impact modifier,
and a reinforcing grade of a platy filler, for example, talc. In another

REEPBBERFi e MO R IARBLE A\ HIPAIed TPO compositions having low
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and heat defle

ction temperature (HDT) properties. In yet another aspect,
filnd amameortrlaess erriprialddireiss pridp srEFORYRBSEIRD
compositions. BACKGROUND OF THE INVENTION Talc-filled TPOs can
be used in injection molding applications, and other applications requiring

Hlai e BLAEJRIMENIPR resistance at temperatures down to
about-3R¢ i{eSIBIBATEI 1S CHAERINEhanshRALHE AR SBBISIEPECS Edmpositions.

deformation at temperatures of about 100C. The flex modulus for these
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replace conventional resins, such as polycarbonate hased reslins almdI
iBBRStyReRE Badaq PESHY QR BTt B &iVEs (OB &S, talc. In another
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Weight, of a gﬁ:‘g%%%&nt so)ll%%e ci)rgné%asg lxxéene of 135C, and insoluble in
aﬁﬂ? Wéﬁ%a{) ) an(asfc =30 p rcenf), Yy weight, of a component
insoluble in paraxylene of 135C (for example, see abstract). The
ﬁg@ﬁ@}gﬁb{ﬁb %?%Uﬂféf}ﬁ%'ﬁ%ﬁﬁﬁ of 23C, is composed substantially of
an

Tale-filled TPOs can be used in injection molding applications, and other
applications requiring a balance of rigidity, impact resistance at temperatures down to
about —30°C, resistance to scratching and marring, and resistance to deformation at
temperatures of about 100°C. The flex modulus for these grades of TPOs is typically
between about 100,000 and 200,000 psi, and the HDT is typically below about 110°C.

There is a continuing interest to replace conventional resins, such as
polycarbonate based resins and polystyrene based resins with polyolefin alternatives.
Several polypropylene compositions are described in the following patents or
applications. U.S. Patent 6,759,475 describes a resin composition based on crystalline
polypropylene, which includes: (a) 3-65 percent, by weight, of a component soluble in
paraxylene of 23°C, (b) 35-97 percent, by weight, of a component soluble in
paraxylene of 135°C, and insoluble in paraxylene of 23°C, and (c) 0-30 percent, by

weight, of a component insoluble in paraxylene of 135.°C (for example, see abstract).

The component (a), soluble in paraxylene of 23°C, is composed substantially of an
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WO 2007/002436 PCT/US2006/024527 elastomeric constituent (al)

wieRiRgoagentent of styrene, or its derivative, in the range of O3S RAIERRN024527
by weight, and an intrinsic viscosity (il) in the range of 0.1-5 dug. The

component (b), soluble is paraxylene of 135C, and insoluble in paraxylene
of 23C, is composed substantially of a crystalline polypropylene

eBRASHuENt R Dhaving &Hﬁﬁ?&%&@ﬂ@%@ RPN LERANQL 87 the range

percent or higher, a molecular weight distribution (Mw/Mn) of 6 or higher,

oAAcPA RearEBLIRY Weight aRdURSHT N MGSHY 1binibRemnghel 0.1-5 d/g.

TERBRRRBALLEIHINSOIbIS inRARNMREE Of 3532 Gurls £RBIRORAH garaxylene of
substantially of a filler (c I). U.S. Patent Application No. 2004/0044107
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lower gloss and scratch resistance. These compositions_can be used for
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homopolypro erngm;l;s\vir% MFR of 500 to 3,000 g/I0 min; a P

Y
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of a ethylene content; a polypropylene, consisting of a crystalline )
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of crystalline propylene homopolymer component (al-1 unit) and 17 to 40
Pbigfspylene resin articles, excellent in resistance to scratching and moldability, and

well-balanced properties between high rigidity and high impact strength, and also
provides a method for molding the above propylene-based composition, to provide
high-performance industrial parts and automobile parts, and in particular automobile
interior parts (for example, see abstract). An example propylene-based resin
composition contains the following components (A) and (B), as described below (for
example, see column 2, lines 14-49). Component (A) is a propylene-based resin
composed of the following components (al), (a2) and (a3); 90 to 40 weight percent:
(al) propylene/ethylene bloék copolymer, composed of 60 to 83 weight percent of
crystalline propylene homopolymer component (al-1 unit) and 17 to 40 weight
percent of ethylene/propylene random copolymer component (al-2 unit), containing

30 to 52 weight percent of ethylene, and having a weight-average molecular weight of
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percent of ethylene/propylene random copolymer component (al-2 unit),

wepPsianingsa30 to 52 weight percent of ethylene, and having a per/us2006/024527
weight-average molecular weight of 2 WO 2007/002436

PCT/US2006/024527 230,000 to 600,000; and having a melt flow rate
(230C, 2.16 kg) of 15 to 150 g/10 min, and number of gels of 100, or less,

o 5006 BaYINENR siahelial Mmer: Mekerdfe theonolderbardicks of 251902/10
(area) and 0.5 mm (thickness); 100 Welgjht parts; (a2) talc having an
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ieihvlanesamelefingorayhercahhed CoRaNnd ZA4esh0 wrisghbpesers @) talc

a-olefin of 3 to 8 carbon atoms and having a melt flow rate (230C, 2.16

hrgfingt 13 Yeragorbciniizoablad iRdiyHIp AHE
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(bl) and (b2); 10 to 60 weight percent: (bl) propylene homopaolymer or
R0 By RAEI BN Bk BB IORTGIO A 205 mpbheRETREGR 10 210

Rhedichiprabsnzenss. 6@9@1@&&%‘2@) ACCAUEINIEHaLEsueigiihneiean or

more of the component insoluble at below 100C, when fractionated with

corRmodrch R HaMEnECHBRSEREA L LA AIHE RN hie Almpsorrercent: (b1)

pref/ihlenakbpleymPBpldasianyRiahl-av T RER bAleISar, WeIght @omponent
200,000 or more, and melt flow rai)e%(ZSOC, 16 k 5 o_f O.ito 70 ¢g/10 min;

ingplRbAR iR STgPR ST 7B B O BPW S torite 9f 8Vfight percent
Rarkigleosize ebhpditeAbimoRBIBoNsighd (raTisxhen Bxatoplecdegth
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1ROKO)efs soeiRosiionaanddiitatedigicé 206000 as_mute,mgﬂmeha‘ltw rate
B 0020050, S0 s 4564 T S0t Y P PAT B i o
wolipylemeshasat pobhraes gadictnspoesitions @ré descrilted B desghbpadts (for
in U.S. Publication 5:%1 ZO%[Q 72858 (see also International Publication

RETBG04635509) "and U's. Pablication No. 2004/0122196. However, the
composaifitifiswibpldspohiryiheseomafesisione siraddstroses] distLS sBetait §vas 6,776

8 XL RR 60 R N B BANBIR I PR s,
each’'compositién and/or do not meet one or more esired rheological,
swmdChamicahot itreepants, preperibE ontHe rventits dorapbaitiond.deBehbestion
I@gfsr eﬂb@%@@@@ﬁ,%@‘l@é% Gom E@@W@@@Qﬁ8'.0§%i@o¥fbﬁ%@opylene—based
references require a o
polymers and compositions are described in described in U.S. Publication No.
2005/0272858 (see also International Publication No. 2004033509), and U.S.
Publication No. 2004/0122196. However, the compositions disclosed in these
references, and those discussed above, are complex and costly due to the number of
' polymeric components in each composition and/or do not meet one or more desired
rheological, mechanical or thermal properties of the inventive compositions described
herein. Moreover, several of the compositions disclosed in these references require a
polypropylene/(ethylene/polypropylene) heterophasic rubber, which is not
advantageous for low temperature impact properties.
There is a continued need for low cost polyolefin compositions, simple in
polymeric formulations, and which can be used to form manufactured parts, such as

injection molded patts, that have excellent mechanical and thermal properties. There
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polypropylene/(ethylene/polypropylene) heterophasic rubber, which is not
advantageous for low temperature impact properties. There is a continued
need for low cost polyolefin compositions, simple in polymeric

f (ﬁﬁﬁs and which can be used to form manufactured parts, such as
igﬁa% blded parts, that have excellent mechanical and thermal
properties. There 3 DWO115C is a further need for filled TPO

compesitions that can.b d to form reinforced, light weight articles of .
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a with.improved high temperature and l[ow temperature
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isotactic propylene homopolymer, a astomenc impact modifier,
and a reinforcing grade of platy filler, offer a low cost alternative to

cRpMeME ARy HEHAE RFASNgHeRas polycarbonate based resins and

polystyrene based resins. The invention is directed to TPO compositions

having |16W<§IHBE 4 daisdnyetinpetimstarns pase Ssim ARQ combositic®sC,
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a
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comprise the following: (a) a highly crystalline, isotactic propylene
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homopoffyme'r, with a flexural modulus greater than about 1930 MPa

(ASTM DTeinvepavodndsecsd tm@itdusinpos tionkiRAligicinterolbas absdiow
1 X L£thylene/x-olefin elastomeric
e b e e b o Tyt Dar
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TEOHENCY AYINAD ARV eeRPSURAIE dRRRIsIOThEYStemS (ARES)
rheometer, and an HDT measured’ by ASTM D648, at

Such compositions comprise the following: (a) a highly crystalline, isotactic
propylene homopolymer, with a flexural modulus greater than about 1930 MPa
(ASTM D790, 1 percent secant modulus), and an HDT greater than about 100°C
(ASTM D648, 0.455 MPa), (b) an ethylene/o-olefin elastomeric impact modifier
(or ethylene/a-olefin interpolymer), with a Tg less than —30°C, measured by
Differential Scanning Calorimetry (DSC), a tan delta of less than about 2, measured at
190°C, and 0.1 radians per second frequency with an Advanced Rheometric
Expansion Systems (ARES) rheometer, and an HDT measured by ASTM D648, at
0.455 MPa, that is greater than, or equal to, the peak melting temperature of the
impact modifier measured by DSC, and (c) a platy filler. In such compositions, the
ratio of homopo}yrner to impact modifier (A:B) is between about 9:1 and about 6:4.

Typically, the ARES rheometer is operated at 15 percent strain. The DSC
procedure for measuring the glass transition temperature (Tg) includes an initial
equilibrium of three minutes at 200°C, followed by a ramp down to —90°C, at

10°C/minute, followed by equilibrium for five minutes, and finally, followed by ramp
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0.455 MPa, that is greater than, or equal to, the peak melting temperature

- wef 1hedmract modifier measured by DSC, and (c) a platy filler pl@sgedhos/024527
compositions, the ratio of homopolymer to impact modifier (A:B) is

between about 9:1 and about 6:4. Typically, the ARES rheometer is
operated at 15 percent strain. The DSC procedure for measuring the

191853 drresiiapsiemparaiuredd shinclvdesiay el e alirionsiibigfn can

minutes at 200C, followed by a ramp down to -90C, at |I0C/minute,

vislowidal pybettinisalen fficienhiliesds nrdasnah et B campsifiqns of this
WO ROPFIQ024R8 G T HR2A0SRARS fitRin2 Q06 A8 LR GIRN Wi T heat

amount of platy filler in the TPO composition can vary widely, but
dthecting, wiiiensoi et o aeRn e P RTTthe s ipRisics OFfrgined by the
Jyanianhavg.miaxdatradubisssiiciancyfacprnt Aot eripaiecand

a heat deflection efficiency factor of about 1.5 or more. The factors are
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needed, to achieve the desired compositional flexural modulus and HDT.

CFREOTRI KPP OEIISHE TIPS RN SHFPREFREN AR BPTicIEdthend
SAMPQREHLIdSHER ATRIgMaNtANE/Apa styaielcand Jealdesisadtrate, and

additive. The pigment is typically added as a_color concentrate, and
-fﬁ%ﬁ’&éd‘%ﬁléfé&ﬁ%@@@d#?ﬁﬁ%’@&ﬁ%%‘&tmbé&%%@ GO HSt “aichey may
dhatdbeyanavgnot need painting. Thus, the invention provides a polyolefin

compasition having a heat deflection_ temperature (HDT) of greater th )
out 156 T RSP PO LGS P A POS P Hection
tERFRasIHOHIPT pisiRG:A)RearyStallineRO tactifl propy lend llomshakaee than
havin fﬁﬁmg%ulus ofs%r.eater than about 1930 MPa and an HDT of
a&f@ﬁtgﬁﬂ abolit }%%%E}%Sﬁne%a-meﬁn interpolymer having Tg

of lessAhan abayitaBO{E,isotantdgitapykeasiedatclyintadians/s afld@adflus

T e et T R SV
differeBlial scanetingaaiorioiefny izt QyAplbay filgeT comt] vk Srairatiost
AERNL AU ANRR TSP ISRANTS! {655 SAENEEN about 2, an HDT
that is greater than, or equal to, the peak melting temperature of the ethylene/a-olefin
interpolymer, measured by differential scanning calorimetry, and
| C) A platy filler, and

wherein the weight ratio of homopolymer:interpolymer (A:B) is between
about 9:1 and about 6:4.

In one aspect, the weight percent of filler, based on the sum weight of the
propylene homopolymer, the ethylene/a-olefin interpolymer and filler, is greater than
the weight percent of the ethylene/o-olefin interpolymer, based on the sum weight of
the pfopylene homopolymer and the ethyléne/oc-oleﬁn interpolymer.

In another aspect, the inventive compositions further comprise at least one
additive selected from a pigment, a flame retardant, a scratch and mar resistant
additive, or combinations thereof.

In another aspect of the invention, the propylene homopolymer has a flex

modulus of greater than 2070 MPa, and an HDT of greater than 110°C, and more
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about 9:1 and about 6:4. In one aspect, the weight percent of filler, based

wonthe sinveight of the propylene homopolymer, the ethyleng/q-e'elis 024527
interpolymer and filler, is greater than the weight percent of the

ethylene/a-olefin interpolymer, based on the sum weight of the propylene
homopolymer and the ethylene/a-olefin interpolymer. In another aspect,

Pl INANIVE COmReRliaRs furthansemPrisshleast Anaradditiie aslanted
from a pigment, a flame retardant, a scratch and mar resistant additive, or
1@@%binations thereof. In another aspect of the invention, the propylene

hom%‘?%ﬁeﬁfe@%%@c@%%tﬁ@qmﬁ&ﬁ GRAES AN AWOMB RRNA -8R DT
of greater than 110C, and more 5 WO 2007/002436

ipaTlsra0e0eAs20 preRiabhpd MOt rEeEER 3 datel daplearoln 2
fifner a9 anhiR IRl @Rl BRI At o IO RNAIRRS APRREIO§d R ed from the

invention, the a-olefin of the ethylene/a -olefin, interpolymer is a C3-C20

Propidfine.anvissre bheraam iy A-cALoPadRae DreiT iy selgsied, fiver 1-
vrolefin atthpethyleps/asolefiintespalymevisrelectedifiomihanylene/a -

propylene, 1-butene, 1-hexene or I-octene, and more preferably is

olgfiactaigrelymer atehd s phisxe Heb riloetdielfamlndam egpdd b angd more
pryeniigmdhesthyirre/am alefindateinelymer hifigrante Biessthar 1307 and

preferably less than -40C, and more preferably less than -50C. In another
Sl tpE RATErd Abe BRI AT IR MBI Borrs T inPreierably
athe-sthyIsnefaselefsrinterpalvnast 8 ahleashér pederanlyt-at dens! Meanded at

more preferably at least 8. In anothﬁ(i%ylspe t,ﬁggtan delt?, measuyred at d
19650 S0 AR RSBkl B HHE LA BT e on
nbepseRAbINDEPIeterably 1.8 or less. In another aspect of the

invention, the filler is platy talc. In a further aspect, the compositi

compriBciESISHRSIEHN STAC RSP R QLA RN Ko Aot
tiacftexupakition ghisetiicienayffiacior ahdumt ofote;, fitearudhbHatthicienoposition

facto of%ﬁlagS or more. In another as , the compositi mprises 2 ‘
e A R R oo
Ithectataneeighinotlibeaspertptsitompnsinotvengspest? theecgimh pesitioh and
Hcl:grrg %Elgl‘ee‘?a%f?f%%)el}/gg{ %%%géﬁp 8Pt3L based on the total weight of the
composition. In another aspect, the composition comprises preferably greater than, or
equal to, 30 weight percent, and more preferably greater than, or equal to, 35 weight
percent talc, based on the total weight of the composition. In another aspect, the
weight percent of filler, based on the “sum weight of the propylene homopolymer, the
ethylene/a-olefin interpolymer and filler,” is greater than the weight percent of the
ethylene/o-olefin interpolymer, based on the “sum weight of the propylene
homopolymer and the ethylene/a-olefin interpolymer.”

