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Backeround of the Invention

The use of polypropylene polymers in thermoforming applications is generally known.
Polypropylene polymers are typically formed into a sheet, for example, via extrasion process. The
sheet is then fabricated into an article via thermoforming process. In general, the thermoforming
process includes heating a sheet until it softens or starts to sag, after which one or more of vacuum,
air pressure, and/or mechanical draw assist is applied and the heated sheet is drawn into a female
mold, sometimes referred to as die, drawn over a male mold, or the two molds are used together to
form an article, the formed article is cooled, removed from the mold, and trimmed as necessary.
Thermoforming process may, for exampie, be employed to fabricate automobile parts, Many such
automobile parts, particularly large parts, can conceivably be made by thermoforming provided the
polymer has adequate processing propesties such as high melt strength and end product properties

such as stiffness and toughness, especially at low temperatures.



U.S. Patent No. 6,472,473 discloses injection molded automotive articles
comprising a coupled propylene polymer composition and optionally a

S BT H 955 discioses a compostion comprising a coupled THSLAr oo
propylene copolymer. Preferably, the coupled impact propylene
copolymer has an elastomeric phase that is present in an amount of at
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non-coupled impact propylene copolymers and also
polymE*hHRIL iRroved ductile-to-brittle transition temperatures compared with
comparable non-coupled impact propylene copolymers. U.S. Patent No.

6,300,419 discl ropylene polymer.composition comprising from
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scanning calorimetry equal to or greater than about 62 weight percent
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20 to about 45 parts by weight of a substantially linear ethylene polymer,

forme@fi@anetbyjgnepelymer bcombisationsdpeseaf ahereiali®aianced impact
substantially linear ethylene polymer and linear ethylene polymer are
properdaaractenizeddasiiaiigca demsityrofnl ess paeabiamoutc0:@B:glomasigoropylene
molecular weight distribution, Mw/Mn, of less than about 3.0, and a
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to about 50 parts by weight of a filler; and from O to about 15 parts by
compaAbIGHICBTRHP Ka dMBITAPEOIATE - REEd Bh the weight of the total

compgsition. U.S. Patent No. 6,153,715 discloses a propylene resin. .
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weight percent based on the weight of the high crystalline propylene polymer; from about 20 to
about 45 parts by weight of a substantially linear ethylene polymer, a linear ethylene polymer or
combinations thereof wherein the substantially linear ethylene polymer and linear ethylene polymer
are characterized as having a density of less than about (.93 gf’cm3, a molecular weight distribution,
Mw/Mn, of less than about 3.0, and a Composition Distribution Branch Index of greater than 30
percent; from 0 to about 50 parts by weight of a filler; and from { to about 15 parts by weight of an
additional polymer, based on the weight of the total composition.

U.S. Patent No. 6,153,715 discloses a propylene resin composition composed of a nucleating

agent and a propylene resin. Blow-molding of the propylene resin composition provides a blow-



bumper, a bumper beam, a seat hack, an instrument panel, or a like part.

U.S. Patent No. 5,414,027 discloses a normally solid, high molecular
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Application ication No. 5/0176892 discloses thermoplastic olefinic
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having a PRR between 8 and 70 and (b) at least one polypropylene
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2008/121464 PCT/US2008/055057 50 to 90/10. The compositions are
generdiSedh prextrision cakendertingbiow moldngefeaaiming and melt strength of the
composition over that of the melt strength of the linear homopolymer or copolymer of a Cp-Cyg
aipha-olefin alone and insufficient to substantially degrade the alpha-olefinic polymers, The TPO
composition is prepared by melt blending the components at a temperature sufficient to melt said
homopolymers or copolymers of a Co-Cy alpha-olefin and thermally decompose said agent. Articles
are thermoformed from the thermoplastic olefin.

U.S. Patent Application Publication No. 2005/0070673 discloses thermoformed articles
comprising a coupled propylene polymer composition.
U.S. Patent Application Publication No. 2005/0176892 discloses thermoplastic olefinic

compositions comprising (a) at least one ethylene/alpha-olefin polymer having a PRR between & and

70 and (b} at least one polypropylene polymer and an (a)/(b) weight ratio of greater than 50/less than



thermoforming processes to make a variety of articles, such as automotive
instrument panel skins. U.S. Patent Application Publication No.

2005/0209403 discloses thermoplastic olefinic compositions comprising
Wa)2448éH4Ebne ethylene/alpha-olefin polymer having a PRROEHRER 057
and 70 and (b) at least one polyolefin polymer selected from the group of
polyethylene homopolymers and alpha-olefin interpolymers having a PRR

less than 4, ethylene/acrylic acid copolymers, ethylene/vinyl acetate
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xylene solubles. Despite the research efforts in developing polypropylene
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polypropylene composition having adequate processing properties such
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stiffness and toughness, especially at low temperatures. Summary of the
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melt flow rate in the range of less than | g/l0 minutes measure
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accordance with ASTM-D 1238. The method of producing a

flexural modulus of greater than 300,000 psi and less than 2 weight percent xylene solubles.
Despite the research efforts in developing polypropylene compositions suitable for

thermoforming, there is still a need for a polypropylene composition having adequate processing

properties such as high melt strength and improved end product properties such as stiffness and

toughness, especially at low temperatures.

Summary of the Invention

The instant invention is a polypropylene composition, a method of producing the same, and
articles made therefrom. The polypropyvlene composition according to instant invention includes the
reactive melt blending product of a high crystalline polypropylene having a crystallinity of at least
64 percent, an elastomer, a coupling agent, and optionally a filler. The polypropylene composition

according to instant invention has a melt flow rate in the range of less than 1 g/10 minutes measured



polypropylene composition according to instant invention includes the
following steps: (1) reactive melt blending a high crystalline polypropylene
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e presence of a coupling agent; and (2) thereby producing the
polypropylene composition having a melt flow rate in the range of less
than 1 g/10 minutes measured at 230 C under a load of 2.16 kg in
at 230 2601 e%gqga\?gcé% 'é?ﬁ)e-ll—%l ir? a%g(;efgar;r Q%ﬁ'ﬁ%‘%‘?ﬁwﬁfﬁ?ﬁ%ﬂ gl"h% 103 of %céducing a

invention inc inventive polypropylene composition including
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illustrating the invention, there is shown in the drawings a form that is
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to the precise arrangements and instrumentalities shown. Fig. | is a graph
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make the polypropylene compositions; Fig. 2 is a graph illustrating the
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5 WO 2008/121464 PCT/US2008/055057 Fig. 4 i1s a graph illustrating the
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instant invention as a function of the total energy absorbed at 0 C. by the
exemplary; it being understood, however, that this invention is not limited to the precise
arrangements and instrumentalities shown.

Fig. 1 is a graph illustrating the melt flow rate of the polypropylene compositions according
to instant invention inchading 10, 15, and 20 percent by weight of an elastomer as a function of the
amount of the coupling agent utilized to make the polypropylene compositions;

Fig. 2 is a graph illustrating the total energy absorbed at 23 ° C. by the polypropylene
compositions according to instant invention including 10, 15, and 20 percent by weight of an
elastomer as a function of 1% secant modulus;

Fig. 3 is a graph illustrating the total energy absorbed at 0 ° C. by the polypropylene
compositions according to instant invention including 10, 15, and 20 percent by weight of an

elastomer as a function of 1% secant modulus;



polypropylene compositions according to instant invention; and Fig. 5is a
schematic illustration of the sag of a sheet prepared according to instant
invention. Detailed Description of the Invention The instant invention is a
RABFEPIAEhe composition, a method of making the same, Hridv SfEESS7
made therefrom. The polypropylene composition according to instant
invention includes the reactive melt blending product of a high crystalline
polypropylene having a crﬁ{gltallinity of at least 64 percent, an elastomer, a
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least 10 inch-lb as mpagi@ieribysdfg doicdéEmepvaisaibed at a

temperature in the range of equal or less than 0 C., as measured in
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instrumented dart impact in the range of at least 10 inch-lb as measured
articleyyrgile thestfenergy absorbed at a temperature in the range of equal or

less than -10 C., as measured in accordance with ASTM-D 376; or in the
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Hlond AL e T B A BT R AT e s S percent,an
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a flexural modulus of at least 300,000 psi, as measured in
dart impact in the range of at least 20 inch-1b as measured by the total energy absorbed at a

temperature in the range of equal or less than 23 ° C,, as measured in accordance with ASTM-D 376;
or in the alternative, it may have an instrumented dart impact in the range of at least 10 inch-1b as
measured by the total energy absorbed at a temperature in the range of equal or less than 0 °C., as
measured in accordance with ASTM-D 376; or in the alternative, it may have an instrumented dart
impact in the range of at least 10 inch-1b as measured by the total energy absorbed at a temperature
in the range of equal or less than -10 ° C., as measured in accordance with ASTM-D 376; or in the
alternative, it may have an instrumented dart impact in the range of at least 10 inch-lb as measured
by the total energy absorbed at a temperature in the range of equal or less than -30 ° C., as measured
in accordance with ASTM-D 376; or in the alternative, it may have an instrumented dart impact in

the range of at least 10 inch-1b as measured by the total energy absorbed at a temperature in the



accordance with ASTM-D 790A. All individual values and subranges of at
least 300,000 psi are included herein and disclosed herein; for example,
the polypropylene composition may a have a flexural mo é Hw {
Wﬁ’o’ﬁ%ﬁ- E)f)%‘{) as measured in accordance with ASTM-D 79 Li%](rglgﬁ t}%%§°7
alternative, the polypropylene composition may a have a flexural modulus
of at least 500,000 psi, as measured in accordance with ASTM-D 790A.
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1 g/10 minutes are included herein and disclosed herein; for
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range of 0.25 to 0.65 g/1.0 minutes measured at 230 C under a load of
includ2i horky indakeasdance iiticA SkMpl: kB388cbehigh ceystatingn may a have a
polypropylene component may, for example, have a percent crystallinity
flexurdhmegualtofor reatdb 1HHhp64 pencenterheaswedibye Riffe rerkidg B &AMy in the
Calorimetry ("DSC"). All individual values and subranges equaltoor
alternagisaths BREPBRPRICEPIEPE INEI WS H: ReYeih Brrdidisendaby thatdiastief0.000 psi, as

example, the high c%?tallin%pol propylene component may have a
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rate ("MFR") in the range of less than 35 g/10 minutes measured at 230
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values and subranges less than 35 g/10 minutes are included herein and
flow rSlisplesedherein forexampler thenhighersialline? polypregydened of 2.16 kg in

component may have a melt flow rate in the range of less than 10 g/10
accordmiciashmeasiiied zt8230 C under a load of 2.16 kg in - 7 WO

2008/121464 PCT/US20081055057 accordance with ASTM-D 1238; orin

tHéahtighative]  thereyhrepybtadierenpolpptopiie e Sompenetit rizgycdorcrystallinity

example, have a melt flow rate of less than 7 g/10 minutes measured at
of equaldg ¢r gisasF Bas4d percent, measured by Differential Scanning Calorimetry ("DSC™). All
individual values and subranges equal to or greater than 64 percent are inciuded herein and disclosed
herein; for example, the high crystalline polypropylene component may have a percent crystallinity
of equal to or greater than 68 percent; or int the alternative, the high crystalline polypropylene
component may have a percent crystallinity of equal to or greater than 70 percent. The high
crystalline polypropylene component may, for example, have a melt flow rate (“MFR”) in the range
of less than 35 g/10 minutes measured at 230 °C under a load of 2,16 kg in accordance with ASTM-
D 1238, All individeal values and subranges less than 35 g/10 minutes are included herein and

disclosed herein; for example, the high crystalline polypropylene compenent may have a melt flow

rate in the range of jess than 10 g/10 minutes measured at 230 °C under a Joad of 2.16 kg in



of 2.16 kg in accordance with ASTM-D 1238; or in the alternative, the high
crystalline polypropylene component may, for example, have a melt flow
rate of less than 5 g/10 minutes measured. at 230 C under a load of 2.16

WRAHEESPHance with ASTM-D 1238. The high crystalline PolbralieRres”
component may, for example, have a crystallization temperature of
greater than 130 C. All individual values and subranges greater than 130
C. are included herein and disclosed herein; for example, the high

accorqapzeraiihe AN propy B BoltieifaRt ey taiecbratinRaigpropyiene component
emperature of gregter than 135 C. The high crystalline polypropylen
mas. RO PR To) LG MR B G CRTA A o mder ¢ oad
ate rce ldngdivi /alues ater.than 95
SRR b G sl T
polypatallingpRYRIARYERE COMPRNERT MaY.INAYE Jd %@E@Q'&Hﬁ@?ﬁ'ﬂtﬂﬁ%ws
ration of greater 96 percent; or in the alternative, the high crystalline
measuRRIYPIOPYlERgEeMBanent Miays fonexamale, diglve SOMSPEC The high crystalline
pentad/triad ration of greater 97 percent. The polypropylene composition
polypinayeoompiisecte ssath aor 8tappilcentkyaweightiioftdhe thighecrystalfigesater than 130°
polypropylene component based on the total weight of the polypropylene
C. Alcowipositionlysl sndivibuakeatueicanthsUBrang e fesh thd gomaig isclosed
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the high crystalline polypropylene component based on the total weight, of
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CT/US2008/055057 The high crystalline polypropylene component may
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as reactor copolymers of polypropylene, which can contain about | to
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carbon atoms. The high crystalline polypropylene interpolymer can be a
isotactiapdomilon gl oakocap alymerboparcent. The polypropylene composition may comprise
less than 90 percent by weight of the high crystalline polypropylene component based on the total
weight of the polypropylene composition. All individual values and subranges less than 90 weight
percent are included herein and disclosed herein; for example, polypropyiene composition may
comprise 50 to 80 percent by weight of the high crystalline polyprepylene component based on the
total weight of the polvpropylene composition; or in the alternative, polypropyiene composition

may, for example, comprise 50 to 70 percent by weight of the high crystalline polypropylene

component based on the total weight of the polypropylene composition.



propylene-based terpolymer. Exemplary comonomers for polymerizing
with propylene include, but are not limited to, ethylene, 1-butene,
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comonomers based on the total weight of the high crystalline
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Ziegler-Natta catalyst, which usually is one comprising a solid fransition ...
10 2o BRSO ARSI R E) A Lt iy e

of, as a.transition mefal/solid component, a solid compositionof titanium
pmyplt?f?ﬁ%nr?dlg%%?&mg&ntalrflénglsvéélééﬁ%g ch?nﬁon}éln%c titanium, magen%siém entare

includ@@g@emgg gﬁb%%e@ﬂe%@?%%@ﬁe?%ﬂ%ﬂ%@ﬂlg{@%%I%pia%terpoiymer

compound; and if desired an electron donor. Preferred electron donors

may cBfEHRLIANIGIGRNMRRHRESISONAINING SnBIIQSR ataBn@RNOSRBOUSARMeight of
a -9 WO 2008/1.21464 PCT/BS2008/055057 sulfur atom, a silicon atom
the hight a-heildneaianrand-peafecred aresticonicotipounds testégicomypdmnds
or ether compounds containing these atoms. High crystalline
polypplylpropylepd coen ponentprase bess thaveé bycsatdiytiesliyt refauting more
propylene in a polymerization reactor with appropriate molecular weight
cOmORGALFOPATE NS IR RS AtFighagE MeaisevadHEY AR IaKciBRmlymer.

completed in order to )
The high crystalline polypropylene component can be prepared by various processes, for

example, in a single stage or multiple stages, by such polymerization method as slurry
polymerization, liquid pool process, gas phase polymerization, bulk polymerization, sojution
polymerization or a combination thereof using a metallocene catalyst or a so-called Ziegier-Natta
catalyst, which usually is one comprising a solid transition metal component comprising titanium,
Particularly a catalyst consisting of, as a transition metal/solid component, a solid composition of
titanium trichoride which contains as essential components titanium, magnesium and a halogen; as
an organometalic compenent an organoatuminum compound; and if desired an electron donor.

