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Talc-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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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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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 parts, that have excellent mechanical and thermal properties. There
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ethylene/a-olefin elastomeric impact modifier (or ethylene/a-olefin interpolymer),
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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 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 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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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/a-olefin interpolymer, based on the sum weight of
the pfopylene homopolymer and the ethylene/a-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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rrfok’epreferably 30 weight percent of talc 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/o-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/a-olefin interpolymers, and
ﬁl{ler,” is greater than the weight percent of the ethylene/a-olefin interpolymer and the

one or more other different ethylene/a-olefin interpolymers, based on the “sum weight
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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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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
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The Engage™ elastomers are ethylene-octene copolymers, and the ENR
elastomers are ethylene-butene copolymers. The Dow Chemical Company
manufactures both EAO elastomers.

Sec\’ond, 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
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vari ous EAO el astoners. Preferred grades of EAO
el astoneric i npact nodifiers have a positive delta,
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the nost preferred grades have a delta of 8 or nore.
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preferably of about 1.6 or less.

T

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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gl ossy, and EAO addition has sone effect of |owering
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at@lablerfrom Milliken. Other 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
shurry 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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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.

Ethvlene/a-olefin Interpolvmer

The compositions of the invention comprise at least one ethylene/a-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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agent to control nolecul ar weight. Polynerizations nmay
take place in a stirred tank reactor, a gas phase

w0 bai7ed2aedl bed reactor, a single continuously BCT/US®A6/024527
tank reactor and a single slurry |loop reactor. Such
pol ymeri zations, and the resulting polypropyl ene
honmoporyners, are described in U S. Publication No.

BB R SR kTRl

pdbpabr mepdrbebe pb]lyn&ﬁzmgpdthydata vortls at Isast nn@ccpmmirmi typically an

oI aerblenehal Dol rahen Hemg arsray. merdlig faat papon
at¥yBk ?dgﬁ Ci'O? tnﬁdn@ éfQﬂﬁbeWoM?) carbRAtémb CLC10PAR] even more

pre 2to and nost preferably from3 to
proferalily 4 |t<m 8 |cwbdu atonwﬂdﬁleQSh nichesutblefing mslude gt 2ret ot dingies! to,

ncl uded herein and ed her ei her
1-hRGt e, R E P gttt SppBh Ao T s
PrefaRed opéleﬁﬂcyﬁuuu@ 1-Btendn @Lpaﬂteﬁe Aredxehid alyethes spehRhe, 1-
or equal to, 5.5, and nore referabléﬁél ess_than, or

h@éﬂ@ﬁl andol -goteney Bivor-Rleiindsdesiehisa CHdeowiediy| ene

or of B omeR e B ERTIEhYblfpREL S ebabRnitis ey meRBte-1
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e
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F 1 on B Rermets sl e e AP AR R AR e
ndRbAjubated diolfECdapRd G5 Riraight eagt, bemchsbadin&ndyclic
the pro ¥Iene honopol yrmer ' has a melght aver age

hiydspcaglamatricongei HetrativRmpPnEQnGREatRY. Berss grebiaieht shain ecysbio

oSk T B0 AT, ORI 200800
as 5- methyl-1,4-hexadiene, 2-methyl-1,5-hexadiene, 6-methy1—1 S-heptadiene, 7-
methyl-1,6-octadiene, 3,7-dimethyl-1,6-octadiene, 3,7-dimethyl-1,7-octadiene, 5,7-
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’lkenyl, alkylidene, cycloalkenyl and
cycloalkylidene norbornenes, such as 5-methylene-2- norbornene (MNB), 5-
ethylidene-2-norbornene (ENB), 5-vinyl-2-norbornene, 5-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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200, 000 g/ ol e. Al individual values and subranges

from 80,000 g/nole to 400,000 g/nole are included
whegogiooe4ad di scl osed herein. Ethyl ene/ a-ol ef PCT/US2006/024527

I nt er pol ymer The conpositions of the invention

conprise at |east one ethyl ene/a-ol efminterpol yner,

whi ch optionally nmay contain a diene. "Interpolyner,"
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doBtgEpol ymers such as et hyl ene/ propyl ene/ di ene
pr?@&?%?ed (EPDM) interpolyners and
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alSo dsei HBLEH tyhe BraB6RiAE b8 toDrdfsare polymers having LCB. In U.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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re@éf&{c‘éﬁ eﬁﬂeﬁﬂ'&h}l‘yz}ug‘l? [Rel e e desired, H-type branching is the
cycl ohexyl i dené- 2= nor bor nene. Preferred honconj ugat ed

pdfesred sndtine, suhee ENBpe bragching hagh praetical upper limit to the degree of
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Anmet h ent adi ene, cycl opent adi ene.
thapping wgﬁaq&eéﬁ*éwrwmdmtmp%ﬁ %coap@l@lhzs snsiablea Thy T-type
CB,
L&ﬁza% rp&xtxerggél ﬁj f&gﬂwﬁ%%d éé()ﬁ{e‘ﬁgj Jayalﬂls?sd %&E‘)utl‘
mamﬂbﬂeﬁ@dlg band/mﬂe&'ry hilgh éevielst o Tpypy MErB. p]Be‘qaeset thes, su c h

as processihility, tensile stren nd el o atlo
g B Sl R A S B G e G B g one
reﬁ&ﬁ%’%@ﬁuﬁaﬁ%ﬁ e, th@%étsuﬁihg pﬂ%ér bﬁlytc%ﬁta‘il% side chains of varying

di cycl opent adi ene, nor bor nadi ene,
lengﬂly,landrabdlff@eqm mt@_l;valsodqrmdh@p@lymtr Padkberadi ene, and

