1 Conpositions of Polypropyl ene and Pol yam de | NVENTOR Jean- Rot h Schauder,
GQuy Wouters, Sudhin Datta FIELD OF I NVENTION [ 0001] The invention rel ates
to conpositions of polypropyl ene and polyanide for use in, for exanple,

nol ded articles for autonotive applications. BACKGROUND OF | NVENTI ON [ 0002]
The grafting of polyolefins consisting | argely of pol ypropylene wth polar
chem cal nodifiers, such as naleic anhy&ride (MAH) and acrylic acid is
known. The grafting reaction can be perforned in solution, in gas phase, or
by surface nodification. However, the nost conmon grafting process is
performed during nelt processing, for exanple in sinﬁ!e or multiple screw
extruders, rubber nast iGumpnsiionsahBolyprapyiense and Boly r mixers, roll-mlls
and the like. Such procedures ‘are well-known and described in the technical
literature. The grafting of polypropylene with unsaturated nononers

i ncl udi ng malIRVENTORJTé@Roch Scllasier, CuydVotbters, SudamIPata i n S. B Br own,
Reactive Extrusion, Chapter 4, published by Polynmer Processing Institute
(1992). U. S. Patent No. 5,439,974 addresses adhesive blends suitable for
adhesion to q&ilﬂ;(ﬁpﬁgvﬁﬂﬁ-ﬁﬁppylene substrates consisting essentially of
a mxture of'an“rnpatr—tnpv¥ynbr and a graft reaction product of a

propyl ene pol r, and a | L O Or | '

pol ymeric baéé@@ﬂe, mhig% ?g%é%%#?g%@b?? gﬂﬁ?%%g%¥a%%g%P@ﬁ@??ﬁ%e%?ﬁed as a
m xture of pgloyyintipey foe mee mn forexdyplemdljedptitlentsr ewpmbiyvemppli¢ations]

W02/ 36651, the disclosure of which is hereby incorporated herein by
reference, describe et hads_for_ g ting propylenic el astoners, also
referred to HBAGKGROUND OR INVENIION. (o™ onol yrers. W02/ 36651 di scl oses
grafting of ene ety hrarmgCoPablysRAifs Bansistgg dargely oft polysbpylemnt ent
(bétween 8 aﬂgggg nmole 9%, andgadtﬁ]gredonjnaéPﬁi ?Eo?%ct?%h%g_yp[opylene

segnents (>80¥innelar shegniea) rawdifigvR)suckyps malgicrahydrds i dkand aserlicraid al 1 inity,
2 with MAH. TReSGn PRl iy rCRHBE b DWpdrfipmb@Yricthuidh, AlFAY bRAE, GBY ent.
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surface modification. However, the most common grafting process is performed
during melt processing, for example in single or multiple screw extruders, rubber
masticators, Banbury mixers, Brabender mixers, roll-mills ‘and the like. Such
procedures are well-known and described in the technical literature. The grafting
of polypropylene with unsaturated monomers including maleic anhydride is
described, for example, in S.B Brov_vn, Reactive Extrusion, Chapter 4, published
by Polymer Processing Institute (1992). U.S. Patent No. 5,439,974 addresses
adhesive blends suitable for adhesion to one or more polypropylene substrates
consisting essentially of a mixture of an impact copolymer and a graft reaction
product of a propylene polymer and a carboxylic acid or a derivative thereof. The
polymeric backbone, which is grafted, is an impact copolymer, defined as a
mixture of polypropylene and ethylene/propylene copolymer.

{0003] WO002/36651, the disclosure of which is hereby incorporated
herein by reference, describes methods for grafting propylenic elastomers, also
referred to herein as propylene-ethylene copolymers. W002/36651 discloses
grafting of propylene ethylene copolymers having a low ethylene content
(between 8 and 32 mole %), and with predominantly isotactic polypropylene
segments (>80% mm triad by “C NMR), giving polypropylene type crystallinity,



hi gher | evels of grafting. [00041 Pol yol efins, which have pol ar groups due
to such grafting reactions, are used in blends with engi neering

t her nopl astics. These may have a polyam de (PA) matrix and a di spersed
phase forned by the grafted polyolefin, which acts as the inpact nodifier
(I'M so as to reduce brittle failure. The IMmay also include a non-grafted
EP rubber (EP) or a |lowdensity anorphous or sem - crystalline polyolefin
(VLDPE). Certain publications suggest the use of an ungrafted propyl enic

el astonmer as inpact nodifier. See, for exanple, W?99/65982 and

WD2000/ 01766. _ | . th ft el efinact s tibili
Uhe PA and (b MaFhiibey pavings et b Exf Bl il ap' dnlee, sR0ART, o5 7

pol yol ef i n QP‘}F&&H&F‘ Senet hyl ene propyl ene rubber results. 10005] | npact
rmdificatioﬁﬁgls} al so usgte[d V\Eere the matrix polyner is polypropyl ene having

a high degree of crystallinity as generally indicated by nelting point of

over 100C T | ypr | an ' h | fferent r les from
t he pol yam dﬂ’%ﬂgfri X B@%ﬁ%’?‘“%ﬁé’ﬁ B@%@ﬂ%c@gﬁl n(ifu?hgdqhsggf ﬁ?@? stance and
strengt h andren@sbne Sste BES inblendsewith ehglhdeying Bhermdplastics pDhesp nag\Haeee and _
pol yam de have hence been enployed with an additjongl i ct difier to
obtai n a despelympide B4y a}qm)baqnjiﬁébsp@fse%@gﬁsc AEmedby g’t"nﬁ% .p@na?%ess can be
i mproved by | r.pRLAt glamdz | iR '

pol ypr opyl en{evmﬁrél?{raiag%égﬁltp%ﬁﬁgﬁghphas So %tgqgggmg%t%emggpn%o%??%n can be
reduced at nalsginchide 4 nusgmnfied EPf mbbar(ER) by a ilow-depsity amaorphqus [oy gempy| ene as a

di spersed phase jn a PA te) nt{ nuous ,nhase.. [ 00061, The maaner in which
the differenf? 8sP°A¥%°ﬁt®ﬁ@§1 Qfgﬂ‘ﬁlsp“@’rﬁ‘ﬁ??én%uégs %hﬁeusgvgfgf"l cost
perfornmance Rpdrafide. prfVieic aklagfniep| WP BEpdcENBodifiefs I52€N fof eexdntplé,npr ove

per formance of ropyl.ene- am de alloys. EP- 658640 discl oses a

| |
t hr ee- conponmgﬂcj@éﬁa B Wer OQ effesuchz &g hnersiigd aebelefinAcdPopy| ene. 3
[0007] WDO2/ §$g§x§bgmqgewwwag%agﬁa Ma %ne&bo%ﬁﬁlﬁ:%?ﬁbféh@%ﬁ’&f the

grafted propy ased el astomers er al pha-ol ef1 n polyners and
ungrafted polyolefin and MAH-grafted ethylene propylene rubber results.

[0005] Impact modification is also used where the matrix polymer is
polypropylene having a high degree of crystallinity as generally indicated by
melting point of over 100°C. The polypropylene matrix polymer has different
properties from the polyamide matrix polymer, which is reflected in the heat
resistance and strength and reduced moisture sensitivity. Blends of polypropylene
and polyamide have hence been employed with an additional impact modifier to
obtain a desirable overall balance of cost and performance. Stiffness can be
improved by incorporating the polyamide as a dispersed phase in a polypropylene
matrix continuous phase. The cost of the composition caﬁ be reduced at marginal
loss of performance by incorporating polypropylene as a dispersed phase in a PA
matrix continuous phase.