Preferred electron donors are organic compounds containing a nitrogen atom, a phosphorous atom, a



promote crystal formation. The polymerization catalyst should have high
activity and be capable of generating highly tactic polymer. The reactor
a/%(t)esr}}zryust be capable of removing the heat of polymerlzp%tjr%lsg %@%7
Weattion mass, so the temperature and pressure of the reaction can
controlled appropriately. In general, the high crystalline polypropylene is in
the isotactic form, although other forms can also be used (e.qg.,

sulfor a}g;]rglgt‘?lc ctslﬁgznoroaﬁtlagrt IE(I: eIglne x%h CQ’StaP e %Oé%%%}’ lene usedg ﬁei compounds
resent Invention Is a propylen€ ho opo mer or a propy ne cdpo

ar etheqfce g&ecglﬂgn%ﬂ%allf?&@ :Rl)%fllp ﬁigh %&élﬂﬁ&%l%&ﬁ?l@ﬁ@ Q@Iﬂlggé}ltfg} ay be

example, a random or block copolymer. The elastomer’component may,

made BTEXAMPIRY Ra.ANY: slRstamE Elasiamersire defied @sappaletiatsnolecular

which experience large reversible deformations under relatively low
weighSHes® | Efastomerdata dypicaly: characiarizes as having struehigrakd in order to
irregularities, non-polar structures, or flexible units in the polymer chain,
promofercelsistéoneridopolyraraiyaner fotiexample: Beosirdteheldb atilegsttwieerigsable of
relaxed length with stress and after release of the stress returns to
generatipp ogifvaeshcthe wrgindbdirrstisionscantushbpearsbised exapipleseheat of
commercially available elastomers include natural rubber, polyolefin
pviymérgéfmémﬁ@@%w%&eﬂ Hamwréﬁlée(é}ﬁg%ﬁn@oﬁé%ﬁ&@ﬂm can be
enelbuta (SB) % ers ene/ utadie %)é%a/st rene (QSBSQ .
C‘m" WFHB ¥yr %%?r@r a?&-‘(é }8?;}?8 & BEBSI I poIyINErs Qg™
althoué%( ateda%%ﬁ@loobe ?S(Fprefenrcrheo al %St%) nggcrts cﬁr%l?cokx%%ﬁmstalhne

stomers Ulta e po stomers or use In the pr‘ése

S Ol NarRHis 10 BPY, co
e AL SR 08 Ly AR RS SR oo

of proP RRRILIEN tempeiatiien(Ty) oless thab @3 SemreferablyrlessihianQdokd or block
Is the temperature or temperature range at which a polymeric material

copol@hews an abrupt change in its physical properties, including, for example,
mechanical strength. Tg can be determined by differential scanning
calorrhetrycE xenpieryt poly olefir alggto versyinblsidech UE asenots mvitddined as
to, ethylene/alpha-olefin
materials which experience large reversible deformations under relatively low stress. Elastomers are
typically characterized as having structoral irreguiarities, non-polar structures, or flexible units in the
polymer chain, An elastomeric polymer may, for example, be stretched to at least twice its relaxed
length with stress and after release of the stress returns to approximately the original dimensions and
shape. Some examples of commercially available elastomers include natural rubber, polyolefin
elastomers (POE), chlorinated polvethyiene (CPE), silicone rubber, styrene/butadiene (SB)
copolymers, styrene/butadiene/styrene (SBS) terpolymers, styrene/ethylene/butadiene/styrene
(SEBS) terpolymers and hvdrogenated SBS or SEBS.

Preferred elastomers are polyolefin elastomers. Suitable polyolefin elastomers for use in the

present invention comprise one or more Cs to Cyp alpha-olefins in polymerized form, having a glass

- 10 -



copolymers and terpolymers and block copolymers, ethylene-propylene
diene rubbers, propylene- alpha olefin copolymers, silicon rubbers,
butadiene-based rubber and the like. Polyolefin elastomer Vo SOL e
w@ig?ﬁﬂ%ﬁﬁclude ethylene/alpha-olefin copolymers, made ?N%S%%?@ﬁ%g
or metallocene catalysts, wherein the units within the polyolefin elastomer
derived from ethylene are greater than 50 percent by weight and the
___alpha-olefin is selected from,olgfins having at least Efu e.gcarbon atoms: or
& anﬂ“ﬂﬂﬁ@%ﬁ%ﬁ{gﬁ\f@% ?ﬁ(}g B ag:%)%)e ifi 1S se é%?e%bf%g mo e§ r'1si;ﬁéts\t/)tlfr{f:gt%ﬁ1 cast ="
four carbon at: ms, o in -oItIha Q! Ve, {;1 Ipha-lefip, leated perties
1 é{] &L f%%ﬁﬁi %EI IEEJ & IIFRRIEG eties,
tempmf%}ﬁ lglnegnen% \ﬁ}gbﬁné bt %zgm 4 to 216 carbon %\tomsﬁor ing%notﬁeﬁr}%g popertes
incliaRfernative. Jhealehaseletinds.aelacted rom lefinsaving-fannrstanhe
carbon atoms; or in another alternative, the alpha-olefin is selected from
caloricd@linEharing-abfrosm:Ade1 & eatbonmaioms,u Exenpl dryialplaediglins/alpha-olefin
include, but are not limited to, 1-butene, 1-pentene, 1-hexene, 1-heptene,
copolyineaciene;ristiecenend Hodespognichextidbde gemey drarbthy kieritanepylene-
2-methyl-I-butene, 3-methyl-I- butene, 3,3-dimethyl-l-butene, .
alpha qlgthyprBymens stHavsthybesubsdi suriatsg i pentendbetty- 1 Pppteipciastomer
propyl-I-pentene, dimethyl-l-pentene, methylethyl-l-pentene, . i
may. fefistHlhdReHEs BRI PR el eheo P ARty IHE XaHEs Ingle-site or metallocene

dimethyl-I-hexene, 3,5,5-trimethyl-l-hexene, methylethyl-I-heptene, 1
ot A Mg HHAAAIOCIIFE, SRR BHE. Myt g £reser i 50

.. vinylcyciopentene, vinyleyclohexene and vi d B | s or
e L SR

in the H]](QH{LQH@I éﬁ%‘%ﬂﬁ)ﬁa@&@fﬁm@eﬁ‘&%ﬁ% Qr859R 120,980 Qe arealeligdess: or in

herein and disclosed herein; for example, the elastomer component may

anothd1ANE-GENSHY A Ehe Enge abQBida 084 glom; arf fiihe @ltereative atoms; or
the elastomer component may have a density in the - 11 WO

in ano?R0B422%464 RETAISI008/055RbZ drAnge i h:8#hitg 0:94@ g/éthSirTheatoms; or
elastomer component may further have a melt index (12), for example, in

in anothe riingetokOieto 1RG0 mivletts! (NNimdifidubsvatdrand sSratrsatoms.
from 0.1 to 100 g/10 minutes are included herein and disclosed herein;

Exemphresighfpicfine latistorer e Ao el Hawe ol rElishudae)ih treptens 1-

range of 0.1 to 30 g/10 minutes; or in the alternative, the elﬂals{omer ‘
octene, 1-decene, 1-dodecene, 1-hexadodecene, 4-methyl-1-pentene, 2-methyi-1-butene, 3-methyl-1-

butene, 3,3-dimethyl-1-butene, diethyl-1-butene, trimethyl-1-butene, 3-methyl-1-pentene, ethyl-1-
pentene, propyl-1-pentene, dimethyl-1-pentene, methylethyl-1-pentene, diethyl-1-hexene, trimethyl-
1-pentene, 3-methyl-1-hexene, dimethy!l-1-hexene, 3,5.5-trimethyl-1-hexene, methyiethyl-1-heptene,
trimethyl-1-heptene, dimethyloctene, ethyl-1-octene, methyl-1-nonene, vinylcyclopentene,
vinyleyciohexene and vinylnorbornene. The elastomer component may have a density in the range
of 0.855 t0 0.980 g/cms. All individual values and subranges from 0.855 to 0.980 g/’cm3 are included
herein and disclosed herein; for example, the elastomer component may have a density in the range

of 0.870 to 0.940 g/em’; or in the alternative, the elastomer component may have a density in the

e 11 —



component may have a meltindex (12) in the range of 0.1 to 10 g/10
minutes; or in the alternative, the elastomer component may have a melt
index (12) in the range of 0.1 to 2 g/10 minutes. The polypropylene }
VMBIt may comprise less than 50 percent by weight 8??% 2008/053057
elastomer component based on the weight of the polypropylene
composition. All individual values and subranges less than 50 weight
percent are included herein and disclosed herein; for exam
range Bﬁ%’% g

e oo B Co RSB E RGHD BETE By Wt

examplt PG astomer, ¢omppnens based onthe weight of the DONRLOBYIENS, m 0.1 w0
COMpoSItion: of In the alternative, polypropylene composition may

100 /7B RBHRS 10 A AUPLIERH, QXd‘;H?é&GEéH 1R R8I, FOBRANENRASSH ponent

on the weight of the polypropylene composition. In one embodiment, the

may hPRIYOIRiNflastamer ds engosMare sibstantiaitdineamnetRARRe . HRlYMeE ascomer

or one or more linear ethylene polymer (S/LEP), or a mixture of one or
compdfi@fentivaach .Bath istthsiantaly laganethylens polymersianddinely alternative,
ethylene polymers are well known. Substantially linear ethylene polymers
the elzaavanthieirmpetizotoefhprepar atidniatef(ilyddscriibed ah LS 5/27 21286 anthe
US-A-5,278,272 and linear ethylene polymers and their method of
polypisiairaratiRAPRRELRI I S SEIOSEEI s UBA D) §a5 D0 DY IS 2Rt #1987 Jagomer
US-A-4,701,432; US-A-4,937,301; US-A-4,935,397; US-A-5,055,438; EP
compopsgl Baseen BE01865! SRR ETI0YSHEC IR SRS (Ve drigHRLTAPEs 2nd
subreSROTBLEA hereln, by referenos, The e, coupling agent as sed. .o
rein, refers to a-themical compound that contains atleast two reactive

t . h le of formi '
o

compdALABE %Q%WQ@Q%}QQQQ%%@EM%%&% ér B B GHAHPS,

and also aromatic CH groups, of a polymer chain. The reactive groups

polypleggthetsanaapl e pobsmer Ghains. 3o RARERENRERES I VHOAGIMALE @mponent
coupling agent with heat, sonic energy, radiation, or other chemical

based aativatinielené iy ptoythe douptingpageintto be effective for coupling
polymer chains. Examples of chemical
In one embodiment, the polvolefin elastomer is one or more substantially linear ethyvlene

polymer or one or more linear ethylene polymer {S/LEP), or 2 mixture of one or more of each. Both
sobstantially linear ethylene polymers and linear ethylene polymers are well known. Substantially
linear ethylene polymers and their method of preparation are fully described in US-A-5,272,236 and
US-A-5,278.272 and linear ethylene polymers and their method of preparation are fully disclosed in
US-A-3,045,992; US-A-4,937,299; US-A-4,701,432; US-A-4,937.301, US-A-4,935,397;
US-A-5,055,438; EP 129,368; EP 260,999, and WO 90/07526, the disclosures of which are
incorporated herein by reference,

The term coupling agent, as used herein, refers to 2 chemical compound that contains at least

two reactive groups that are each capable of forming a carbene or nitrene group that are capable of



compounds that contain a reactive group capable of forming a carbene
group include, but are not limited, for example, diazo aikanes,
VVg)eﬂ;l‘%§r31/<'i1%%-6s4ubshrtu‘ted methylene groups, an(_:J metallpcarb%‘f‘ﬁjszeosmasos
Xamples of chemical compounds that contain reactive groups capable 0
forming nitrene groups, include, but are not limited to, phosphazene
azides, sulfonyl azides, formyl azides, and azides. The polypropylene
inselt'nc}: OEH Otﬁglgar:}brgna M?VC rorlgaqlgct?n%g 9 tzﬁilg Otgc,p(ja,ﬁsﬁﬂvoel! %h]-bo %i‘tOQ}.e SCOU&) IZ!’LPS% aromatic
ent per one milliorr parts of the Bofypropy1ene compos o, All'
cn ggvidualyaliesand SeRranges e zd84ank000Q parte: ?%rym@llgﬂaﬁ{@ It may be

included herein and disclosed herein; for example, the polypropylene
necessBBNMPRASILAR MAY:OXHVRGSE 400 10.800-Rats-hy, wetioal thetEQUPBAGCal activating
agent per one million parts of the polypropylene composition; or in the
energyali@rnativapthe palypropylene cempositiphnmay womphises, 40MhtopGOGT chemical
parts by weight of the coupling agent per one million parts of the
comppohyifepytenan eompositiomExeahjslar/f couplingcademinghide nbeithatere not
~not limited to, poly(sulfonyl az_ideééand a bis(sulfonyl azide). Examples of
limitegh Ay (Stitfortyl drredkare farmer esehivedas W oisrEGA2 s BRE MplFgearbenes.
poly(sulfonyl azide)s include, but are nat limited to, 1, 5-pentane