In another aspect, the composition further comprises one or more other
different ethylene/o-olefin interpdlymers. In a further aspect, the weight percent of
filler, based on the “sum weight of the propylene homopolymer, the ethylene/a-olefin
interpolymer, the one or more other different ethylene/o-olefin interpolymers, and
filler,” is greater than the weight percent of the ethylene/o-olefin interpolymer and the

one or more other different ethylene/a-olefin interpolymers, based on the “sum weight



equal to, 30 weight percent, and more preferably greater than, or equal to,

. woaeahgercent talc, based on the total weight of the compesitians Jhe/024527
another aspect, the weight percent of filler, based on the "sum weight of

the propylene homopolymer, the ethylene/a-olefin interpolymer and filler,"
is greater than the weight percent of the ethylene/a-olefin interpolymer,

, . f € Or ore
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olefin interpolymer.” In another aspect, the composition further

otfempifsussrathytanypechelierindfpebyinethylene/azolefin interpolymers. In
a furthey AAREgli R MEI0L RELRR LA ULt ohRRRM TG, SPUL Wl

the propylene homopolymer, the ethylene/a-olefin intetpolymer, the one
fommd isasthar aifksrere epmpentlebolefin interpolymers, and filler," is

greaterian e Welghh e esniet %aﬁlﬁmam@@fé@ﬁm&%@m%%%

the one or more other different ethylene/a-olefin interpolymers, based on
cemepangnt frsighe rovorR 0O P SETOTH9S2 408/ G3dn7 Aspe¢hdhe molded

RIORYieRe amenoiumel pihfigtWeasislaithierRoly MeARLpPR-Ate, a |

more other different ethylene/a-olefin interpolymers.” The invention also
cpnéiiaRss Favieati el B ey i Sigae rIERtEse. cofepisteh CTBIRARE B V-
inventive. GRUMRAASHi A e iae e iuthar Jirevides fas moldedarticles

comprising at least one  component formed from an inventive
ceBmPBSBh. 1 AfiiersRgsdct eI EHge R SIHBS Epar t, a
pBUidingy RS HYSIRmEaleiBle 3AOBIR ANBIRC e AMRINGL sapRiace

of furniture, a home appliance, a footwear component or a toy. The

TGOS AYRILY BTGB R RO ROBRIBESRib Bitions.
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homopolymer and the ethylenc%%olgfin interpolymer iréfé%gargéaé‘eactors,
oo B AR DAP HHES O, BB IERE SR Sh A hL™
cgihdaae/aieliimistpaplyener tegatite rwittoss platy diteeqireatfurifieing the

aspect, the method comprisi O%@’ erizing the polypropylen .
e AP A L Tote R S R e ess et o
phatg Sillesequently mixing the polypropylene homopolymer and the

ethyleq%/g i_r%%irzll%é?ltg{ 00| {0 etso %tggrrn\f)\ltl)tsrft% slfél%g}?srihg a combination of
two or more aspects or embodiments as described herein. The invention also provides
for methods of making the inventive compositions, said methods comprising a
combination of two or more aspects or embodiments as described herein.

 The invention also provides for articles comprising a combination of two or

more aspects or embodiments as described herein. The invention also provides for

methods of making the inventive articles, said methods comprising a combination of

two or more aspects or embodiments as described herein.

DETAILED DESCRIPTION OF THE INVENTION

Polypropylene is the primary polymeric component of the formulation, and it
ultimately determines the maximum flexural modulus and HDT that can be achieved.
Conventional propylene homopolymer has a flexural modulus (1 percent secant) of
less than about 1520 MPa (220.4 kpsi), and an HDT of less than 90°C, and it is
neither sufficiently stiff, nor does it retain its stiffness to a high enough temperature,
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The invention also provides for compositions comprising a combination of

wVSHef /602 aspects or embodiments as described herein. The,yg1dueR 024527
also provides for methods of making the inventive compositions, said

methods comprising a combination of two or more aspects or
embodiments as described herein. The invention also provides for articles
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described herein. The’invention also provides for methods of making the
trmveeravE aitiviee, reaisianeshbaRrevedpiiTHEr hroe s dfioesrants .o paethan
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b
OF THE INVENTION Polypropylene is the primary polymeric component
20PHSISuNERISH N dbe natipreKcastsrimekl v ysalinuiselagtial

- ioedubsARdHRT hatsanRearNeYEe GRIYGAHONAINPBY 198 kpsi), and an

homopolymer has a flexural modulus (1 percent secant) of less than

B3 greszo himabenrd IWKsi) Mewg areisndasmsdes afdHSbicerstriting, isotactic

Hesitssishiticiernis sifhor deasitefaintaatiiingss 50 NS0V ADsi), and
temperature, 7 WO 2007/002436 PCT/US2006/024527 to be usefulin

ansEelearrpesilionabratddiidve The amrdreiaaderdse Ripighlscisviplline,
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reater than about 152 515)?61 1 percent secant), and improved HDT (for

ANERe, Gronkestha ansii b ,tﬁ‘?é]PéPaW‘ﬂﬁé%@pr]é‘gW@r?é%@&ema the
Pighhereysiallineljariasis  hanopRlymenwithsa diexeral proftiiusyRater than
the about 1930 MPa (280 kpsi), and an HDT greater than about 100C.
ARk L ferBarg e %hlﬁigﬁ@t‘iﬁ%%alﬁh‘é‘}‘ié&%"éﬁce%%%l?ﬁﬁ@fﬁ%’e%?mf
tHexurhinozhias gie atestithamoadsit206: Miza 4860t KBsHCaTd amathkd T

greater than about 110C. The most preferreq grades of highly crystalline
b R T ORDEHETTAO AA Sb e G g bout
Thao reipayl S22k Pec (3220 kpsigaanctiam HbdLigreatavira 80 Gyt 20Grdn

one embodiment, the .pro r mer has a HDT greater tha
R S e b e et P ar S rpteafy then
dbaut 2bbUMBHG26\gmsinore preferably greater than about 120C, and

most pf%gergbé}(igrregstg théste c"i‘?%ttelrﬁoe%én anothe .emkr)l%m% t, the

propylene ?Kymopoiyme?xhas a flexurar modulus greater than a ouPy1720
iRa@E0kpSithehédbnloly srditer itvdnctibbotiaslymPep(lgotendtnawoth an
EAOQ elastomeric impact modifier (or ethylene/a-olefin). To provide the needed
impact resistance at —30°C, the EAO elastomeric impact modifier has a glass
transition temperature (Tg) of less than —30°C, more preferably less than —40°C, and
most preferably less than —50°C.

In addition, two other characteristics of the elastomeric impact modifier affect
the properties of the composition. First, because the EAO elastomeric impact
modifier will be above its melting point well before the highly crystalline, isotactic
propylene homopolymer begins to melt, it is desirable to select a grade with an HDT
significantly greater than its melting point. Table 1 below shows the delta obtained
by subtracting the DSC peak melting temperature (Tm) from the HDT measured on
various EAO elastomers. Preferred grades of EAO elastomeric impact modifiers have

a positive delta, more preferred grades have a delta of 4 or more, even more preferred



preferably greater than about 2210 MPa (320 kpsi), and most preferably
grEAPEPTAR 38bout 2210 MPa (320 kpsi). The superior resistand&-tgéi06/024527
temperature impact is contributed by modification of the highly crystalline,
isotactic homopolymer polypropylene with an EAO elastomeric impact

modifier (or ethylene/ a-olefin). To provide the needed impact resistance
aBI86Rs e & AR R RISTHBIE Snipd P FidaMer Haw ol grassharg figta of 8 or
tepperature (Tg) of less than-30C, more preferably less than -40C, and

most preferably less than -50C. In addition, two other characteristics of the
elastomeric impact modifier affect the properties of the composition. First,

becauselthiaHAQ ¢lagiavern CHDACITAMOPah vl Def Mot spRelNngiifiers

begins to relt, it is desirable jo seleqgt a grad SRASEH Hﬂﬁnsignificantl

greater thgn-tg-gaelting point.| Table 1 below shgis themlaha@htained py

subidzting the DSQ Peakitnglting tem eratu e .lgm from the F]DIDT, Delta,

g}g&%%g on Nriogs %7’\9 e|dtoriersop 5? delsQBf%ﬁiO °C |(HDT - Tm)
astomerit ippaat Mo iﬁers have a posmv delfa, mpeprefefred gratges

have a delta of 4 orjmore, evén morqg preferred 8 WO |2007/004436

PCT/US2406/024537 gradeg have 4 delta of 6 fote, AHA the most

pgﬁggg@d grades haEe a deltd of 8 orf more. [Table 1: Tg and [:Fta (HOT -

Tm) Parametelrd of Seled8impaet®qdifierd Viseasdhy [Tah TargetPolke @-22.90
D @ EAO Density, HDT, Delta, Elastomer Ml, g/cc Tg, C Tim, C 190C

'TEQ’%QFIDT - Tin)[ dg/mm gnd 0.1 and 0. iJrad/s rad|s Engage 1.0 0.B85
-468 / 56(550 D9340 6.513 836D -p2-90 %BO‘BB%’ 234600 3.28 Fail
ENR 7467 1.2 0.862 -56 | 35.39 | 59059 16.29 Fail

ENR 7447 5.0 0.865 -53 | 34.74 | 17166 | 106.91 | 49.00 14.26

Engage
8200
ENR 7270 0.8 0.88 -44 1 63.56 | 140960 | 4.76 | 63.00 -0.56

5.0 0.87 -53 ] 59.05 | 18312 | 50.16 Fail

Engage ‘
1.0 0.87 -52 | 59.84 | 107900 } 6.61 66.20 6.36
8100
Engage
1.0 0.857 -58 | 38.41 | 111620 | 4.94 | 48.70 10.29
8842
ENR 7380 |- 0.3 0.87 -52 [ 50.30 | 582470 | 1.58 | 60.55 10.25
ENR ‘
0.3 0.901 -33 | 95.20 | 542900 { 132 | 39.63 -55.57
7086.01

The Engage™ elastomers are ethylene-octene copolymers, and the ENR
elastomers are ethylene-butene copolymers. The Dow Chemical Company
manufactures both EAO elastomers.

Sec\jond, the tan delta of the elastomer, measured at 0.1 radian per second

(rad/sec) at 190°C, correlates with the gloss of the finished injection molded part. The



Engage 0.5 0.868 -52 54.99 234600 3.28 Fail 8150 ENR 7467 1.2 0.862

WE8039R9.59059 16.29 Fail ENR 7447 5.0 0.865 -53 34.74 17166469 04527
49.00 14.26 Engage 5.0 0.87 -53 59.05 18312 50.16 Fail 8200 ENR -+

7270 0.8 0.88 -44 63.56 140960 4.76 63.00 -0.56 Engage 1.0 0.87 -52
59.84 107900 6.61 66.20 6.36 8100 Engage 1.0 0.857 -58 38.41 111620

IR S ol 6 St TR A L S G R P
nERgage Emmsmﬂmgm;@@thmmméfehb dogulyenelrse @ﬁ;ftthél@\lﬁtween
T A s e S e
oalIasmnufsmdé'&swenbmrhtwfampdamndll(zatﬂgeuarabergﬁ@ifferent
S o IO 2000054855 e T R g
Cgmsniiga tehydetaoknd the OIB@USH:W iwRghdent Jﬁ@é%lébﬁét%émtsm

RS R M. Tneas drion Sy P
awmb@we“mmﬁrhnm ﬁbmlm@mkuﬁ&mpmmwmndﬂﬁ 2ﬁs§3@1 without

%ma Ot flitterantHARSs | i% showndn,F ahle ol Thsslataid As.2500

e is based on compounds
platy talc. Neither the 1mpact copolymer nor the talc meet the criteria of this

invention, but they serve to demonstrate how an EAO with a low tan delta at 190°C
and 0.1 radians/second can dramatically reduce the 20 degree gloss of an otherwise
glossy system. This data shows that the choice of elastomer has the greatest effect on
lowering the gloss of the polypropylene through the addition of filler (here talc). The
polypropylene can vary widely, including both homopolymer and copolymer and both
nucleated and non-nucleated polymers. High MFR polypropylene is typically very
glossy, and EAO addition has some effect of lowering the gloss to a flat finish.
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of various EAOs available from The Dow Chemical Company). The

polymer blend is tested without filler and with the addition of 10 percent,
hywreiaht: Specialty Minerals AST-2500 platy talc. Neither the impact
copolymer nor the talc meet the criteria of this invention, but they serve to
demonstrate how an EAO with a low tan delta at 190C and 0.1
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The preferred grades of EAO elastomeric impact modifiers have Tg and delta
properties as described above, and also have a tan delta measured at 190°C and 0.1
radians/second of about 2 or less, more preferably of about 1.8 or less and most
preferably of about 1.6 or less.

The low gloss obtained by the use of an EAO elastomeric impact modifier
with the tan delta described above makes it possible to provide a part that is colored
during the molding process through the use of a color concentrate. This mold-in-color
process saves a painting step when the compound has an acceptably low gloss.
Because paint is widely known to improve the resistance of the part to damage from
scratching and marring, the color concentrate is frequently additionally modified with
materials that decrease the surface friction and reduce the surface damage done by
scratching and marring. Common additives known in the art are silicon based
materials, such as high molecular weight polydimethyl siloxanes, waxy materials that
bloom to the surface, such as erucamide, and some specialty materials that contain a

combination of a hard tough plastic, such as nylon, with surface active agents.
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The preferred grades of EAO elastomeric impact modifiers have Tg and
woSliR 7 RroRgties as described above, and also have a tan deltg,pw 5%%2 4527

at 190C and 0.1 radians/second of about 2 or less, more preferably o

about 1.8 or less and most preferably of about 1.6 or less. The low gloss

obtained by the use of an F.AO elastomeric impact modifier with the tan
Pdg:lt_a1 éjesi%gpneg 813%"& makes it possible to provide a part that is colorgd

cess through the use of a color concentrate. This
mold-ifkegiom plocdsssepelyagqairing stémeehen ahsideatpdhoth érad aner, or

a%%%le@tl?at%{ nI e%lgﬁs. Because paint is Wldely_ known to improve the
resistance of the part to damage from scratching and marring, the color

concefitrapedp fremothppeelyitiondisiridiities avitalt Aave tats (HEIR)
e surf ricti d e .
T e e a0 8 M more
poefseablnkwenidlsy Saa Hithighavlecotapeéigthlpdipamicth DsiidRaniss, All
. ) ' t fac er i
patiyale Bt s R e LS
désednsad Iyion, with surface active agents. 11 ~fei'2ved atthe EPO on Apr

23, 20&%%%%%?%%&@%%%%%%5%&% 7997 WRindQHA0eA3Rr

PCT/US Propylene Homopolér!lner e propylene ' .
thisnidpotynierareihseaindaait.dinieaead h sApRHidao: melting point,

ﬁﬁ?ﬁﬂﬁﬁﬁ%&‘%%b%‘?%ﬁ%?yﬁé}ﬁmWwQ"/é@fably has a melt
flow rate (MFR) (230(_:i .16 kg weight) from 0.1 to 150, preferably from 1

to 100LyADaHEY, eHeredisrentr AP Ao @ 1deTSs BemP Rl RhaRpreystallization
t%ﬁ?@ﬁ@&ﬁ%%&@e?%gﬂ%{@' AMb, indipidu }é@{usgﬁg%%mmg@ﬁef@m to,

to 150 g/l0 min are included herein and disclosed herein. This
1881 fprefs) BAECRERIIISNNFET 4TS ShaBs By HdS d Plettrif penospPeciarbly
dhanddak. Jnnather pfobadiment, the propylene component has a
melting point, Tm, from 130C to 180C, preferably from 140C to 170C. In
?fot?y?ﬁﬁ ?snjg d%ﬁegby

anoth&t S5 dHifiTe M HEAHSy SRET IR A g mo
sysiehlizadianclempe mitesdd gy daleidRan dbagyakiobitdi0onpreferaly

a%;%%ﬁg %t;gr?l’ h%l% lég.l tgiher conventional nucleating agents may also be used. Itis
noted that the platy filler, such a talc, may act as a nucleator, and may make the
addition of another nucleating agent unnecessary.