[0006] The manner in which the different phases are intermingled has
influence on the overall cost performance balance. MAH grafted polypropylene
has been used to improve performance of polypropylene-polyamide alloys. EP-
658640 discloses a three-component blend of polyﬁropylene, PA and MAH-
grafted polypropylene.



copolyners, e.g., polypropylene for fabrication into objects used in a
variety of applications. Beginning on page 26 |line 1, WO02/ 36651 di scusses
use as conpatibilizers of pol yam de-pol ypropyl ene bl ends to increase the
percent of elongation at break point. A conposition conprising

pol ypropyl ene, a polyarnide, and a NM¢§grafted propyl ene based el ast oner
woul d result. [0008] U. S. Patent Nos. 4,795,782 and 5, 006, 601 di scl oses
three conponent bl ends of PA, MAH-grafted pol ypropyl ene and MAH grafted
styrene- butadi ene-styrene tri-block copol yners. Polymer Vol. 36 pages

4587- 4603, 199 di scl - conponen I of: | ene and
MAH- gr af t ed %9%7} ubber%@ﬁi%?’i ik '?ge‘%l‘;agP 1%356&§@ﬁ?ﬁ“§5%§%| ends of
PA, pol ypropyl,¢ag. rogﬁeﬁ@pﬁsymas@dtdeerﬁhéredlpmﬁmmﬂnelpelyhmechnldnpact
Copol ynmer. JP_ 0335 436 di scl oses the use of corrp05|t|8r_ls of .pol yfpr opyl ene,
PA, EP copol yemsiymende. gisolypeepylene fon {pbreasion dpfa objegtsobpd BB JaPRY s of t he
present inventi,on.. . 0 : a ery; | | 3% known
mat eri al s, sﬁwcﬁgg'%?ow I'n gogng%%??iﬁolrl%d\ibmteg?%}sﬁsg &s{é&ééiqgﬁdéé

pol ypr opyl engompitibilizens of gdlyansde-peyfropylanceletds tninereassthe pereentecf bal ance
of inpact strength and stiffness. In.some enbodi nents, . the inpacgt strength
may be si gni Floagiomat gFFﬁF‘WE’& ‘SF?IHBQFE“WE}P%{‘IE\PBFVPE)(!’MFPF’&PW%?% ff ness,
particul arl ygéfg MR St RO IR a8 lastier WouRd ésulloW Sti ffness. SUMVARY OF
I NVENTION [ O f I n one enbodi ment, the invention provides a thernoplastic
conposition conprising isotactic polypropylene with a nelting point of at

east 110G, ol yam de Hupashs Zsbioel ! SOER! UGldnar et

pr opyl ene- ba a el dstomer having 1'sotactic crys nd optionally
an, ungr af t ed cpaporenebleids dFRA,MAH-grafitd pudymropyléencaind MAH-grafied So@fie- The
grafted functionalized pr. ene- based el astoper contajns egst 0. 25%
by wei ght, bhg@ﬁ‘%ﬁsmettﬁ‘g’%h‘vﬁﬂﬁlﬁ?eﬁf olyrer &ngtﬁgﬂ?é‘r‘s, 54, B o
units. The caiBloRROhGRLGMpoasitiCsiaidsOéf PAE polypRbché Gnd NAAVPEaRN BpPe VO

2005/ 035648 4 PCT/ US2004/ 033245 )
rubber. Run 12 in Table 1 of GB2226035 discloses blends of PA, polypropylene,

EP copolymer and MAH-grafted propylene based Impact Copolymer. JP-

03252436 discloses the use of compositions of polypropylene, PA, EP copolymer
and MAH-grafted polypropylene.

[0009) Embodiments of the present invention may have one or more
advantages over previously kmown materials, such as providing compositions
containing both PA and polypropylene with improved cost performance balance
and improved balance of impact strength and stiffness. In some embodiments, the
impact strength may be significantly mnproved without substantive reduction of
stiffness, partici:larly for compositions having a relatively low stiffness.

SUMMARY OF INVENTION

[0010] In one embodiment, the invention provides a thermoplastic
composition comprising isotactic polypropylene with a melting point of at least
110°C, a polyamide, at least 2 wt% of a grafied functionalized propylene-based



and the polyamde is at |east 70% based on the total polyner weight of the
conposition. The conbi ned wei ght percent of the grafted functionalized
propyl ene- based el ast onmer and optional ungrafted polyolefin is at |east 8%
based on the total polymer weight of the conposition. [0011] In another
enbodi nment, the pol ypropyl ene provides _the matrix into which the other
conponents are dispersed, with the poIQ Bropyl ene conprising at |east 60 w %
and the polyaniide conprising at least 10 W% In a particul ar aspect of
this enbodi nent, the conposition may have a Fl exural nodulus within the
range having,a Iome |.i m.t of. 800 n f 1200 or
1600 MPa. eﬂ é%%é?"l%r’ﬁt%&lcawsé@%@{' agp/Pc{P ?gﬂgﬁn%%%%%g pnh'é)l nposi tion
may have ampdy Qﬁﬁﬂhﬂgrmtomeﬁitﬁdnamec. The édmhﬁnoﬁzhﬂc@ Rkhéi on nay
have a ratio Fﬁiod | npact J/ nR JFIexuralgﬁgaulus in NPafﬂpgnfornlng to
the rel ati orlessed elagtpmer contaims | 10.27%dy weight, éa@aﬂa}p the detalugeight afpa] x 1000

< 50; I 00 < 45,
[0012]0{n ano?ﬁ%#ﬁﬁﬁ% E?ﬁ@%?f t m+ aﬁ?ﬁéq%orns t &ghppyggkbéfa%bntlnuous

phase, w th ikdétectizopolgpropemonpr i SI ng at | east 60 wt % and the pol ypropyl ene
conprising at least 10 w% 1In a particular aspect of this enbodinent, the
conposition may have a Flexural nodulus within the range having a | ower
limt of 1200 or 1400 MPa and an upper linmt of 1800 or 2000 MPa. In

anot her particul ar aspect of this enbodi ment, the conposition may have a
ratio [lzod Inmpact J/n2] / [Flexural Mdulus in MPa] conformng to the
relationship: 14 < [lzod Inpact J/n2} / [Flexural Mddulus in MPa] x 1000 <
80; or 18 < [lzod Inpact J/nmR2] 1 [Flexural Mdulus in MPa} x 1000 < 60.
[0013] In another enbodi nent, substantially equival ent amounts of propyl ene
and pol yam de can be used. 5 100141 In another enbodi nent, the dispersed
phases can be arranged to have a small size, which nmay provide inproved

i npact performance and PA derived reinforcenent.




[ 0015] In another enbodi nent, the present invention provides a nol ded or
extruded article nade fromany of the inventive conpositions described
herein. 10016] In a particular aspect of any of the enbodi ments descri bed
herein, tWO W8St i on has one or noré of the foll owi ndCHEYAEYEPISti cs,
in any conbination: a. the conposition conprises at |east 2% or 4% by

wei ght of the propyl ene-based el astoner, based on the total polynmer weight
of the composition; b. the conbined weight percent of the propyl ene-based
el astonmer and optional ungrafted pal olefig is less than 30%. based on the

total pol ynmerangethshpolygmderis #drgdsios. dinsed ontthe tptab polvents- weigblobithest oner
has crystallinit ive r : I gul.arl.y arfan r nits; d.
t he propyl enec-oggésloésﬁ%é'as?}é%mr E}mbé@etdgr";%g%hg P %lﬁ{;l{tyOgéﬁ?v%&gﬂ?c?o%m&ikog%ﬁ Actical y
arranged prog¢bgylenslBhded;eldstonidtandopiviad naglaés@golobRrEihaser lchas’q tagat of
fusion of |ess an 40 Jig; f. the propyl ene-based el astoner has a nelting
poi nt of | esonthatotalpdpmegweigheoighopymedsiitdased el ast omer cont ai ns