Examplrs LY ALTABY, P Bl Shta e BIE STHTOHy FAONe 5216 elgimans niuene groups

. bis(sulfonyl azide), 1,10-octadecane bis(sulfonyl azide), 1- .. ~ . . .
el R LRSS PG o) X431 EARD) Bty T

polyprgﬁﬁgg%’}g?{ﬁé%&%o_ SHA Q%Fqu hEAYY E‘S@ft‘?BEﬂ gb?&ﬁ%?{%@%g %J?l'}?l(ﬁ '5@@%‘ per one

i ¥ .
mixed sulfonyl azides of chlorinated aliphatic hydrocarbons

millioS PHRIDING IVERAIEOLHAMsLE0:8 chigrme atamsBRhHOM2at S from 200 to
sulfonyl azide groups per molecule, and mixtures thereof. In the

1000 RiterRativel exemplandcpoklisy enyl azide) sdnahide; Hubae, aotfimiiechidene
oxy-bis(4-sulfonylazidobenzene), 2,7 - 13 WO 2008/121464

compRETIUS2 Q08055057 tndphthaleme bis¢sutfonmyl @rido) dedvis(sufonylion parts of
azido)biphenyl, 4,4'-diphenyl ether bis(sulfonyl azide) and bis(4-sulfonyl

the polyzigoplsenyhmettisne, and theisttrrestiherdée i e dolpliry apent piayl fepmprise
example, be 4,4'-Biphenyl oxide bis-sulfonyl azide, commercially available

400 torpGfhrayndmitrieie’ SaeHRIEIaes A CnTHERS AfY SR/ A B er drdene

conveniently prepared by the reaction of :
composition. Hxe pgn'y %oupgng);.gents 1enc ude, but are not limited to, poly(sulfony] azide), and a

bis{sulfonyl azide). Exampies of poly(sulfonyi azides) are further described in WO 99/10424.
Exemplary poly(suifonyl azide)s include, but are not limited to, 1, 5-pentane bis(sulfonyl azide), 1,8~
octane bis(sulfonyl azide), 1,10-decane bis(sulfony! azide), 1,10-octadecane bis(sulfonyl azide}, 1-
octyl-2.4,6-benzene tris{sulfonyl azide), 4,4’-diphenyl ether bis(sulfony! azide), 1,6-bis{4’-
sulfonazidophenyl)hexane, 2,7-naphthalene bis(sulfonyl azide), and mixed sulfonyl azides of
chlorinated aliphatic hydrocarbons containing an average of from 1 to & chiorine atoms and from 2
to 5 sulfonyl azide groups per moiecule, and mixtures thereof. In the alternative, exemplary

poly{sulfonyl azide)s include, but are not limited to, oxy-bis{4-sulfonylazidobenzene), 2,7-
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sodium azide with the corresponding sulfonyl chloride, although oxidation

of sulfonyl hydrazines with various reagents (nitrous acid, dinitrogen

tetroxide, nitrosoniurn tetrafluoroboiate) has been used. Sulfonxl azides

W%H"(}){Yﬁéjr‘*%zides can, however, be shock sensitive. It may PalheEdes {ésr§/057

to phlagmatize the azides or to otherwise protect the azides from reaction

during the manufacture and processing of the azide, or the shipping and

handling of the azide. Phlagmatizing, as used herein, refers to methods
e T S T ek Sen T O1h SR et e S G o
azice RIDA AL SRMBINING e (BREHKE EPGMIGAL NI A INGrLQL eSS 1SRG . for

chemical. For gxamp e, a?% antioxidant and a coupling agent nji)ay e
examplepded Qgeiber (e farmamelssulanmelh, ard that e fermatianafathisiobie.

molecular melt can phlagmatize the coupling agent. The term molecular

Meitoas userdheseinn reirisito bland Bfa geuplingrrgentandanby the reaction of

antioxidant, optionally also containing other polymer additives. The
sodiurceujoknghabntangthelisntidridant ionidea Gorogdexovidrere thfesR@mAamydrazines with

spectra relating to the groups forming the nitrene groups are shifted
variouggpapare diit ehe Ridndantspeeticirexhibitsdasgrthe detafbe-fobmirie) five been used.

nitrene groups of the coupling agent alone. The term antioxidant, as used

ha D Perars 1Y SRS Gridasses b BREhibarbahpBuHbE thapay ks necessary to

capable of being used to minimize the oxidation that can occur duringtIhe _
Phlagra?é)é%&%ﬁ&%%s oI HBFEY B HAFH BRAGNItal BISB SHER GBS 8RR facture and

derivatives of the antioxidants, includin drocarb The term .
proce i R e R e e S LB B s heren

refers GOMRINGE With A6 CPHRING AAERLINIETAE] tRErWAIR 1o IO 8 COMRIEX mixing or
that exhibits a modified - 14 WO 2008/121464 PCT/US2008/055057

combiRAT Rl spesiaramParethionthe ceunling-adent Alane.Prefecahlyythen antioxidant
antioxidant is not a phosphite- containing compound or a compound

and a CORRMIAg:A phesptocaus! i ibeerIcoXidatoncsaity Arlexanmplemd tormation of
phosphite-based antioxidant is "I'ris(2,4-di-tert-butylphenyl)phosphite,

this mobmnerciddyarauidigablei frohe Gibgli8pegtalty Chemicals Company under
the trade name Irgafos(r) 168.

The term molecular melt, as used herein, refers to blend of a coupling agent and an
antioxidant, optionally also containing other polymer additives. The coupling agent and the
antioxidant form a complex where the Raman spectra relating to the groups forming the nitrene
groups are shifted compared to the Raman spectra exhibited by the groups forming the nitrene
groups of the coupling agent alone.

The term antioxidant, as used herein, refers to types or classes of chemical compounds that
are capable of being used to minimize the oxidation that can occur during the processing of
polymers. The term antioxidant also includes chemical derivatives of the antioxidants, including

hydrocarbyls, The term antioxidant further includes chemical compounds, which when properly

combined with the coupling agent, interact therewith to form a complex that exhibits a modified
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Exemplary classes of antioxidants include, but are not limited to,
compounds that can function as either carbon radical and/or oxygen
“lfrﬁ%%%fl%%ﬁ&gengers, guch as, phenollc cqmpoun_ds and der}%ar%zgz 08055057
ereof, hindered amines, amine hydroxides, thioester compounds, an
hindered phenolic compounds. Additionally, lactones may be used an
antioxidant. The molecular melt may contain one or more antioxidants.
Ramal EIIRIE BheRONGbased antioxidants. and substed Rhenelic-base
n ut'are’n to, 2,

IE G RINT9d rgphosphite—
antioxidants include, Imited to, -methylene

mtaimﬁga&;l@ﬁm&cyg&m'a-paﬁ[ﬁﬁmoapghas@h%at&mawhg Utyls4amethithee. An

phénol. Exemplary hindered phenolic compounds include, but are not

exam ;!l@]&epp%sghﬁédﬂﬁ%'mm:lf Anivdroxyhydiosinnamiensoprnersialbommercially
available from Ciba Specialty Chemicals Company, under the trade name

availaHgan@exXciflSpxemplanactanespingludes it areln ot limiteddd;, 168,
5,7-bis(1,1-dimethylethyl)-3-hydroxy- 2(3H)-benzofuranone reaction
piodugtsiwitheexylemeicsotamrersibilly dradable flomtCiba Spasialtls that can
Chemicals Company, under the trade name Irganox(r) HP-136. The

functippclesifiar FBRTCHHFD SHGRTRENET S it dritBYGHERE, aTd acBURIRG sRyppfunds and
At least a 1portion of the coupling agéent and antioxidant present in the

derivahgtedigtaP meRORFF S ComBIBY CAHTEH b it b PSR e tRErE Al Phenolic

____the utilization of the couplin ent for madifying, palymers. The mole .
comp o CHURTIY a0ERL o ARG BAACH N PhBIEEAf mH o) B gy o
1:10 to
&2

one o @Ox}daﬁ\& individual values and subranges from 1:10 to 10:1 are

included herein and disclosed herein; for - 15 WO 2008/121464

PELHP2008(055084-8AMR!R e MOle IR Lf 9RuBliPGABE M AGxidants include,
antioxidant maybe from 1:2 to 8:1; or in the alternative, the mole ratio of

but ar€QUPliRGROEN 0 antioxidapismaybadigm tidiedily theanolecidatitely butyl-4-
may comprise less than 99 percent by weight of the coupling agent,
methybagesbbn the weight of the molecular melt. All individual values and
subranges less than 99 weight percent are included herein and

Exemplary hindered phenolic compounds include, but are not limited to, 3,5-di-tert-butyl-4-
hydroxy hydrocinnamate, commercially availabie from Ciba Specialty Chemicals Company, under
the trade name frganox”™ 1010.

Exemplary lactones include, but are not limited to, 5,7-bis(1,1-dimethylethyl)-3-hydroxy-
2(3H)-benzofuranone reaction products with o-xylene, commercially available from Ciba Specialty
Chemicals Company, under the trade name Trganox® HP-136.

The molecular melt composition includes an antioxidant, and a coupling agent. Atleasta
portion of the coupling agent and antioxidant present in the molecular meit form a complex, which
does not adversely interfere with the utilization of the coupling agent for modifying polymers. The

mole ratio of coupling agent to antioxidant in the molecular melt may be from 1:10 t0 10:1. All

individual values and subranges from 1:10 to 10:1 are included herein and disclosed herein; for
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discloses herein; for example, the molecular melt may comprise less than
75 percent by weight of the coupling agent, based on the weight of the

“ygglﬁ%}ﬁqg@elt; or in the alternative, the molecular melt m%f&g%%iﬁ%stﬁg

less than 50 percent by weight of the coupling agent, based on the weig
~ of the..molecular melt; or in the alternative, the molecular melt may
comprise less than 35 percent by weight of the coupling agent, based on

exampla S GO QGG @3%#9%&%%5%%15 A ihsaAllainalivg.he melecylar {Iﬁ‘eeﬁﬁae;-;1ative,

may comprise less tha percent by weight of the coupling agent, base

the m@OHRS ovElahE &Q@n&@'&%ﬂd%@&a}'% meleeylas ﬂ?ﬁ'ﬁ'ﬂ@%&@éﬂ%%@eﬁtmay
least 1 percent by weight of the antioxidant, based on the weight of the

comprinolgcular oief:Ahindividisat valbesapd:sulbangesef af tleastdweight moiecular
percent are included herein and discloses herein; for example, the

meit. widledutdnsheltinrayncormprise atskehsh 25 percentcneweightadfdhdherein and
antioxidant, based on the weight of the molecular melt; or in the

discloggitdenieitiveor thra midte Sif andiselsnay i ormprisa it st SO péteermehyhweaigisht of
of the antioxidant, based on the weiglgt of the molecular melt; or in the

the coupiaynaRRAL, RS IS FHER Tay SBFHISee bt fo Al fise Jsapatine (e molecular
weight of the antioxidant, based on the weight of the molecular melt; ori
el Py AT THE BT R LU FEaE: PASLFAgH: Ko e o he
eight of the .antioxidant, hased on.the weight of the. molecular melt. Th
e P L R, R M D

weighARIRXIANG:; Ry, LR PERSIRIAUNG [he fosRlipg.aeentandianfiexidant Fam & he

common solvent, or any other conventional method. The molecular melt

molec@RE fenashinie-any: eppnveniert-fam e xsolidi! cigpids nd&ic W on the
2008/121464 PCT/US2008/055057 Other compounds, in addition to the

weighCoLpling rRgeIAE ardl.aMbioxdrah]maylopiignratypbecprasant! iptaenMl@UMAr of the
melt. Preferably, the additional compounds will not adversely react with
antioxgithebthelcouplingigbeot dr thelantioxidént/dhdwitidiol gduseathlesubranges of at
crystallinity of the molecular melt to rise significantly.
feast T weight percent are included herein and discloses herein; for example, the molecular melt may
comprise at least 25 percent by weight of the antioxidant, based on the weight of the molecular melt;
or in the alternative, the molecular meit may comprise at least 50 percent by weight of the
antioxidant, based on the weight of the molecular melt; or in the alternative, the molecular melt may
comprise at least 65 percent by weight of the antioxidant, based on the weight of the molecular melt;
or in the alternative, the molecular melt may comprise at least 75 percent by weight of the
antioxidant, based on the weight of the molecular melt.
The molecular melt may be formed by melt biending the coupling agent and antioxidant, by
co-precipitating the coupling agent and antioxidant from a common solvent, or any other

conventional method. The molecular melt may be formed into any convenient form. i.e. solid or

liquid.
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Exemplary additional compounds include, but are not limited to, internal
lubricants, compatibilizing agents, release agents, plasticizers, ultraviolet

Wstazlé)fillf;/z%rs“catalyst neutralizers, combinations thereof, an% blends <<
thereot. E)%emplary internal lubricants include, but are not Ihited Ztﬁoﬁ,sm" 087
polyethylene glycol (PEG), polypropylene glycol (PPG), calcium stearate,
and glycerol mono stearate (GMS). Exemplary compatibilizing agents

i é'kjeqeb%uggzg%n%t I‘It[gljéeg} ;[g ‘tggggiurﬁn et antioxidant, mav optionally be

di |oc(fy]l rop ‘Osp%osa?e)oxyacel’lﬁc,%Ift%ﬁoc%?f!pyropﬁosp osgteg J
p1esen?m%lx%@E&@ﬁﬁ%I%aéﬁoﬂr&%%lgf'%@ﬂ%gﬁ‘:}ﬂ J&t&?oaLlltt?dstQ/Hﬂ(gt%dverﬁel react with

diailyloxymethyl)butyl, di(ditridecyl)phosphio zifconate, and gl yC|doyx

either VY. Hﬁg’!i@é&% M%|a%H§xiﬁ%ﬁmﬁ%ﬁlrﬁé@@%@%%éﬁ%ﬂﬂ? P8 18 ar melt
limited to, oleamide, stearamide, zinc stearate, erucamide,

to riscafpin@prepyltrimethoxysilane, bis(glycidoxypropyl)tetramethyldisiloxane,
his (3- (triethoxysilyl)propyl)-tetrasulfide, and bis(trimethylsilyl)urea.
Exxemplary plastioi exsripoludeinblitdar énatdimiteskicdrisoaotyl tribnelitate,
epoxidized soybean oil, di(2-ethylhexyl)adipate, acetyl triethyl citrate,

compagibBtyingipEyisclrates disueadytadisate tpatyl dbdiectpolybltsnevioibyers,
palitamide, n-stearyl erucamide, and distearyl thiodipropionate, Exemplary

combippianidiettaBii Bl iR but are not limited to, 2-hydroxy-4-n-
octoxybenzophenone, 2-hydroxy-4-methoxy-benzophenone, and sodiu
T R R IR SGC A S0 0SS D
Exemplar t neutralizers include, but are not limited etal

Pt e S e, an

mgial aXides AadEmRInatiQns, thereof. GOmRHRLS: containing

phosphorous in the +3 oxidation state may be added to the molecular

di(diofn\@iylaimitedauantifiesdhatde nal pevanselyreact withithe esilingopropyl

agent. The filler component may be an organic filler, or an inorganic filler.
tricumizipdeaplanyrinergame?,? dialiyloxymethyDbutyl, di¢ditridecyl)phosphio zirconate, and
glycidoxypropylirimethoxysilane,

Exemplary release agents include, but are not limited to, oleamide, stearamide, zinc stearate,
erucamide, aminopropyltrimethoxysilane, bis{glycidoxypropyi)tetramethylidisiloxane, bis (3-
{triethoxysilyl)propyl)-tetrasulfide, and bis(trimethylsilvlyurea.