SRS RD Sy i RERY Ryt By PBR RS R P BB RAE

otBeMEpi dle PRy ¢ \ﬁﬂma didHetavingewe datibly bf;ﬁdﬁfe@dtﬁratvmh 4 han
zero to 2 weig percent, based on interpol yner
nmqjﬁlocemhwp@pﬁ Wéb{ét/ ig-thA RAAMPIEAEOR BIYATET A btheprme implies,

e r?l;f&l@ta'tt helBYe B@lﬁ/ﬁ{e?ﬂﬁ)h&qleqe q{‘l&ﬁlgﬂ‘;&g{tﬂﬂ&c@sgzcule t ou h a dlene

erpo YIEr's. presence or ranc
bmdi@, tehrydudtivey Iaolymbefmiacnkeeqanib}mg as H ﬁmdmlg“nt be dmhberg as

o S i e b S e
whlfedthen e Righaeh dDOO HIBACHR(ORE UEdiRY: 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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The nature of the ethyl ene/a-olefm (EAO branching is

not critical to the practice of this invention, and as
W@ 2@h/002486 can vary to conveni ence. Preferably, P€T8S2006/024527

branching is long chain branching (LCB). The ability

to incorporate LCB into pol ynmer backbones has been

known and practiced for many years. In U S. Patent
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Bt , t ..
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alfd ?Mar@@iﬁoin{(?@ﬂ wtormg/eld nkie rned mlcliurie(} ]lﬁelfﬂﬁhhd déselosed herein. In
r erence exirene evels 0 ar .
oGO ANp o) JC BRHAET L PO G P BHKES: Hephbe10 min or
le§% @9@%@&% DEAD GG 1435 PR G Eab1yWIReT oD Wik ok Ross.

e of
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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LCB. As discussed in WD 00/ 26268, as the |evel of
T-type branching increases, the efficiency or

wao booorghaput of the manufacturing process decr eBGEES2006/024527
significantly, until the point is reached where
producti on beconmes econom cally unviable. The T-type
LCB pol ymers can be produced by constrained geonetry
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cd h@r§ aré cﬂﬁ‘clgée@@ﬁ’IﬁS tPREhEs, 2089 7p0l WIehteADS, %Ud)ﬂ tpQT
not her mol ecul e t hr out h a di ene brlﬂg

M@Sﬁﬂmlahﬁu@maymNumbéW E3i06G ptamtel e e ‘he
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e bH&TBY Yetbiegte. | evel s of branchl ng are desired. If too

much diene is used, the paly Iecnformso
nuchThe m!m"h@m@gené?% and nlquﬁ@gepﬁ%lfs?xﬁ %yﬁ’é?rusle n

aga%&&% efhyhe/ RBRER g%ﬁ‘n’rbk? (6 RrbAFmEGAENIAM Bl vent

Sordt i on proces consequently falls out of
cc_smbmﬁmﬂ(s) i madbmlyrgstnbute& evithor angtvien polyineg slolgraite, ped es

n the polyper. Additi naI,ueofH— e branchin

snatha) bl e Rt e e Sae e SERERibi
re{ti%d UGR HotlRbNSus8Trach8d 6thylehd HerpdRaterd inb g€ linear ethylene
br anchi ng agents are used, the catal YStS used are

intsrpplyaterrs; and subsmaipilnbesss cthyloar yaterolymas.cat al yst s
o B AR AR M BEER AU BB ot ymer

afe%fd%ﬂ@r[&ﬁ)eq&ﬂ?xn\iﬂnﬂﬂich madkyipes d&hlabgaﬁtlﬁng,?amt tlabhee short chain
eth | ene |nterpolyners |ncl%
brpeay depiedfrom thy comonomer po

are homogeneously distributed, both within the same polymer chain, and between

ymenzea nto tiile initerpolymer, and which

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/a-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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NORDEL(tm) pol ynmers avail abl e from The Dow Chem cal
Conpany, and VI STALON(tm and EXACT(tn) polyners

way@jedabe from ExxonMobil Chem cal Conpany, ardI/US2006/024527
TAFMER(tm) pol yners avail able from M tsui Chem cal.
Preferredet hyl ene interpolynmers include ENGAGE(tn) and
AFFI NI TY(tm polyners available from The Dow Chem cal
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hatvs aborgohwame mmommr@eﬁé@blﬁ@ﬂ@is thesppdympisackbens, e eqnchave

abou %n %51{3‘8 rlengﬁggsd‘éh h (.t)fhcﬁe ?(t)lg}ﬁ fﬁ&[k%oﬁé e‘&g ﬁ1s[:usts%d above,

or equa
"sﬁbﬁirﬁlag&dmﬁalp'r ‘@Ibﬁ:ﬂﬁﬁl iy 1ﬂ Ie%eﬁcla am a polyne ikt 1:{ mbstﬁlu&ﬁ, on

g/ cc, nore pref ranyIe t han, 1o .85
avg%rac&@a W}tﬂ 0t dene Fhairdmarss e TQaoR ﬁ@rfge%alaﬁa@ag both
ba{cﬁf')&{eoﬂdm{chr@%cﬁisml 3 1ohS eiein blja%clge]s%g @OO‘L@tah QﬁrbBﬁ@ m