MAH- derived units in an anpount within the range having a lower limt of
0.1% or 0.5%by weight and an wupper limt of 1.5% or 2% by wei ght, based
on the total weight of the cl astgn%r; 20q5/ 1135648 6. PCT/ US20041633245
h. the propyll8#Ebased b ansthsrambedment. the pelyproaHgoG RIoViAss hinatixiiptog n

amount Wi t hi . j . L.t 186 Ml % and  an
upper limt 3@1% ﬂ%ﬁ&;@r g@l\{tﬁdgg%%l%)? %b ?ljééc{pf}%ﬂg{rh(g?f@r{g@%aseeé%ne‘? gg@o#ér has a
heat of fusi 0gnso60 i thepolsbmiiegomphisicly at dabteldtst% hén basicolaridpectnat ur e
of the polyner; j. the_ungrafted polyolefin is an etgﬁll ene al pha-ol efin

copol yner; IOftthjtS' TREHmERY PRoryBPeTion mayabavethjlesne! prepyrensiops! ymer ;
1. the ungrafted potvol Rl 1AfsoAeAtPRSIooMMPE ahd BMPp&Tirki® of 1 8RB 00

MPa. In another particular aspect of this embodiment, the composition may have
an improved impact resistance. For example, the composition may have a ratio
[Izod Impact J/mz] / {Flexural Modulus in MPa] conforming to the relationship:
| 12 <[l1zod Impact Jm*/ [Flexural Modulus in MPa] x 1000 < 50; or
15 < [Izod Impact J/m°] / [Flexural Modulus in MPa] x 1000 <45.

[0012] In another embodiment, the polyamide forms the matrix or
continuous phase, with the polyamide comprising at least 60 wt% and the
polypropylene comprising at least 10 wt%. In a particular aspect of this
embodiment, the composition may have a Flexural modulus within the range
having a lower limit of 1200 or 1400 MPa and an upper limit of 1800 or 2000
MPa. In another particular aspect of this embodiment, the composition may have
a ratio [Izod Impact J/m’] / [Flexural Modulus in MPa] conforming to the

relationship:
14 < [1zod Impact J/m*] / [Flexural Modulus in MPa] x 1000 < 80; or

18 < [lzod Impact J/m?] / [Flexural Modulus in MPa] x 1000 < 60.

[0013] In another embodiment, substantially equivalent amounts of

propylene and polyamide can be used.



in. the ungrafted polyolefin has an ethylene content of from45 to 65wm %
n. the ungrafted polyolefin is used in an anmount of from60%to 20% by

wei ght, based on the total conbined wei ght of the propyl ene-based el astoner
and the ungrafted polyolefin; o. the ungrafted polyolefin is also a

propyl ene-based el astoner having isotagtic crystallinity and containing a
cononomer in an anmount within 10 nol % of the anount of conononer present in
the grafted functionalized propylene-based el astoner; p. the conononer of

t he ungrafted polyolefin is ethylene; q. the cononomer of the grafted

functi onal i gghaf Opy! eesAARG b RERKANTE difheRlcllthfes oa beldbanp@DiRCt | C

pol ypropyl en s sel ecte romthe group consisting of a polypropyl ene
honopol ymer aaek a somilly gieg) pyhickn anayaprdwide impsorednmpagionerformpres kA han 1
Owmt % of crystallinity-disrupting conononer; and s. the polyam de is sel ected
fromthe grof E"’d‘rfﬁ“g?rF f nylon 6, nylon 12, and nylon 6,6. BRIEF

DESCRI PTI ON OF THE DRAW NGS WD 20115/ 035618 7 PCTI US2004/ 033245 [00171
Figures 1 and 2 are graphs of the |zod :i npact strength and Fl exural nodul us

of conpar ati {@018hd i nvEhanother emhpdigient, ShePrascBbinYeItign PEOAdes aHBRJdFH BNt of the
i nvention. DETAl : > : r [00181
The propyl enggﬁégmﬁéé:%@a}w%@Egﬁggggﬁe%ﬁg@g ;&%9? eq‘%%:%g'rrgosi tions of
the invention can be prepared by polynerizing propylene optionally with

et hyl ene ‘'or hi gher al pha-olefins in the presence of a transition netal

catal yst wi t hogas} act i vai 9 pasticalaofspectif] any of dengatiodinhés desyrbad hereins y of the
propyl ene- based el ast.oner. ari ses predog%n@ntl fromcrystallizable

st er eor egul athe SPEHPYTIESR has fRenLEINOIE, plovang CRFACHEISRCS; HBef®Y on errors

separat e t heggmpination:

a. the composition comprises at least 2% or 4% by weight of the

propylene-based elastomer, based on the total polymer weight of the composition;

b. the combined weight percent of the propylene-based elastomer and
optional ungrafied polyolefin is less than 30%, based on the total polymer weight
of the composition;

c. the propylene-based elastomer has crystallinity derived from
stereoregularly arranged propylene units;

d. the propylene-based elastomer has crystallinity derived from

isotactically arranged propylene units;

€. the propylene-based elastomer has a heat of fusion of less than 40
iig, ‘

f the propylene-based elastomer has a melting point of less than
110°C;

g the propylene-based elastomer contains MAH-derived units in an

amount within the range having a lower limit of 0.1%, or 0.5% by weight and an
upper limit of 1.5%, or 2% by weight, based on the total weight of the elastomer;



sequences. Wil e syndiotactic configuration of the propylene is possible,
pol yners vm'th isotactic configurations are preferred. [00191 The transition
netal cataly be a netall ocene or _a non- netall ocene. as J‘osed in
W03/ 0402’6@2'"%@ éém)nont er used with Propyl ene may be %ﬁ@ép‘”@r’ Hranched.
Li near al pha-ol efins include, but are not limted to ethylene, and C4 to
C20 a-olefins such as 1-butene, 1-hexene, and 1l-octene. Branched

al pha-ol efins incl ude, but are not limted to 4-nethyl-| -pentene 3-

nmet hyl -1 - pent ene, and ene
tr an)s/i ti OIEI) netal cata yspe B@gf@g%ﬁe&el?ﬁg ?m%FﬁUf)eéledﬁntvﬁiuB?%pyl ene
resi dues havg mapilﬁﬁﬁfiﬂvﬂﬁm e hAe SRR 4 Rﬁidr%ﬁlyof FHolider POLHEES i T he

present invention the |ow |levels of crystallinity in the propyl ene-based

el ast omer s anaymper liwatdoffA50n0i%, odAmdi%; pol ypr opyl ene obt ai ned by

i ncorporating al pha-olefin conononers as described above. The

propyl ene-based el ast ofrerth@propfilent- bmdtemtmmrmaha\heataaﬂfeabn obfrofuStON Wit hin
the range having an upper II1m¢t of 40, or or. 25, or 20, or 15 J/g and a
| ower |inmit X¥)/@. whichreffectsghe éastpglerlfemofﬂh@pwwr,m linity of the

propyl ene-based el astonmer can also be expressed in terns of crystallinity
percent age. The therngl. emeugyaficrpoyueiin ghesthyloreddphaedicobypdopyd, ene i s
estimated at 189 J/g. That is, 100%crystallinity is equal W 2005/ 035648 8

PCT/ US2004/ 033245 to 11891@14@;&1&'8& ofodéfen isagetiylnero®ylédea o% phesent i oned
heat of fusion values, the pr opyI ene-based el astoi ner of the'invention can

have a pol ypropyl ene cyy Ao ol vl Bast B nkiRNSEHHR 0. § 0 a) rolimt
of 15% or 13% or 11% and‘% %romﬁiowmt of 0n21 or 0.5% T 9eér)&e