Polymerization processes, used to produce high melting polymers, include the
slurry process, which is run at about 50-90°C and 0.5-1.5 MPa (5-15 atm), and both
the gas-phase and liquid-monomer processes in which extra care must be given to the
removal of amorphous polymer. The polypropylene may also be prepared by using
any of a variety of single site, metallocene and constrained geometry catalysts
together with their associated processes.” Polymerizations may take place in a stirred
tank reactor, a gas phase reactor, a single continuously stirred tank reactor and a
single slurry loop reactor, and other suitable reactors.

In a preferred embodiment, the polypropylene homopolymer is prepared in a
single, continuous bulk phase (condensed propylene) stirred reactor, using a Ziegler-
Natta catalyst, which includes a titanium catalytic active metal species, supported on a
magnesium chloride support, and suspended in a mineral oil. The suspended catalyst
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120C, and more preferably greater than, or equal to, 130C, and most
“Rﬁ%%y43greater than, or equal to, 140C. As here used, "nuc : . ,
refers to a polymer that has been modified by addition of a nu@%%&oomusn
agent such as Millad(r), a dibenzyl sorbitol commercially, available from
Milliken. Other conventional nucleating agents may also be used. Itis
- RIS hh 0g Rankleh HEARlE, Mo R0LES 8 PHERRRL MR anster
make the -addition of another nucleating agént unnecessary.
aReiyiverizatid mpteodss avsighb d Rol pradined g maeitilng plobaie esstineid denk
& Srl,u‘c{ %/aé) é??% ei%l’u\{v ¥ @e@&%ﬁp %uég '399&1@&9010&%,181?“'\45 AR ERctor
amg’, an the gas-phase and liquid-rfonomer processes in whic
aextrestegie shusy beogivesster thiugle payalwizatior hodspotgméing he

ﬂ?ﬁ?%%%ﬁgﬁ%fﬁ%&g RISRALRADY YS11Gs AMHALANVAY 9(868" 92858

ocene onstrained geometry catalysts togetherw eir
(sssasiattmatesd dsitbichmentatichiE 03ay 08keapthteSnParsticedint Aok

IR ﬁ?@sé’ %%?f%%%&é%r@e%?%l?c&&&‘iﬂ 01%%548%%%‘91 RAKHCACIR Aiffety,
e react

a single slurry loop reagctor, and other suitab ors. In a preferred
bymbigtiinsent, the polypropylene homopolymer is prepared in a single,

o O Ut RS (CRRFBBSA RG] GHESGL ARG TG, Bight

Ziegler- Natta catalyst, whic ahium catalytic active meta

dgadiegos (Mot biva hiadhesiimpesionbl sippcttoahanstiseehplséeably

FolB]E™ Ok TR SHARERAREL SRR AR P 4007 1802438 ncluded herein and
PCT/US2006/024527 may be pumped directly into the reactor. Hydrogen

disalprrd lisesdnada nahrirembrdinaginthe elneslanpbrielidisiliion is less
thelypreinations May ke RGeS Rl adhiaRk LRACIR AsgasPhase

fluidized bed reactor, a single continuously stirred tank reactor and a

rapfgradiless IBBp- reatd8rl &ueh polymerizations, and the resulting

POlyPrapyRAe hOMARRIMEHEr ShefR S RaIHIRShIB 1 y2n &2 HANGRABOR NPFom 0.88
2005/0272858 (see also International Publication No. 2004033509), and

) g Bhicatb ARG D0k D208 BALK 6P theldnfraduplpirtathimdis
s AR eSS 11915 Sadiet/inklydedaiares ahd anelesedogdiFant, the

OBy G MCESUIE s RTOCC, ot leiuton (M)
molecular weight, (Mn) from 10,000 g/mole to 200,000 g/mole, more preferably from
15,000 g/mole to 150,000 g/mole, and most preferably from 30,000 g/mole to 100,00C
g/mole. All individual values and subranges from 10,000 g/mole to 200,000 g/mole
are included herein and disclosed herein.

In another embodiment, the propylene homopolymer has a weight average
molecular weight, (Mw) from 80,000 g/mole to 400,000 g/mole, more preferably
from 100,000 g/mole to 300,000 g/mole, and most preferably from 120,000 g/mole to
200,000 g/mole. All individual values and subranges from 80,000 g/mole to 400,000

‘g/mole are included herein and disclosed herein.

Fthylene/a-olefin Interpolymer

The compositions of the invention comprise at least one ethylene/o-olefin
interpolymer, which optionally may contain a diene. "Interpolymer," as used herein,
refers to a polymer having polymerized therein at least two monomers. It includes,
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wiem®@oH3All individual values and subranges from 2 to 6 arePf&Iudeo6/024527
herein and disclosed herein. In another embodiment, the molecular
weight distribution is less than, or equal to, 6, and more preferably less
than, or equal to, 5.5, and more preferably less than, or equal to 5. In
fanetensmkogihentthepripylenseahd moppbimeshad adtasieyli onelo®s a

t0,0.92 qg/cc, and preferably fr .89 10 0.91 g/ ] indivi values: .11+
RGN o B s Cam o i i AL A U Gfically an
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umber, av e_molecular. weight,, Mn),from
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ettenbbiyitord SOAGEMO(E4eCIR0, 006 aghhedies iilinkivitbararidinited to,
fipd subranges from 10,900 ’-'ﬁ%‘élgj-%ggn?&% Q{Eﬁgﬁe iRFiuged perein
and alllseCIOQ%g%g?élﬁ. iR anétgher e go ment, the p opl;f?réne '
Px;eﬁa?redlym&ﬁmso 6Ia>méﬁghfoamgbpmculahm@hﬂrmﬁbyﬂr?r@%?@@01"

mole to e, more pre 0 §ol ole to
13?5’6?88038 rglgi)e"?%‘}\gd r?n?ées?‘bor%@r’zlﬁly ﬁ%%%%%?%%?ﬁ? 200,000
g/molelnidrindividusnindidestylesabrtnge $ERMBO 000§/ Pibld¢ae/hexene-1

@%ﬂogt%y%p 2 &Q{.Eg dﬁ@?‘gggoiﬁx%%,%ﬂy%ﬁ%@ﬁﬁga—%%ﬁmdwne modified
enefa-olefin Intémofymer The compositions of the invention comprise
@ ABNhaetglonss-olchinsipteviolsipen enerdispa snedifindEeEYAIn
adi " I Fo [ 0 avipgbl
B i e DOgT e Oflymers
2ebreER 3G ot /LB 20p6lpPL5R7 for example, copolymers, terpolymers

and tetiapalvimgis, L RMLLHRTY INMHUdes i RRlY RN IeRAadd dienes. The

polymerizing ethylene with at least one comonomer, typically an alpha .
oRIFeEIERHYelITron Rafdofr dlohié teBtehay: franshastyhrte Fovelic

HAPARBIAMRACA 1IN e SREg R & dR Aek cabeR; glomsiCatfelid)
and even more /rﬁreferably 4 to 8 carbon atoms (C4-C§ The it-o&efi S

eSS IS I ORS00 5 R HERE SR e vehe encs, such
Asmethvhlnentang.didirptenatandilsarientenBy efetead Rigiefifisddrineler-
e Lachiete. L hoe, A e penens, LESPEOS AL 5.
dimethyl-1,7-octadiene, 1,9-decadiene and mixed isomers of dihydromyrcene; single
ring alicyclic dienes, such as 1,4-cyclohexadiene, 1,5-cyclooctadiene and 1,5-
cyclododecadiene; multi-ring alicyclic fused and bridged ring dienes, such as
tetrahydroindene, methyl tetrahydroindene; a}lienyl, alkylidene, cycloalkenyl and
cycloalkylidene norbornenes, such as 5-methylene-2- norbornene (MNB), 5-
ethiylidene-2-norbornene (ENB), 5-vinyl-2-norbornene, S-propenyl- 2-norbornene, 5-
isopropylidene-2-norbornene, 5-(4- cyclopentenyl)-2-norbornene and 5-
cyclohexylidene-2-norbornene. Preferred nonconjugated dienes include ENB, 1,4-
hexadiene, 7-methyl-1,6-octadiene, and more preferably the diene is ENB. Suitable
conjugated dienes include 1,3-pentadiene, 1,3-butadiene, 2-methyl-1,3-butadiene, 4-
methyl-1,3-pentadiene, or 1,3-cyclopentadiene. |

Although preferred interpolymers are substantially free of any diene monomer

that typically induces LCB, one may include such a monomer, if costs are acceptable,
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Interpolymers include ethylene/butene (EB) copolymers,

wethylengisxene-1 (EH), ethylene/octene (EO) copolymers, PCT/US2006/024527
ethylene/alpha-olefin/diene modified (EAODM) interpolymers such as

ethylene/propylene/diene modified (EPDM) interpolymers and
ethylene/propylene/octene terpolymers. Preferred copolymers include

e e s oo
eéwm@'m;chiﬂ ml,obrm@fﬁé‘d terea méyptfélhmﬁpgh dirnreniustrativisclude,
L A RS B vyt
ngeberpethy o1 4 idixadich;czindethgl 6 hexdutiediene. When added, such
n@oﬁ&%@ﬂ&rﬁ? *B%%@@éﬁrlﬁ’ o zﬁﬁ%ml ﬁ&iﬁ%%%%;%om greater than zero to 3

3,7-dimethyl-1,6-octadiene, 3,7-dimethyl-1,7-0 lene, b,7-
vifirakthgrcem cecagd iprsderple B eau Rpeicnbpmiasd t9chesizbf percent, based on
hg{@}%ggw%@&éingle ring alicyclic dienes, such as 1,4-cyclohexadiene,

1,5-cyclooctadiene and 1,5- cyciododecadiene; multi-ring alicyclic fused

and bridgethitvgelerndalinietemel Yeteangtifesritenetionatiyl be branched and/or
dtrahieinaepsialkeoy rallidens, ayaloalkery @aﬁcl%g_‘?&lﬁi@igtﬂ%‘ene/a—

norbomenes, such as 5-methylene-2- norbornene (MNB), ‘
OltHYIENBOR RSTSoARENE TERENDS FRYISSThOSORHENEL DigPEshie, can vary

vAdRAbAA Qe eAR'ORYHE8RErédNRIREENBR ordfions and the desired polymer
cyclopentenyl)-2-norbornene and 5- cyclohexylidene-2-norbornene.

PBYRFEIFEd nonconjugated dienes include ENB, 1,4- hexadiene,
7-methyle hiwretasianeandnyers praferaloly tendiane is FNB-Ruitablge

conjugated dienes include 1,3-pentadiene, 1,3-butadiene,
PEACHSHOT- TS BERieRe 2 et 1| S3peitadR AR YT eBSEy Topkeriathieths.
bAltaugh prefereadiinterpehiners @R, substmitialydiaeosh aayedien®into

AETSk Rl hdsecs s, one meyincide e e |
3oksiradie dritgrhekutihpropetises asudhar pigcassibiit, ﬁepﬁé@grength
B T T L, T .
sombonea dederes dioyds i Hrenching, dgéatsctadie Matdn®-6.1adjéheanid,372,847
SR NS, L ISR R SR, s
patent 5,278,272, it was discovered that constrained geometry catalysts (CGC) have
the ability to incorporate vinyl terminated macromonomers into the polymer backbone
to form LCB polymers. Such branching is referred to as T type branching. Each of
these patents (U.S. Patents 3,821,143; 6,300,451; 6,372,847 and 5,278,272) is
incorporated, herein, in its entirety, by reference.

The 272 patent teaches such CGC are unique in their ability to incorporate
large unsaturated molecules into a polymer backbone. The amount of LCB that can
be incorporated by these CGC is typically from 0.01 LCB/1000 carbon atoms to 3
LCB/1000 carbon atoms (both backbone and branched carbon atoms).

Preferably, the type of LCB in the interpolymers used in the practice of this
invention is T-type branching, as opposed to H-type branching., T-type branching is

typically obtained by copolymerization of ethylene or other alpha olefins with chain
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weight percent, more preferably from greater than zero to 2 weight

wRES6ENboRaged on interpolymer weight. The ethylene/a-olefin PCT/US2006/024527
interpolymers of the invention may be branched and/or unbranc%eg )

interpolyrers. The presence or absence of branching in the ethylene/a-
olefin interpolyrers, and if branching is present, the amount of branching,
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prepare polymers having LCB. In U.S. patent 5,278,272, it was
tb@smméFé@ﬁh@@dﬂm{am&ﬁg@m@ﬁw@m&ws,@@@b}&maﬂi@ aBikty tope
TIRGPRUAIEY IO E%@}H&}I@@a@%@@}%&éﬁ%{ﬁ&}h@aaﬁ efpagkpone
to form’LCB polymers. Such branching is reéferred to as T type branching.

eRshrablergste bEkErts (ore hredrdsvielsog I tyns L6 Bodbesaus, 872 847 and
Ralirhdiis: BAERERALISE Neaito i SRR Vel RNaS s RE 2%

patent teaches such CGC are unique in their abllity to incorporate large
TERfS e FRAATREIRE 61 5s TRETr S PRI BREKBBhECTHRH T elTLEY THaYIng
16Ah e pataiast yidheas A6 isetypigalby fiamydad LCB/1000

carbon atoms to 3 LCB/1000 carbon atoms (both backbone and branched

carboh tA Sy prRRR RIS RIca L Bied B oRalnnsEcTe rE Bladens or
deripelicRPinhisitiny ehtien Havinp/RecliasIbiBen dSopREEEH 1 ki-type
branching. T-type branchjng is ically obtained by copolymerization_of
AL PR A IR P AN A PSS oo s ame implics,
tRCIENS 2003ER 402 Fo Bty Assitdidtad madiomanamemoldhadqiesapba diene

D SR R S R P i
more of a crosslink than a long chain branch. H-type branching is typically used
when extremely high levels of branching are desired. If too much diene is used, the
polymer molecule can form so much branching or crosslinking that the polymer
molecule is no longer soluble in the reaction solvent (in a solution process), and
consequently falls out of solution, resulting in the formation of gel particles in the
polymer. Additionally, use of H-type branching agents may deactivate metallocene
catalysts, and reduce catalyst efficiency. Thus, when H-type branching agents are
used, the catalysts used are typically not metallocene catalysts. The catalysts used to
prepare the H-type branched polymers in US 6,372,847 (incorporated herein in its
entirety by reference) are vanadium type catalysts.