Exemplary plasticizers include, but are not limited to, triiscoctyl trimeliitate, epoxidized
soybean oil, di(Z-ethylhexyl)adipate, acetyl triethy] citrate, acetyl tributy! citrate, diisocecyl adipate,
triethyi citrate, pelybutene, oleyt palitamide, n-stearyl eracamide, and distearyl thiodipropionate,

Exemplary ultraviolet stabilizers include, but are not limited to, 2-hydroxy-4-n-
octoxybenzophenone, 2-hydroxy-4-methoxy-benzophenone. and sedium dicyciohexyl

sulfosuccinate,
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fillers include, but are not limited to, talc, mica, wollastonite, calcium
carbonate, natural and synthetic clays and organo modified derivatives
thereof, silicates, and the like. Exemplary organic fillers ing] ?
“}no%ﬁrgr){l1 e?ég?o, 1,3,5-benzene tri-carboxylic-(N-2-methylcycl%ﬁg® n%ﬁr%%ﬁg
and florinated aromatic triamines. The filler may be fibrous, granular, or
powder form. Exemplary fibrous fillers include, but are not limited to,
carbon fiber and whiskers, which fillers may have a. form of cloth, mat, cut
3 s y < Al , Stearates su
S R S A A A ERE S P
calciuROIER: GRS NEIUEE, OKLAEe I RQLIMIRA IO [AIGElaY, (USALRSREN OFereot,

graphite, carbon black, glass flake, glass beads, glass powder,
MQAMAke REe e PRig HReINKieseloshdalomitemauBinaicgiliCte molecular
titanium dioxide, magnesium oxide, tin oxide, aluminum hydroxide,

melt iMmagifestuandydroxide, hasit/snaignesiumitatzanattinpagern sulfate,
calcium sulfite, magnesium carbonate, calcium carbonate, barium
catedtime;coatoiant silivdteapotgssiuitlttanatenvrggrieSilien Jinfatelary inorganic
calcium sulfate, molybdenum sulfide, oxysulfate, silicon carbide,

fillers pghmaubHt pEWEE LISt p BNFa BYEC pUTRid s B splcarbcpinthies bafgahand
The polypropylene composition may comprise less than 50 percent b

synihefie g srdeemierbsde sTinat Ght ot e bR ptepyiend comipBsitono eanc

L All 'néieiv'dua[valu s and subranges less.than 50, wej Ilat ercentare ..
s e RS A S oSt HEVEIR oF SYARAPIA: U RSDy A sy i

COMNQSti risg less. 1 _ igh WS! Exemplar
o BT OB T Y . o

ﬁbi‘ouglﬁ%@?gﬁﬁuc@?w @9“@@&%%9%% Ry h&@wW&@e?s? Q842 %ﬁh@ﬁ may have a
PCT/U82008/055057 comprise 20 to 50 percent by weight of the filler

form I2sed, OkkthevweigtOtibepOBEQRYe NG COMPRIEONT Apleletinglar or powder
agent may also be incorporated into the polypropylene composition of the
fillers imstatd, inventiant ¥midleatiig ageniis:a stbstangedidvingraaudteltiglgss flake,
effect. Any conventionally known nucleating agent is acceptable so long
glass keads prlon piyviisducesaatysaltine ot susaplindue sttapairigophilgsidamina, silica,
properties of the high crystalline polypropylene and decreases a degree of
titanium dioxide, magnesium cxide, tin oxide, aluminum hydroxide, magnesium hydroxide, basic
magnesium carbonate, barium sulfate, calcium sulfite, magnesium carbonate, calcium carbonate,
barium carbonate, calcium silicate, potassium titanate, magnesium sulfate, calcium suifate,
molybdenum sulfide, oxysulfate, silicon carbide, aluminum powder, metal powder, pumice powder,
and pumice ballcon. The polypropylene composition may comprise less than 50 percent by weight
of the filler based on the weight of the polypropylene composition. Al individual vaiues and
subranges less than 50 weight percent are included herein and disclosed herein; for example,

polypropylene composition may comprise less than 40 percent by weight of the filier based on the

weight of the polypropylene composition; or in the alternative, polypropylene composition may



supercooling required for initiation of crystallization. Examples of such a
nucleating agent include, but are not limited to, high-melting-point
polymers; organic carboxylic acid or its metal salts; aromatic sulfonate or
Wits2igdal its; organic phosphate compounds or their metBFL4fgH08/055057
dibenzylidenesorbitol or its derivatives; partial metal salts of rhodinic acid;
inorganic particles; imides; amides; quinacridones; quinones; and
mixtures thereof. Examples of high-melting-point polymers serving as the
comprisgefbrivlysentdIneErRigy bl enbssthite o el Slchadduprragene
polyethylene or polypropylene; polyvinylcycloalkanes such as
Comp";ﬁ}é’l?)\]ﬂnylcyclohexane or polyvinylcyclopentane; poly(3-methylpentene-1);
PRV meivbaiene: b and olvalkenyllane s SAMRIGS ol SRl SAlene

serving as nucleators Include, but are not , alumi

inst‘antqg%g%ﬁ@ ’,@H{{H@M Bg%&%%%ﬂ%%!@ !h§9g%1 Hhé@lkl%t% sady Mny conventionally

thiophenecarboxylate, and sodium pyrrolecarboxylate. Examples of

knowrl AQEERNIG Misrepalticiasseving astheuglieatamdciigesiharedels without
limited to, talc, clay, mica, asbestos, glass flake, glass beads, calcium

impairgiligatesicniontiporitonitéebegtenyte;l igraphiter@luminum gowder; alismirayf
silica, kieselguhr, titanium oxide, magnesium oxide, pumice powder,

supercpoliniceedaliobier alitaiivnrf aypdtolidaiomabresitlen dydedddectsagie agent include,
magnesium carbonate, dolomite, calcium sulfate, potassium titanate,

but arqygh i gl tatd garerifRSHHitd Paﬁé]“ﬁﬁ'&l%%?é‘?ﬁﬁﬁfbé’ﬁi FfcThse iﬁ‘SFﬁiéFﬁ@;
zi)articles may be used singly or in combination of two or more sre(iies. -

aroma

195 NS0 BBIE 21484 B PRSP0 TEE TP ISAl S & 0¥ S BHGAN

ic

dibenz 1’11868 erb]c%'r i(i:t qg(!xd E@r %lvsa iee)§~empt|}%{ %' (fl%?ilé[gl’}g %@S%E’awﬁgqh %az!ts .aprag‘ticles;
epresented by the formula (L, or (2) described below. Ji Rl ’ac)

imides; amides; guinacridones; quinenes; and mixtures thereof,

Examples of high-melting-point polymers serving as the nucleating agents include, but are
not limited to, polyolefins such as polyethylene or polypropyiene; polyvinylcycloalkanes such as
polyvinyleyclohexane or polyvinyicyclopentane; poly(3-methylpentene-1); poly(3-methylbutene-1);
and polyalkenylsilanes. Exampies of metal salts serving as the nucleators include, but are not
limited to, aluminum benzoate, aluminum p-t-butyibenzoate, sodium adipate, sodium
thiophenecarboxylate, and sodium pyrrolecarboxylate,

Examples of inorganic microparticles serving as the nucleators include, but are not limited to,
tale, clay, mica, asbestos, glass flake, glass beads, calcium silicate, montmorillonite, bentonite,
graphite, aluminum powder, alumina, silica, kieselguhr, titaniom oxide, magnesium oxide, pumice
powder, pumice balioon, aluminum hydroxide, magnesium hydroxide, basic magnesium carbonate,

dolomite, calcium sulfate, potassium titanate, barium sulfate, calcium sulfite, and molybdenum

sulfide, These inorganic particies may be used singly or in combination of two or more species.
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wherein R~ represents oxygen, sulfur, a C1-C10 hydrocarbon group; each

of R2 and R3, which may be identical to or different from each other,

represents hydrogen or a C-Cio hydrocarbon group; any two roups of
'é%&%‘fnay link to form a cyclic structure; M represent§’ Sﬁg\%z\‘/%q@ﬁ:tﬁm

metal atom; and n represents an integer between | and 3 inclusive.

Specific examples thereof include, but are not limited to, sodium

2,2'-methylenebis(4,6-di-t-butylphenyl)phosphate, sodium 2,2'- .

oG UGHEETSER B RSBHRPG SHOC RATE TR Pocleaing agents, wich el

_2.2-methylenebis(4,6-di-t- butylphenybphosphate, lithium
are e G B B e = e 2.2-

ethylidenebis(4-i-propyl-6-t-butylphenyl)phosphate, lithium
2,2'-methylenebis(4-methyl-6-t- butylphenyl)phosphate, lithium
2,2'-methylenebis(4-ethy|-6-t-fk§utylphenyl)},ghosphate, c\%Lcium
his[2,2'-thiobis(4-methyl-6-t-putylphenyl)phosphate], calgium
bis[2,2'-thiobis(4-ethyl-6-t- l}ﬁutylphenyl)ph SP lci
bis[2,2'-thiobis(4,6-di-t-butylphenyl)phe fiesium
bis[2.2'-thiobis(4,6-di-t-but Iphenyl?gzgsph itef-magnesiun
bis[2,2'-thiobis(4-t - 20 \{V§2098/]EE1464 P§T/U82008/05\ 057

e], calcigm

octylphenyl)phosphate], sodium Y E i
2,2'-butylidenebis(4,6-dim thylphen)}{?phos‘ , sodiumle,Z'-
butyIidenebis(4,6-di-t-butyl'.henyl)phdsahé_; CHm:
2,2'-t-octylmethylenebis(4,6 dimethylphenytypht
2,2'-t-octylmethylenebis(4,6-di-t-butylphenyl)phosphate/ calcium
bis[2,2'-methylenebis(4,6-di-t- utylphenylj“phosphate],sf'ﬁagnesium
bis[2,2'- methylenebis(4,6-di-t-butylphenyl)phosphate],
bariumbis[2,2'-methylenebis(4,6-di-t- butylphenyl)phosphate], sodium
2,2'-methylenebis(4-methyl.-6-t-butylphetiyl)phosphate, sodium
2,2'-methylenebis(4-ethyl-6-t-butylphenyl)phosphate, sodium 5 s
(AAAFEHTRE S LB ET)-2 B4 bighshy SIMER8 sEdtenfifh of R” and R, which
may bg;%lyﬁg%a tlé?o?‘t B%f%gf gil_oér_x?%%/% ﬁfﬁ?éb!gglggégksp Eg(fég?é%el%?sn 8?18';2 }?y%‘ocarbon group;

enebis(4-N-buty nyhphosp
2927 enebistd &z dimetbyiphenyDRhospRale, SPAML e 4 1-3 val al
i t‘%??{%g%%lgneﬁ§4§%iie%?fl§%ﬁ%ﬁ]yl)pﬁosphate, p(’)tassgﬁjljgrr%eg?32'ﬁE vaentmeta
atom;%WHqgﬁ@_@ﬁ@a@_ﬂl@%@ﬂw@@&nwm@ a3phaleCaIGMe BiSmples thereof include, but
[2,2'-ethylidenebis(4.6-di-t-
are not limited to, sodium 2.2'-methylenebis(4,6-di-t-butylphenyl)phosphate, sodium 2,2'-

ethylidenebis(4,6-di-t-butylphenyl)phosphate, lithium 2,2-methylenebis(4,6-di-t-
butylphenyi)phosphate, lithium 2,2"-ethylidenebis(4,6-di-t-butylphenyl)phosphate, sodiem 2,2'-
ethylidenebis(4-1-propyl-6-t-butylphenyl)phosphate, lithium 2,2-methylenebis(4-methyl-6-t-
butylphenyl)phosphate, lithium 2,2-methylenebis(4-ethyl-6-t-butylphenyl)phosphate, calcium
bis[2,2'-thiobis{4-methyl-6-t-butylpheny! )phosphatel, calcium bis[2,2'-thicbis(4-ethyl-6-t-
butylphenyl)phosphate], calcinm bis{2,2'-thiobis(4,6-di-t-butyiphenyl)phosphate], magnesium

bis[2,2'-thiobis(4,0-di-t-butylphenyi)phosphate], magnesium bis[2,2-thiobis{4-t-
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butylphenyl)phosphate], magnesium
bis[2,2'-ethylidenebis(4,6-di-t-butylphenyl)phosphate], barium
bis[2,2'-ethylidenebis(4,6-di-t-butylphenyl)phosphate], aluminu
“fﬁ)s%ﬁoﬁ( LHig ylenebis(4,6-di-t- butylphenyl)phosphate], aIuanTt/Jm 2018053057
tris[2,2'-ethylidenebis(4,6-di-t-butylphenyl)phosphate], and a mixture
containing 2 or more of the above compounds. II' ?_ Wfs st (2) wherein

octyl;}?cfr ! rz]&g h%l (éro%en)o uty fdce:ngbl;]y g I‘é) 8181'12% 121;%@\?\}3 IR S(?g afh 2,2-

me Al atom:and n re rese tS an |nte

butyilc{éd SIYE et glf ?ﬁg}%ﬁgs %Eg [LME" bHét?lrrﬁeﬁR; é'ﬁ@&@@lt@

ium bis 4 t-buit sphate sodium bis(4

1 yhRhosphate. sedivmbisidrathviphenydphasphate, spridMate,
dmetﬁ?ﬁ% ISI? %2008/121464P T/U82008/§55057 W yhpRtal

calciupf @RyIphenyhpbesphate isediumpkis(frihogtyitpke md)phosphates, 2
potassium bis(4-t- butylphenyl)phosphate, calcium

methybisf8xtbatiphenyhphosphatehmsdghesiunibs (2-rdiutidptiesiyijphiosphate,

lithium bis(4-t-butylphenyl)phosphate, aluminum bis(4-t- . ‘
butylrivatyiphienyiptiosphate 2 dnhetriseabes Comeainth g ctofimbrerotitsrapEy eodium
. comgounds Organic compounds which are also preferred as the
2 2 S BaiY BRI B the O %3)“6&‘6}* Pt el

~t 1f (3) . wherein R e nts dro ora C drocarbon grou ,
b]phe@g)é)é?ﬂiﬂé&%%wgq% ‘Sﬁ qggzr é utty | m‘te eny?) %osp a E, sd%mm 2.2

n pes |toI liden
aRe Shgylidens Zzl‘% g% bis(4.6-

etIb}‘yh%ennﬁi éj(-ﬁ}klr?igsF bitol, u1t gj ﬁ"'“ﬁzﬁ%?eh . SC)pl(g't é%%?‘ ﬁeié(orbltol
dlmeﬂ]ryﬁif?emﬁm}é%%w L'gtﬁﬂﬁl %,ﬂ-n&ethylenebls(4,6—diethy}pheny1)phosphate, potassium 2,2'-
ethylidenebis(4,6-di-t-butylphenyi)phosphate, calcium bis[2,2"-ethylidenebis(4.6-di-t-
butylphenyl)phosphate], magnesium bis[2.2"-ethylidenebis(4,6-di-t-butylphenyliphosphate], barium
his[2,2'-ethylidenebis{4,6-di-t-butylphenylyphosphate], alaminum tris[2,2"-methylenebis(4,6-di-t-
butylphenylphosphate], aluminum tris[2,2"-ethylidenebis(4.6-di-t-butylphenyl)phosphate], and a

mixture containing 2 or more of the above compounds.