0.05 to 10 g/10 mn, preferably fromO0.1 ™

mn, Cammemaleexpnvﬂ@mdbulgstdntl@]ﬂw Onear polymeys m@ludle rEN(E)AGE

B e e s

CHémhlos@dpdignei n. 1 n anot her enbodi nent, the el astoner
conmponent has a nelt index, 12, of 1 g/ 10 mn or |ess,

pr ef Epapibytagtially Enegr ethylens igerpplygaers fora appgue class of
LA R AR G F7 Ry o v

knuwrbe assaxfepagmtionhlehorthagenaaistphivran¢ield linkaosth enO@rpolymers,

degs{:rqlg)édeb; ]gls’g)%Cinqu 19 /tgr?c|3e645 %5 and, moreover, they are not in the same

class as conventional heterogencous 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 generaily 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 talc. Common platy talcs and kaolin clays are identified in
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Patent 5,2
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41, 031;
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each of which is incorporated,

her ei n,

by

r ef emeble8: iConihién Bty Teley. Further details regarding

poepegus—et h\/l ane

the production of hompbgensoys—et-hylene ol-efm
opol rsj are disclgsed in ent | 5, dwiiay s,
| Sropiicn 5%%%?031% H U?"&f"r‘fﬁ?%‘%a bRt | PBrightness
Nu @ N0 P3/ ;. HCGrlnat d rrjgiEr[om?yg Publ1 cat1 on
Nunber WO 0/03414 dll foun of which ate heecrenn
i h_ara|n ) +hn4:43n+ira{_i oo b_\y_L
e 1 h [1]
flelgrengg: | T Retati | hQIDOINeOUS’s and | o3 gyerae | NA
°Mﬁ%¥>QEQH€h are usedin referenceé o fan
dt hyl ene/ al o Fnypo I'viner (on interpolymer), in whigh
tiRe\ e oMRN@eriiknds rlanda y di styg buted wi thpn a N.A.
I ven pol yper nol eculje, and substantial y all _of the
equl8fa1ave he ga 1.9 N.A.
é?ﬁ EE%e tp- connn%nEr(s) rat{i o. fhe honmpgeneousl y
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gt ene
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 B.ET.mg .
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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i nterpolyners, and substantially Iinear ethylene

i nterpolyners. |Included anongst the honobgeneously
whe@mnobmss | | near et hyl ene interpolyners are etPgi/e8m06/024527

i nterpolyners, which |ack [ ong chain branching, but do
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rpolymers used | e pre nvention are
flaesdmditusi n U. S. Patent Nos. 5,272,236 and 5, 278, 272;

t he entlre cont tS of e ar e erein |ncorpor e

ot i ko StinaSey s BUE on e cenBetie A paisd b
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prepared using a _constrai ned _geonet ré'rcat aly
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Top LS 5 g i 2oy U L o p RS e propytene
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2GR B A DS Bl i B bre T L R RCL Bl s Les
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backbone, and can have ) i
of polypropylene and EAO. As a result, 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 medium 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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about the sanme length as the length of the polyner
backbone. As di scussed above, "substantially |inear,"
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AR PR ents 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
well; 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 structﬁres
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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the density of the polyneric resin that the
W@ upoed4sé on i s i ntended to replace. Typical | yPCT/Ei82006/024527
density of a commercial grade resins is about 1.13
g/m . For conpositions made with the high
crystallinity, propylene honopol yners and EAO

el a r this. i [ I j
w2 A Ak oo
hdreGPlaae: 40d ettgcheas s iimtegoliiabl Al Bidividmatvalues and/subranges

Tal cs Table 4: Co n Platy Kaolin C aysDuring,the .
frp 0.8 9P A BT PRGN ROBRISRVAERE BRESBPPTBILTe e e pedgyand
IR Pl 0 R G oo it
percamqaeferably frbml5 BI8i7svdigigwerant, endimosd preferably diguifeto 35

the shrinkage of the c osition in the flow .
WefER LRt OF Tk R -PIED s fiangrobsel gn S ugp wpight of the
{1BAORGRopdISmbLSd dthlehaARbBIThi& IC AT kUG Qs ivaig
plgg?hﬁt h(gﬁ%lsea?mdefl ect?lﬂon terrperlat E%ﬁgnd t he fllexural =
anvobtanges from 18ftb dOtweigh dsteoent (cphatane@uplgfin intprpelymsihae
. determ ned by..fitti line to data taken at various
mFIZ’\c/kéﬁligérSlfnafnlglqlseclrlosaegg‘lgrtelﬁl(in. The slope of the line, in
uni t Ehh(ﬁfe enftid ﬁﬁél’%t, 1lh|6 @b@pgﬁtibmccnﬂﬁnﬁfrbm%ijﬂo\ﬂ Odeelgltypercent,
"wei ght percent filler addition” is a ure_of the,
DrgHaraATE BB 30 10 W oA opy BGHE T DT BTG Jaite lbeieht
Lot iRl Sdivk
P P e LRl B oMl iR iRl
valoespodistbrangéssireu 25 ua b @ wekght perasnir(platy filher) efefieltdesf hegein
]?298 .V\qi?r%g}ﬁpercent addition of the filler on the flex
angJisg &"H4DT of the bl end of pol ypropyl ene and EAO

A Tl BXanbBttd b o8inkdn® | tBOEMMPREIMIhas WickystalRkdtRnAémperature, Tc,
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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 andther 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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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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acture Gf “structures used in the preparation of
sof t Int amother embodinent thepaneitiveanthpbsikiensgantain e sompatibilizing

manuf acture. Conmposition The .inventive co Sitio
aTPBH o AOPPC AR AT Rk G e OB SRR algh® Rame
rePh @i APIr¥mhti Ol S2nhRd $anerieBliddanp @he @Ptionaliyth MadEretardant
preferably from 70 to 75 wei ght percent of the

sypergist &ne finthen prabgdiment, hasdkiansrilanprereiudangis ghetedriiqme
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are included_herein and dj.scl osed herein. The
comEHHa BereehB Sner TR e B b FiF seomps Flosshgise fgmeo
refaNR 'cg&brises 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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0 wei ght péercent of the ropylene honopol yne
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polydimethyl siloxane, alkyl functionalized polydimethyl siloxane, carboxyl
functionalized polydimethyl siloxane, mercaptan functionalized polydimethyl
siloxane, and derivatives of the same.

