;  e3e&d6T& #5 June 2003 Field of the Invention This invention relates to
conpositions conprising a polyam de resin, a broad nol ecul ar deiugé2003

di stribution propyl ene polyner mat eri al and a graft copol yner of a

propyl ene pol yner. material . Background o ntion Bl ends of two or
ore pol ymer SmMﬁmemmH ["lbeen nmade, for e ,{ Wﬂm enpts to combi ne
desirabl e pro he i ndi vi dual polyner he bl end, to seek

uni que properties*ésmet he bl end, or to produce®®®zs costly polyner products
by including | ess expensive polyners in the blend Many attenpts have been
made to bl end pol yam de 10 resins, such as nylon-6 and nyl on-6,6, and
polyolefin materials. Polyam de resins have excell ent chem cal and abrasion

resistance, gUILERXYJPOLNOLEFIN GRAFT COPOLYMBR/EOEYUMIDE BRENDErti es, and
superior nechanical strength, but are 'very noisture sensitive and are

difficult to process due to their high nmelting tenperature. Polypropylene
is alow cosmmsem crystal line polymer with excellent npisture
resistance that i sTuaipaenEongrlagssitn gompositions sgmpasing a@olysmitesysin,a ppatess.
However) it iosolefiufdriweight disoritpisoaipnorylqpe polydies pensizbandh gafxebalymepbsan de
resin and a pesidnapoficy adaeéah resin. It is known that the addition of a
graft org bl o@gcmgkygp{hcqfwgtm,l ar chem cal structure to the blend
conponent s can |nErove gualtty of the dispersion. These copol ynmer
addi tives, generB ncipqféwepr@eretmimrtMaftrrbchnz@ds fopgxemplt insgitepPtsgdded t.o
the blend as gL aé&ﬁ@g@@%&s oI\/ﬁxLﬁIdmduan%ugmrg 2 I@fbﬁe‘ag' t994eM9 E’é" ene has
been used as a conpati Ir'zer for polypropyl enel nyl on bl'ends. r exanpl e,
a graft copobwmlrﬂﬂ indhe blend, loe tor praducie &ass gasdyip@ymet pradustsydnabyding le&Sc
anhydride co n n Ly, ch as
pol ypr opyl eng’gpg}r“aw{ Ogynrqer HI @a?’tggcﬁ*ahig[gﬁpgﬁ%w %e?lﬁfﬁr\d%dr)rg‘ﬁod:}gyam%js added
to a poldyam emingsueng, nybpt-6 andylion- 6p,cﬂnylmblyplyﬁenmenals ablgmhﬂseedms Bawd. S.
Pat ent 5, 244,97 The st ne .copol yner can be hase St e,and/ o
El bha et hyl BRSSP €GB RS LR P e RBITPIare SRR B

met hacr yl at eprpetties, agdsupkdt rdchhsical klréngthShid bre YoPmdisare aaﬁﬁwcanﬂ)a}ey mer

iti J i Si 1 t. t St
pol yan de. (S REREP P fosPHig B S Prerrerairh, PPVl s Rt of
an al pha- ol efié¢mity Bdml&GywamEr)d golyregrtueith)exeildntanoistorRatsigtice thadis cpablo oRyding aCl d

reagent, or. s I ate, and optionally (4) an auxilliary
conmpat i il i zfe%g%fg%ﬂt's 5 W PBESES 820 di scl oses the use of an el astomeric

EoI] ypr og%lognehﬁuﬁhv?dv&ﬁ itW difeicalt to aszainurg%bedns;gsl‘raért dafrug;(:jdtr?rpelymmdar]udinwnd l ends
une t her W i sot ene nodi fi W t

unsat ur at ed BRP IH‘@JMB‘?IB’I‘F@P %‘s ‘ghﬁ%&pt ohditiog of Fafaﬂaﬂfgﬁ@heppe’fyn&f bl yari de
and a pol yolﬁfnuarrchIIafeagftmfcmrm thOBeAPEdIpdtats dah GrhprdOe thagadliy etttRel nono- or
dlcarboxyllc .aci ds n |des I esters, there H%esteri]of Vi ny

al cohol , " vi n?ﬁpca%%gfhee z%ﬁ{y "meﬁv%mﬁ red 3sggmpat ﬂgemsﬁ% €993

di scl oszes a aided ende aEncaasgIm&atco@p@eapl yam de and a crystalline polyolefin
containing a co tibilizing rubber I r.such as an

et hyl enel propy! gﬁﬁ?'ﬂ?@ﬁé“fi%gﬁ&‘?ﬁ?lﬁi rf’g’aefillﬁq‘l‘gﬁb%ﬁ‘ upedAs compatiiplizeg st i ¢