/ oA
»-»—»-5{ —\\W ?“‘T*&“P“‘“"‘H“'}‘“‘\{
, «._..w’,f (g'
2)

wherein R* represents hydrogen or a C)-Cyp hydrocarbon group; M represents a 1-3 valent
metal atom; and n represents an integer between | and 3 inclusive. Specific examples thereof
include, but are not limited to, sodium bis(4-t-butylphenyl)phosphate, sodmm bis(4-

methylphenyl)phosphate, sodium bis(4-ethylphenyl)phosphate, sodium bis(4-i-



benzylidenesorbitol, 1,3-p-ethylbenzylidene-2,4-benzylidenesorbitol,
1,3-p-methylbenzylidene-2,4- p-ethylbenzylidenesorbitol,
1,3-p-ethylbenzylidene-2,4-p-methylbenzylidenesorbitol, 1,3 gP .
Wrﬁéfﬂ?/lﬁé‘r‘ffylldene)sorbltol 1,3,2,4-di(p- ethylbenzyl|dene)§3(§rpffﬁ?(§?e B/0SS057
1,3,2,4-di(p-n- propylbenzylidene)sorbitol,
1,3,2,4-di(p-i-propylbenzylidene)sorbitol, 1,3,2,4-di(p-n-
butylbenzylldene)sorbltol 1,3,2,4- dl(?p S- butylbenzylldeng%fglq(gol

p1opy1£i§r?rlagao(s€_ i &ﬁ?ﬁiﬂgﬂfﬁﬁen%c)g% Il)phos;ahate potass)

4' d th li
buty ]p%én ﬁ?gxyf){énz%ﬂflé:nelé sor %I}é (2@; ?11 él%/bfgd H%Q é}nle) R itol,
butyipﬁeﬁﬁ%ﬂgﬁﬁ?y%tl?uﬁlnpﬁﬁgqrgpt?w c?fﬁ ﬁc?‘ﬂ)rﬂ{g Iaiummum big(4-t-

3-p-chlorobenzylidene-2,4-benzylidenesorbitol, 1,3-p-
butylpaBiorohenavidena-2 Arp-methyibenzyvlidengsoitel hidp-chlppehanzyliden
e-2,4-p- - 22 WO 2008/121464 PCT/US2008/055057
ethytbenzytigenasomitol are also preferred 2s the nucleating agents are represented by the
1,3-p-methylbenzylidene-2,4-p-chlorobenzylidenesorbitol, 1,3-p-
formuit i)l Bewwrpiddabr2;4-p-chlorobenzylidenesorbitol,
1,3,2,4-di(p-chlorobenzylidene)sorbitol, and a mixture containing 2 or
more of the above compounds Example;f'of oﬂjer nueteal]

ng agents

y\be aluprindm benzoak alumlnum p-t-
] |ophenecarboxylate and sodium
pyrrolecarboxylate The above-described' ucle?tlng agents may be
incorporated into high crystalline polypro,pylene in an amount in the range
of 0.001 to 10 parts by weight, based on*100 parts by weight of the high
crystalline polypropylene. All individual values and subranges from 0,001
to 10 parts by weight, based on 100 pat@ by weight of the high crystalline
polypropylene are included herein and disclosed herein; for example

PRI SRR Ay KRS vt TG EHE IR OGR, SR Cimples thercof
mclude%%@ g trf]:(f’jl torglh Qtdls t}?ze lqggxge%oﬁggo} 5033bgart?ene géght b%S?d

y weight of the crysta ne polyprop orm

benzyf;g% VeSmaY /159 08; Hgﬁgrwﬁt&ﬁﬂnbt&%ﬁ@yygw}%nq %omaﬁ@m@n%mm 2.4-

benzylidenesorbitol, 1,3-p-ethylbenzylidene-2,4-benzylidenesorbitol, 1,3-p-methylbenzylidene-2,4-
p-ethylbenzylidenesorbitol, 1,3-p-ethylbenzylidene-2,4-p-methylbenzylidenesorbitol, 1,3,2.4-di(p-
methylbenzylidene)sorbitol, 1,3,2.4-di(p-ethylbenzylidene)sorbitol, 1,3,2,4-di{p-n-
propyibenzylidene)sorbitol, 1,3,2,4-di{p-i-propylbenzylidene)sorbitol, 1,3,2,4-di(p-n-
butylbenzylidene)sorbitol, 1,3,2,4-di(p-s-butylbenzylidene)sorbitol, 1,3,2,4-di(p-t-
butylbenzylidene}sorbitol, 1,3,2,4-di(2"4'-dimethylbenzylidene)sorbitol, 1,3,2,4-di(p-
methoxybenzylidene)sorbitol, 1,3.2,4-di(p-ethox ybenzylidene)sorbitol, 1,3-benzylidene-2,4-p-
chlorobenzylidenesorbitol, 1,3-p-chiorobenzylidene-2,4-benzylidenesorbitol, 1,3-p-

chlorobenzylidene-2, 4-p-methylbenzylidenesorbitol, 1,3-p-chlorobenzylidene-2,4-p-
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instant invention. Such additives include, but are not limited to, pigments,
antioxidants, acid scavengers, ultraviolet absorbers, neutralizers, slip
agents, antiblock agents, antistatic agents, waxes, flame retardants,
Whrdedsint aids, extrusion aids, and other additives within the SRATTH e
art used in combination or alone. Effective amounts are known in the art
and depend on parameters of the composition and conditions to which

they are exposed. The method of making a opylene cpn}po it]
et ‘fﬂétéﬁﬁﬁ%ﬁﬁ@ﬁﬂﬁ‘éffﬁﬁg%'gt%é’%%g%%eg%fé%&eﬁ foNk S

melt.blending a hi cr,s{a{laigeeq r{ ropyk _eiha_v'n_ alli 'L,Oj. b a
ethylb?&‘?’sﬁ%ﬂtﬁ%gggﬁ@ (e%r(?beelrg’: %%nerﬁ‘gﬁg%’&%{rlg I)(/1 ép fil é%%%g%%s%ﬁyce%gé ¢

mixeurSQHRUNEA9ENEAR 5 2R WIQe2Q0Rid# 464 PCT/US2008/055057 (2)

thereby producing the polypropylene composition having a melt flow rate

i the srege Ahdessithand. ghlominwessmeasurethat 230G undeshadoad
of 2.16 kg in accordance with ASTM-D 1238. The coupling reaction is

carboxifTplenaentedviaFratiivenchality eneing: 4R éacliveimelttslendingincludes; t-
but is not limited to, extrusion process or any other method which is

butylbeapatsleafimixinpiive stignshyspatine podylopyled sodivenatagripaeh cbite.
optionally a filler in the presence of the coupling agent, and adding.
stficleriteatrerghad slrasne coTpimpRIaCHs A AP HES IR R Haline
coupling agent and the high crystalline polypropylene, The reacti

polypraRsifain g rocesy hiaysearmed-But i Osﬁ’ﬁafr*egwsgé@ﬁs R MR by

. mixer, e.g. Barbender, Banbury, or, Earrell. Continuous Mixer ora 0]
e SN Tt 6 R BroA R CRIRN o 10

parts bgnu(;ct%n !, da%gds e 5]06 Mt(t"‘sn’ §y %1%}9%¥'81% WQL%-&&EHQ@&B&JJ@@]@%VM@ i8S uded

n extruder which produces shéeet. An extruder which” produces a

herein M HRYRLSNREL BY eP8X @%J@l@a@ﬁg\@gémst%y%g%d?ﬁ@hﬁdarmﬂ{e high
invention. In production, a high crystalline polypropylene, an elastomer,

crystaPRHEGORN @ fillgr,iand ancaupling agantdre inroduaedinteighreactionn 100 parts
vessel, for example an extruder, and reactive melt blended thereby

by wefghnaiivgdhepolyprdixydenéy compesition of the instant invention. The

molten polypropylene composition may be pelletized or may be formed
ifbocshiaeescdifdetiyesThey mghbe incorporated in the polypropylene composition of the

instant invention, Such additives include, but are not limited to, pigments, antioxidants, acid
scavengers, ultraviolet absorbers, neutralizers, slip agents, antiblock agents, antistatic agents, waxes,
flame retardants, processing aids, extrusion aids, and other additives within the skill in the art used in
combination or alone. Effective amounts are known in the art and depend on parameters of the
composition and conditions to which they are exposed.

The method of making a polypropylene composition according to instant invention inciudes
the following steps: (1) reactive melt biending a high crystalline polypropylene having a crystallinity

of at least 64 percent, an elastomer, and optionally a filler in the presence of a coupling agent; and
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crystalline propylene, the elastomer, optionally the filler, and the coupling
agent may be exposed to a temperature profile in range of about 50 C. to
about 280 C. All individual values and subranges in the range of about 50
W 43280 C. are included herein and disclosed hereift fép%’ﬁgﬂ?ﬁ? 57
the high crystalline propylene, the elastomer, optionally the filler, and the
coupling agent may be exposed to a temperature profile in range of about
0 C. to about 280 C.; or in the alternative, the high crystalline

@ theb‘”r%b?fé’ﬂ%‘”ﬂwe‘hﬁlgglt%‘?h(’é’ﬁ ARG e IR S R U SR AgB PSS 15

d il b R
L S e e300 Db A g 1235
cryRtaling RolyRignyie i%ﬂ@(?wmgﬁc%'%ﬁlbiemn@l%e?é?ﬂréh‘x‘?e It blending

coupling agent are introduced into a reaction vessel, for example an

includXFHERMRAMING-atdeast iWen pANLS:GaNARIsRL diferant IR ReEaIdER: of mixing the
profiles into which a reaction mixture would pass, e.g. a first zone and a

high c8ee0na-zenerdhefiestiransmmayr-achvaoageolshyierat etgmpeiadwaiefcoupling
at least the higher softening temperature of either the high crystalline
agent, pg@pi@pglgﬁémm@‘@st@mgseamdcp;éﬁgatﬂyﬁcb@gg Hranhbtdteeen the coupling agent
decomposition temperature of the coupling agent, and the second zone
and therrgh SERrEMtag SELISRPIDECAE a TRASapEHSBlcadifopipres SrEmr RSP 1144 pHEiD @ single
process temperature, sufficient for decomposition of the coupling agent.

"“Sdﬂ%‘ ﬁ‘"g‘h“&?ﬁféféﬁ?hé‘: ﬁo%P&BQT‘én‘éartﬁ@ %I gifsmeh %B’ﬁ’&ﬁaﬁﬁ/lvfﬁi{ﬁﬂ FER Rplgmer
the lin ent form a orm Ie the first zone thereb
ex o 5 A Gt PSR o B THENGBr S g covice

asa d;fli]cef: W, léﬁ%ﬂﬁgg%;gﬁ}g Qﬁ V(\:fgﬁ] %e rt]} u%?’)(vgl%lpﬁ!)%“%gs sgéer{n%yn ¥ttruder which

formed into Irect ets accordlng to instant invention may

produGQIRKISEIANE s%%@%‘%cl@)[@u%wrﬁk% L {5ashQRE YR EPRRISES HiGon.

polypropylene composition of the instant invention. The polypropylene

po ition of the insta |nve tion may be formed into a.sing
TERRA)E EReb ) s LSBT B T Elap ) ehal nd

ccupl;ggtrygn9a;e LR Higk f%sao;feﬁ BnesLls 9&'&9&%6‘?@ LRGSR Tﬁ%‘%& ve melt

ed to ma e it and form it into an article, Ho er, the sheets of the
blendé?ir%%gy forming the polypropylene composition of the instant invention. The molten

polypropylene composition may be pelietized or may be formed into sheets directly. The high
crystalline propyiene, the elastomer, optionally the filler, and the coupling agent may be exposed to a
temperature profile in range of about 50° C. to about 280° C. All individual values and subranges in
the range of about 50° C. to about 280° C. are included herein and disclosed herein; for example, the
high crystalline propylene, the elastomer, optionally the filler, and the coupling agent may be
exposed to a temperature profile in range of about 160° C. to about 280° C.; or in the alternative, the
high crystalline propylene, the elastomer, optionally the filler, and the coupling agent may be

exposed to a temperature profile in range of about 220° C. to about 280° C.



invention may have a thickness equal to or greater than about 0.5 mm. All

individual values and subranges equal to or greater than about 0.5 mm

are included herein and disclosed herein; for example, the sheets of the
“&ég{?ﬁﬂﬁ%ntion may have a thickness equal to or greaterP OET ol e

mm; or in the alternative, the sheets of the present invention may have a

thickness in the range of 3 to 13 mm. If the sheet of the instant invention

C rises two or more layers, the polypropylene composition of the ...