The inventive compositions may also contain an additional additive.
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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ethfyleHB itt€polyDic g('ﬁ’fbdemlﬁyinaﬁﬁz ghhgdiideor succinic anhydride groups,
and preferably the grafted ethylene homopolymer or interpolymer comprises less than

20 percent of said composition. In yet a further 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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alfHR0ERH:CR K RAOL gddk@BPacoustic systems, utility cart parts, desk edgmg,

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

28



retardant, an aromatic hal ogenated fl ane retardant,

and optionally a flane retardant synergist, hi a
wo evoviexs3enbodi ment, the al kane fl ane ret ar daneCT/852006/024527

sel ect ed from hexahal ocycl ododecane;

t et rabr onocycl ooct ane; pent abronochl orocycl ohexane;

1, 2- dibrono-4-(l, 2-dibronoethyl)cycl ohexane; 1, 1,

I [

e e g RGPS of thermal
treatnent diam tnodd nPiniss ssheosnositions maké it pessitiia topiiodhemnipfection

mgl%lg(g{)eirts xgl‘é}i%ﬁ%rg%% Wgﬂﬂu E.‘% hsgéﬁ% gﬁ&%@@& \l,hglgrrllﬁ Xad ¥r|1echanicals
pr@péﬂl&{ hhd AroRdien@iil Hhbaiese.

, 2- bi s( pent ahal ophenoxy) et hanes; a
t et rEiednvsitiyp Remposiionsee FHésEely fluid at molding temperatures to
I
a5 T FIRBRR L Rl b 8Sioh P AR OURA SBIEBH fha

higinhydity ded;cah 6% absal tolfena pmmwnhah @g&mahﬁdedhaﬁﬁﬁl&ﬂrength
hal ogenat ed hosphﬁée esters; hal ogenat ed

lnly?é¢t)f§%1§fﬁ1é‘ﬁe§u‘mﬂi8{ thermpl defprampationesistance p fasloparis havg an
ex@&le‘ﬁg é@egf%gé' lald h&¥e 1@ (%&Qilﬂl@ﬁél&{hl Efgd?f £0%t e rfméfee&f molding,

anot odi ment, l'ame retar synergi s
and wcrbmeds esefﬁclen’ts of ﬁmrraaldinear ergtaabionx Thie cornadsoigas areeczhp able

ffin, hat e, di.net hyl di nyl but ane
o Bty maokg RETR BT AR FRUBSFIeh R o et o the
paﬁ%ﬂ?ﬁa FRITom LOR SRR PYABS r60A4. eumadﬂ‘nbﬁ gudh ?hhtts fredighfer
8 parts by wei ght hal ogenated al kane

copwaendda fetts prepired Bout a polycarborgie/dB Seblent: tBYH@‘}&ﬂWeP@Fﬂ
t tar

L N D R
lightericb@ipheti ab a peliygdrbomdte/ABS bl@ﬂ'@OSl tion. A

furtherdescription of such flane retardants is found

in International Publication No. WO 2002/ 12377,
DEFSETROKAt ed herein, in its entirety, by reference.

The conposition advantageously may further conprise at

| easAmomeneribd! tangeregited herefny pelwiss ok Naﬁumﬁtbmyhamm velye

mers gr.Ro ositi.ons. ddi t
onfl R Tl " ek Bl O Bt R P Bation o
ledst f\{f@ﬁﬁ@&ﬂ%éﬂmnméﬂ ®ilse add\angthadtel 1 Z186.5 As 96 ERArBHIE M@t is
addi tives, such ol ydi net hyl si |l oxane (PDMS) or

statechibet @?fam%éwnal@ pkmﬁl Phgthes propgansuel as, @JRpkes ) SR
mgigallémébhﬁﬁkﬁ 11]‘1({69%'(9, ?saﬁ'om 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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Specialty Chem cals) or scratch mar fornmul ations

contai ning erucam de; anti-bl ock agents; dispersants;
whb@riosy3@gent s; |inear or substantially |ineaPCEBENG6/024527

LDPE; LLDPE; | ubricants; crosslinking agents such as

per oxi des; antim crobial agents such as

organonetal | i cs, isothiazol ones, organosul furs and

C; : :

e Y e RhGR: 8P RERRh, Bl oo BB
weiights aad otheapeopeetiop. anmoni um conpounds, am nes, and

t hoxyl at ed, | at ed | | co o
ctnegy e prorpulatee or qlicerol comottiel
cdMWriskithe EfpdsRtion) ¥EHvOK ¥4 reh b hroBdits ARFIREMBELNEE Pducts

si'l oxane, am ne functi onal i zed pol ydi met hyl " si | oxane,
fopineg frofthe maderials ofthe porhyeithast. hyl  si | oxane, aryl

oncH R SOt AR S0 Gk s
by polGinkaRAkL e dnied, Whicthet 6/the Shih¥aR Giffdi@it ¢ARL AMhe generic

functionalized pol ydi net hyl sil oxane, and derivatives

teln pplyenes ks emiraces Medgtm RameBMyBST.1UsBHY eaplogdste refer to

Pt P G om0, AR GPes
dedinabihbierenfter. | ubri cants such as fatty acids, fatty
| cohol_s, , fatty am des, netalli t tes,
par o AFESEh P by B TRt aise e aotaes dhe
pENTBRRRGSROPEY fie3olythESh8éSor Mt 8] GRERNPYBE! SFmSHSers.

as fine-particle or powdered solids, soaps, "waxes,
Thy ganetipésm iptergypenthys mstidepeqricdymers tusnallsemploged to refer to