Suitable ethylene interpolymers include ENGAGE™, AFFINITY™, and
NORDEL™ polymers available from The Dow Chemical Company, and
VISTALON™ and EXACT™ polymers available from ExxonMobil Chemical
Company, and TAFMER™ polymers available from Mitsui Chemical. Preferred
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(U.S. equivalent, U.S. Patent 6,680,361, incorporated herein in its entirety

“}gyz(;g,;%g&e) If extremely high levels of LCB are desired, H- tW,er/Uszuos/ 24527
branching is the preferred method, since T-type branching has a practlcaP

upper limit to the degree of LCB. As discussed in WO 00/26268, as the
level of T-type branching increases, the efficiency or throughput‘of the
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lw@monbrédpglyméhmdecule through a diene brldge the resulting

polym Ez}? %89%%{1?&%] E’HP%%M§Q%%7&' fUhede 61 1aﬁa§%°<'i 3‘3&9 from

crosslink than a lon ain branch. H-typ ranchln s typically use

Ontfete &&ﬂagr‘mypmﬁrémbhe@%n @rﬁadﬁuﬂé&géc&emmqrqmcféﬂsdm 83 to
H8pdydbe primeme'aauls 6aa é%‘{bﬁgem&% Brapebn9 RLOsRIRNed

that he polymer, molecule is no longer'soluble in the reaction solvent (in

hgreimarshdiielesed hespia. dormawibertpafsnsmt.ohesilivdpnaaselsfig in the
1@&%@1@9@9&19@ LRRriclesdas inanPobenes Ad0iionals, yeerefBryRSs than, or

branching agents may deactivate metallocene catalysts, and reduce

campiar SRR BRI HIST B P IAR HIE IS BB M a8 &> 858d, the

cataly§;§ Aoatk R BUAIGALM! n@fe@ﬁiﬂl&%ﬂﬂ@l@ﬁ&ﬁ Mol stalysimdisadex,
pare the H-type branchedg%?g/mers in US 6,372,847 (incorporated

Iﬂéﬂ&ﬂ fﬁ/%§6éfﬁ?r@f§ffb9 ArE e &) raipa iRy foeataly s, 8hitapia> and

@&MWm&mhtmewmglgdmaﬁﬁAaﬁs AFFEXIT YolM, andnNGRRELIYes

R TBR R SRR SR o S ST B tislngg berein. Tn

aﬁb%ﬂ@@lb@ﬁmaanmeﬁﬂdsﬂbﬁw EfdMreatyinessnalailatie, i Mitsld min or
E(;stlelr;;é(igllraPref?rd% ;160 min or less, and more preferably of 0.3 g/10 min or less.

In another embodiment, the ethylene/a-olefin interpolymer has a number
- average molecular weight, (Mn) from 40,000 g/mole to 200,000 g/mole, more
preferably from 50,000 g/mole to 150,000 g/mole, and most preferably from 60,000
g/mole to 100,000 g/mole. All individual values and subranges from 40,000 g/mole
to 200,000 g/mole are included herein and disclosed herein.

In another embodiment, the ethylene/a-olefin interpolymer has a weight
average molecular weight, (Mw) from 80,000 g/mole to 400,000 g/mole, more
preferably from 100,000 g/mole to 300,000 g/mole, and most preferably from 120,000
g/mole to 200,000 g/mole. All individual values and subranges from 80,000 g/mole
to 400,000 g/mole are included herein and disclosed herein.

In another embodiment, the ethylene/o-olefin interpolymer has a Tg less than
-30°C, preferably less than -40°C, and more preferably less than -50°C.
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WO 2007/002436 PCT/0S2006/024527 ethylene interpolymers include

@%@ﬁﬁw and AFFINITYTM polymers available from The I% v’\FI/U82006/024”27
emical Company, and VISTALONTM and EXACTTM polymers :

available from ExxonMobil Chemical Company, and TAFMERTM
polymers available from Mitsui Chemical. In another embodiment, the

ethylene/a-olefin interpolymer, has,a molecular. weight distribution
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S A C N A VR e eC o ety Lor
Inssreativalili ﬁ({bﬁpaﬁbr(]t@tﬁiﬁ%ﬂrw RPN 305N Ltkaibdionkl, Rutdiesably
f 0. min d re preferably .from 0.2 to.2 9110 min Q.5
o O A e R B Rt e ot e e

aniivediesjhgluekedchesein and disclosed herein. In another embodiment, the
mi

elastomer compenent has a melt ingdex, 12, of | gl1 in.or,less .
e SR Sl R S VR R S
tefeserineanctnethaiehoirnletit) thd yatiey lemerdeateliynintprpotyimer thas a

ight, f
o ¥ 1601600 g Sle o
gotestaralailsfdhe bthe polansiorotoctin, bt dhastendtintivitiaboaloeemer(s)
204, Swﬁéatﬂﬂﬁégféﬂ%lﬁ@y‘)&@&hﬂ@@ 612200000 GARRIR ﬁ{a&ﬁe'}liﬂéﬂ b&fAhe

and disclosed herein. In another embodiment, the ethylene/a-olefin

iRRERSBIYASEY Had sPRrifie by Ersge avoleRe I RIS IW) from 80,000

g/moletQi4Qi0P0-ATONG MPAEARESRERPDLIHELA ARORQ GRS Rerpol
300,000 g/mole, and most .refefrgablgl fr%ra 120,000 g/mole to 20(1),066%0 ymers

Freaan intrnelarauesishlpskiiran GhainbrElioso Bk A8IB2Ys short chain
20800 gémalg awsningbidad hrialt posissleaadbereimterpolymer, and which

are homogeneously distributed, both within the same polymer chain, and between
different polymer chains. That is, homogeneously branched linear ethylene
interpolymers lack long chain branching, just as is the case for the linear low density
polyethylene polymers or linear high density polyethylene polymers, made using
uniform branching distribution polymerization processes, as described, for example,
by Elston in U.S. Patent 3,645,992. Commercial examples of homogeneously
branched linear ethylene/o-olefin interpolymers include TAFMER™ polymers
supplied by the Mitsui Chemical Company and EXACT™ polymers supplied by
ExxonMobil Chemical Company.

Substantially linear ethylene interpolymers used in the present invention are
described in U.S. Patent Nos. 5,272,236 and 5,278,272; the entire contents of each are
herein incorporated by reference. As discussed above, the substantially linear

ethylene interpolymers are those in which the comonomer is randomly distributed
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In another embodiment, the ethylene/a-olefin interpolymer has a Tg less

W@@@m-/gg)gsé)referably less than -40C, and more preferably Ies%l}%igp&)z 4527
17 WO 2007/002436 PCTIUS2006/024527 In another embodiment, the

ethylene/a-olefin interpolymer is a homogeneously branched linear or
homogeneously branched substantially linear ethylene/a-olefin

homogeneou .
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3414; all four of which are herein incorporated, herein, in their
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bR SARA %Bf%%?@ﬂé{ _ R fRIRARR JO '?He%ﬁ%%%{ﬂ@ﬂﬁ%es
polymer (of interpolymer), in which the comonomer(s) is randomly

hestabots dhwithincacgivengsety distibiieaue tmeplsutsthadiEngns) asidsen have
aBOlYBRrAaleRy! Q@Yﬁetfé%%i}@?tﬁ BRRI550MBROMRL(S)saliRd hhve,

homogeneously branched ethylene interpolymers include linear ethylene
"fifstpaiatisnend supisedhtidnyidaicatnyRem@ohiBigolfhatsuléitided on
@ﬁ %&i@ﬂ%hﬁ”ﬂ&%B%H%Yaﬁéﬁ%B@ﬁl'@i@@acbéﬁmﬁ%&ﬂfgﬂﬁlﬁﬁﬁéﬂﬁre
e

a
ene interpolymers, which lack long chain branching, but do have
baRERe

BRaR Bratdhed e i ens FeedHBBRIdh AN RERE $3Hethe

interpelymelerand whieh e hameasnagusiyAissipsiad iRatwithic Ker ™
same polimer chain, and between differeg:ﬂ%org&merﬁhains. That is,

PROMSGEREUSG B IRt ihaaraiend Aher® plaRfshgiondaew

dyanchingoidptas) s the case for the linear low density polyethylene

o BN S BT A NS SOSERLA L HE A, for
lﬁnﬂfgaiemisyyﬁiﬁtﬁdshh‘dldtﬁﬂ&iﬁ@mﬁrﬁé&,Q%yﬁt_fmmﬁméahexﬂm}ﬂem%e well-
et eSOl bl Rl P INTER DEAS v,
dex$AtetHyt Boiyméns 58pphecht’; 645,992, and, moreover, they are not in the same
class as conventional heterogeneous Ziegler-Natta catalyst polymerized linear
ethylene polymers (for example, ultra low density polyethylene (ULDPE), linear low
density polyethylene (LLDPE) or high density polyethylene (HDPE), made, for
example, using the technique disclosed by Anderson et al., in U.S. Patent 4,076,698);
nor are they in the same class as high pressure, free-radical initiated, highly branched
polyethylenes, such as, for example, low density polyethylene (LDPE), ethylene-
acrylic acid (EAA) copolymers and ethylene vinyl acetate (EVA) copolymers.

Platy Filler
Any inert material with a generally disc-like shape can be used as the platy

filler in the TPO compositions of this invention. Typically and preferably, the platy
filler is an inert mineral powder, for example, talc, kaolin clay or mica, and more

preferably it is a platy tale. Common platy talcs and kaolin clays are identified in
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ddiseerssed above, "substantially linear," typically, is in reference to a
polymer that is substituted, on average, with 0.01 long chain branches
per 1000 total carbons (including both backbone and branch carbons) to
3 long Eidm3brélechespeiatplilstal carbons. Commercial examples of

lgave
& used as
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substanttatty-tpear-potymersinclude ENGAGET Mot Mers *jé% Boyv
Ghemigal,&onppany), and AFFINEIGEV petvapesthheg Dow Chemical
Company). The suthstpiially linear ethylene interE)onmeri)iemtaruniqdﬁ*ightness
class 8F¥omdgeneously brapchédthyldnE poRmers They, differ
. . i
stbstantially fjom the well- kmown class of conventional, homogeneously
branched line reﬂgdeia&jnterpolg/mer , described by [Elston in U.S. ,
Pateft 39648, Wi, Ang mgrepve -they| are notin the spn?é erd8sss N.A
. s, Inc. [ . X
cpnventional Heterogeneous Ziegler-Natta catalyst polymerized linear
efhylena/paiyers (asexamplenultra low dengity polygthyleneo(ULDRE), N.A.
lipear low density polyethylehe (LLDPE) or high density polyethylene
(HDREdBadd, foL@@aa@pleJ usigg the technipue disclosed lyoAnderson N.A.
etal,in US. Ratent 4 076,698), nor dre they in the sgme class as high
préfémn@tﬁéﬁwradfda@%ﬂ%te(d, highly hranchded- 1.7 91
JetFil 700 Luzenac 6.5 N.A. 1.5 88
JetFil 625 Luzenac 6 N.A. 2.2 88
Table 4: Common Platy Kaolin Clays
Median
) Hegman [Surface Area,
Product Name | Supplier ‘ , Diameter, | Brightness
Grind | BE.T. m%g .
microns
Polyfil DL {J. M. Huber 5.5 5.5 1.3 91
Polyfil DLX | J.M. Huber N.A. N.A. N.A. N.A.
Kaopaque 10 Imerys N.A. N.A. N.A. N.A.
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polyethylenes, such as, for example, low density polyethylene (LDPE),

wiihyienRagrylic acid (EAA) copolymers and ethylene vinyl acgigte (EM@) 024527
copolymers. Platy Filler Any inert material with a generally disc-like shape

can be used as the platy filler in the TPO compositions of this invention.
Typically and preferably, the platy filler is an inert mineral powder, for

exam%%ﬁeg%%q%eegm cm_ﬂs%@&ﬁiwésn%r&%{&@yﬂ%ﬁ@m{a%der a
Common platy tales and %aolln clays are identified in 19 WO 2007/002436
legsiysadbemzeshapabblis wihgencradp abignanratied todhicdiractpadel the
laty.talchis.se Gl infarei o
TR T

ingha glesiigcliene andseakedii g Bselde fsryhst flsjelysindticcs dkarerulting
pERRRARIIABAR ,&ﬁeg%gkiag TRRIAER: HEYPISY 4R %ﬁp&iﬂtﬂ;ﬁaﬁ@ @@ﬁ&@a

grade resins is about 1. /ml. For compositions made with the hig

oxygstaninikhe midsisee o bBIgHHar St EA braleisrstirad by fiiing a line to
aipyentign.afilehJeading pHabrXI AR weiahResse s bRicak-althaugh

more or less can be used as desired. Table 3: Common Platy Talcs
REEAEhISFORGCRMERAAN Sivided Wrew sty prsemidietarddigntriaggneasure

o N L1 B indr (R BHEIARS n ORGSR ART 123P8 PR Bot Ledhperature or
averaﬁe N.A Minerals, Inc. HAR V3410 Luzenac N.A. 16 2.0 N.A. Nicron

flgzarp .5 14 1.9 N.A. Cimpact 710 Luzenac 7 N.A. 1.7 91 JetFil
700 Lyzenameor:MN o erlii-88y Jethit 62k M7 enacofPbiiiér?i88valuated by

measuring the effect of a 20 weight percent addition of the filler on the flex modulus
and HDT of the blend of polypropylene and EAO. A flex modulus efficiency factor,
with units of percent increase in modulus to percent loading of filler, can then be
calculated. This factor is relatively linear in a filler loading range from about 10 to 40
weight percent. A related heat deflection efficiency factor can similarly be calculated
for each filler grade by compounding the high crystallinity isotactic propylene
homopolymer and EAO elastomeric impact modifier with the reinforcing filler at
20 weight percent and without the filler. The heat deflection efficiency factor is less
linear than the flex modulus efficiency factor, and more sensitive to the specific grade
of polypropylene and EAO. As aresult, fillers of interest are typically benchmarked
at a 20 weight percent loading with the highly crystalline isotactic homopolymer and
EAO elastomeric impact modifier of this invention. Preferred reinforcing filler
grades, for example, platy talc, of this invention have a heat deflection efficiency
factor of greater than, or equal to, about 1.5, more preferably greater than about 1.7,
and most preferably greater than about 1.9, when formulated at 20 weight percent
loadings in the highly crystalline isotactic propylene homopolymer and EAO
elastomeric impact modifier. Simultaneously, the preferred reinforcing filler grades
of this invention have a flexural modulus efficiency factor greater than about 3, more
preferably greater than about 3.5 and most preferably greater than about 4.

In one embodiment, the medivm particle size is from 0.1 micron to 50

microns, preferably from 0.5 micron to 25 microns, and more preferably from 1
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Table 4: Common Platy Kaolin Clays Median Hegman Surface Area,
- widrosahiame Supplier Diameter, Brightness Grind B.E.T. mr@/@]%igmmsﬂ
Polyfil DL J. M. Huber 5.5 5.5 1.3 91 Polyfil DLX J.M. Huber N.A. N.A.
N.A. N.A. Kaopaque 10 Imerys N.A. N.A. N.A. N.A. 20 WO 2007/002436
PCT/US2006/024527 During the processing of the inventive
MRS I8N dhd ol bRk s Al R1eSS. e iRl S1RRRGISE 5o
will generally align parallel to the direction of the composition flow. This
nfiovepatsrmbleigeitberstiuveditiisdpsivikhersiof the composition in the flow
P?éﬁ%%@ﬁﬂn%% El gbslgltoﬂgssible for the filler to reinforce the resulting
pofymeric product, increasing both the heat deflection temperature and
the fleAgrdisangsgd| abo Teh éhefldtihasmepssttqrar i thay Milentian pentain at least
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pe of e,’In units of "percent increase in prop ivided by

OTW@'W ﬁé}@en‘t\ﬁﬂ@ mlﬂéﬂﬂp@?ﬁl%m@e pfener ‘?Ibhjt%ﬂé(r@ﬂfe@%a number of
deificien ?d@e%%@%%ﬁ@a%%ﬁé&%%@@&%ﬂ?ﬁi IRIDRGEAHEG O HEXURL, that is,

modulus. The reinforcing’efficiency of the filler on the composition is

Pevhlgatser bjendaws iitinepehe biracieg.copa raidhngiredtraolidBnsonrthe of
aflesanethedge modulus and HRLRLRER ERALIRAIRIORMENE AR and

EAO. A flex modulus efficiency factor, with units of percent increase in
PhsialY mBipeidait foaivansetiydiormastrerus soresTate ATh iyl is
SEHAINE WGB3 et 9ading anam fornabohb i A9, xaleﬁigmvmch, the

percent. A related heat deflection efficiency factor can similarly be
oBAIG IERE SRsga drenfise g e eihgbimETRyg e R drlsthnprpgeneous
c&ﬁfi?&ﬁiﬁd}fpwm%ﬁﬁs RMARYFBesRAHEAR BipgAM et WRRRE sToskfigtter are
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with the reinforcing filler at 20 weight percent and without the filler. The

THUEPLRIRICHST SHRBETIRS Fastoichs TRdSRisheariortrdaiesdmgtite or more
cefiigieRcPiaciaibBnNthe iR seasiieate thepspatticiadeactor blending.