R 1Ry S5 D8 S0 G e 1 e AVRra P Bl b g, e

coupii}lheao_e%Sazf\:A{%'% 9:?(4%%9@4&61‘(133%?0-{1/93%9 0%40653451915? e &O&H{%@y Lﬁl@ﬁlﬂ at teast two
composition of the instant invention is the base layer and/or the cap layer

zones ADAIQL By HAYAT REMERIhEARSE Iy hand Re-GaR 1Yk TRRIBTHEIES o a first

according to instant invention include a polypropylene composition

zone aticiugding dhenseativiemalhblending Proguet Bf @ higheiystaliRer at least the higher
polypropylene having a crystallinity of at least 64 percent, an elastomer, a
softentauphingragent! aitc:opitdngllyrastilan-Sothpaticies incheddgsbutarenetcicrably
limited to, recreational vehicle, front ends, rear ends, and wheel wells, all
less thtertizdnivehipls detkerukayaksolclhs s@ e Aeaiickiw g Saivinartthe
like. The formed article of the instant invention may be manufactured by
advan%%yd}ﬁﬂ%t@%ﬁf@o%ﬁ% fﬁ%zﬁ'\ﬁéﬁﬁ\?é’ﬁ |%m}%ﬁgeratﬁre, sufficient for
composition through the use_of conventional machinery employin .
decomgg\ATON CORURAE Pdre AHE & AUMBE: BY BRET LR IRG TEHPE Gagor

.Jn.use, but all aroe_basi ally variations of two_simple processes in which
e B A e A R DA e

furthe PIERSNIZES, RiE Al Zhmeshanical.draw assists Whigh-fares the  RheebiRiRsition

a mold to produce the desired contoured or shaped article. In many cases

may bNG MO RrOCesses Ale.camMRIRBLLoIRaUlLin a wide variety of procedures
to make thermoformed articles. For example, thermoforming methods

withinithesseopdiaf hennstantimention incligesdntcaramnet linitediagin at least

straight forming, drape forming, snapback forming, reverse-draw forming,
one laplugeagsists the polypropylene composition of the instant invention. The polypropylene
composition of the instant invention may be formed into a single or multilayer sheet by any
conventional process, for.example by sheet extrusion. The thickness of the sheet is only limited by
the equipment used to make it and form it into an article. However, the sheets of the present
invention may have a thickness equal to or greater than about 0.5 mm. All individual values and
subranges equal to or greater than about (1.5 mm are included herein and disclosed herein; for
example, the sheets of the present invention may have a thickness equal to or greater than about 3
mm; or in the alternative, the sheets of the present invention may have a thickness in the range of 3
to 13 mrm.

If the sheet of the instant invention comprises two or more layers, the polypropylene

composition of the instant invention may comprise one or more of the layers. In other words, the
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forming, plub assist/reverse draw forming, air-slip forming/plug-assist,
air-slip forming, matched too] forming, twin-sheet forming, and the like.
The thermoforming process includes heating a sheet until it softens or
“é?ﬁ%sfglsf‘g@, after which one or more of vacuum, air press‘l’.ﬁlg,ugﬁ%% AA0S7
mechanical draw assist is applied and the heated sheet is drawn into a
female mold, sometimes referred to as die, drawn over a male mold, or

the two molds are lised.to ether to form ﬁ]n artic!e, the é?rmﬁed arti\%e is

PoLyPIEg¥|ER, FRRRSVA B T THBIAT SERH “trifWelr it NEE ABUGR/ e 5 fivey wndior any

fayer {%2??‘%‘4% %%%%53?T/g%08@§§%57 The sheet temperature for

ermofrorming a sheet of the inventive polypropylene composition is less

thap Qregualin.ahevt H20 5 @%ﬁﬂ&%@l&@y@y&gpl@ﬁ49@&9{83%641tfacmamg the

about 180 C.; or in "another alternative, less than or équal to about 175 C.
reactiveUtheridhershestiiempenatye-ferthermeforspinegna sheat ohthe.inueRtYat least
polypropylene composition is greater than or equal to about 160 C.; or in
64 perthr@talieenatires greaigiharparegidatfocabidoyt ¥6o:C Sioh i tanethetude, but are not
alternative, greater than or equal to about 170 C. Adequate polymer melt
limitegtremgttrdsmetedvaly fomproduciig acseptdbiethewebioiiiedaiartigieds decks,
especially large articles with sections having a deep draw. The sheets
kayakimeldes ffbaTtHe Vel BipsRp g fiEnEtomposition have a draw ratio of
at least 1.5:1; or in the alternative, the sheets made from the inventive
pORFISBYIE AR BB AV A Gralipakio B & 1 5EFO0Y i pfgrming & sheet
com embaodiment, the instant invention is_aopol}/ ropylene cofmgos_ition | Hinerv
PR L S RS TR IS GRS DB S 4 G ShyRLAAGoral machizery

emplo@%{%@{)%@%%@gab aying:a.cryskalinity of ahleask tﬁénﬂﬁf&%ﬂhga@cﬁlﬁ&&mﬁrm% but all
oupling agent, and optionally a filler, wherein the polypropylene

are baSRAIRQSIHAN Rasrameltilovratesinsthesange atirssthanL.aHQ BINWES in the
measured at 230 C under a load of 2.16 kg in accordance with ASTM-D

form F23Gphanalieinatheembadimentirefertingdenmgaldihe dnstanthich force the
invention is a polypropylene

sheet into a mold to produce the desired contoured or shaped article. In many cases the two

processes are combined to result in a wide variety of procedures to make thermoformed articles. For

example, thermoforming methods within the scope of the instant invention include, but are not

limnited to, straight forming, drape forming, snapback forming, reverse-draw forming, plug-assist

forming, plug-assist/reverse draw forming, air-slip forming/plug-assist, air-slip forming, matched

tool forming, twin-sheet forming, and the Hke.

The thermoforming process includes heating a sheet until it softens or starts to sag, after
which one or mere of vacuum, air pressure, and/or mechanical draw assist is applied and the heated
sheet is drawn into a female mold, sometimes referred o as die, drawn over & male mold, or the two
moids are used together to form an article, the formed article is cooled, removed from the mold, and

trimmed as necessary.
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composition including the reactive melt blending product of a high
crystalline polypropylene having a crystallinity of at least 64 percent, at
least 10 percent by weight of an elastomer based on the total weight of
VRSB IAfébylene composition, 4,4'-diphenyl oxide bis-sulfBRYEZIHE 3"
coupling agent, and optionally a filler, wherein the polypropylene
composition has a melt flow rate equal to or less than (-0.0032X+1.7868),
where X being the amount of the 4,4'-diphenyl oxide bis-sulfonyl azide in

PP SDoFF (e 0E 2 P ABRIBET ISP IOE 65 857 At Atbirigtvis e composition
bodi t, f h tant i I
Rt R R N A R R
anothe’ %%tag'% HO'Xthyx'e”e Having, 2 crystallinitg of gt '%ﬁe%tt%@@fa%s@mt

ast ercent y wel it of an elastomer based on the total weight of

melmg?@rmya %ecw%@alggmmﬁy?my% sdipheny oxide bissulienyl.Azide 8 & about

coupling agent, and optionally a filler, wherein the polypropylene

1650° Compesitandasiamelt flomiate equakiandesss tan(Q. 003X 10613}, greater
where X being the amount of the 4,4'-diphenyl oxide bi,s-sulfonyl azide in

than oppimallaboalteérnative embodiment, referring to Fig. 1, the instant
invention is a polypropylene composition including the reactive melt

blend ﬁg@ pfa highoerystalling PepIoRYRNE havinds R eiystalinity

of at Ieast 64 percent, at least 20 percent by weight of an elastomer based

article@neibectatalveighitRf thenpelvpiepyiene caspasitionTds4heiphanyd pyidehe
bis-sulfonyl azide as a coupling agent, and optionally a filler, wherein the

inventpalypiopylenacomapasition has a melt flowaatelegualsto: or psse thamative, the
(-0.0019X+1.127), where X being the amount of the 4,4'-diphenyl oxide

sheetshisabuffomytha Zidentiv sopryprntidies seoordingndirstefieinvaitiomneytbe!
produced via different methods, Such methods are generally known to a

pPerean ofsidibipthe artsQuch vaaibedsidpslygepbuhate npbslimited taing the
thermoforming, rotational molding, blow molding, and the like.

reactive melt blending product of a high crystalline polypropylene having a crystallinity of at least
64 percent, an elastomer, a coupling agent, and optionally a filler, wherein the polypropylene
composition has a melt flow rate in the range of less than 1 g/10 minutes measured at 230 °C under a
load of 2.16 kg in accordance with ASTM-D 1238,

In an alternative embodiment, referring to Fig. 1, the instant invention is a polypropylene
composition including the reactive melt blending product of a high crystalline polypropyiene having
a crystallinity of at least 64 percent, at Jeast 10 percent by weight of an elastomer based on the total
weight of the polypropylene composition, 4,4’ -diphenyl oxide bis-sulfonyl azide as a coupling agent,
and optionally a filler, wherein the polypropylene composition has a melt flow rate equal to or less

than (-0.0032X+1.7868), where X being the amount of the 4,4’-diphenyl oxide bis-sulfonyl azide in



Test Methods Test methods include the following: Instrumented dart
impact was determined according to ASTM-D 376. Izod impact was

determined according to ASTM-D 256. Flexural modulus was deterrr}lr%:(-;,-d
W&@S’Fdji?fé % ASTM-D 790A. Melt flow rate was determined 5t 230> (hder

a load of 2.16 kg according to ASTM-D 1238. - 28 WO 2008/121464
PCT/US2008/055057 Melt index (12) was determined at 190 C. under a

ad of 2.16 kg according to ASTM D- 1238-03, Number of ductile hreaks
W< EEAARE SEREHAS 1 R Vol ARSCE s RO Aber b oY e

ctlle nd br ttle br as deter a cor tot :
‘%rﬂa X qaks Stermined, D& nropylene h
comp ‘élf {owing fafihg %5?‘%‘?&%’6%‘% test. Flattest specimen S&ére obtdined by e

acr ystﬁHHl'i@g & ‘VEQQ%@ %@F(t@‘lt-rﬂ @e§§r§'(§)1%$c\%? rl% @e%ﬁ%ﬂ%lﬂt@?&;@é@@ ER%he total

of approximately in range of 2-3 mm. The sampf’es were impacted by a

weighSHiKe! @lehHght angle [ dheplane ohtbe shert: Melagibn animpact Waling agent,
setto 4.4 + 0.1 m/s, which was obtained with a drop height of 985 mm.

and opiofidRgtiiylat noBraimbiepbiempelaitkes;ihe thanpie weleflstoraed équadtd or less
chambers for at least 2 hours, The samples were taken out one at a time,

than (-Ai3eXt-idhadiatehe ahtkas durickiyws pobsiblé - pratardisly deitkinssliony! azide in
seconds after removal from the temperature chamber. Number of brittle

PP breaks was determined according to the following procedure: The number
of ductile breaks and brittle breaks was determined according to the

fON GG NG R aE dEstne i st sﬂé%fma?wr@%qa fetphyropylene

uttlng f(t{gude sheets. Th Ies Wgre 8 ith a h ckn ness
compos}ltlon ¢ reactive me f §% 119 uct ot a é Sta me apﬂ’) g\ ene having
approximately Iin range o e sample We eimp a )))

a cryséﬁ kﬁr e% a %&%@g@l&m LACRS, @egpoef 1bg %p%%g\{%%maguammwm the total

which was

weight of the polypropylene composition, 4,4"-diphenyl oxide bis-sulfony! azide as a coupling agent,
and optionally a filler, wherein the polypropylene composition has a melt flow rate equal to or less
than (-0.0019X+1.127), where X being the amount of the 4,4’ -dipheny! oxide bis-sulfony! azide in
ppmL.

Articles according to instant invention may be produced via different methods. Such
methods are generally known to a person of skill in the art.  Such methods include, but are not
limited to, thermoforming, rotational molding, blow molding, and the like.

Test Methods

Test methods include the following:

Instrumented dart impact was determined accbrding to ASTM-D 376,

Izod impact was determined according to ASTM-D 256.

Flexural moduius was determined according to ASTM-D 790A.

Melt flow rate was determined at 230° C, under a load of 2.16 kg according to ASTM-D
1238.
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obtained with a drop height of 985 mm. For testing at non-ambient
temperatures, the sample were stored in cold chambers for at least 2
hours. The samples were taken out one at a time, and test immediately
WANES Yavekly as possible, preferably within 5 seconds aftBf FERYPEIHRIM
the temperature chamber. Examples The following examples illustrate
the present invention but are not intended to limit the scope of the
invention. The examples of the instant invention demonstrate that the
pgsIpittsyiéhe 2o Worpops/A2Pas4 PeiyUS2edei o0 RcEsifipsstiond M D-
1238-(8. accordance with the present invention possess adequate processing
properties such as high melt strength and improved end product
propeidies suckids stiffnessiandrioagbnessing spacidtivatdgwrocedure: The number
temperatures. Formulation Components ENRTM 7380 is an
of ducethiterte-buténeledpolimmers doemmierdiafiyoatiaidblerony Tivg HBWe dart impact
Chemical Company, having a density of approximately 0.870 g/cm3
test. F&Et‘@?ﬁwf‘éw&c‘ﬁ%ﬁr?@tt?é“eﬁ?@ﬂ)l‘-‘@‘"‘%@?% EstextBF Snglag iR 80 X 80 mm
.. determined at 190C. under a load of 2.16 kq according to ASTM-D 1238
with amécphww&ﬁ?zpl'gwwfv&zﬁﬁﬁf %él%?bé% SRR

Ené HOMopOTyMmer SURNdpig er ata

. from T eliiow emical ny, having a melt flow r elq\fr . .
it S ST iolee A D30 & i Sl ar s

obtaingtg ﬁ%g'@]&gh@ @ﬁ&MSP 11311%3%'0}]@&'1 91'2917— é}ﬁgigdptég'lgé%%t {Hé’ QQHBE were
also include the following additives: 830 ppm NA-11, 500 ppm I-1010, 750

stored PRAAA-AB8 1RG40 RRI RidE4ALdeseriadinduithendetad hereife, and test
below. NA-11 is a nucleating agent, commercially available from Amfine

immedzigigal€ atipskilyganox (it Ohere3, bidistenisbbihedahiy afitexyemoval from the
hydrocinnamate) (1-1010) is a phenolic antioxidant, commercially
tempeavaitaddlerfrom Ciba Specialty Chemicals, Inc.