PR PP ESRINS A BB A B Dt repara
friphasdre ¢haei® dffeRnBtypesdfensnddhersli basi ¢ acids (or their
anhydrides) w th nonohydric alcohols such as =~
o- phtbaicamesthyirargleldn iaPlyRebat B8y lcReBelyBeRbPr sizdley
o o SaNTRI T ARG BcREh Mo BEAAY Bhcoraan s
mule_tpemehtjl e¢ltyléneghonshatsi unitz e Mole pedeirtsgeais basedemdhe total moles

ne, .an. o- hydroxy- phenyl benzotri azole, a 2-hydroxy,
°4£%?R%%§@H?Bﬁﬁgwgﬁe, a salicylate, a cynoacrylate, a
ni ckphe ©hal abiendnd “BoRBIRE Blehd SR B PRRER, @B a composition of

oxal ani | i de; and zeolites, nolecular sieves, anti-stat
twainere detyratrhePuch 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/2.16 kg 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.



known deodorizers. A preferred hindered phenolic

antioxidant is Irganox(r) 1076 anti oxi dant, avail able
wo e@mo@4b@ Specialty Chemicals. Skilled arti samST/U81006/024527

readily select any suitable conbination of additives

and additive amounts, as well as the nethod of

i ncorporating the additive(s) into the conposition,

wi t hout undue experinmentation. Typically, each of the

above additives, if used, does not exceed 45 wei ght

percent, based on total conposition weight, and are

advantageously from about 0.001 to about 20 wei ght
GL= EBAULOH IOMAPAIDY, om 0. 01 to 15 wei ght percent and

g’l"dlﬁ’é ﬁfeﬂg%?héfleéﬁl%g tstafd H18MR1 9 Hei BR HEBMbutions feine

ment "of the I nve tl on, an inventive conposition

ethynleheutim p@tymaawer@d@eqzmhgdjwﬁbaigyl BirmeREeTecrPDMGErapBic
nprove .t he

¥R ARSI RS 0T R TP B RG220 Sy B

cﬂ‘rr)ﬁaﬂo%miaht ﬁrhé Qomngatd ReseeNiomaaaRetsorert bperatidgh 1 4@1C for
| ymer conposition. Suitable

P@W@Wn@b@ﬂ@plmﬁe?hﬁ’ edrie e owarerBrer F g Lamen lebaitqres

@%‘&?ngggg 2 1$1[1§ EEP}F ojng%g &%gﬂ%clﬁfgt (gt%ézerﬁn Gi"h@‘.%ﬁﬁples

werd r&ﬁ%ecﬁﬂ%ﬂjnﬂ&[ﬁatlohlmé Odmnsjfpbbmea lirs 50 imdilete Qf soivent.
eth 'ene hormﬁﬁ {?ep%é et hyl ene in Pxf‘é (Pgraf %JO

Th s4lver WFE 5% JBPBLEPIGFe, ape 19 RIFRATE gjped <Y ppm
Fﬁtﬁ 1&&%%%?&%1&4}1% (@LAH! %ﬁéﬂéyﬂaﬁggo@ﬁﬁ%’@éﬁé@épa@éd by

rpo ymer “conprises’l ess than percent of said
agitatipg iughﬂy) for 2 imuyeat 60 Urandarorsidensdiase pelymerewere dissolved

f(g?ng SI L ?ﬂ%}n%eé:%olng/%b.‘ngeﬁéﬁ fOO| rg% lggrg,n n%dcﬂé Bv%erate%q .0
nﬁflﬁl@ré/hﬁﬁ{te OhliBrafibh bethe dRd bcﬂﬁ@nmawwasrmlrmm alithinaedw

or uncalcined fillers. SU|tabIef|IIers | {%g}%t but

nwa@uh@weugmmsa@bqt@n@&mm%ﬁ%%%%t Rrghag 1¥HFE e

LSHor'é% l gﬁcﬁﬂf ﬁ% roﬁF%OStB%rEOO 000. The
are escrl detal in USP

p51y9@ﬂan8 5¥hndm’dq> ealhiol&uto Mte@ttswafe ophvastedde golyethylene
n&o?gc%{ae %fre?gth%s(,j usqgé ﬁ‘ler%oﬁgw{ng e%lrlgclo%e(as described in Williams and 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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Addi ti onal scratch mar fornul ations useful in the
conpositions of the invention contain | RGASURF(r) SR
wae®7mii4be one or nore additives as descri bed hpCBUS200/024527
particularly suitable fornmulation contains an
al i phatic amde in a polyethylene carrier, such as
| RGASURF(r) SR 100 with one or nore fillers, such as
ol flh SRR iR R I TR ?ﬁgﬁﬁf;ﬁ‘é’?“?&%@%‘r‘f’e&°&ﬁhﬁ pan o
easmlne_yaj tlosiel gmosygiere. d‘lhﬁesanaﬂc parcis plazsd gt aSC cell, and then heated,

f nf or, mul descrl ed i.n
s ez B o HER o8 FEGEAr ol TaRF SR RS PE
z’a%zé For'$1)C bt SarthPreqs R@gt%ft ﬁﬁs {éﬁfp%fd@urb forl thiee@itiiteg! Yhbly the
re erenc In a particul arl ?éeferred enmbodi nent, the

soopip osséctalasieg acr@mwé |1ﬂ°<é(rrsn it<at9@ PR oA ENioF BPS andiierth,
tu ta t
R N T T

BB f HﬁCﬁﬁ‘xﬁtunﬁi c@hplle%&ﬁéltlﬁg @ep@i@’lﬁhat‘@t&lﬂdsmb@@ &OePE and
from30 to 50 wei ght percent of at |east one filler,

230 far &F).10ntess Gﬁemscgmteé,em@l@ng pofnt(s} (’Ené 2f eachyieolymer
ARSI TE S BETEL T it
é\gveq h‘lt R s?aﬁﬁ%e%%%%ﬁﬁ%rg&lr% ? Eeméa%\glf%ht%ﬁlx Fﬂgtﬁrglf cotoﬂﬁg curve.