I based el b ition.
b tally a sampie of Pndnbimd il einfer sl B8 95%3&6@%&1%@% g o

adj acent to gsheoprinci pal peak whi ch may be consi dered together as a single
mel ting point. The hi ghest of these peaks is considered the nelting point (T

max). The propyl ene-hasggd ﬁlg@&ﬁé@l“ﬁﬂy&éﬁﬁ hgeuéea\f]ﬁ%la@ﬂblﬁ%f@%ﬁ%@%%' ting
point within the range having an upper limt 75C, or 65C, or 60C and a

| ower |imt 20V b25@cight, BRE] oﬁhﬁle\/\mtqjhttomhmﬂhg'@lgim@'ctheaprowlegh-basrﬁ t he

ropyl ene base el ast.oner hin the range having an upper limt of
E 08% 000 d gfaﬁglﬁger 383 tthe ungracfﬁe% po?yo\i\éﬁ 9 9 PP

o. the ungrafted polyolefin is also a propylene-based elastomer
having isotactic crystallinity and containing a comonomer in an amount within 10
mol% of the amount of comonomer present in the grafted functionalized

propylene-based elastomer;
p. the comonomer of the ungrafted polyolefin is ethylene;

q. the comonomer of the grafted functionalized propylene-based

elastomer is ethylene;

r. the isotactic polypropylene is selected from the group
consisting of a polypropylene homopolymer and a polypropylene random

copolymer containing less than 10wt% of crystallinity-disrupting comonomer; and

s. the polyamide is selected from the group consisting of nylon 6,

nylon 12, and nylon 6,6.

BRIEF DESCRIPTION OF THE DRAWINGS




500, 000 daltons and a lower limt of 10,000 daltons, or 80,000, with a MAD
(MM M) within the range having an upper linmt of 40.0, or 5, or 3 and a
lower |imt of 1.5 or 1.8. In sonme enbodi nents, the pr - d

.el ast omer WEFWHEHEa Mooney viscositynRL (1+4) @25C Iesge¥h§%ﬁE@%§$Br | ess
than 75 or less than 60, or less than 30. 10021] In one enbodi nent, the
propyl ene-based el astoner of the invention conprises a random
crystallizabl e copol yner having a narrow conpositional distribution. The,

i nt ernol ecul nposi t 14S] 14 [ i s .det 1,.N by
thermal 1 ract U802t on | b g PRnebe i I RP IR s LR 05
hydr ocar bon syeélas ohexapaatve sirbihaagive Eoinpositisninmcofdigetd anahbsiimprocedur e
»is described in WO02/083753. Typically, approximtely 5% or 85% by wei ght
of the pol ynfrth¢ B1vestttat ed as one or two adjacent, soluble fraction with

t he bal ance of the polyner in imedi ately precedi ng or succeedi ng
-fractions. Each of these fractions has a conposition (wm. % ethyl ene

content) w t hpepTdIl Y DPISCTIPTION gr eater than 20% (rel ative) and nore
preferably 10%T{refative) O € average weight % ethylene content of the
pol ypr opyl eneG pyapriencHasedelagiomiene- based el ast oner has a narrow
conposi tional distribution if it nmee i Jongtion test ,criferia
outlined abngai@ 10022}° I%O%%negﬁ%’%%i gengﬁtc,rg;st%%ieﬂ]?eﬁagﬁt?fngrﬁdu&%dstl’?i ﬁ’&ti on of

st er eor egul arconfposipvhe st SRAUSRGESH i dant be RERpYd ae ponsediplaptaigne of the
invention is consistent with substantially random stati sti cal

copol yner i zatdptianallyt with ethylenk o higher plphasdefisniaethe anepercantl adransitioput i on

are related to the copaol ynerization V| ti By. subst ially
rapndom we rré'ﬁ‘ﬁa]c%%%ﬁ/}r%ﬁh%ra%\ﬁhiitgﬁallt;ﬁgg t]%drn\é%ié% Veégert Ege CF%??W@? ?ﬁﬁ'ﬂgat ios is
general ly 2 Ghopy@&R-bdséd slasioffer Rliggkoredonighntlyefomt &istaNightae gterdopstaidr Of

pol ypropyl ene sequences is greater than that of substantially random

copol ymer s wibrépydensi seapences orposnenen . oI OPdeneHiseitionr rqs Isgrastte thiseh

st ereo- bl ock structurg,hav distri i : pr | ene_s nces
consi st ent mf?lwpﬁgséﬁ@ggcgv%§&%§% d@%ggﬁg?ﬁ£r0$ﬁ%% %88%5%%dﬁ1§§%§%%ntially
statistical gobimdrbuithsbtactReohfgahiisistaye pfdraesl. and sequence

[0019 The transition metal catalyst may be a metallocene or a non-
metallocene as disclosed in W003/040201. The comonomer used with propylene
may be linear or branched. Linear alpha-olefins inciude, but are not limited to
ethylene, and C; to Cazp a-olefins such as 1-butene, 1-hexene, and 1-octene.
Branched alpha-olefins include, but are not limited to 4-methyl-1-pentene, 3-
methyl-1-pentene, and 3,5,5-trimethyl-l-hexene. The use of a chiral transition
metal catalyst ensures that the methyl groups of the propylene residues have
predominantly the same tacticity. For the polymers of the present invention the
low levels of crystallinity in the propylene-based elastomers are derived from
isotactic polypropylene obtained by incorporating alpha-olefin comonomers as
described above. The propylene-based elastomer of the invention can have a heat
of fusion within the range having an upper limit of 40, or 30, or 25, or 20, or 15

J/g and a lower limit of 0.5, 0r 1, or 5 J/g.

[0020] The crystallinity of the propylene-based elastomer can also be
expressed in terms of crystallinity percentage. The thermal energy for the highest

order of polypropylene is estimated at 189 J/g. That 1s, 100% crystallinity is equal



.distribution of the polyner may be determned by "C NVR, as is discussed in.
detail below, which |locates the ethylene residues in relation to the

~nei ghbor i ?‘&62(9’%&%‘% ne residues. To prquuce a crystalli z%ﬁsﬁ'ﬁpg%‘gﬁr with

t he requi ess and narrow conposition distribu

desirable to use (1) a single sited catalyst and (2) a well-m xed,
continuous flow stirred tank polynerization reactor, which allows only a
singl e polynerization environnment for substantially all of the polyner

O o oot bafe BV ARURRE CORMNEI e INGRERIIER SRR RERaIANRS pIhe

propyl ene- ba At oner noner, 'stch as,

but not |i m peshyleneMiktd @lmmﬁem B irs@htion bmﬁ}ﬂivurziéﬁoﬂ?ﬂ)roﬁﬂérbﬁéfyéthlﬁnﬂ?l d or
acid derlvatlve such as an acid anhydride, ester, salt,” amde, imde, and

the |ike. Sumthnnﬂmrr@n&e havaneLrneuppsttimi of 1536, ari 130b.cr 11186 aidba ﬂqwqrdmnmg

acrylic acid Y C chd, fumarjic.,acid, ita ic,acid,
citraconic %ﬁ‘éts adc§ Ai ihanOBgPB? hfis(? jpasiome) Plﬁ%ﬁﬁ%l}‘%ﬁ folér 0ad et hyl
cycl ohex4- engejtihg %ﬁisﬁﬁﬁlbwém&a@@@ thl@phhe hoBRuer will show secondary meltin