Number of brittle breaks was determined according to the following procedure: The number
of ductile breaks and brittle breaks was determined according to the following falling dart impact
test. Flat test specimen were obtained by cutting extruded sheets. The samples were 80 X 80 mm
with a thickness of approximately in range of 2-3 mm. The samples were impacted by a striker at a
right angle to the plane of the sheet. Velocity on impact was set to 4.4+ 0.1 m/s, which was
obtained with a drop height of 985 mm. For testing at non-ambient temperatures, the sample were
stored in cold chambers for at least 2 hours. The samples were taken out one at a time, and ftest
immediately and as quickly as possible, preferably within 5 seconds after removal from the

temperature chamber.

Examples
The following examples illustrate the present invention but are not intended to limit the scope

of the invention. The examples of the instant invention demonstrate that the polypropylene



Irgafos1.68 (tris(2,4-ditert-butyiphenyl) phosphate) (1-168) is a processing
stabilizer, commercially available from Ciba Specialty Chemicals, Inc.
JETFIL 700C is a mineral talc, commercially available from Rio Tinto PLC,
WHMtAH 1 Ri4gdom. DHT4A is a stabilizer, commercially avaifbl& frai/ 055057
Kyowa Chemical Industry Co., Ltd. -- 30 WO 2008/121464
PCTIUS2008/055057 4,4'-diphenyl oxide bis-sulfonyl azide (BSA) is a
coupling agent, commercially available, from Dynamit Nobel. Reactive
COmpOGERTS BRTERG BT RES BN PR pMERIS T RESTEEARS S IPTIH titgProperties such
o i AN T & QL ORI TS SIS S e G
. ter. The mixer was equipped with #7/15 rotor, and the extruder
egpmv%]riggci%%gg e\ill\%%%%6 hole (3.5 mm hole diameter) strand die. The profile
of the Farrel CP-250 Continuous Mixer is further disclosed in Table Ill. In
the reactive melt blending process, the formulation components listed in
Table | were introduced into the Farrel CP-250 Continuous Mixer, and
Formuhetiolo| € nagebeiihe presence of each other thereby forming the inventive

polyp;(\)apylene composition, i.e. inventive examples EI-E8. The strands of

male N’ pelpropy rendcsormpositicArs Sy apemsrocly sed s enihbp Dow
water bath and a Berlyn air knife adapted for _&rovid%suﬁlcient cooling
Chemigal { fpiigyTiHE 88 4 HGRsHePE BHEPHEEEHD - pENStFR FHia R BthisP s ©

mifSBESletee Thesseeiye el Hendn opdliens reshoun . Tedle v

0 ASH _%cbi%?d impact, flexural modulus, melt flow rate, No, of ductile
“breaks, and No. of brittle breaks, and the results are shown in Table II.

Sfﬂ@ﬁﬁ'%fﬂﬁtigg ﬁéﬂ%@?%‘ﬂ% %M@Wﬁﬁe homopolymer, avaiiable from The Dow
Chemical Company, having a melt flow rate of approximately 2.1 g/10 minutes measured at 230° C.
under a load of 2.16 kg according to ASTM-D 1238, Tnspire® D-207 used in the instant invention
also inciude the following additives: 830 ppm NA-11, 500 ppm 1-1010, 750 ppm 1-168, and 400 ppm
DHT4A, described in further detail herein below,

NA-11 is a nucleating agent, commercially available from Amfine Chemical Corp.

h‘ganox®1(}10 (3,5-di-tert-butyl-4-hydroxy hydrocinnamate) {I-1010) is a phenclic
antioxidant, commerciaily available from Ciba Specialty Chemicals, Inc.

Irgafos®168 (tris(2,4-ditert-butylphenyl) phosphate) (I-168) is a processing stabilizer,
commercially availabie from Ciba Specialty Chemicals, Inc.

JETFIL 700C is a mineral tale, commercially available from Rio Tinto PLC, United
Kingdom.

DHT4A is a stabilizer, cornmerciaily avaiiable from Kyowa Chemical Industry Co., Ltd.



Sheet extrusion of the inventive polypropylene composition, i.e, inventive
examples EI-E8, was accomplished on a multi position sheet line. The
main sheet extrusion equipment included a 2.5 inch diameter HPM
WeAREY Hetving a 30:1 length to diameter ratio, a Maag Ex&feX{r)88y85057
gear pump, and a Camile TG Data Acquisition and Control System. The
extruder included water cooling capabilities. The extruder further included
cast bronze electrically operated heaters. The primary - 31 WO
2ot s PETHISPERBOBSHEP Xt deioHiine a8 At PG Hh ArEble
double wave screw. The primary extruder was operated with the vent
from DypEay IY.%’t’é?ﬁlnger EA-20 screen changer was positioned downstream of the
iltering ir urltles increasing buck pressure on the

SLHSIBE180/125 mesh configuration was

di%%?éqé?n‘!%'méﬂ H}&ﬁﬁ{@&&&%ﬂ{g&%ﬂ Llter the pelymer gl wes filterech dt, parrel

was conveyed througha 25 inch long transfer fine to a gear pump. The

Cp-250 €35 PR IsB.pOs{tVe ddisplacementsevicadhaleliminatesextiieacuter. The
surges and delivers constant output rate thereby facilitating uniform sheet

mixer WHEkRESPT RePAMETyoeuxirudiemheerveayedvheemoiana palymehdt: &3comm hole
extrusion feed block, manufactured by Cloeren Corporation. The molten

diamefeolymer vias Ebayeydd ¢dthe Bheat@Rif08ibndievhayivigia wititthef @igclosed in
inches. The extrusion sheet die included ten temperature control zones in

Table fHe body. The extrusion rate was 200 Ib/n, Temperature settings for the
primary extruder, gear pump, transfer line, feed block co-extruder, and
extiusiencsheaidieare: fiurtierk disstoseshiniablesyand Mied in Table I were
Thermoforming Process and Equipments The sheet samples were

introd sutdsegubaiiuthefidfinGediomas 2B traednatio hehMd de h¢ 228 esbrutt @ach other
thermoformer. Each sheet was placed in the clamp frame of the ZDM

thewbnh’@mmf@rhnenvgsmer@w@ra}mfe@@wwtf@m@dégmé@(?wlﬂaﬁdpé& The
sheet was indexed into the heat station of the ZMD thermoformer, wh

standgifl SREEt RALPHAISETPHISHIoMitARdY AT hEaers. Th8 %gﬁ%%aéafh and 2

heated via infrared radigtion. As the temperature of the_sheet
Bm]ym?&ég]é‘é a %Hg(}rﬁi amy\ﬂ ey Q(gefCient co rang an lﬂ S}yl eﬂ? stran 9 we;e chopped and

pelletized viz a Scheer SGS 100E pelletizer. The reactive melt blending conditions are shown in

Table IV. Each inventive example (E1-E8) was tested for instrumented dart impact, izod impact,
flexural modulus, melt flow rate, No. of ductile breaks, and No. of brittle breaks, and the results are

shown in Table 1L

Sheet Fabrication Process and Equipments

Sheet extrusion of the inventive polypropylene composition, i.e. inventive examples E1-E8,
was accomplished on a multi position sheet line, The main sheet extrusion equipment included a 2.5
inch diameter HPM extruder having a 30:1 length to diameter ratio, a Maag Extrex® 36/36 gear
pump, and a Camile TG Data Acquisition and Costro] System. The extruder included water cooling

capabilities. The extruder further included cast bronze electrically operated heaters. The primary



began to sag under its own weight as shown schematically in Figure 5.

The amount of sag is limited by the equipment configuration and

ultimately on the final part quality. The vertical distance of the sheet sag
Yitb e itfitial position in the clamp frame was measured G&HE3A8/053057

infrared profiling scanner (light curtain) that was positioned to detect sheet

sag at the middle of the oven. The time required for the sheet to sag from

approximately 2.25 inches below - 32 WO 2008/121464 .

extrudg RNy ES O B EB SSHE e I O MHEh o Sppl BX PR 4S8 HCHELRY i with

‘ its llnitial %osition 2 Becorde .Sag rate was, de&ermined QX ividing the .
the vent closed.. ﬁliln%&l‘ —317. sc%'een cha w%s ep sitioned do ﬂStlfﬁl [8) 31 eeé%n{ &1 theleby
change In the vertica distancé o e Sheet measured In the center by the

ﬁlteri%g?é%r}!%‘i‘éE?&JP&EH% %‘I}é‘g‘é%o%s!'Qll%eé%%e@?n?&‘?%v\@%éﬁ Hl@i{‘%&h TEE_%{E@/SO/&S

when the sag reac approximately 4.25 inches from its initia

mesh ReSiUERGBAd IR bwasmayer-te.188 farmestation. The,sheet stufacs fiered, it
temperature on the bottom side of the sheet was measured at the end of

was céheheaiheyel Using.RLiftiedpyrametei- Opeetha heaiad sheat wassitive
moved out of the oven and into the form station, a vacuum box contacted

displathe:shelet romabelomnMactunyrwasapphiedddidravdheasheetpintatdigereby
vacuum box and pre-stretch the sheet. A mold was lowered into the top of

facilitthegpreiistratdivetthetiaess anbiovaduym swasdep plied roddfgvintHieerednaido a co-
sheet against the mold while simultaneously vacuum was released from

extruspa fa lﬂﬁ%@%‘.‘qfﬁ%“ﬁ%‘?tt\)(/gé%ﬁ%g&}’%@ﬁ%e@%ﬂ%ﬂ%’a RELEBE. Whs e eyed to a
then removed from the clamp frame. Results of the thermoformin

sheet SEIABOH 2RV SRAWHIN Tattd I STH hEXT g HWss the 1‘5?%%8%%81‘%?8”*”‘7@

conuoﬁe%ﬁgfﬁa L g ?theé 19288 4aR '“Cé‘?éo%gr?.""%}% 'Q—'&l%le%%ﬁ&%‘é@ ffJP&E‘a primary
when the sheet entered the oven, Surface emperature was measured in

extrudSAUOGIE,OF dhe ANGSE 0N 6 DANAIM. HiRG USINE RN RLEE PYHOME Rl her

once the sheet completes the heat cycle, and indexes from the oven into

disclotbg fotnbetation, Sag time was the time required for the sheet to sag a
chosen distance, in this case from 2.25 to 4.25. The sag rate was the

Ther %&‘f“{?ai Igigggcggs%jvgiﬁduk{é the?1 sag timg. The present i_n_vention may be
departing from the spirit and

The sheet samples were subsequently thermoformed on a ZMD International Model V223
shuttie thermoformer. Each sheet was placed in the clamp frame of the ZDM thermoformer, and
rigidly clamped on all four sides. Next, the clamped sheet was indexed into the heat station of the
ZMD thermoformer, where the sheet was heated by quartz infrared radiant heaters. The sheet was
heated via infrared radiation. As the temperature of the sheet was increased, the initially flat sheet
began to sag under its own weight as shown schematically in Figure 5. The amount of sag is limited
by the equipment configuration and vltimately on the final part quality.

The vertical distance of the sheet sag from the initial position in the clamp frame was
measured using an infrared profiling scanner (light curtain) that was positioned to detect sheet sag at

the middle of the oven. The time required for the sheet to sag from approximately 2.25 inches below
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the essential attributes thereof, and, accordingly, reference should be
made to the appended claims, rather than to the foregoing specification,

as indicating the scope of the invention, - 33 WO 2008/121464 o
VPG R85668/055057 Table | Example No. HCPP-1 ENRT 73507 0#/053057

4,4'-diphenyl JETFIL 700C (Weight (Weight oxide his- (Weight Percent)

Percent) sulfonyl azide Percent) (PPM) EI 60 10 None 30 E2 -60 10 200
.30 E3-6010400.30 Ii E4 55 15 None 30. | E5 -55 -15 200 3 -55 ‘
it niCED B EPS0 01500 33 RSB0 AETE oS S PBORS ARg e
deterrnl.?lge:t;gl‘;lil%?vq 1%01%90 glt%-%?{ti)ll el}%fﬁ 6%%{Ppﬁ%éggfﬁ\é : héé\(gne]a%}réﬁ/ Slrﬁ’%&:%%er by the

0, of No. o 0,0 lexural Flexural Secant

time 151[19{:93&9 H]%tgﬁaﬁég% lﬁig%gyrﬁ)élﬁ%& Brttemoved from the oven when the sag reached

approximately 4.25 inches from its initial position, and then it was moved to the form station. The
sheet surface temperature on the bottom side of the sheet was measured at the end of the heat cycle
using an infrared pyrometer, Once the heated sheet was moved out of the oven and into the form
station, a vacuum box contacted the sheet from below. Vacuum was applied to draw the sheet into
the vacuum box and pre-stretch the sheet. A mold was lowered into the top of the pre-stretched
sheet, and vacuum was applied to draw the extended sheet against the mold while simuitaneously
vacuum was released from the vacuum box. The part was formed, and it was allowed to cool. It
was then removed from the clamp frame.

Resuits of the thermoforming evaluation are shown in Table VII. The heat time was the
amount of time required for the sheet to sag 4.23 inches beiow the initial position from when the
sheet entered the oven. Surface temperature was measured in the middle of the sheet on the bottom
side using an infrared pyrometer once the sheet completes the heat cycle, and indexes from the oven
into the form station, Sag time was the time required for the sheet to sag a chosen distance, in this
case from 2.25 to 4,25, The sag rate was the vertical distance divided by the sag time.