at’c rconcen cl'es venti on

Arti gihgSolting exfhpRR IR g, bhitjdeGibt, eitherdxgiitidy or by
extrusion, extrusion followed by either nale or fenale

imbbeatioh olirmit iy, DIEeRAt BreBEen: eUn.l@qsscnthgwm@dﬁgp@g@, alparts And
”R:egta %aréhgaf%%@l far from exhaustive, listing of

rt|c n be fabricated fromthe conpositions
of the invention includes polyner filns, fabric coated

sheet s ol ymer sheets, foans, tubing, fibers,
F@%@%W@Téinmut er parts, building material s,
housghal %a@éank ABRGESHy 1&1&% BéseAbeSiAPRbYe $BYsWNOS,
trash ca ra e Or packaging containers, |awn

f u r niProfae P& 7420is a@nmbbnﬁ@rowﬁm hﬁmmqolyngfarsa@rbmﬁwll
ar den L an a r.
Gaskar 7 iEBHEt et EPLERE P BBl d i AR prppgene
BPElyRgr 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 35.
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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 is 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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prepared fromthe inventive conpositions are on the

order of seven weight percent |ighter conpared to a
w@oioypexsbonat e/ ABS bl end. DEFI NI TI ONS Any nunePCT/EE2006/024527

range recited herein, includes all values fromthe

| ower val ue and the upper value, in increnments of one

unit, provided that there is a separation of at | east
initygl"? fadd! zk?e hed e itAWRH dyal pifleanferd Ei/ep'ﬁteﬂhﬁ"th a Gala

val ue. exanple, if It 1s stated that a
wﬂhﬁmﬂsﬁpﬂbﬂaﬁ phy3|cal or other property, such as,

for ecul ; t. i ndex, C., 1}
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pd’lgf)ﬂéﬁﬂené HEh o 1hO8bled 8 hind 37Q3%lov¢t All, foBhdasez weas g@ared
as 100 to 144, 155 to 170, 197 to 200, etc.

utdmmgz& psyrcemhmwagl@td)f ithe cthq»isegl pQygesopylene wush30 peseent &ﬁg\éeéght

oG Pal S A SR PR sy o

p@l&%ﬁg&l%ne dndthe BA0. &he 8000 @iies Eﬁgfigelﬂg estosieteare dopalyiners of
:001, 0.01 or 0.1, aspap riate.
cthige i bractEnA] RBS V0GieBcH P RetEor RBEPET S CORIERAf

etﬁ&l% e er g%lufe'ge 8%}]\4 %ﬁ@@h&é@ Vnl cﬁ" ab¥R ﬁadeYg/mole an M Mw of

nsi ese are only exanpl es of
abaait 3p@000 gxmblla yncii abMenbddof 20d Eagdgep 0S84 PBhes a Mn of about

s 0800 e dore e | o ol e M Vgl %y R 73s0

h&O SIS Beul 82, m) %iﬁé[ee &5 iy SF BRE 170000 snclpphd § Mk of
Nureri cal ranges have been recited, as

2di scussedherein, in reference to density, wei ght

percent of conponent, tan delta, nolecular weights and

ot her properties. The term "conposition,"” as used

her eirableig clifikete 8 Bnprick Modéficafiomah Etdxata Mddutis, t pageentstecant
the saimesl MmN, as well as reaction products and

A O T G G
reflers to a polly@amédiBeppUinthapt epaUatobified Impact
G/ orent  type | FPREgRYER EVRHHoPgHBROTRE | MefiGed)
e L R Y ™S54 55 U3l 3BT PYEU 7 o €T 9T R 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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pol yners prepared fromonly one type of nononer, and

the terminterpolyner as defined hereinafter. As
wale@cuoexssd above, the term"interpolynmer," as BSHEUS2006/024527

herein, refers to polyners prepared by the

pol yneri zation of at |east two different types of

nmononers. The generic terminterpol ynmer thus includes

behapiol WeRes withshabéverdNgys @y BIHT & shofarintTabRol UéI@d’v%about 25
prepared fromtwo different types of nononers,

nd

peﬁeﬁng; rbthe HiP Epmesaigless shihapplyprapaienewad dndependent of %apes

[l
o B o e g peait g oMl RENEIRS Bl iltmer lendg of70
walsghumdeﬂn ef memclebteﬂ@blypt@y&np ahy e rvdigitt pecteht efithe selected
g%edom nantly (greater than 50 nole percent) ethylene

freric units. Mle percentage is based on the total
nol es of pol yneri zabl e nononers. The terns "bl end" or
“pol ymer blend," as used herein, mean a conposition of
two Eﬁblwﬁr Eff@ol qﬁi&r{@ct Modificatidy @nHem@efmctimmSF empératmee (°C)
separ at ed. Such a bl etwa ﬁgyo@Pp?}ﬁ?ehot contHOﬁP$ﬁ@P@Vmer
moT € domat m cont T gurArT <y T T 0)
transmhg&h@p el ecf{ron speceir scop;lp ¢ Eum VER giE
the term"M," is|Peapiopydne || NMifiel2 |oliptopyleng) Modified

sured-usi LLQ:EI\TILD1 238  Condition 190C/2 116

__ri-n—ABa
kg f%?ga%w@t hyl efie- ba&7e33| pol yrert$;5S and| 23086.3. 16 kg65.8

| ot Ol Hemetbase ot WLFS—W(—Y—V—E%E‘E&?W——
aéé@?égg e with AS 792 THEens| ty surgd 0621

y Impact

vvas ENRYUEK dens|Ty™  g7mani ng gl (el dengpEy vas .
determned after L hour fromjthe tine of no %ﬁgnq. Gel 67.7
Per mEaNR gn4Chr omaf ogr ity The avey7age npl ecgé.ar 67.9
i L ar wel mh1 distributilons for
eth T@ﬂéem pol yrrer387v\78re det efffithed i t h8@5gel 68.0
L5 T AU U L 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, EAQO and filler components) to compensate for

additional additives, such as color concentrates and other additive concentrates.
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system consisting of a Polyner Laboratories Mdel 200

series high tenperature chromatograph. The col unm and
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operated at 160C. Differential Scanning Calorimnetrv
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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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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of about 41,000 g/nole, an Mwv of about 183, 000 g/ nole

and a MM of about 4.5. CDC-1 is a version of D 18
w@e@ppbrse honopol ynmer w t hout the nucl eat or tPEL/USES6/024527

vi s-broken with shear and peroxide to a nelt index of
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by
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fo@%g ¥ WS llggg mepe ﬁ@pg}p ne grades, as reported in