Typically the propylene homopolymer and ethylene/a-olefin interpolymer are

blended with one another, before the addition of the filler, although the filler may first
be blended with one or the other of the polymers prior to the addition of the other
polymer. The filler can be added neat or as a masterbatch, based on either pblymer.
All components of the composition are blended with one another, until a substantially
homogeneous composition is obtained. Standard mixers and extruders can be used
for the blending. The compositions of this invention can contain other components as
Wéll; for example, pigments, anti-oxidants, processing aids .

The TPO compositions of this invention are used in the same manner as
conventional polycarbonate bases and polystyrene based compositions. In particular,
the compositions of this invention are well suited for the manufacture of structdres
used in the preparation of soft touch instrument panels and like articles of

manufacture.

Composition

The inventive composition preferably contains from 60 to 90 weight percent,
preferably from 65 to 85 weight percent, and more preferably from 70 to 75 weight
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of polypropylene and EAO. As a result, fillers of interest are typically

- wWRsRsiTIsyked at a 20 weight percent loading with the highly Crf‘éﬁwgﬁmﬁ/ozﬁw
isotactic homopolymer and EAO elastomeric impact modifier of this i

invention. Preferred reinforcing filler grades, for example, platy talc, of this
invention have a heat deflection efficiency factor of greater than, or equal
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e A B0 Al R
a0 rybosigsssias dig doskbweipahrerasat TrbyterniositEnddetpod ineehaion
(R ALIGASH QG PIGRYIGRR flomopolymer, at least one

i : , .
ethylene/a-olefin interpolymer and at least one platy filler. While such

compdsitoasERedbaprbphecd By el BrwblaEans drape diodiffeveight percent,
REPCEESE B P RO shespracessesalhinie pRELS 9o1ies Ralont

is, post-reactor blending, in-reactor blending, or a combination thereof.

nensstrbaladofliee bosstbrmtbeifinl eiddcrs tte WARGS NS o M dRdicisiip!
RS are-fedandoRhysicasly Wined jRled SISt RRNY HeHRURRAMSein

composition, and multiple solution, slurry or gas-phase reactors, arranged
%defib?&}ﬁﬂ%‘? Qﬁréy,l'and in which, the output from each is blended with one

anothgn tenfare a:aubataniald SRAIENEANBSOMReSILIRALHWRICh S rature, T,
ultimately recovered in solid form. Illustrative of the latter are multiple

AL HA00 RREBHAY iy ddfe's; BIRirERbTeTe iR Bt 1 Gr and more

pRIceIgtatysis: Meefesabluadhe, QI SsiHans S RRRIHBOBLRSIBAGIual
bIer%%icp . Typically the propylene homopolymer and ethylenel/ii-olefin
t 2& o@mer are blended with one another, before the addition of the

filler, althaugheiherfblatimant fitgt composition has a HDT, as measured by ASTM
D648, than, or equal to, 110°C, preferably greater than, or equal to, 120°C, and more
preferably greater than, or equal to, 130°C, and most preferably greater than, or equal
to, 140°C.

In another embodiment, the composition does not contain another propylene-
based polymer, other than the propylene homopolymer component.

In anéther embodiment, the composition contains greater than, or equal to, 50
weight percent, preferably greater than, or equal to 60 weight percent, and more
preferably greater than, or equal to, 70 weight percent of the propylene homopolymer,
based on the total weight of the composition.

In another embodiment, the composition contains less than, or equal to, 40
weight percent, preferably less than, or equal to 35 weight percent, and more
preferably less than, or equal to, 30 weight percent of the ethylene/a-olefin

interpolymer, based on the total weight of the composition.
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be blended with one or the other of the polymers prior to the addition of
wiheethrhpelymer. The filler can be added neat or as a masteg@tﬁtfgz 06/024527

based on either polymer. All components of the composition are Ienged/

with one another, until a substantially homogeneous composition is

obtained. Standard mixers and extruders can be used for the blending.

The compantions.RLHindRY RIS FRUA0 RIS &&1&;‘%8%%%%&%%@

for example, pigments, anti-oxidants, processing aids.
oobyrgtogitionsndfithig Vi tion e stk in the same manner as

Conveﬂ{i%?&hgﬁyﬁ%ﬁﬂﬂ@ﬁi BRSESHANCRGLY SMERG RS &88&*%588 lons.

In particular, the compositions of this invention are well Suited for the
copmiyifatture of structures used in the preparation of soft touch instrument

panelmﬁg %@@é?rxgén{nﬁ@g&%géﬁugﬁ @&8&1}{0&1 Bﬁei @ﬁ%ﬁgxge/%%@ﬁn

.compositlon prefera ontains from 60 to 90 weight percent, “pre
ifternod@merss weight percent, and more preferably from 70 to 75 weight 22

WO 290T/00R430 BTS2 0RBI0RASRT APIRRR 2 L RIRAMI N polyc.

homopolymer, based on the sum weéight of the propylene homopolymer

and etinaeatiyer srehadinsifothtetomNapidionidapy aRicoRiAth SdFERgeel ymer.
from 60 (o AR WEIGHL RBTERN HHR AYRIRRHSREROMARAYREH @6%%}8@6‘5%%1@.

herein and disclosed herein. The inventive composition preferably

contaiHs#eHc1 SR 2iReIGHOHRIBBIE! BrBfEFANIT GrAcIShR) cReRvaigitescent,
aReGeRbeaNd Mare pigierahly F9126hie P er WG LR Bﬁ%f%fréﬁ@e. As described

'ethylene/a-onlefin interpolymer based on the sum weight of the propylene
IhEopRhe A STRREN s IEikterpEtgRRe o RahmdRiaEPYR S cats bY
tRYIRIAAARSH D Hiia4Qaneialit PRI (RERVIENeHQIASjBCRERIP AYMED) high

are included herein and disclosed herein, In one emhodiment, the,
hegnpBeRrSEEEIAS AR SRITE BbIRHIgHO BRI PrarbabihatsHminass
AmwRight. perepmte @ndimalegerefenatbifeam 38itn dOiMaidBIEREFER MR, a

B P e chnpestien A e
o SIHAERH hgreiducanst diselosatdelkimibabOothpienibhsiphant chigpounds);
S%?Iq]fpl%rsrilfig%r%ad%& SPY grlllég%%ioo Eﬁgr%%g{%g{r%;;% (a phosphate compound);
Amgard EDAP, a product of Albright & Wilson (an ethylene diamine phosphate);
Budit 311, a product Budauheim (a melamine-- pyro-phosphate); NCENDX™ P-30, a

product of corporation; and FRX44, a product of Unitex Corp (an ethylene diamine
phosphate). |

In another embodiment, the composition contains flame retardant being a
metal hydrate, such as aluminum trihydroxide, magnesium dihydroxide, or
combinations thereof. In a further embodiment, the flame retardant is a metal hydrate
and present in an amount between 25 weight percent and 75 weight percent, based on
the total weight of the composition. In another embodiment, the surface of the metal
hydroxide may be coated with one or more materials, including silanes, titanates,
zirconates, carboxylic acids, and maleic anhydride-grafted I polymers. In another
embodiment, the average particle size of the metal hydrate may range from less than
0.1 micrometers to 50 micrometers. In some cases, it may be desirable to use a metal

hydroxide having a nano-scale particle size. The metal hydroxide may be naturally
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greater than, or equal to, 110C, preferably greater than, or equal to, 120C,
whiRisRreferably greater than, or equal to, 130C, and mos} prefeARABN 24527
greater than, or equal to, 140C. In another embodiment, the composition
has a I-IDT, as measured by ASTM D648, than, or equal to, 110C,
preferably greater than, or equal to, 120C, and more preferably greater
than.. or . reate .
o R e

rqtpogyie ndditinsed Pdignseitablh eothanl despvodylents hetmdpalpdidtives include
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rcent e a,-olefin interpolymer, based on the total weig

oméecmbmmmzmw@m?/@@mseeﬁi@gﬁmmhmﬁlww@mbil,4:7,
18 f&%m&hiﬂ% MPRSItiSHcAMAINS NUCPRANHES LONRINING Y chioro
ethylene and propy

ené monomer units. In another'embodiment, the
1ebApdsifiol) ddlataind hd Lytedecphyekocopolyiissdescainggiept such flame
Snhgdimetuihe s omnasiian coptan.asly Reewh Ysnstsoelinincorporated

interpolymer. In another embodiment, the composition does not contain an
heemMTpHE/PREFCYR BiNGHSEF Sfibodiment, the composition does not

contaif, 3 FEiR REWARETent) BB SRR B TRRRAIHER he CAmROS tiRAaB S izing

not contain a block copolymer. In another embodiment, the compaosition
agsitahed & Aemarsiamt e sHu dsdudspad iogaaigdpkne tlame
r&ehdint3dn IRERIAY BlesLBRIAIA AyreferaneémtAmdessiiatyin thisPaientant

"intumescence” is defined as a process of ¢har formation .that occurs b
synergist. In a further embodlment,p the aﬁiane %lame retardant is selecte f§0n¥

hexahalocyclododecane; tetrabromocyclooctane; pentabromochlorocyclohexane; 1,2-
dibromo-4-(1,2-dibromoethyl)cyclohexane; 1, 1, 1,3-tetrabromononane; or a
combination thereof. In another embodiment, the aromatic halogenated flame
retardant comprises one or more of hexahalodiphenyl! ethers; octahalodiphenyl ethers;
decahalodiphenyl ethers; decahalobiphenyl. ethanes; 1, 2-bis(trihalophenoxy) ethanes;
1,2-bis(pentahalophenoxy) ethanes; a tetrahalobisphenol-A; ethylene(N, N')-bis-
tetrahalophtlialimides; tetrabromobisphenol-A bis (2,3-dibromopropyl ether;
tetrahalophthalic anhydrides; hexahalobenzenes; halogenated indanes; halogenated
phosphate esters; halogenated polystyrenes; polymers of halogenated bisphenol-A and
epichlorohydrin; or a combination thereof. In yet another embodiment, the flame
retardant synergist comprises one or more of a metal oxide, halogenated paraffin,
triphenylphosphate, dimethyldiphenylbutane, polycumyl, or a combination thereof.

In another embodiment, the composition contains from about 0.5 to about 8
parts by weight halogenated alkane flame retardant; from about 0.5 to about 8 parts by
weight aromatic halogenated flame retardant; from 0 to about 6 parts by weight flame

retardant synergist, all based on the total weight of the composition, A further
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the reaction of the intumescent additives in a plastic, when subjected to

wWERE-Rotysh beat. The additives react to produce an insulatiop&%gggﬂgjgz 4527
carbon that eliminates combustion. Preferred non halogen inhuescent

additives include Exolit(c) MR, a product of Hoechst Chemical Company
(a phosphate compound); Char guard 32911 or NH- 1511 products of

dgsrgaét%"i‘lkeﬁf%heﬁ‘i%?éﬁe%’a%%a%‘%é%%&’?aﬁt%% Qunds =R Ela 80
prodtict of Monsanto.Chemica ompanyn(ap osphate compound);

2802g e 8/ DAGrpopacalictefm ibriggheitits by tafestindene diamine
phosphate): Budit.311, a product Budauheim (a melamine-z .
o R R R ISR T PR et e iy of
twddectaitdntienaligrpdtad &itpdbmecdiampody pleosphateditionandtiese additives
.e diment, the compasition containg flame retardant.bein met
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metal hydrate and presentin an t.het ' ndk..
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esirable to use a metal hydroxide having a nano-scale patrticle size.

a¥ phowis Hpgmdae rainpe paeophilpen\WOioolneragetic agents such as
Fosd AP ARGBAARR €I é?ﬁﬁ\é@}'ﬂﬁﬁ%tﬁ@?ﬁkﬁ@&?ﬁ%ggﬁ'ﬁ%ed or glycerol

composition may contain other flame- retardant additives. Other suitable
cRBRPISGe Rans mrteabpafydineaullos menieledtcRiteeansb Hadad o,
HRAPRIIRRAI YR BHICAp ATINDL It Ol BlacEiialized polydimethyl

organo-modified clay, zinc t borate, antimony trioxide, wollastonite, mica,
sHEgARitdbiyandRirRt athadRaie! Siesme soNHErdigndgphate

PRI MR eTRE AV REItAkilizeRsIABAPERIa oGANRhKada  €arboxyl
intumescent comgﬁ)ﬂun s, and expandable graphite. Zitable halogt%%ted

) u
THRsHenARg R Y ARSI SRS HeRg e Rly dime
sdegakromadighemy eibane: efftigene-big (tetrabromophthalimide), and

: ’j R O oS A 195 ety Bl Sid addide™
Additional additives include, but are not limited to, hydrolytic stabilizers; lubricants
such as fatty acids, fatty alcohols, esters, fatty amides, metallic stearates, paraffinic
and microcrystalline waxes, silicones and orthophosphoric acid esters; mold release
agents, such as fine-particle or powdered solids, soaps, waxes, silicones, polyglycols
and complex esters such as trimethylolpropane tristearate or pentaerythritol
tetrastearate; pigments, dyes and colorants; plasticizers such as esters of dibasic acids
(or their anhydrides) with monohydric alcohols such as o-phthalates, adipates and
benzoates; heat stabilizers such as organotin mercaptides, an octyl ester of
thioglycolic acid and a barium or cadmium carboxylate; ultraviolet light stabilizers

used as a hindered amine, an o-hydroxy- phenylbenzotriazole, a 2-hydroxy,

4-alkoxyenzophenone, a salicylate, a cynoacrylate, a nickel chelate and a benzylidene
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1,4,4a,5,6,7,10,10a,1 1,12,12a-dodecahydro-. A further description of such

“f@% /ngqggants is found in International Publication No. WO
200567023924, incorporated herein, in its entirety, by reference? nT%S(%t 084024527

embodiment, the inventive compositions contain a compatibilizing amount
of a flame retardant package, which includes a halogenated alkane flame

retardant, gn aromatic halggenated flame retardant, and gptionally a flame
AL 30y R A R S Act T5d i T e
Iseleatddddonizdaexahalocyclododecane; tetrabromocyclooctane;

pentabromaqchlorocyclohexane; 1,2- . . . .
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thanes; a tetrahalobisphenol-A; ethylene(N, N)-bis- .
e T
tettedrprtedtahadomivbial o avdigbitj ded ahexdvaldisonshef vhaibgenieell to about
jndanes; halogenate ospha rs: halogenated polystyrenes;

e g S el RS BN e BReray
fwmtﬂr_iattohoth@'@ht.pnry@ttanother embodimer_wt, the flame retardant _
syner %ﬁ%?&%%%%g’é}ﬁ %}%@8&@0&%E?E%é?l"avg%@lgﬁ&ﬁ?&@ AL at Teast

triphenylp ate, dime enylbutane, polycumyl, or a combination

qhemdﬁdﬁmaﬁbﬂﬁépémpéaméﬁl,tm@@mﬁpéhmmratehmmwﬁémmﬁms
aﬁﬁggﬁo&%ﬁs *?Mé’%ﬂféﬁﬁ@%ﬁ?@ﬁ@&%ﬂe%%éﬁww&@{%% 5o 10
about 0.5 to about 8 parts by weight aromatic halogenated flame’

wsighdastepnbests abche & piahs By e NeihterReakidht SyHablist, all

ﬁ@g&%% Sahwsionh @ hescampRsion Diwthes 2o WiQreater than
2007/002436 PCT/US2006/024527 description of such flame retardants