The present invention may be embodied in other forms without departing from the spirit and
the essential atiributes thereof, and, accordingly, reference should be made to the appended claims,

rather than to the foregoing specification, as indicating the scope of the invention,
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Strength Modulus Modulus 12 - @ 23C, Breaks Breaks @ OC Breaks
Breaks (psi) (k si) (ksi) 230C (in-Ib) @ 23C @ 23C (in-lb) @ 0C @ 0C El
6186 471 396 1.839 26.07 50 16.75 1 4 E2 6131 490 411 0.89 32.855 0
WBHY141485 5820 456 387 0.359 34.14 5 0 31.06 3 2 E4 4655738745107
0.748 34.16 71 - 0 44.21 5 0 E5 5183 384 326 1.579 31.92 50 32.03 3 2
E6 4974 384 329 0.977 31.71 50 42.955 0 E7 6915 552 464 1.034
31.575012.71 05 E8 4804 369 3150.369 30.96 50 38.2450 35 WO
2008/121464 PCT/u52008/o5505i2?%§‘1%3e Il Mixer Extruder 3" Rotor 4 "

Jerenw 6o p‘“"’"’ﬁEﬁP“ic 40 hotseroy ””""EE df 'u'alnly tUreSETEL 7000
(ﬂaX|m8 Armatyee.@m s (maxsnidr) 8 0 rRmEpaximum &00m
(maximum) Rotor stte#Zhtp 11:1 LR Eable A Tereperature|(C) rexthger
Zone 1 210 Extruder zone 2 220 Extruder zane 3(2B&) Extruder zone 4
230 El 60 14 None 30

B2 ~60 10 200 30

E3 ~60 10 400 30

E4 55 15 Norne 30

E3 .. ~55 ~15 200 30

E6 ~55 15 400 30

E7 ~50 20 200 30

ES ~50 20 400 30




Extruder zone 5 230 Adapter 230 Screen changer 230 Transfer line
zone 1 230 Transfer line zone 2 230 Transfer line zone 3 230 Transfer

line zone 4 230 Pump inlet 230 Gear
800821464 PCTILUS2008/055
Settings Temperature (C) Feed Block 230 Die zone 1 245 Die zone 2

pump 230 Pump ou rHCIONg
057 Table V Die Terggiégt%}rees& V03T

235 Die zone 3 230 Die zone 4 235 Die zone 5 245 Die zone 6 245 Die
zone 7 235 Die zone 8 230 Die zgggl&?%

Example | Avg. Avg. |Avg. 1% |Average| Total | No,of | No.of . Total ; No.of | No, of

No. Flexural | Flexural| Secant | MFR - | Energy | Ductile | Brittle | Energy | Ductile | Brittle

Strength |Modulus | Modulus | 12 - |@ 23°C! Breaks | Breaks | @ 0°C | Breaks | Breaks

{psi) (kpsi) | (kpsi) | 230°C | (in-lb) |@ 23°C|@ 23°C| (in-lb) | @ 0°C | @ 0°C
Bl 6186 471 396 L.839% | 26.07 5 0 16.75 1 4
E2 6131 49{) 411 0.89 | 32.85 5 4] 18.6 1 4
E3 5829 456 387 (.359 | 34.14 5 th 31.06 3 2
E4 4052 387 331 (0.748 | 34.16 5 0 4421 5 0
E5 5183 384 3260 1.579 | 31.92 5 0 32.03 3 2
E6 4974 384 329 0.977 | 31.71 5 0 42.95 5 0
E7 6915 552 464 1.034 | 31.57 5 0 12.71 0 5
E8 4804 369 315 0.369 | 30.906 5 0 38.24 5 0




Die zone 10 245 Table VI Front Roll Temperature 65 C. Middle Roll
Temperature 92c C. Back Roll Temperature 104 C. Front Roll Speed 19

InC

“}Bc%%i%& Middle Roll Speed 19 inch/minute Back Roll Idnss057
minute - 37 WO 2008/121464 PCT/US2008/055057 Table VII'

Example CRI Surface Comments No. Ref. Heat Average emperatur
Average Average Sag Rate No. Time Surface Standard Sag Sag Rate
Standard Temperature Deviation Time (Inch/Second) Deviation (F.) (F.)
(Second) (Inch/Second) El 2605 221 349 3.8 31 0.085 0.019 Variation in
sag, some holes, thinning E2 2608 211 356 2.5 21 0.100 0.018 High sag
rate, no holes E3 2611 201 366 2.1 59 0.034 0.002 Good parts

Table HI

Mixer

Extruder

3 “ Rotor

4 * Screw

60 horsepower drive

40 horsepower drive

97 Armature amps (maximuin)

67 Armature amps (maximum)

830 rpm {maximum)

100 rpm (maximum)

Rotor style # 7/15 11:1L/D
TablelV
Temperature (°C)
Extruder zeme | 210
Extruder zone 2 220
Extruder zone 3 230
Extruder zone 4 230
Exfruder zone 5 230
Adapter 230
Screen changer 230
Transfer line zone 1 230
Transfer line zone 2 230G
Transfer line zone 3 230
Transfer line zone 4 230
Pump inlet 230
Gear pump 230
Pump outlet 230
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with correct bubble size 134 2610 199 351 0.8 52 0.049 0.007 Some
holes, thinning E5 2606 214 358 2.2 61 0.037 0.005 Small holes, thinnin
E6 2609 217 370 2.0 33 0.061 0.004 Good parts with correct bubble
WOAERLEG7 201 359 1.9 28 0.074 0.013 Tearing, holes B8 36145205
370 2.4 43 0.048 0.009 Holes on almost all parts - 38 MCSLLP CLAIMS:
1. A polypropylene composition comprising the reactive melt blending

product of: a high crystalline polypropylene having a crystallinity of at least
70 percent; pfwﬂ%yee‘p

Die Temperature Settings Temperature

Q)

Feed Block 230

Die zone 1 245

Diie zone 2 ' 235

Die zone 3 230

Die zone 4 235

Die zone 5 245

Die zone 6 245

Die zone 7 235

Die zone 8 230

Die zone G 235

Die zone 10 245

Table VI
Front Roll Temperature 65° C,
Middle Rolj Temperature 92° C,
Back Roll Temperature 104° C.
Front Roll Speed 19 inch/minute
Middle Roll Speed 19 inch/minute
Back Roll Speed 19.2 inch/minute
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from 10 to 20 percent by weight of an elastomer based on the weight of
said polypropylene composition, wherein said elastomer is an
ethylene/a-olefin copolymer selected from the group consisting of
WO 44 hexene, 1-heptene, and |- octene; a coupling d§dnEs2008/055057
optionally a filler; and optionally a nucleating agent wherein said
polypropylene composition having a melt flow rate in the range of less
than 1 g/10 minutes measured at 230 C. under a load of 2.16 kg
according to A.STM-D 1238. 2. T

ropylene composition according

to Claim 1, wherein said_polypropylene-.composition-having.a melt-flow
Ex%gpéehg@}i range of about Ol%%é?;%%}‘&tveg'gg g%g minutes measure pmiments
I}%O C. 4nderal oa’éugﬁig.le I@a@gggrc mgagﬁ AS_ E]g]ﬁfmu%@fnaﬂﬂﬂ@x ral
modulus ofi at leagt,3R00QR0 psiiasMmeasklediRmccordanas. withh,
ASTN-D 790A. 3. Tha'polypropyene jgeapsition accordinghigecdadm 1,
Whereitr@aid2filler bé#dg an orgadic filleBér inorgafis filler sedebted frovariation
the group consisting of talc; mica, wallastonite, calcium carbonate, natufél
and synthetic clays and organo modified derivatives thereof, silicates;;10 Efsd
the like. 4. The Folyplropyltlerrle compo;ition o] Clgim 1, \{v1erein said thmni’ng
T EOUPIMgRYEITy 1 Selegted from the Tﬂﬂ? CONSIgLHG O 1,o-aiT@Ne | High sag
bis(sulfonyl azide), 1,8-octane bis(sulfonyl azide), 1,10-decane rate, no
bis(sulfonyl azide), 1,10-octadecane bis(sulfonyl azide), :39 MCSLLRP hples
Egctyl- 264 16: B8hzeneitis(sulfonyllazide) 58,4'dipRéR§l ether 16i8¢8ulfongpod parts
azide), 1,6- with
correct
bubble size
E4 2610 | 199 351 0.8 52 0.049 0.007 Some
holes,
thinning
E5 2606 | 214 358 2.2 61 0.037 0.005 Small
holes,
thinning,
E6 2609 | 217 370 2.0 33 0.061 0.004 Good parts
with
correct
bubble size
E7 2607 | 201 359 1.6 28 0.074 0.013 Tearing,
holes
E8 2613 | 204 370 2.4 43 0.048 0.009 Holes on
almost all
parts
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bis(4'-sulfonazidophenyl)hexane, 2,7-naphthalene bis(sulfonyl azide),
oxy-bis(4- sulfonylazidobenzene), 2,7-naphthalene bis(sulfonyl azido),
4,4'-bis(sulfonyl azido)biphenyl, 4,4'-diphenyl ether bis(sulfonyl azide), MCSLLP
bis(4-sulfonyl azidophenyl)methane, and mixtures thereof. 5. A method of

Clﬁé@%mg a polypropylene composition comprising the steps of: reactive
ending a high crystalline polypropylene having a crystallinity of at

least 70 pe n elastomer, ando tionally a filler in the rese

couphing g SRR UG SERFLO VO, it CompoSIToR e
pré@wingfa melt flow rate in the range of Iess than 1 g/10 minutes measured

at 230 C. under a load f2 16.k ording to ASTM-D, 123

methnod of Ve FNROI ROR IR 1 S CRyIaNa Bot et
peesmprising the steps of: reactive melt blending a high crystalllne

polypropyle in staII t least 70 percent, a tomer

B optional 8 M1t U B BT 30 SR AL At ot of
saﬁrpdutpf@ﬁenamrm\pe@ﬂmcmaf@ﬂmmid paktpropyiene edqrh:pe&utmiaﬁn

elt éo% %ln the range fles t an 1 / mlnu asured

vin
C"gf’ P TR ot 2 PeRY ésc%:&&ng SR 85 Yeigore, and 1-

ocmaethod of improving blow molding process of a polypropylene
composmon comprisin the steps of: reactive melt blending a high
crystalline pofyp pﬁe%erh’avmg a crystallinity of at least 70 percent, an
elastomer, apd@opiionatiyla fiket in the presence of a coupling agent; and

optionally a nucleating agent
wherein said polypropylene composition having a melt flow rate in the
range of less than 1 g/10 minutes measured at 230° C. under a load of 2.16 kg according

to ASTM-D 1238.

2. The polypropylene composition according to Claim 1, wherein said
polypropylene composition having a melt flow rate in the range of about 0.25 to about
0.65 g/10 minutes measured at 230° C. under a load of 2.16 kg according to ASTM-D
1238 or a flexural modulus of at least 300,000 psi. as measured in accordance with

ASTM-D 790A.

3. The polypropylene composition according to Claim 1, wherein said filler
being an organic filler or inorganic filler selected from the group consisting of talc, mica,
wollastonite, calcium carbonate, natural and synthetic clays and organo modified

derivatives thereof, silicates, and the like.

4. The polypropylene composition of Claim 1, wherein said coupling agent is
selected from the group consisting of I,5-pentane bis(sulfonyl azide), 1,8-octane
bis(sulfonyl azide), 1,10-decane bis(sulfonyl azide), 1,10-octadecane bis(sulfonyl azide),
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-40 MCSLLP thereby producing an improved polypropylene composition
having a melt flow rate in the range of less than 1 g/10 minutes measured

at 230 C. under a load of 2.16 kg according to ASTM-D 1238 8. A meth@g:s| Lp
of improving rotational molding process of a polypropylene composition
comprising the steps of: reactive melt blending a high crystalline

I-peiybrohyeRe AR g B ERptaaniR)-ob 4r fiakemd porsdi(aiendide, 1.6-
bigad anianalioaHiig R Lresenah ohl ey RNaaae AL asd dRorsR.-

%roducinﬁg an improved polypropylene composition havinqgsmelt flow rate
S % >

indyargeenroash thanap Rt Had ardde i 230 (HEIMA load

azffohih g pacording 4 ASAM 144881 91 ARdIticleGampsising: a
polypropylene composition comprising the reactive melt blending product
az&%?@ﬁﬁ@fﬁ@?@t%ﬂﬁn%“ﬂdﬂ}ﬁ%ﬁl@%éeﬁ ving a crystallinity of at least 70
percent; an elastomer; a coupling agent; and optionally a filler; wherein
said polypr;;ylene composijtion having a melt flow rate in.the range. of

less than | gHCFHES FRKTIRSF A2 B GEOT RIS 6P £ ABRE S the steps
accogging to ASTM-D 1238. 10. A method of making an article comprising
the steps of: . . . . .
reactive melt blending a high crystalline polypropylene having a
crystallinity of at least 70 percent, an elastomer, and optionally a filler in the presence of
a coupling agent; and
thereby producing said polypropylene composition having a melt flow rate
in the range of less than 1 g/10 minutes measured at 230° C. under a load of 2.16 kg

according to ASTM-D 1238.

6. A method of improving thermoformability of a polypropylene
composition comprising the steps of:
reactive melt blending a high crystalline polypropylene having a
crystallinity of at least 70 percent, an elastomer, and optionally a filler in the presence of
a coupling agent; and
thereby producing an improved thermoformable polypropylene
composition having a melt flow rate in the range of less than 1 g/10 minutes measured at

230° C. under a load of 2.16 kg according to ASTM-D 1238.

7. A method of improving blow molding process of a polypropylene
composition comprising the steps oft
reactive melt blending a high crystalline polypropylene having a
crystallinity of at least 70 percent, an elastomer, and optionally a filler in the presence of

a coupling agent; and
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reactive melt blending a high crystalline polypropylene having a

crystallinity of at least 70 percent, an elastomer, and optionally a filler in

the presence of a coupling agent; and -41 MCSLLP thereby producing gcsiLp
polypropylene composition having a melt flow rate in the range of less

than 1 g/10 minutes measured at 230 C. under a lpad of 2.16 kg

according tSURSPHRFY 432382 AR dMBERYRE RAPHIVI ML IEH SR SaHiBR 2 melt
114NN ARl @an s f less than 1 g/10 minutes measured at 230° C. under a load of

2.16 kg according to ASTM-D 1238

8. A method of improving rotational molding process of a polypropylene
composition comprising the steps of:
reactive melt blending a high crystalline polypropylene having a
crystallinity of at least 70 percent, an elastomer, and optionally a filler in the presence of
a coupling agent; and
thereby producing an improved polypropylene composition having a melt
flow rate in the range of less than 1 g/10 minutes measured at 230° C. under a load of

2.16 kg according to ASTM-D 1238.

9. An article comprising:
a polypropylene composition comprising the reactive melt blending
product of:
a high crystalline polypropylene having a crystaliinity of at least 70
percent;
an elastomer;
a coupling agent; and
optionally a filler;
wherein said polypropylene composition having a melt flow rate in the
range of less than 1 g/10 minutes measured at 230° C. under a load of 2.16 kg according

to ASTM-D 1238,

10. A method of making an article comprising the steps of:
reactive melt blending a high crystalline polypropylene having a
crystallinity of at least 70 percent, an elastomer, and optionally a filler in the presence of

a coupling agent; and
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MCSLLP

thereby producing a polypropylene composition having a melt flow rate in
the range of less than 1 g/10 minutes measured at 230° C. under a load of 2.16 kg
according to ASTM-D 1238; and

forming said polypropylene composition into an article.
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