Table 10 below.
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et hyl ene and 1- butene.
about 75,000 g/ nol e,
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As can be seen in Tables 9 and 10 above, the reinforcing filler can be

benchmarked for its efficiency at increasing the HDT (ASTM D634, 0.445 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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pol ypropyl ene (a honopol yner and an inpact copol yner)
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talc. I EsPMdpetieOwere measured and reported in Table 11.
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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 make 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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pol ypropyl ene with a MFR of 35. In the first instance

this grade was produced w t hout nucl eating agent and
woer®7loedaad ed CDCO601. This material was prepar BOI/H§R061024527

only this tinme nucleating agent was added prior to
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cla?@?@ﬁfag)pﬁfc%ﬁtve& fbofiy th tenaHanEhdbds, REJLEMed in Table 12

al c-contai ning conpositions recelved feeds of 49

belowi ght percent pol ypropyl ene, 2 1 weight percent ENR
7380, and 30 wei ght percent talc. Finally, the 40

o e S G AL RN SRR bt
= g

per[cent ENR 7380, /a2 [ perceng talc. The
prgperties wer¢ neasurdd gnd, pagswirad |i n 1Patdcaviod
11.iTabl Bilizd: Conkegfisgnges of | npact di fication an

Tallc Loading for Nucledted andNon- Nuc|l eat etPski gh
Cry{st allirtity | $BtAtijc Honmopol ymer Hol ro |ene *35%
Tal %ﬁ)}?rj. e pengfits of nucleatjion are clear|y
vigible’in thefneat prdgpyl ene honopol yjner resultingjin
an |HDeldhaibteds | 25. B0 dedr ees HiOger and] a 11pEi9®ent
sedant jodul us)that is |nearly 85,000 psi higher. The
benef i t48cr ease after} i npact nodificjation with 30

pericER l‘ff)qm@_ At of The total polyner| addi t1on
I'ypr opyl ene

Tl

(pa and EAO)) of ENR 7380 td nmake a TPO
conpdlamantedThe f2exurlal nodeé.ds 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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difference is |l ess than 30,000 psi, and the HDT
difference is less than 11C. Once the TPO conpositions

wae@7ed4ds fil | ed, the advantage of nucl eati on PGI/USBING6/024527
These data allow for the benchmarking of a flexura
nodul us of 142057 psi and an HDT of 85.6C for

evaluating the reinforcing effects of reinforcin .
efﬁq1¢ncefrf@ctomf Is5,iveould simultapeqishisikave lae HRYE of tbindh The JetFil

S Illn $QLa tic
Pla} }’ gge ﬁhés Iﬁg?ﬁ%g? I?'i rlg%g%g{sa}) t tﬁ%fé %defso fie boost
i n fAighoup® thelitentiod hiBecW deBerite i eesrtz@lh aéthid fhrdepeieped
above, alternative reinforcing platy fillers can _be |
Plaé‘réﬁil@éﬁE%Plﬁ%efﬁb%Q“@ﬁafér@ﬂf‘%ﬁ%ﬁgPﬁ bA P RSBEPEROTEHE HpEtion.
[ [ .
Mé(ﬂgg\fa% 1{3‘%@%@% fé%{éﬂﬁ)ﬁ % @%ggty ofd M%lg{dylhéfr}@aﬁ, without
departing fratn the spisit ZH swepe bf theenvatibn,ofs detreibad dd tetfeldowing
hlghly crystalline isotactic propyl ene honopol yner to
clagigSyei ght ~ per cent EAO el ast oneric i npact nodifier. For
the follow ng conparison of filler efficiency, Accpro
9934X pol ypropyl ene and ENR 7380 EAO were used. The
several grades of platy fillers exam ned, included
del am nated kaolin clay and platy talc derived from
t he Canadi an sources, as described in Table 12 bel ow.
Table 12: Effect of Platy Fillers on EAO Modified PP
Honopol ymer Using 142057 psi as the flex nodul us for
the non-nucl eated, non-filled, inpact nodified
formul ati on, and a non-nucl eated fl ex nodul us
efficiency factor of 3, a 20 wei ght percent filler-
| oadi ng should bring the fiexural nodulus to 227,291
psi. Simlarly, a reinforcing filler neeting the
requi renment of this invention of an HDTeffi ci ency
factor of 1.5, would simultaneously have an HDT of
111. 30C. The JetFil Platy talc grades neet these
requi renents, but the kaolin grades do not. Although
the invention has been described in certain detai
t hrough the precedi ng specific enbodi nents, this
detail is for the primary purpose of illustration.
Many variations and nodifications can be nmade by one
skilled in the art, without departing fromthe spirit
and scope of the invention, as described in the
fol |l owi ng
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clainms. What is clained is: 1. A polyolefn conposition
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wherein the a-ol’efin of the ethylene/a- olefin

i nt &f)pol yhplaty Sllggeprbt ed from the group consisting of

Egﬁp%ﬂée? s'(t)}he]\gg g%ﬁeﬁﬁo o% ho@vﬁé&gl%ela{lxﬂer%?lgﬁe? {]& .Bg @s ‘Pe-lg{}rgen
abbad &1 dnd it 6@oposition of Caim6, wherein t he

conposition conprises a sufficient anount of the
filler, such that the conposition has a fl exural

modul US  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 interpolymer is a C3-C20 a-olefin.
5. The composition of Claim 1, wherein the a-olefin of the ethylene/a-
olefin interpolymer is selected from the group consisting of propylene, 1-butene, 1-

hexene and 1-octene.