18900 srtisteksatierhreup REFEPNITRd X400 22123510 sepfistisiegn 2
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further comprise at least one additive of the type conventionally added to

SSBW R STRRI R BT OLH Al R AR IS U RIRIA S ST E B aps:
HIOpesTe alsy AntigxdantshsihItensIOBPBifipisiJdMnstabdizgrsies less than
scratch/mar, adgitives, such a%np}ggygigl H%I siI%x ne (PD{;/IS) or

e e
20 percent of said composition. rther embodiment, the composition also

- includes at least one additive, such as a plasticizer, a pigment or colorant, a UV
- stabilizer, or a filler. Fillers may include calcined or uncalcined fillers. Suitable
fillers include, but are not limited to calcium carbonate and wollastonite. Suitable
components for scratch mar resistant formulations are described in more detail in USP
5,902,854, the entire contents of which are incorporated herein by reference.
Additional scratch mar formulations useful in the compositions of the
invention contain IRGASURF® SR 100 with one or more additives as described
herein. A particularly suitable formulation contains an aliphatic amide in a
polyethylene carrier, such as IRGASURF ® SR 100 with one or more fillers, such as
wollastonite, and an ethylene homopolymer or interpolymer grafted with maleic

anhydride or succinic anhydride groups. Other scratch resistant polyolefin
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functionalized polydimethyl siloxane or IRGASURF(r) SR 100 (available

Wi iy sgpecialty Chemicals) or scratch mar formulations, GaRaIRYIG, /024527
enicamide; anti-block agents; dispersants; blowing agents; linear or
substantially linear EAOs; LDPE; LLDPE; lubricants; crosslinking agents
such as peroxides; antimicrobial agents such as organometallics,

NIBASIANGS uok (?x"i%‘é’éHW%%QH?@J&&%%%@@%@@%@‘&&H&BI&R to WO

eno ICS, secondary amines, phosphites and thioesters; antistatic agents
waglaﬁ)anethamm@mctbmg@und@ enfimtshbamefeorylated,
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siloxanes roxyl tfunctionalized
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oxane alky functlonallze polydimethyl Siloxane, carboxyl
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compositions may also contain an additiona e. Addltlonal additives

Vil wod eisuandinatinds mstse i crapdesiide staBiizeldieniHERRPSTetAgss based
e 36! : BlegRals eoteisy At .amigdes. metallic stearates,

paraffinic and microcrystalline waxes, silicones and orthophosphoric acid
esters; mold release agents, such as fine-particle or powdered solids,

/[SQERS, NfaKesnsiligenes, polyglycols and complex esters such as
trimethylolpropane tristearate or pentaerythritol tetrastearate; pigments,

dyes ahElielsiramie PIaRHrGIArS BiRsiqn BAlE BRI atHEToRERljpwed
Hdes) WithMaB ke aEaRglI sWER-asua: RhdaIRte somghiRatasmand

benzoates; heat stabilizers such as organotin mercaptides, an octyl ester
g¢ @Fﬁ’@glycollc acid and a barium or cadmium carboxylate; ultraviolet light

stabilizeisrtisethasan %}dﬁﬁﬁdxaénlﬁt&ir@rbﬂdwdr@@mpbﬁnyﬁ)ﬁm{ad@ﬁm the
a2- hydroxy, 4-alkoxyenzo ne, a salicylate noacr a nickel
corugRiony of ﬂmﬁ/ ﬁﬂ% SRS ﬁ&gﬁaeb% %%%ﬁi@zﬁo ymer
shignAtena) dlbx@aﬁmde,, andlizeq|iespitelqnitay nitdesy antiesials Aganthold
PTgother %fnldeod&fersélA refe ed h|n ered hen?hc ant|OX| ant
FEAPGRRTR (T 1678 AREBIdENE ™ > %‘&“s%e%ag 31%6"'5
lﬁiﬂﬂéﬂmﬁmﬁm;mmmﬂﬂmgelamﬁmpwer garden hose, and other ga;rden
appliance parts, refrigerator gaskets, acoustic systems, utility cart parts, desk edging,

toys and water craft parts. The compositions can also be used in roofing applications
such as roofing membranes. The compositions can further be used in fabricating
components of footwear such as a shaft for a boot, particularly an industrial work
boot. A skilled artisan can readily augment this list without undue experimentation.
Additional articles include extrusion profiles and wall base profiles.

The parts that are produced by molding an inventive composition are excellent
in moldability and mechanical strength, including excellent flexural modulus of
elasticity and tensile break elongation, high rigidity, and high temperature and low
temperature impact resistance.

The parts prepared from the inventive compositions have lightweightness, and
impart a design freedom due to easiness of processing. Such compositions produce

parts that have enhanced rigidity, fluidity and impact resistance, while having a
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suitable combination of additives and additive amounts, as well as the

wasihedef,dpcorporating the additive(s) into the composition, V‘ii@?/ﬁtszooﬁ/oz 4527
undue experimentation. Typically, each of the above additives, If used, )

does not exceed 45 weight percent, based on total composition weight,
and are advantageously from about 0.001 to about 20 weight percent,

Rigiarably fremid YRl Rarcanh andsnare pieterahly (am Ple@ual

10 weight percent. In one embodiment of the invention; an inventive

treatmsasiion eilidEEuat TR conBPtirnmaekndiiosesielg ropsiues injection
niBIREAYSEHE A1 3B RAL e Hial PAREIOL NG HE SRG R AL ITHE mechanicals

polydimethylsiloxane is typically presentfrom 0.1 to 10 weight percent,

PHySEHS nAHEIREIgHeDEHHRISB RARSAEBIPHoSition. Suitable
polydimethysilaxanss| dhes %ma%g@g\ﬁ%?@ %%af&é&%gléggﬁ%s to

than 100,000 centistokes, and more preferably from 1x10 to 2.5X

Hcmn s toRES. (Avaraily the HEiRHEG A bkl eapdssitoerBess meldefibiarnd
heghylenshomaeralynalsed wthylens.intampel e diadte chuith malerength,

_anhydride or succinic anhydride groups, and preferably the grafted
ipglaRsiHans I HIRY ot B h s ernRbiosssssiatta S wh pariedrvstan
cREH SRAMPSHINRe | Areh A SHdh et QIR R A 0FBPASIIONASOF molding,

includes at least one additive, such as a plasticizer, a pigment or colorant,

and; Fpduegd GRRAIC BRte I RIRL IRfE P FReR I aldip EEFEPQasansiABcapable
ofilesguSuisablectidersdnuugarld g hetimiiadtaGalsinsahanate nge

wollastonite. Suitable components for scratch mar resistant formulations

PEHS HESEERBH TP o a8ttt G 3 6051854 ARt chmartaty lighter
covhichedr & ipoaspospiectesain by referenaa e AdeitionRal SarasetaMaharts
formul gons sefiil in the compasitions of the invention contain .
PIFRAR L GRE (3R EOB i BRe TR ST € I Do Bete et FrcAn!
liphtdicetatiya sidtabiep fbynadtetate CoB&ibisah aliphatic amide in a
polyethylene carrier, such as IRGASURF(r) SR 100 with oné or more
fillers, such as wollastonite, and an ethylene homopolymer or
DEtenblmESgrafted with maleic anhydride or succinic anhydride groups.

T/ A e et B Tl
and 8009554 {bigu vdlenenee O F2066/003p 27)idedhibht iténe dyporeteition of at
13T BP0 BRHERBL Q}ﬁ ?5%;91[19&118 and any higher value. As an example, if it is
stated that a compositional, physical or other property, such as, for example,
molecular weight, melt index, ete., is from 100 to 1,000, it is intended that all
individual values, such as 100, 101, 102, etc., and sub ranges, such as 100 to 144, 155
to 170, 197 to 200, etc., are expressly enumerated in this specification. For ranges
containing values which are less than one, or containing fractional numbers greater
than one (for example, 1.1, 1.5, etc.), one unit is considered to be 0.0001, 0.001, 0.01
or 0.1, as appropriate. For ranges containing single digit numbers less than ten (for
example, 1 to 5), one unit is typically considered to be 0.1. These are only examples
of what is specifically intended, and all possible combinations of numerical values
between the lowest value and the highest value enumerated, are to be considered to be

expressly stated in this application. Numerical ranges have been recited, as discussed
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In a particularly preferred embodiment, the compositions contain a scratch
mar concentrate, which, in turn, contains from 10 to 30 weight percent of
at least one colorant and/or UV stabilizer, from 5 to 15 weight percent of
at least one polydimethylsiloxane, from 30 to 50 weight percent of at least
oP@’ﬁJI]elégnd from 10 to 35 weight percent of at least one ethylene
homopolymer or interpolymer grafted with maleic anhydride or succinic

hydride groups. The wejght percentages based on the total weight of
REE DR GG S AT NATERDEE RS Th SRS AELCELi polcoular

prepaliechhy fjeetespaeieing, extrusion, extrusion followed by either

male or female thermoforming, low pressure molding, compression = . )
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fq.grrrigecilot%%j?geet 1‘?&1'9’0 eschEﬁgztgsiftQ()ams, tubing, fibers, coatings,
computer parts, B 8lng ma erlaﬁs, dusehold appliances, electrical

supply Hchesteys,"pakimeayisissterd herempeafkeging pohtaipgcs;otapound prepared
furn] | I I 0 en_ho her garden _ .
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compositions can further be used In fabricating components of footwear
s@%ﬂe’ég Begsigaftst-a boot, particularly an industrial work boot. A skilled

artisan caidieaetieRuBmeNhisrhistwithpslyHigie e xRed MeBtati@fers to
Additional articles_ include extrusion profiles and wall gﬁfe profiles. The

pRRLETER BREPAFBG Q¥R RBIENITG AT AL AHIE0R! E8ih PULTRER Syees ofdnappmers.

inTieogeasrtyerndintapbinical thirehgldescopigresepleniliiextisioyed to refer to
modulus of elast%t:i%ar}gwten e break elopg%tlon high ri |d|i and hlf%%red
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f@mmmmMW@dehaﬁmﬁghm@ghtness, and impart a
design f‘i@{%qgfﬁmd‘éﬁzgﬁeﬁ@ﬁiﬂcﬂ%ﬁr?mépﬁcﬂ 99,”58&@%&?%‘%’??%%&? or similar

produce parts that have enhanced rigidity, fluidity an t resistance,

WATIaSH vty & seinofos o paberpivrmss dosraxedominantly (greater than 50

mole percent) ethylene monomeric units. Mole percentage is based on the total moles
of polymerizable monomers.

The terms “blend” or “polymer blend,” as used herein, mean a composition of
two or more polymers. Such 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.

MEASUREMENTS

- By the term "ML" is meant melt index, 12 or I, in g/10 min, measured using
ASTM D-1238, Condition 190°C/2.16kg for polyethylene-based polymers, and
230°C/2.16 kg for polypropylene-based polymers.

Density is measured in accordance with ASTM D-792. The density
measured was a “quick density”, meaning that the density was determined after 1 hour
from the time of molding,
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reduction in molding shrinkage factor and dimensional change at the time

, W@gmgmgjmgeatment in a mold. Thus, such compositions makel\,'gﬂgg%,l%%msm

to produce injection molded parts with a decreased wall thickness an
improved thermal and mechanicals properties, and improved external
appearance. The inventive compositions are sufficiently fluid at molding
temperatures to fill in a mold. Overall, the inventive compositions have
excellent moldability and high rigidity, and can be used to form parts with
an excellent mechanical strength, impact resistance, ductility, and thermal

e?fpérrﬂia% nr i tance. parts have an excellent appearance, and
changes, at the time of molding, and reduced
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the "partsprepared from conventional PC sins. In addition, such
spetris arenigiiteg Ww@r&pbwg@m&@mwﬁ%ssamm@m@m
BB RIGRrRA . R ARIRA 00 L DUARIMR.COORARRIA 20°C for

e orde even weight percent lighter compared to a

potiytatsondresaBibiaes. DERIKIONS sphywamiBrreal pAvgerrbahegtories
Rersinoinshides RILYAINES from hevawervalues anshibR bARRLYalIEe imples

increments of one unit, provided that there is a separation of at least two
R R At ARPRAFRR YaNTPAAd S5PhRTHSlYAIREINAY AR RUKRH RF Spivent.
e SRRM thaka SOMPASHIRRARRY Sk O HRIPSIRARRAMYISH EbAI8d 200 ppm

ample, molecular weight, melt index, etc,, is from 100 to 1,000, it is

Oh e Ak B Lk oM AP S PP IICED 3 Rh PTEhRH LY

4a0A8S BueeRL 0D dard4d 1 86%C tankifflop 9TeiR-Bakh SiCyniie expeasishplved
enumerated In this specification. For ranges containing values which are
TrtaR el 17 EUSRHTITS WERBASI LG BTt Har GRS -0

BYAMBIS rdidutd. SCelibatone dMitd eansideneatlse hapefoimnedaithtedow

)
dhesat@iesqUK gxaittplasicebluhatcigispeaeifgialyfinte 186 dp arDalD0OsSible
e sl e e ke nsle,
thikayipticatightsNising tica Follngesghape thee(asetsitedbed idiSE ussews 20d Ward,
J. Polym. Sci., Polym. Let., 6, 621 (1968)):
Mpolyethylene = A X (Mpolystyrene)B,

where M is the molecular weight, A has a value of 0.4315 and B is equal to 1.0.

Polyethylene equivalent molecular weight calculations were performed using
Viscotek TriSEC software Version 3.0. The molecular weights for polypropylene-
based polymers can be determined using Mark-Houwink ratios according to ASTM
D6474.9714-1, where, for polystyrene a = 0.702 and log K = -3.9, and for
polypropylene, a = 0.725 and log K =-3.721. For polypropylene-based samples, the

column and carousel compartments were operated at 160°C.

Differential Scanning Calorimetry

Differential Scanning Calorimetry (DSC) can be used to measure crystallinity
in polyethylene (PE) based samples and polypropylene (PP) based samples. A sample
is pressed into a thin film at a temperature of 190°C. About five to eight milligrams
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DWO115C herein, in reference to density, weight percent of component,

wgidem molecular weights and other properties. The term
“composition,” as used herein, includes a mixture of materials
comprise the composition, as well as reaction products and decomposition
products formed from the materials of the composition. The term

Sﬁ)ﬁ%ﬁf‘s%;%?éﬂ%?& %@%ﬂrﬁf%é&mmyﬁ% %ﬂ@_ﬁ’@qe@lﬂ&&wsﬁ Y pan to

polymerizing monomers, whether of the same or a different type. The
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sgn@d?%geéstgarﬁ@siﬁ%?y YRR Rrep ARt om0y eNe RS & MRPeMS! pE

intérpolymer as defined hereinafter. As discussed above,
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eneric term interpolymer thus includes copolymers, usually employed to
irstbetmapylghtest tpraprarder ¢rém &wdﬁfﬁy@nmmoffm@@mm,s apyt heated
RY ¥£‘E§E§“ PEeRARS WM SRR ARG AHELERIHYACE BLAONYNE R PIand
term "ethylene/a-olefin interpolymer,” "ethylene polymer," or similar
28076 fasABe d ndrsi nthefenstotatpdlpmbifgnmesd foffiprefiernmpolyyner

(greater than 50 mal t) ethyl ic_units. .
S RSB OIS TOE N AT TP B Ao dostbed

486%s "birndyanlipalisicchlipadias(UsEE hesgitiol GamalRomposiion @turve.
two or more polymers. Such a blend may or may not be miscible. Such a

blend b ftawaReoEsw edlesesaraitdo HhsterE Healsopthaly not
FRNLRIR N BT MRS raQmEivean A UNBHRRS ABARISENHARGEOMIL parts and
transmission electron spectroscopy. MEASUREMENTS By the term "MlI,"
RETTRIAHISHIE PYIEEIEBEor 12, in g/10 min, measured using ASTM
D-1238, Condition 190C/2.16kg for polyethylene-based polymers, and
230C/2.16 kg for polypropylene-based polymers. Density is measured in
%@m%ASTM D-792. The density measured was a "quick

densityivngariagohes e ssity axaddeitredinedaftes bdlow: from the

time OfPrpo agiil% 702 is a conventional propylene homopolymer sold by Basell.