bi cycl o( 2. 2. 2) oct™- 5-ene- 2 di car boxylic aci anhydride, 1,2, Sg&g,

| 0- oct ahydr opegshatzcentdo ﬂleS)rubpma} mﬂsywhwhaca)dbe @nmyi@raddegether as a smgle
2-oxa-1, 3-di ket ospiro(4,4)n C cIo - 5-ene
di car boxyl | cmﬁb n@ I%Pr\‘lﬁtyip? é@ﬁ fﬁﬁfﬁ mf:kf’ ’dier‘;"tdé%1 H}&)%Ptaa%@a@nhydr i de,

nor bom 5- enet EhRxd él%t@ﬁbﬂoﬁﬂh@)ﬁﬂ%r@%n AR Mate anthudhd @it mlhyl nadi c
WO 2005/ 035648 CT/ US2084/ 033245 anhydride, himc anhydr| de, net hyl

hi mic anhydrﬂhderan@lhawngren hepper liyng yof| 15(2. or iiﬁem-@“@med’&i ®wed izt bbxylic

i d anhydr i XIVNA), d h he. t ft | ent
bondi ng ot (HECGEAr g THEnEHER PETaEe BRI EREROhti RERYFS et o o
conposi ti on. ), HORer cAsemetahinytht hghge AR alel £ b;bp?ea Meniebf §©bobso pkdddepeed by

the level of grafting. The propylene-based el astoner contai ning ethyl ene
derived uni t@&;ﬁi}@ Bdtong raafitae & wey lanﬁlcgthé}OQﬂeéaléfelS Th&80HNas withca MWE can be

within the r I n lim¢t of ;2 a | ower
i of 0. 1PaBE Ve B s B e el T J60AT Fr ToBob SR Re°BRtgr af t ec
pol yol ef i n qfmfhe 1.8y 6P1i80MNn GBMeb@nBRNmBRsY TR plépPRne-based elastomer can
have a Mooney viscosity ML (1+4)@125°C less than 100, or less than 75 or less
- than 60, or less than 30.

[0021] In one embodiment, the propylene-based elastomer of the invention
comprises a random crystallizable copolymer having a narrow compositional
distﬁbution. The intermolecular composition distribution of the polymer is
determined by thermal fractionation in a solvent. A typical solvent is a saturated
hydrocarbon such as hexane or heptane. This thermal fractionation procedure is
described in WO02/083753. Typically, approximately 75% or 85% by weight of
the polymer is isolated as one or two adjacent, soluble fraction with the balance of
the polymer in immediately preceding or succeeding fractions. Each of these
fractions has a composition (wt. % ethylene content) with a difference of no
greater than 20% (relative) and more preferably 10% (relative) of the average
weight % ethylene content of the polypropylene copolymer. The propylene-based
elastomer has a narrow compositional distribu’éion if it meets the fractionation test

criteria outlined above.



as inpact nodifier in the-past and includes | ower density materials often
referred to as "plastoners” and naterials referred to as "el astoners."” For
exanple, in one enbodinent, the ungrafted pol yolefin nay be an i npact

modi fier containing ethylene alpha-olefin copolymers. In a particular
aspect of this enbodi nent, known typesyof ethylene al pha-olefin copolyners
having a density of fromO0.85 to 0.89 g/cc may be used, including, but not
limted to ethyl ene butene, ethylene hexene, ethylene octene, and ethyl ene
propyl ene copolyners The et hyl ene propyl ene copol yners may, have an

et hyl ene con f hyl ene
oct ene copol ﬁg\?‘ge(gﬁ%ﬁﬁmﬁgr%@l%%hemﬂ gﬁhbgﬁlfggﬁtaeﬁgr%uﬁgo to 70
wei ght per cem:py]lene aseqnémes & rthe mrbwlemépe@i elpbtomerss of dh dayestim ist he

grafted propyl ene based IasI mar con s.et Iene der as

di scussed abBRRSStEhY? ﬁ@ fapgo dﬁ%ﬁﬁ@l’??? a?%g{l?g'nég‘%l er

contai ni ng e{h*avéeaneﬂo%néﬂg@i mﬁmsmbem ﬂEEdlM&ﬂtoliﬂe t@olyﬁkmzmgmimﬁy pol yol efin
can also be a propylene based sem -crystal I i ne po ner may not
enpl oy the miine Byitntsatsl IRW@%W?H@%WM or chﬂﬁﬁﬁﬁﬁhgﬁéfz as the
grafted pro f oners are
general ly ug%lal%ﬁﬁ ga?]l%gﬂ% (‘t’)'?y rompég #gg%&ywﬁ%%gggg}egnm?h@f’%%al wei ght
of (O and (E):gthcmhpd:lypdpylemeg tqueiices lie gpeatsp thasnthatofs sbstahiallyoragdorand t he
ungr afted pol efl n Detajl s of the matrix conponents WO 21105/035648 11
PCT/ 11 5 2116‘}/?4’3/‘&?%“’3&2‘%“%“%5@?? °%he isotactic pol ypropylene is

general ly selected froma polypropyl ene honopol yner, a pol ypropyl ene random
copol ymer containing less than 10 wt % of crystallini ty di sruptl ?
conononer, aH¥23h inpa °Tc96‘|cRHl¥FH%fFW1@oﬁtﬁf -Blogk St have st Ot argely
formed by prﬁ&%%ﬁ%@%ﬂ@%bdﬁ%ﬁcdﬂ%ﬁmﬁﬂ@“ﬁh tﬂwe%laéwaﬁﬁuﬁeseiam&% gont.ai ni ng

segnent. Suc ners are well known and avail abl e conunercially. The
i npact of t hundemesbstantiably ﬁmhgﬂnéﬁlab“tmﬂoﬂéﬁtrﬁwvm ratnqSeanéomwcm on as a

whol e can be
pol ypr opyl en%ﬁﬁ@%%?ﬁg&aﬁyam el s c-é’#ee?a b y se ec%seg q‘lr om any of the
types descr dasitl below)ythich Bicates ﬂmsethblanﬁ:)msiduesem telntiody Yo Rlied ndighboringKohan,

Hauser

propylene residues. To produce a crystallizable copolymer with the required
randomness and narrow composition distribution, it is desirable to use (1) a single
sited catalyst and (2) a well-mixed, continuous flow stirred tank polymerization
reactor, which allows only a single polymerization environment for substantiaily
all of the polymer chains of the polypropylene copolymer.

The grafting options

[0024] The propylene-based elastomer may be pgrafted with grafting
monomer, such as, but not limited to MAH, and ethylenically unsaturated
carboxylic acid or acid derivative, such as an acid anhydride, ester, salt, amide,
imide, and the like. Such monomers include, but are not limited to the following:
acrylic acid, methacrylic acid, maleic acid, fumaric acid, itaconic acid, citraconic
acid, mesaconic acid, crotonic acid, maleic anhydride, 4-methyl cyclohex4-ene-
1,2-dicarboxylic acid anhydride, bicyclo(2.2.2)oct-5-ene-2,3-dicarboxylic acid
anhydride, 1,2,3,4,5,&g,  lo-octahydronaphthalene-2,3-dicarboxylic  acid
aphydride, 2-oxa-1,3-diketospiro(4.4)non-7-ene, bicyclo(2.2.1)hept- 5-ene-2,3-
dicarboxylic acid anhydnde, maleopimaric acid, tetrahydrophtalic anhydride,
norbom-5-ene-2,3-dicarboxylic acid anhydride, nadic anhydride, methyl nadic



Publ i shers | SBN 1-56990-189-9. The polyam de may be, for exanple, nylon 6,
nylon 12 or nylon 6,6. Blendin 100291 The conpositions of the invention can

be prepa ratus and by nethogs well known in the manufacture of
t her mopl 3@8 2@5‘-& g@orrers in general aﬁfi pol yol efins in ngr“ﬂsizﬂ‘h‘t"ﬁ??“For
exanpl e, batch nethods can be used, as well as continuous m xi ng

procedures. Extruders, such as twin screw extruders, are a non-limting
exanpl e of a continuous mxer. In a particular enbodinment, a co-rotating