6. The composition of Claim 1, wherein the filler is platy talc.
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efficiency factor of 3 or nore, and an HDT efficiency

factor of 1.5 or nore. 8. The conposition of C aim4,
wok@r e3¢ he et hyl ene/ a-ol efin interpol ynmer haBRCHUI0©624527

| ess than -40 0C. 9. The conposition of Caim 8,

wherein the difference between the HDT and the nelting

point Tm of the ethylene/a-olefin interpolynmer is at

| eadt 4. The comhesidempbS]aim®n whered tie woBposifien epmprises a

solos EORORE oL P TR R Bl et PR Bogll 7

effldighco TR @MmEE, Ldd BT sfhsiesdyfatdeof B odeddra,
measured at 1900C and 0. 10 radi ans/ second, of the

ethylene/a -olefin interpolymer is 2 or less. 12. The

CONpoSi t i Al I ej a;
megTs% ur ed@? C?%B@é&%ﬂé?g%a e4r’ adi gn@@gtgg@}]%,%yo%% letfﬁle
interpphader tada T ef 1dss thhn8-40fCl ess. 13. The conposition of

Caim8, conprising 30 weight percent of talc based on
the total weight of the conposition. 14. A nvol ded

artigcl e, THeupk| §%?&‘Qa? Clo$A%, WABRITRERAREBcoUAWERS) the AT

t he conpositio aim1, and wherein the article is

ang tlesutltivg poivt e the ethplevosplsfin mpepblymna onptuesst 4part
a building or construction material, a hone appliance,
a container, a piece of furniture, a footwear

conmonentrhaRempodifdn ofl Slairh3e witbledethe diffdreh® WRiwédnahe HDT
14, wherein the article is in a conputer part. 16. The

angrfficquelting peiat Emof thy efhiflene/o -qlsEndntarpohancirs #tdpest Bs a
bui Il ding or construction material.17. The conposition
of Caiml further conprising at | east one additive
sel ddt ed The compbstigr ofiflaimrgs wheiengthe taradghagmeaturedat 190°C

| .etardant, scratch and. mar resistant additive,
an%ﬂﬁ@a%i%?@gf %@?@8@6/%?16 %@t%ﬁa@&rﬁ QTIPS of

Cl aim 14, wherein the conposition further

12.  The composition of Claim 8, wherein the tan delta, measured at 190°C

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

13.  The composition of Claim 8, comprising 30 weight percent of talc

based on the total weight of the composition.

14. 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.

15.  The molded article of Claim 14, wherein the article is in a computer

part.

16. The molded article of Claim 14, wherein the article is a building or

construction material.
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conprises at | east one additive selected fromthe

group consisting of a pignent, a flanme retardant, a
wa@eroanedd@and mar resistant additive, and comnbi PEL/USIV86/024527

thereof. 19. A nethod of making the conposition of

Caim1l1, said nmethod conprising polynerizing the

pol ypr opyl ene hormpolé@rrer and the ethyl ene/a-olefin

i nt &¥-pol Yheeomposiégmekitieim d dettioar somanging abkresfusatarditive
sl PR BRRF PR R R TR nEPahe oo gpg mac

resfstant dditivd) and BEmb@EROS théesf. of Claim 1, wherein the
wei ght percent of filler, based on the "sum wei ght of

t he propyl ene honopol yner, the ethylene/a-olefin

i nt @ pol y. g

por i SREEacERE kit SF ClaikyT AGABR] b LBRobal ol Befich
coraprifelhat [baw mnwad@ht/e @eﬂecttdstbfrmncmg/ tene chmmmxgl ofgtigaadt, a
t he et hyl ene/ a- ol fin interpqlymer." 21.. The
fagg RERSReG Bicraich éndmar 1651%’@@3@ e GRg P TPz taREtsIeofor o
other different ethylene/a-olefin interpolyners. 22.
The conposition of Caim2l, wherein the weight
per ¢8&nh mdfthéd bf wakingdseebnmsitivs dfﬁlwm/\lalsgldtmdho‘ﬂ hemprising

ol rRRE B PR hombP Pl ioas oy RS piflpfin intrpolymer
in @bﬁl’ﬁfa&@ﬁftﬁs drif ﬁb&d@ﬁl@lﬁt@ﬂﬂn\éﬂﬁg the p@[’ﬁ)r(ﬁpyllérf%ﬂ}omdpﬁlymer and

greater t han t he wel g ercent of th
tlle@tW¢r@{fep1§ﬁa|11@tf:mq>lym§répgﬁ§h§r TeEh plgtst ﬁ\]éefone or nore
other different ethylene/a-olefin interpolyners, based
on the "sum wei ght of the propyl ene honopol yner, the
et h@.efikd conmpasition dﬁ(ﬂleinp d) wherinahelworght parcens of fitlet) based

ont dhe sgrrnev&rf]etlg Qstorpﬁlwe;pr%{)y ene grhgpol%grr &9 | e%ﬁér?e’/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.”

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

different ethylene/o-olefin interpolymers.

, 22. The composition of Claim 21, wherein the weight percent of filler, based
on the “sum weight of the propylene homopolymer, the ethylene/o-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 homopolymer, the ethylene/a-olefin interpolymer and one or more

other different ethylene/a-olefin interpolymers.”
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