P(F]T/ JS2006/024527
whnic

JP 707 is a conventional in-situ prepared, heterophasic impact propylene
copolymer of propylene and ethylene sold by Mitsui Chemicals, Inc.

Accpro 9934X, now identified as Innovene H35Z-02, is a nucleated, 35 MFR,
highly crystalline isotactic propylene homopolymer.

D118 is a developmental grade of nucleated highly crystalline propylene
homopolymer available from The Dow Chemical Company. This polymer has a Mn
of about 41,000 g/mole, an Mw of about 183,000 g/mole and a Mw/Mn of about 4.5.

CDC-1 is a version of D118 propylene homopolymer without the nucleator -
that was vis-broken with shear and peroxide to a melt index of 35.

CDC-2 is another version of D118 propylene homopolymer, but this version

was prepared with a nucleating agent and then vis-broken to MFR of 33.
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wovamaog@rhy The average molecular weights and moleculgj gl
distributions for ethylene-base polymers were determined with a ge

permeation chromatographic system, consisting of a Polymer
Laboratories Model 200 series high temperature chromatograph. The
column and carousel compartments were operated at 140C for
polyethylene-based polymers. The columns used, were three Polymer
Laboratories 10-micron Mixed-B columns. The solvent was 1,2,4

’1‘&191@'9@&%?

gram_of p

10EP58

in 5 Oml

liliters of s

lvent. The

?5506/024527

Mpigs were prepared at a concentration of 0.1
olvent, used as t

a

mobile phase, and to p
putylated hydroxytolue
py agitatin
vere dissd
and the flaw
set was pe

\g kapfuder 2
lved for 2.5|h
rate was 1.
rformed with

161\(1%'6@1@”

regdeund sg

hours at 16

O liepes/

narrow_mol

im plles vodnta

VieRgrhase
0C, an

houpsTeRIé in Jebmrwmur
MinUe, SaKAr

ecular weth

prop

ikt 20eilsprero
)olaf

ylene-

MFR,

SGIE PrEpaets @

ase polymers
ne Wed 3 ddHmicrd
ration pfthe GPC
distribution poly

Ilt&%QOC
L 2lémin)

fyrene

1

staislagds,

weights ra

nging from 5

pusghased from Palymer|

B0 to 8,400,0

Lakaeogigrie
00. The poly

s (UK)gwith moleculars s
styrene standard

peak

ot

oIIowmg equ

vvelgms were co

edtop e mol r weights
atloﬁ\@z degcrlbe(ﬁ %erlams a%hgd%Vard J. 35

Potynm—Sci:
Mpolystyr ,
DIABI5-n( Brsgfias t
calculations %%@cedrfo

The molecular weights

B

ene W erq

> M is the mg
o 1.624%lye
rmed using

for polypropy

, 6, 621 (1968)) Mpoiyet
lecular weigh
thy BHE 29uiy
Viscotek TriS

lene- based

ylene = AX
nt, A has a value

polymers can be

of

alent #di€cular weightd
EC software Vergion 3.0.

determined usiPgWiark
D6R24.971
bolypropyl

714y Where.

pne, a = 0.77

*Houwink rat
or polystyrene
5 and log K =

H-

0s fccgggmg

-3.721. For

to AST
and Iob3 € 39,
polypropylene-h

and fgr
sed

(

.>amEIes t

can be use

ne dotwimn 4
Séﬁ@x%‘&%l

d to measure

nd carousel ¢
alon?r?&?v Di

p crvstalllnltv

ompartment

Ter%ﬂ%?%ca

In_polyethyl

hing Qihirmet

rimetr

at 160C.
y (DSE)

q

'1nd

opylErev(PP

Chemical

8%

based samy
2248

les. A sample

325939

ene (PE) base

1359

amples

35

The effect of nucleation can be clearly seen by examining the physical

properties of the CDC grades.

Many EAO elastomeric impact modifiers are available for use in the practice

of this invention, including ethylene/octene, ethylene/butene and ethylene/propene

copolymers.

ENR 7380 1is a preferred EAO elastomer for impact modification because of

its balance of low Tg, low tan delta measured at 190°C and 0.1 radians per second,

and a differential between its melting point and HDT of 10.3°C.

In the compositions described below, the polypropylene homopolymer and the

ethylene/a-olefin were mixed in a twin screw extruder, without a platy filler.

Polymers were fed at 30 pounds per hour combined feed rate. The screws were

turned at 300 rpm. Temperatures were set at 200°C for the barrel zones after the
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is pressed into a thin film at a temperature of 190C. About five to eight
wolligrams 31 WO 2007/002436 PCT/US2006/024527 of film mnjgzﬁ) /024527
weighed and placed in a DSC pan. The lid is crimped on the pan to
ensure a closed atmosphere. The sample pan is placed in a DSC cell, and
then heated, at a rate of approximately 10C/min, to a temperature of
iRRA qgeﬁ%igfso% far BE 2n9GoiPrRleTHR 88 RIG IS kGRS (it o Gala
temperature for three minutes. Then the sample is cooled at a rate of
udEiwataopdBOder PE (-90C for PP), and kept isothermally at that
temperatis RhIRaIBIKA I as IR ampiRiR AR ReaIRtAl AFAI the

of 10C/min until complete melting (second heat; around 180C for PE and

RENCoRYIRR)lews dthErWRscOstate i bptetting Bopra) eHapsor @adhepared
L%‘fsi%ﬁligg%sgg@é (i fletarmined fram the second Beal Ciye ORLAREIANR ght

cribed” above. The crystallization temperature (TO) is

ofestrewirBmhediispetisiigee e s fshermAgekmplasinishtalghe
p%ﬁgﬁgsﬁ})%n%ia%&ﬁé@%y QLY ODRICALGH, JUBE™MIE RRSEAL NG ymets of

therwise indicated, all parts and percentages are by weight.

ethiteE R NTAENEvEhg AL SETBO sy e ridastereris dvip sanipl rasTe «f

Jelow. Rrofax RRF0%Hsa £LOMVENiiPhal PiaRyieRs iR Mooty BRbeQIshVw of
Basell. JP 707 is a conventional in-situ prepareg, heterophasic |m§act

b yIeRS 00sHBIpH SEROYEE MR e lht diRpRsfe sSILPByRifstY s,
190D LRIO W MINOPLitRRtBhas InnercaeiHIN402a isra nugatet, 7380
35 MFR, hi hly crystalline isotactic propylene homopolymer. D 118 is a
hesveMdpiaktary ?%@8%@&}&?@&% H%E%Aﬁmg ézm}ﬁ@nd a Mw/Mn of
shpmopolymer available from The Dow Chemical Company. This polymer

has a Mn of about 41,000 g/mole, an Mw of about 183,000 g/mole and a
Mw/Mn of about 4.5. CDC-1 is a version of D 118 propylene homopolymer
without Hagersiclemter dhihpers Misdifiekgonithishean b pelexitipdrent Secant
melt indrRyafusSMPRC-2 is another version of D118 propylene

homppolymer, but this versimsn Masdpapaked with amagientiogagest and
thenlvis-hroken to MER of 35,32
Unmodified Impact Unmodified Impact
Elastomer . )
Polypropylene | Modified | Polypropylene | Modified
Engage 8003 1254.5 732.4 1207.0 723.2
Engage 8150 [ 1254.5 620.9 1207.0 651.3
ENR 7467 1254.5 763.1 1207.0 715.0
ENR 7447 1254.5 809.4 1207.0 707.2
Engage 8200 1254.5 786.6 1207.0 698.8
ENR 7270 1254.5 757.1 1207.0 729.8
Engage 8100 1254.5 - 664.7 1207.0 655.2
Engage 8842 1254.5 720.8 1207.0 628.7
Average 731.9 688.6
Mean Decrease 42 percent 43 percent

The data of Table 6 shows that the percent loss in flexural modulus (1 percent

secant modulus), does not vary significantly within this group of elastomers. Similar
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WO 2007/002436 PCT/US2006/024527 Table 5: Polypropylene

- worarertigs fglexural Flexural Heat Deflection MFR, Modulus, ModiluS,oe/024527
Temperature, 2.16 kg @ Supplier 1 percent 1 percent 0.455 MPa 230C
secant, MPa secant, PSI (C) (g/10 min) PD 702 Basell 1255 181908 87.3

35 JP 707 Mitsui 1207 175008 86.5 35 Polymers H35Z-02 and Olefins

b2R4a 25 93¢h k3R BSp Aot tas DV A8 2% 20 28D T 18R (about 25
Chemical D 11665 241471 110.0 35 Chemical Dow

DCO05
P EDSEE B IR IRERIESE B ROMERAR e A RHEIS A can
chetol@arly sneR bzga@melpmg@hﬁpﬂmﬁ&r@@pg&%&fy&h@r@@%r@dﬁﬁ-

Many EAO elastomeric i act modifiers are ayailable for use in the
YR B O IR BRITSHE RS I S RO A S e pgRer B meclested
chidtylese/propene copolymers. ENR 7380 is a preferred EAO elastomer

for impact modification because of its balance of low Tg, low tan delta

measured at 190C and 0.1 radians per second, and a differential between

its memwtgqonmﬁm Hﬂﬁpﬁ&mlﬁaaﬂi@mmlmmmm@% (°C)

a tW|n screw extruder oth)Q Bﬁﬁlﬂmp"lymer J707PT copolymer
Elastormor Unmodified Impact Unmodified Impact
Polypropylene | Modified |Polypropylene| Modified
Engage 8003 87.3 65.5 86.5 65.8
Engage 8150 87.3 60.3 86.5 62.1
ENR 7467 87.3 66.0 86.5 67.7
ENR 7447 87.3 67.8 86.5 67.9
Engage 8200 87.3 67.6 86.5 68.0
ENR 7270 87.3 64.4 86.5 64.1
Engage 8100 87.3 63.3 86.5 64.0
Engage 8842 87.3 67.3 86.5 65.9
Average 87.3 65.3 86.5 65.7
Average Decrease , 25 percent 24 percent

The importance of platy fillers is their reinforcing nature. Table 8 below
shows the effect of talc addition, at a 10 weight percent level, on the flexural modulus
of each of the conventional polypropylene grades. The second part of the table shows
how 10 and 20 weight percent levels of three different talcs increase the flex modulus
of a random copolymer polypropylene, impact modified with various EAO grades at
30 percent, by weight, on a polymer basis. In each case, the weight percent of talc is
based on the sum weight of the polypropylene, the EAO and the talc.

One skilled in the art, would know how to formulate compositions
(percentages of polypropylene, EAO and filler components) to compensate for

additional additives, such as color concentrates and other additive concentrates.
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Polymers were fed at 30 pounds per hour combined feed rate. The screws

wyels thingd at 300 rom. Temperatures were set at 200C for t ? é /
zones after the 33 WO 2007/002436 PCT/1JS2006/024527 irﬁt%a Biosizsszr

zone and for the transition and die. Pellets were prepared with a Gala
underwater pelletizer. Impact modification results in a drop of both flexural

moduius apcsii BT Afithe ipalsepidenaas shauyirdiabies Gaaes of
below. All formulations were prepared utilizmg 70 percent by weight of the

PeHBEERYEHIS S IRane LB B1det RPRTE AHESER JSPAGE Reridgdnvith
SREFESER JR%W?ENU%ﬂ@%&ﬂ%&ﬁﬁ@&ﬁ@s@i&m.Omp&myﬁﬁades
m

and the EAO. The 8000 series Engage elastomers are copogf. ers of

VEtAEeMRR HoRaBAE e FosY S50ie BRgSgerid 2R dsthBrimpect

c gersipetihdenspangid tutener ERaagediy 3R pe e MieBhred in the
g%%%ltﬁ?s,ooo /nm, asrﬁ/lw of about 150,0%0 g/mole ar?gla M'\v%?ls/lgn of

TGO YRR S8 RIS of about 87,000 g/mole, an Mw of about

176,000/ maie@nt & Muivpatd 8 RbRIMne3RMdes foMpropaas!the
82,000 g/mole, an Mw of about 174,000 g/mole and a Mw/Mn of 2.1,

seSHfel STas IR0 PR R SRIRSRFC AN iR RERAMIGE S UP st eapitions

u%qarth?l\ﬂg@lﬂm, g, P%li Q%ib@ﬂ@cﬂ@bﬁlﬁlﬁﬂéﬂ@?@éllidé&ﬁﬁw ﬁx%dfat JO
Unmodified, Impact Unmaodified Impact Elastomer Polypropylene Modifie
DB By L OEREI LR Age S35 H308 &7 B Oty $500 porceniage

bEngage 81nEci’aftbet0OwA Pt 01fGha SolipEhyimé 42340 FAS1 ¥AA0

715.0 ENR 7447 125 % 803 %é%gzp?a 7.2 I%]%%gge 82§0 12%?. .7E%W6.6
B R BRI B3ics 071130 b o L AUAge BEg 1 0
elb2fodbrS G417 2@7e0t6h 512 finagmB84id, 1Rb4ik{7R20B 1A% 6 H2B8c/
polypropylene copolymer, and the second from the compounding.

The ratio of polypropylene to ethylene elastomer, fed to the extruder, was kept
constant at 70 to 30 parts by weight. The polymer feed was adjusted, and the talc was
increased, such that the talc content hit the target amount. Thus a formulation
containing a total of 10 weight percent talc was prepared with 63 weight percent
polypropylene, and 27 weight percent elastomer, and 10 weight percent talc.
Similarly, a 20 weight percent talc formulation contained 56 weight percent of the
chosen polypropylene grade, 24 weight percent of the chosen elastomer, and 20

weight percent of the chosen talc.
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Average 731.9 688.6 Mean Decrease 42 percent 43 percent The data of
Table 6 shows that the percent loss in flexural modulus (1 percent secant
mIRHILT8EEE not vary significantly within this group of elaston®&rE/US2006/024527
Similar 34 WO 2007/002436 PCT/US2006/024527 behavior is seen with
the percent loss in HDT as shown in Table 7 below (about 25 percent of

the HRE. oardessofthg PYvRIaRYE %ﬁﬁ%&iﬂg?%%d&ﬁ&ﬁfo@%f 1o

elastomer). Once again the properties shown are
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19.00%
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case, thé weight percent

61.00%

of talc IS

40.00%

79.00%

ENR 7270

40.00%

40.00%

43.00%

68.00% | 48.00%

71.00%

51.00%

94.00%

Engage™
8100

37.00%

42.00%

56.00%

95.00% | 62.00%

93.00%

63.00%

110.00%

EngageTM
8842

28.00%

30.00%

59.00%

105.00%| 57.00%

74.00%

50.00%

92.00%

Average

132.50%

31.63%

43.13%

76.88% | 48.38%

71.63%

49.75%

89.75%

Another way to express this same information that normalizes the response to

individual grades of talc at various levels, is to express the same information as the

percent increase in flex modulus per percent loading of talc. This description is

defined as the nonnucleated flexural modulus efficiency factor, it is dimensionless,

and it is reported in Table 9 below.
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based on the sum weight of the polypropylene, the EAO and the talc. One
skilled in the art, would know how to formulate compositions (percentages
oMSOHPHIRARNe, EAO and. filler components) to compensate f8FT/US2006/024527
additional additives, such as color concentrates and other additive
concentrates. 35 WO 2007/002436 PCT/US2006/024527 For the study of
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talc was prepared with 63 weight percent polypropylene, and 27 weight
percent elastomer, and 1Q weight percent talc. . Similarly, a 20 weight
Percent BRI GRAMES BA AN FEreBNp B SR SGD
pBlyeroptend fiades Bétweighhpeiognifohéhechaseng|gsidemef, pahgh R yiene
weli rcent of the ch talc, 36 WO 2007/Q02436 . .

e DA ey e R il esnnan g expected

Miod the $ughfly Antelitidincotso@disrbemopolymer polypropylene grades, as reported in
Table 10 below.
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4527 Table 9: Nan-Nucleated Flexural Modulus
00 10% HIAR 341D Nicron 674 dimpact 110

Elasipimer Hgmoigpact Co 5g% 20%d0% 4096 10%680% EngageiMy | 230

f gaZO Percent Talc Loading

AAﬂ’11—\A’)nQQﬂ |:n aeTM 8150 4i1900.4 30
5 KR 4876 20 426%.90 5.36ENR 7489 2| 2b %08 735?@ 3282510 3Dd° | 280
O Zhgago™
8100 1.70 2.30 3.60 | 2.55 | 330 | 265 | 360 | 2.70
EngageTM
8842 1.60 1.70 340 | 3.00 | 350 | 225 | 3.10 | 255
Average 2.15 2.14 275 | 2.33 | 2.80 | 2.22 | 3.04 | 2.59

As can be seen in Tables 9 and 10 above, the reinforcing filler can be
benchmarked for its efficiency at increasing the HDT (ASTM D648, 0.455 MPa) and
the 1 percent secant Flexural Modulus (ASTM D790). On the basis of these
efficiency factors, one can compare filler choices to prepare a TPO composition with
properties equivalent to those of conventional resins, such as PC/ABS. Of the platy
talc grades reported in the above tables, Cimpact 710 offers the best balance of
properties.