L0 SCrew oy UISE | fulEC oy EXAIPLER W HOORRR. | Dm0 BXoRheS, REIRM the

fol |l ow ng ungr ed conponent used propylene

sol d by Exxanddap(. ﬁ)ﬁe‘ptc:ﬁ-lenﬁ33 Ehwb@{yeffl\/ht(lﬂ?egﬂﬁﬁﬁﬂecbﬂ\ﬁﬂ@l@ vy |@s£8P4352
whi ch has an MFR at 230C, 2. 16 kg{ of 3 g/ mn, NPPl and NPP2 are

pr opy! ene- bdseain ethg derahearatting” deeo $Sdi0h‘ﬁ]6¥lt bandpia ofithe seafting mwacmepdlaners. WO
201) 5/ 035648 s Utramd B3, a nylon 6 grade
sol d by BASIPO\i/LWP%rCHaiLwaég? ?gwg?mgé\ig?ﬂ'of 130 M /10 mn determ ned

according to DI N1133. EP is a narrow nol ecul ar wei ght distribution
et hyl ene- propyl ene 8 ymer sold as_Vistal on 785 by ExxonMobil Chemni cal
having a Mi#s) (NL( 1 eu)ezalbzs@ SIBObRTHNgarTast hmréhnenwnbseme eieladf wt %

00311 Th MER MAR wt,% C
Cont ent | Or y S PEn] 6 POPy Bt e st oy ifoas fitnE oqpiyiogide i 5 0. 6 o
105 J/'g  PPlodfhid @ 2highdr defed Tk BaBfiglé@] can be within the range having an

upper limit of 2.0wt%, or 1.5wt% and a lower limit of 0.1wt% or 0.3 wi%.

The ungrafted polyolefin

[0026] The ungrafted polyolefin of the invention can be any polymer used
as impact modifier in the past and includes Jower density materials ofien referred
to as "plastomers” and matenals referred to as "elastomers.” For example, in one
embodiment, the ungrafted polyolefin may be an impact modifier containing
ethylene alpha-olefin copolymers. In a particular aspect of this embodiment,
known types of ethylene alpha-olefin copolymers having a density of from 0.85 to
0.89 g/cc may be used, including, but not limited to ethylene butene, ethylene
hexene, ethylene octene, and ethylene propylene copolymers. The ethylene
propylene copolymers may. have an ethylene content of, for example, 45 to 65
weight percent. The ethylene octene copolymers may have an ethylene content of,
for example, 60 to 70 weight percent. In another particular aspect of this
embodiment, the grafted propylene-based elastomer contains ethylene-derived
units as discussed above, and the ungrafied polyolefin is an impact modifier
containing ethylene and/or propylene derived units. The ungrafted polyolefin can
also be a propylene based semi-crystalline polymer which may or may not employ
the same comonomer type or the same level of the comonomer as the grafted
propylene-based elastomer. The ungrafted polyolefin elastomers are generally
used in an amount of from 60 to 20 wt% based on the total weight of (C) and (D)

combined weight of the propylene-based elastomer and the ungrafted polyolefin.

Details of the matrix components




|CP MAH grafted NPP1 9 0.95 10.6 19 J/g MAH grafted NPP2 7 0.96 15.2 4 Jlg
MAH grafted 3* 0.7 50 0 J/g EP MFR at'-). 16 kg. [0032] The feedstock

| ncl uded:  GRY »@sR¥syPr opyl ene homopol yngr; JCP a  het eroslot‘m bgmHﬂ)}g%opW ene

copol yner nmade 1 n series reactor with a fraction of pre nan

honopol ynmer and et hyl ene propyl ene copol ynmer as are available comercially;
NPPI and NPP2 propyl ene based el astoners in the form of propyl ene ethyl ene
copolynmers; and EP is an ethyl ene propyl ene el astonmer. [00331 The

MAH- grafted rs p ed ¥ in i 0 trations
of NAH i th LTI 1T or onie bt anie: RO BIcRREhL (6 RleRl mere el
functi onal i zemiymopylamnhomoprlymshianglpoemier-randab icogolymien cataiaing lesst r uder
under the fol|owing conditions. 97.5 weight %of the feedstock, 2.5 weight
% of Orystal M W&, W0 kb e T liniiy ¢Sty GomEROIBET. LapercIPRsoodReliiRer

condi tions siJ : [ / i r k kS hereby
i ncor por at ed (ﬁ]g{ragflﬂé g’?ﬁ?‘%ﬁiﬁ (-%ﬂncch\é\gg\/l\%églg(g)fg}%%ggg? WWS@@?S%‘;}S

[ 0034] The vandéreusnozphnpe reéniaenentaironestgiment. bach ablyasers are lwedli ngwinhmd nal ei ¢

anhydride materjal where ap ro_lpri,ate vvefrﬁ then bl ended with the PP and PA-6
(Utrani d B3 atible gommeraslent s igmart $IdAs sttt opm theatsnstd propseiss| &ndi ng

equi pnent is i - | DG LR LGt G L/ D=36)
according to t@%%%ﬁ)%ﬁ?% ?n hg?e %Egl th%xgecfe\gﬁ%glgg%g\m %’ﬁg&gﬁl %ﬁog)s Were then
tested as i ndifgat dypropgibee. Tabl es. 100351 Sonme ungrafted materials used are
given in Table 2. Table 2 M Density (g/cc) Melt Index neasured at
[0028] The polyamide is generally selected from any of the types
described in Nylon Plastics Handbook, edited by Melvin 1. Kohan, Hanser
Publishers ISBN 1-56990-189-9. The polyamide may be, for example, nylon 6,

nylon 12 or nylon 6,6.

Blending

[0029] The compositions of the invention can be prepared on apparatus
and by methods well known in the manufacture of thermoplastic elastomers in
general and polyolefins in particular. For example, batch methods can be used, as
well as continuous mixing procedures. Extruders, such as twin screw extruders,
are a non-limiting example of a continuous mixer. In a particular embodiment, a

co-rotating twin screw extruder is used.

EXAMPLES

[0030] In the Examples below, the following ungrafted components were

used:
PP is a propylene homopolymer sold by ExxonMobil Chemical as

Escorene™ (Registered Trade Mark PP4352 which has an MFR at 230°C,
2.16 kg of 3 g/min.

NPP1 and NPP2 are propylene-based elastomers in the form of propylene

ethylene copolymers.



190C," 2.16Kg (ASTM 1238) EOL 1 0.882 EO02 1 0.87 EO03 0.5 0.868 EO4 0.5
0.863 EO5 1 0.857 EO6 10 0.882 EO7 30 0.87 EO8 13 0.864 E09 30 0.882

[ 0036] Al {vd\gﬁ,@“gﬁgyl ene octene copolypers nade in a sollgﬁflgglz‘,m,&g@_gs usi ng
a netal |l ocene based catal yst and NCA activator nmade by processes Simlar to
t hose described in WO00/24792 and W00/ 24793, the disclosures of which are
hereby incorporated herein by reference. [0037] The proportions and results
were as set out in Tables 3, 4 and 5. In the Tables below, "F(nmax)" is the
Force at maxi mum Pﬁa@ id Ult?anﬁﬁrmsa TRl & ofddE\\Bid WhiBAS Qs aethviRVEa Yiel d
poi nt, and "E-Md IS the nodulus of elasticity "~ nmeasured in a stress
strain test and cb??@sﬁckg}jsf 13 mhé0 nan detephingd reosdipgto LAV 136f
cross-sectional area to the corresponding strain for a strain from0.005%to
0.25% WD 2005/ 135648 PCT/1JS2004/ 033245 14 v, Ev ooov~=r v m ~ ONNNNN

N Uaum-~FVEgpYiD,Viard® tholedutar wddiP distritiddn’ ethyMend-Nopyikhe U Y- N

7
copolymer sold as Vistalon 785 by ExxonMobil Chemical having a

Mooney (ML(1+4), 125°C of 30 and an ethylene content of 49 wt%.