The grades of polypropylene reported above were not nucleated.
Compounding a TPO composition with talc is known to result in nucleation of the
polypropylene because of the large surface area and irregular shape of the talc.
Therefore, some of the benefit from the talc addition is the nucleation effect of the
talc. Since most of the highly crystalline isotactic homopolymer polypropylene

grades, as sold, are nucleated to accentuate their stiffness (flex modulus) and HDT,
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polypropylene was made into an impact modified, talc filled compound by feeding the
polypropylene, the elastomer and the talc to the twin screw extruder at the appropriate
ratios. The 20 weight percent talc- containing compositions received feeds of 56
weight percent polypropylene, 24 weight percent ENR 7380, and 20 weight percent
tale. The 30 weight percent talc-containing compositions received feeds of 49 weight
percent polypropylene, 21 weight percent ENR 7380, and 30 weight percent talc.
Finally, the 40 weight percent talc-containing compositions received feeds of 42
weight percent polypropylene, 18 weight percent ENR 7380, and 40 weight percent

talc. The properties were measured and reported in Table 11.
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Tables 9 and 10 above, the reinforcing filler can be benchmarked for its
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*359% Talc addition.

The benefits of nucleation are clearly visible in the neat propylene

homopolymer resulting in an HDT 'that is 25.9 degrees higher and a 1 percent secant

modulus that is nearly 85,000 psi higher. The benefits decrease after impact

modification with 30 percent by weight of the total polymer addition (polypropylene
and EAO) of ENR 7380 to inake a TPO composition. The flexural modulus
difference is less than 30,000 psi, and the HDT difference is less than 11°C. Once the
TPO compositions are talc ﬁlled, the advantage of nucleation is lost. These data
allow for the benchmarking of a flexural modulus of 142057 psi and an HDT of

85.6°C for evaluating the reinforcing effects of reinforcing fillers. This is useful

because the most common commercial grades of highly crystalline isotactic propylene

homopolymer are all nucleated for the boost in flex modulus and HDT.
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talc. The 30 weight percent talc-containing compositions received feeds of

szﬁifam‘&ercent polypropylene, 21 weight percent ENR 7389(:@%;(%6/024;27
weight percent talc. Finally, the 40 weight percent talc-containing )

compositions received feeds of 42 weight percent polypropylene, 18
weight percent ENR 7380, and 40 weight percent talc. The properties
were Wighshiredratidtiepdeted dpelaiblevi 1 140 \MO L 897I0R248Bplaty fillers can

PCT/US2006/024527 .Table 11: Consequences of | ct Madifjcatio
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Highly Crystalline Nucleated, Highly Crystalline Isqtactic Propylene
o B e D e g Rralin Loramptymer
to Dixtecight Ftecei dbhldis]ddieat distartiact Rodpdety For decfullopaig

Temperat C 1% secant,,psi Te ture, C Polypro
e el e G N T
wielyprapilenseirpagrdodifig Py eopstenswithi265848 &2 A1 2586R40)in

20. % 1alc,impactModified.Polypropylene with, 327.702 .133.2 300046
I R R e G s R h0gs ot
beBat1-31* 136.6* 40% talc *35% Talc addition. The benefits of nucleation

are clearly visible in the neat propylene homopolymer resulting in an HDT

that i%ﬁﬁeglgg%ﬁ@t?t @9?&%??91&& RPECEBINRERLa pp Homopolymer

Filler
‘ ) HDT, 0.455MPa 1%Sec Mod
Filler Loading o
°C) (psi)
(wt%)
Polyfil DL -
Delaminated 20 100.0 171890
Kaolin
Polyfill DLX -
Delaminated 20 96.7 175195
Kaolin
Kaopaque 10-5 -
20 94.8 183110
Platy Kaolin
JetFil 625C -
' 20 124.6 229974
Platy Talc
JetFil 700C -
20 109.6 213846
Platy Talc

Using 142057 psi as the flex modulus for the non-nucleated, non-filled, impact
modified formulation, and a non-nucleated flex modulus efficiency factor of 3, a 20
weight percent filler loading should bring the flexural modulus to 227,291 psi.

Similarly, a reinforcing filler meeting the requirement of this invention of an HDT
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modulus that is nearly 85,000 psi higher. The benefits decrease after

' ification with 30 percent by weight of the total poly ,
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composition. The flexural modulus difference is less than 30,000 psi, and

the HDT difference is less than 11 C. Once the TPO compositions are
eftadesfibgdathe aflvantagel dfsonckationstylbstcEnds® dathl all@vdorithe JetFil

benchmarlcing of a flexural %%liﬂ f 057 psi and an,HDT of 85.6C
Plf%%géigll%%meé eee{?%{?ﬁ oret 1gle e%#fs 0 ?%%#Fo?%%%nfﬁfggs?&ﬂﬂg%'usefuI

becauskhiheimhstizoentionhesrheserdiattredes afrhightietiystabingh the

isotactic propylene homopolymer.are.all pucleated for the boost jn.flex ..
B oo PR SO0 o PR AET00h 67 Sl wton
Meoy elatistiode welbpedifibetienakteniative de infarcingk pladyifiltbesacamvithout
screened in a standard formulatien. based on the more widely available
o e TR S SRR R A e
clpamhsmer formulation is 70 weight percent of the nucleated, highly
crystalline isotactic propylene homopolymer to 30 weight percent EAO
elastomeric impact modifier. For the following comparison of filler
efficiency, Acepro 9934X polypropylene and ENR 7380 EAO were used.
The several grades of platy fillers examined, included delaminated kaolin
clay and platy talc derived from the Canadian sources, as described in
Table 12 below. Table 12: Effect of Platy Fillers on EAO Modified PP
Homopolymer Filler Filler Loading HDT, 0.455MPa 1%Sec Mod (W1t%)
(C) (psi) Polyfil DL Delaminated 20 100.0 171890 Kaolin Polyfill DLX
Delaminated 20 96.7 175195 Kaolin Kaopaque 10-5
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20 94.8 183110 Platy Kaolin JetFil 625C 20 124.6 229974 Platy Talc
JetFil 700C 20 109.6 213846 Platy Talc Using 142057 psi as the flex
modulus for the non-nucleated, non-filled, impact modified formulation,
and a non-nucleated flex modulus efficiency factor of 3, a 20 weight
percent filler loading should bring the flexural modulus to 227,291 psi.
Similarly, a reinforcing filter meeting the requirement of this invention of an
HBAMS WO 2007/002436 PCT/US2006/024527 efficiency factor of 1.5,
would simultaneously have an HDT of 111.3C. The JetFil Platy tale
grades meet theseéleéﬂluirements, but the kaolin grades dq not. Althou

[ K gh
the invehtion hasPBEEHeABsceTBReF THURA T @ehmiH ol freepregaliifg(HDD) of
spraific ambadimani:chisdatailis ibtheupdmanaRuipaseRfillussatiops, the

Many variations and modifications can be made by one skilled in the art,
VABHRRAS YEP ARG Y the spirit and scope of the invention, as described

in the foAlgwing, elgiaRid3iddasid fropiaimshdnpabralating eerapnsitioadulus of
having a heat deflection temperature (HDT) of greater than about 120C

agfgaiexthan ARyt S BNdPaated mdARbSE LIty Mipnabruts @8position
comprisigg: A)eal%&x?ieﬂw&-ﬁefﬁqiﬁ&&gmf@ﬁm%pgIamegshﬁxm&@ﬂegooc, a

modulus of greater than about 1930 MPa and an of greater than

aboutclo 0GB e wthyllendicnyiedin MXepdijesehiaavbeiT g, oflEHa kithe is greater
a@%%%%%%%aﬁg@?ﬁg {lgs% quﬁﬂgeé% ﬂ{eoe&\{/?g{@/&%ﬁe%]i%)&pgt}L%ﬁtﬁ?e@sured by

about reater
differential scanning calorimetry, and

MCSLLP

O a platy filler, and

wherein the weight ratio of homopolymer:interpolymer (A:B) is between about
9:1 and about 6:4, and

wherein the filler has an HDT efficiency factor greater than, or equal to, about
1.5, and a flexural modulus efficiency factor greater than about 3, and wherein each
efficiency factor is determined by measuring the effect of a “20 weight percent addition
of filler” on the respective HDT or flexural modulus of a blend of the crystalline

isotactic propylene homopolymer and the ethylene/a-olefin interpolymer.

2. The composition of Claim 1, wherein the propylene homopolymer has a

flex modulus of greater than 2070 MPa, and an HDT of greater than 110°C.

3. The composition of Claim 1, wherein the propylene homopolymer has a

flex modulus of greater than 2210 MPa, and an HDT of greater than 120°C.

4. The composition of Claim 1, wherein the a-olefin of the ethylene/a -

olefin interpolyfner is a C3-C20 a-olefin.
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10 than the peak melting temperature of the ethylene/a-olefin

interpolymer, measured by differential scanning calorimetry, and C) a

platy filler, and wherein the weight ratio of homopolymer:interpolymer MCSLLP
(A:B) is between about 9:1 and about 6:4, and 15 wherein the filler has an

HDT efficiency factor greater than, or equal to, about 1.5, and a flexural

modulus efficiency factor greater than about 3, and wherein eac

h
efficiency factot 1€ ERTRATHISH B HrastrifBetid dhede et o0 e ghylene/o-
psrgRMmRdtionQfililercanithereseestive &adieinfealpprdeluside, 1-
blend of the crystalline isotactic propylene homopolymer and the
e didificterpolymer. 20 2. The composition of Claim 1, wherein
the propylene homopolymer has a flex modulus of greater than 2070

MPa, and an HDT of greater th 10C. 3..The cagmpgsition of Clajm 1,
whereirithe propSERERORBAI s 4055 el AR Cor Y G Eter

than 2210 MPa, and an HDT of greater than 120C. 4. The composition of

Claim 1,wherejn the a-olefin of ethylene/a - olefin interpolymer.is a

C3-Co0 holofiA MR LB 8§ UL B A RS gpotymer
ahetefimobthesethyteneaColefin interpolymer is selected from the group
consisting of propylene, 1-butene, 1- hexene and 1-octene. 5 6. The

composition of Claim 1, wherein the filler is platy talc. 7. The composition

of Claing4, whatginthepethydand/alpefin wiergalioe fixasnac g widesshe HDT

than -40C. 10 8. The compasition of Claim, 7, wherein the difference

R TR 3 R I B AR B/ Sb1ge
interpolymer is at least 4. 9. The composition of Claim 7, wherein the

difference between the HDT and the melting point Tin of the ethylene/
oot o P e A L8 e D TR 58t he HDT
velhdréio tidtian petta T medsheethatch®0Colefin interpolymer is at least 8.

10. The composition of Claim 7, wherein the tan delta, measured at 190°C

and 0.10 radians/second, of the ethylene/o. -olefin interpolymer is 2 or less.

11. The composition of Claim 7, wherein the tan delta, measured at 190°C

and 0.10 radians/second, of the impact modifier is 1.8 or less.

12.  The composition of Claim 7, comprising 30 weight percent of talc based

on the total weight of the composition.

13. A molded article, comprising at least one component formed from the
composition of Claim 1, and wherein the article is selected from the group consisting of
a computer part, a building or construction material, a home appliance, a container, a

piece of furniture, a footwear component and a toy.

14.  The molded article of Claim 13, wherein the article is in a computer part.
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and 0.10 radians/second, of the ethylene/a -olefin interpolymer is 2 or
less. 11. The composition of Claim 7, wherein the tan delta, measured at
190C 20 and 0.10 radians/second, of the impact modifier is 1.8 or less.
12. The composition of Claim 7, comprising 30 weight percent of talc
based on the total weight of the composition. 25 13. A molded article,
comprising at least one c aonent formed from the composition of Claim
1, and w ereln%% f% {5 %ﬂép ?(E?}BH TR 6 ALHEHRGS G byilding or
cornpteriparhasebuilding or construction material, a home appliance, a
container, a piece of furniture, a footwear component and a toy. 30 14.

The molded article of Claim 13, wherein the article is in a computer part.
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combinations thereof. 17. The molded article of Claim 13, wherein the
composition further comprises at least one additive selected from the

group céﬁsistirﬂlomblgdmﬁtlad%@mnw&mm,tmwmmam fosther
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composition of Claim 1, sai meth comprls Eoﬁymerm h

p@b}gﬂ@pfyl@wmdww@mwmmt@@tb;gea@mmnﬂmphﬁmér in
separate reactors, and subsequently mixing the polypropylene 15

homopolymer and the ethylene/a.-olefin interpolymer together with a platy
filler. 1918 he comstisidor ofaBiamthe, camprsitioneofvelgim peseahmotliiiér,

ethy|§fq§%gt§% E?Iﬂﬁég@e Oﬁ%ﬁreﬁﬁ?&gﬂgrﬁﬁ%gﬁﬁ}it%eeth lene/o-olefin

n interpolymer IS gr e wel
patemal phianethyderie/ieaclerin andeamﬂwnenﬂzarbas@jtmnhbﬁmlene
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interpolymer.” 20. The composition of Cl furthér comprisin e or
more other different ethylene/a-olefin interpolymers.

19.  The composition of Claim 1, wherein the weight percent of filler, based
on the “sum weight of the propylene homopolymer, the ethylene/a-olefin interpolymer
and filler,” is greater than the weight percent of the ethylene/a-olefin interpolymer,
based on the “sum weight of the propylene homopolymer and the ethylene/a-olefin

interpolymer.”

20.  The composition of Claim 1, further comprising one or more other

different ethylene/a-olefin interpolymers.

21. The composition of Claim 20, wherein the weight percent of filler, based
on the “sum weight of the propylene homopolymer, the ethylene/a-olefin interpolymer,
the one or more other different ethylene/a-olefin interpolymers, and filler,” is greater
than the weight percent of the ethylene/o-olefin interpolymer and the one or more other

different ethylene/a-olefin interpolymers, based on the “sum weight of the propylene
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25 21. The composition of Claim 20, wherein the weight percent of filler,

based on the "sum weight of the propylene homopolymer, the

ethylene/a-olefin interpolymer, the one or more other different MCSLLP
ethylene/a-olefin interpolymers, and filler," is greater than the weight

percent of the ethylene/(x-olefin interpolymer and the one or more other

30 different ethylene/u,-olefin interpolymers, based on the "sum weight of
theBRpYIEHE. e RSt RbtHB doishprRip sE Atfyasaranosspther different
?%@&%%QBIQHQ gﬁmlg}%%@ther different ethylene a-olefin

intefpolymers.” 47
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