[0031] The grafted components were as follows:
, Table 1
MFR 0 ~ Crystallinity/
(230°C352g) | MAHW% | Gy Content | 4t of Fusion
MAH grafted 32 0.6 0 105 J/g
PP1
MAH grafted 16 1.04 5 88 Vg
ICP
MAH grafted NPP1 9 0.95 10.6 i%9J/g
- (MAH grafted NPP2 7 0.96 15.2 4J/g
MAH grafted 3% 0.7 50 0 /g
EP
* MFR at 2.16 kg.
[0032] The feedstock included: PP1 a polypropylene homopolymer; ICP a

heterophasic impact copolymer made in series reactor with a fraction of
predominantly propylene homopolymer and ethylene propylene copolymer as are
available commercially; NPP1 and NPP2 propylene based elastomers in the form

of propylene ethylene copolymers; and EP 1s an ethylene propylene elastomer.

{0033] | The MAH-grafted polymers were prepared by reacting appropriate
concentrations of MAH with the different polymeric feedstock. The polymers
were melt functionalized on a non-intermeshing counter-rotating twin screw
extruder under the following conditions: 97.5 weight % of the feedstock, 2.5
weight % of Crystalman MA, 0.4 wt% of a 10 % solution of Luperox 130 under

conditions similar to those in W98/07769, the disclosure of which is hereby

incorporated herein by reference.



Ovi CONNDbDbOr NMEaN -"~Nev-noboo~ N~"'"0o" ONNMNT~r N ~nF, U
NN'nCFO wEo 0. rnv7 QUST-" ONNOOOO-N~~hO P.nn U
Rvi mQ+ < rooornc<rn ,u<rvmEv QO M NN
oC N 4~ N% rz'p""gp(’di;OOOOer Ut NN e o E vy rapisRbie S8 o
MWOo7 NNa>r 0. EIn Nv HU o0oo0oo0~ OmmO00 O N

[0034] The various components mentioned n the Tables including the

maleic anhydride material where appropriate were then blended with the PP and
PA-6 (Ultramid B3 etc) in different proportions and combinations. The blending
equipment is an intermeshing co-rotating twin screw extruder (34mm, L/D=36)

according to conditions similar to those in W98/07769. The biends were then

tested as mdicated in the Tables.

[0035] Some ungrafted materials used are given in Table 2.
Table 2
Ml Density (g/cc)
Melt Index
measured at
190°C, 2.16Kg
(ASTM 1238)
EO1 1 0.882
EQO2 1 0.87
EO3 0.5 0.868
EO4 0.5 0.863
EOS5 1 0.857
EO6 10 0.882
EO7 30 0.87
EO8 13 0.864
EO9 30 0.882
l .
[0036] All were ethylene octene copolymers made in a solution process

using a metallocene based catalyst and NCA activator made by processes similar

to those described in W(Q00/24792 and W0Q00/24793, the disclosures of which are

hereby incorporated herein by reference.

[0037] The proportions and results were as set out in Tables 3, 4 and 5. In
the Tabies below, "F(max)" is the Force at maximum load in a stress strain curve
which does not have a yield point, and "E-Mod." is the modulus of elasticity
measured in a stress strain test and corresponds to the ratio of stress per unit of

cross-sectional area to the corresponding strain for a strain from 0.005% to 0.25%.
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[0038] The results in terms of the Izod impact strength and Flexural
Modulus for Table 3 and Table 4 are plotted in Figure ! and 2. These illustrate
that, at equivalent modifier level (10%), this new composition increases impact
strength by 60% versus a 50/50 blend of maleic anhydride grafted alpha olefin
propylene copolymer and an ungrafted alpha olefin propylene copolymer or
versus a 10% maleic anhydride grafted alpha-olefin propylene copolymer while
keeping flexural modulus unchanged. Use of EP and EO copolymer as auxiliary
impact modifier and more amorphous types to propylene based elastomer appear

to be more effective.

M symbol,

[0039] Various tradenames used herein are indicated by a T
indicating that the names may be protected by certain trademark rights. Some
such names may also be registered trademarks in various jurisdictions.

[0040] All patents, test procedures, and other documents cited herein are
fully incorporated by reference to the extent such disclosure is not inconsistent

with this invention and for all jurisdictions in which such incorporation is

permitted.

[0041] While -the illustrative embodiments of the invention have been
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described with particularity, it will be understood that various other modifications

will be apparent to and can be readily made by those skilled in the art without
departing from the spirit and scope of the invention. Accordingly, it is not
intended that the scope of the claims appended hereto be limited to the examples
and descriptions set forth herein but rather that the claims be construed as
encompassing all the features of patentable novelty which reside in the present
invention, including all features which would be treated as equivalents thereof by
those skilled in the art to which the invention pertains. When numerical lower

limits and numerical upper limits are listed herein, ranges from any lower limit to

any upper limit are contemplated.
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w~" =" WD 20051035648 PCT/ US2004/ 033245 17 [0038] The results in terns of
the Izod inpact strength and Fl exural Mdulus for Table 3 and Table 4 are
plotted in Figure 1 and 2. These illustrate that,; at equivalent nodifier

| evel (10%, this new conposition increé@ases inpact strength by 60% versus a
. 50/ 50 blend of mal eic anhydride grafted al pha olefin propyl ene copol yner
and an ungrafted al pha ol efin propyl ene copolynmer or versus a 10% nal ei c
anhydride grafted al pha-ol efin propyl ene copol yner while keeping flexural
nmodul us unch@hdMS Use of EP and EO copol yner as auxiliary inpact nodifier
and nore armg%ggus‘t'ypes to propyl ene based el astonmer appear to be nore
effective. 1 #™yar i ous tradenanes used herein are indicated by a T™

synbol , i ndjcat i pghérhplabtieconddpitioneympdsipy:ot ect ed by certain tradenmark
rights. Some such names may also be registered trademarks in various
‘jurisdictions. [oG%Wopsometic palyprapylengcgpt SODIALNE SHRORITRE: bk dnent s

cited herei nyaie s Sl of 2t REQTROPCLAE (BYa DEHERARSEA) Mdl (B cBitdtRRtingS4Ch

c
~disclosure is r}.gig inconsistent wth this invention and for all
jurisdicti onkastryOwitfoch such i ncorporation is pernmitted. [0041] Wile the

illustrative enbog ts. of fhe.iny ion..h n ri.bed, with _
particularity, i t&&nﬁ]eﬁggdﬁé’e?fsi' %?%chgﬁ%ﬁ%?%gyﬁﬂ?—%ﬁsﬁﬁ%?l coﬁeirons wil |
be apparent hevigdtotatic be/stalingly) ¥ heamdd fhsiod bDBkss tHah |40ekig, andtdumehing W t hout
departing fromt spirit and scope.of the inventijon rdingly, it is not
i nt ended t haP°‘Pﬁ@F]§EE‘B§“ &}0 Eh@%?%@&ﬁb@ﬁ%@&%%?gﬁsﬁfwwﬁso_ t he
exanpl es  angaglgSe thet ol Swek@it J1OC)h ahk® optidnalyt (D)odrh hgrafied pbhysleihai N5 be
construed as enconpassing all ‘the features of patenta Ie_novelats¥ whi ch
reside in thbayingaasplting point of Jess than 100°C, (C) and.(D) combined being at least 8

wi%, the wt % of (A), (B), (C) and (D) being calculated on the basis of the total
polymer weight.

2. Composition according to Claim 1 in which (C) is at least 4 wt% and (C)
and (D) combined are less than 30 wt%. '

3. Composition according to Claim 1 or Claim 2 in which the polypropylene
comnprises at least 60 wt% and the polyamide comprises at least 10 wt%,
the polypropylene forming the matrix and said c,ompoéition having a
Flexural modulus of from 800 to 1600 MPa, preferably from 900 to 12060
MPa as determined by ISO 178.

4. Composition according to claim 3 in which the composition has a ratio
[Izod Impact J/m?] / [Flexural Modulus in MPa) :

12 < [Izod Impact }/m?] / [Flexural Modulus in MPa} x 1000 < 50;
. preferably ' : :
15 < [Izod Impact }/m”] / [Flexural Modulus in MPa) x 1000 < 45, wherein
Izod Impact is determined by ISO 180/4A.



i nvention, including all features which would be treated as equival ents
thereof by those skilled in the art to which the invention pertains. Wen
nunerical lower [|imts and numerical upper limts are |isted herein, ranges
fromany lower limt to any upper limt are contenplated. Is CLAIMS W
claim 1. A thernoplastic conposition ponprising: (A) isotactic

pol ypropyl ene, optionally containing conononer, with a nelting point of at

| east 110C and (B) a polyam de; (A and (B) constituting at |east 70w %
(C at least 2 % of a grafted funetionalized propyl ene-based el astoner
havi ng isotagti c Conipdsitoni atkcénlingatoh€him df of (3iimn2 af whisks thehgolyahfidd/ g, and a

[ ti int of less th 110C; d tai ni t | t 0,25 % of
VAL deri ved uni ¢ omRBEa N 0 V136 20 % BRSPEPYIERS compees 3 RISy (D) an
ungrafted pol yol E\Lﬁw hEPoYAGide Beinbde"GeRBhRk A dafP SorhPftichORving &) and (D)

conmbi ned being at |'éast "8~ W% the wt % of (A%, (B), (O and é bei ng
cal cul ated on t heFlebhusli modflus he from 3200 o290k Prpfrably fraoe 4BRite i on

according to d ai in whjch (). east 4 ww% and (C) and (D)

conbi ned are | essfgok%p%ﬁs fa"ﬂﬁ.ﬁbgﬁtolg#t ion according to laim1 or Claim
2 in which the pol ypropylene conprises at |east 60 w % and t he pol yam de
conprises at least 10 wt% the pol ypropyl ene fqormng the trix.and said
conposi ti on havi r@oraposm':@quﬂl%damxﬂgl fmf"YqB?h &?O“\“g"’ '@85%&,“5? eferably
from900 to 1200 I%?ﬂ%%ﬁct%ﬁ’??fﬂl&ﬁﬂal%odﬁ@ﬁﬁ?aﬁ- Conposi tion according to
claim3 in V\:hiCh[t e c ositiop has a ratio [lzod Inpact Jim / [Flexural
Mbdul us in MPa) :141‘2[Iz°C[nBlzn?d‘ l/mﬂd@cﬂmmoﬂﬂwl@dﬁﬂhﬁl&%ﬁﬁs in MPa] x 1000
< 50; preferably iR gh[lzod | pact J/nmR2] / [Flexural Modulus in MPa] x 1000
<'45, wherein preitra

18 < [Izod Impact J/m®] / [Flexural Modulus in MPa] x 1000 < 60, wherein
Izod Impact is determined by ISO 180/4A.

7. Composition according to any of the preceding claims in which propylene-
based elastomer, has crystallinity derived from sterecregularly, preferably
isotactically, arrangled propylene derived units, with a heat of fusion of less
than 40 J/g and a melting point of less than 110°C and/or in which the
propylene based elastomer contains from 0.1 to 2 wt %, preferably from
0.5 to 1.5 wt% of MAH-derived units.

8. Composition according to any of the preceding claims in which the
propylenc-based elastomer contains from 5 to 40 mol % of ethylene-
derived units, preferably from 12.5 to 25 mol %, and has a heat of fusion
of from 5 to 30 J/g.

9. Composition according to any of the preceding claims in which the
ungrafled polyolefin is an ethylenc propylene copolymer elastomer or
plastomer having a density of from 0.85 to 0.89 g/cc and preferably is an
EP copolymer having an ethylene content of from 45 to 65 percent, more
preferably used in an amount of from 60 to 20 wt % based on the total
weight of (C) and (D).



| zod I npact is determ ned by |1SO 180/4A. 19 5. Conposition according to
Caiml or daim2 in which the pol yam de conprises at | east 60 wt % and t he
pol ypropyl ene conprises at least 10 w% the polyam de formng the matrix
and said conposition having a Flexural nodulus of from 1200 to 2000 MPa,
preferably from 1400 to 1800 MPa as degerm ned by |1 SO 178. 6. Conposition
according to claim5 in which the conposition has a ratio [Ilzod | npact
J/m2] / [Flexural Mddulus in MPa] : 14 < [lzod Inpact J/n2] / [Flexural
Modulus in MPa] x 1000 < 80; preferably 18 < [lIzod |npact J/nmR1 / [Flexural
Modul us in MPa] x 1000 < 60, wherein |[|zod Inpact is determ ned by |ISO

180/ 4A. 7. Conposition according to any of the preceding clains in which
propyl ene- bh%ed ErEpestign aceprding sy of the \prefeding oleims oy whishetbeegul arl y,
preferably isotagfd rd LiiSo ;34 a heat of
fusion of |ess tﬁg %d g?l)ér@l%%%@F%E?leeggﬁﬁﬁoé#%@ég'Tx'taﬁgﬁ1%1&&0 cand/ or in
whi ch the propyl erystalmstyopreferablyvntainiog 8 apmendmas type, sich es &hyien®y pref erably
from 0.5to 1.5 wt% of MAHderived units. 8. Conposition according to any
of the preceding clains in which the propyl ene-based el astoner contains
from5 to 40 nol % of ethylene- derived units, preferably from12.5 to 25
nmol % and has a heat of fusion of fromb5 to 30 J/g. 9. Conposition
according to any of the preceding clains in which the ungrafted polyolefin
is an ethylene propyl ene copol yner elastonmer or plastoner having a density
of fromO0.85 to 0.89 g/cc and preferably is an EP copol ynmer having an

et hyl ene content of from45 to 65 percent, nore preferably used in an
anount of from60 to 20 wt % based on the total weight of (C and (D). 19a



10. Conposition according to any of the preceding clains in which the
ungrafted polyolefin (D) is a propylene based el astoner having isotactic

crystal | i nplyageRb &g ably containing a conononer type, s ene, WO
Sonel 135088 B S Ua5245 . 20 th same se thar in (%ﬁ/lgséﬁﬁég%%ei ally

wi th an anmount of comononer which is whthin 10 nmol % of that of (C). 11.
Conposition according to any of the preceding clainms in which the
pol ypropyl ene is a pol ypropyl ene honopol yner, a pol ypropyl ene random

copol ynmer cont ai ni Yo G St | i g7 '
conononer and/ or ItﬂE%SpoTS;%SatrTn gnil(g:)\’r,l\@a?oneg%ffc Awoﬁhla?%yuﬁslogn&%?dé&%ﬁ. Mol ded
or extruded arti chhicteidevifhiobd hidYbfabatafdCng to any of preceding clains.

11.  Composition according to any of the preceding claims in which the
polypropylene is a polypropylene homopolymer, a polypropylene random
copolymer containing less than 10 wt % of crystallinity disrupting

comonomer and/or the polyamide is nylon 6, nylon 12 or nylon 6,6.

Molded or extruded article made from blend according to any of preceding

claims.