anhydri de anpblgdryfyldwnymtm@ﬂeymt@amﬁ@vwgm co;fo%{e?tﬂa&siﬁdrlzdcu& ?@e@bzapr a

material that wl roduce a honmpgeneous pol . yam del pol yol efin d wth

i mproved i rrp%ti‘t’rcFﬁgli‘@tce@r‘iElé‘”!ﬁiﬁMaﬁymF&ﬂ”S\?é‘ﬂ‘cﬁ%ﬂ%ﬁ%’éh@?’“%bs‘&mb’ﬁﬁf IFughis
stiffness. SPRb 19{@ b I T, (mﬁ)@ H&i th

conprises, by wei & J‘Pﬁdémgﬁﬁamoq/ﬂtwoﬂgb%ﬁt /ﬁ’%‘?ﬁagr‘%ﬂ &Jogﬁggﬁrﬂg?’g
conpri $°ng aar@aemwoﬂb' belyarowlewlaedveclw@d yiéS. Patens 5i241, SR hvThegtymanaf t

pol yreri zed f (a)

at (cast oneé@sﬁﬁfepééﬁm%%é‘o oun @o@%p%ﬂﬂ%%lgﬁ#gggﬁmggggh@& l?égmgm d and
(b) at | eastomweallmawpryémmwtéa%ﬂmsmqr vamdbtmloarmwi,ﬁtﬂeosafdlseInsqamsat ur at ed
car boxylic ners are
present in Zé\]d]%nrr%uOhbé?ﬁgnipwfgkt(m%Le%t%ngggﬁpﬁ&y égﬁcﬁgg parts of the
propyl ene pmglmmdq:ﬂ)@rqompamahana@gwt)haab@m@asg@mt@roo!amfagwm O@fm.laéast
one polygam i ghy

distri gﬁtl ngc l%;elflﬁ@rég@%"o‘f@%?a@réa&ﬁ?og%zﬁ %égﬁpo@%%&véve Iﬁge nol ecul ar
wei ght to nmm:enalb/\(e)agelxdbdmcqﬂnmnhxmrgwgemauS)Sfﬁéﬂﬂﬁd@dowhepﬂ@of an
optionally, the 2%
o oup. consi SR bhloggler ﬁ%?nﬂ°§§§‘3Ia”gﬁfuﬁﬁﬁ%?‘@%&%%gﬁ Py
aromatic hydr ooar bon- conj ugat ed di ene bl bck copolyner, and (iii a coreshell
rubber; (5) optionally, an additive to inprove the scratch and mar

resi stance of the conposition selected fromthe group consisting of (s)
0.5/a to 10%of at 3o |east one |ow nolecul ar weight ethylene polyner or a
functional i zed der| vat| ve t her eof haV| ng an average nol ecul ar wei ght of
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2a 5 June 2003 WO 00r 36011 P CT' Il B99/01963 (2) a copol yner of%}zz)r opyl ene
and an olefin selected fromthe group consisting of ethyl ene 2ddne420Q38 C

-al pha-ol efins, provided that when the olefin is ethylene, the maxi mnum

pol ynmeri zed et hyl ene content is about 10% preferably about 4% and when
the olefin is a 4-10 C al pha-ol efin, the maxi num pol yneri zed cont ent
‘thereof is about 20% by wei ght, preferably about 16% the copol yner having
an isotactic index greater than 85, (3) a terpolyner of propylene and two
ol efins sel eqiad i@ Bp &R SodltleB Wil anGinBML AR ghiBindmbhdm

al pha-ol efi ns}?e?pr oVi gggdﬂgﬁgélp#h%ﬁrmxiormr% pc;I arr}\e\ri zed 4-8 Cgfa]‘lnpr?a-'scr)la'se?l n
content is 2@btmbatibilizenyier 2 bigndeler poblapideissd e Pebvdeliandhe radingsednpmeriaised 10
one of the olefi j i £ ' 9

v gnt . pref Crinsli3R SRR IR, LARLo BN RS oA Eilleel £ endiy Y

gr eat er t hanvBs| al¢etpl, ainybiremptic qooipgynds, s0d mposies tianeafo fpY. iSA3AG?3 disglosdsaut |
O% t o abgut v [Welpin f , divolad Qnthif 5596, 01

propyl e?e) ho%pl{%%ﬁe@tﬁgv%ﬂlg&gﬁg?@%é&:ﬁ@ﬁ%?néye%r eerllt erh%jl‘la(ﬁ’{%&?ﬁlfg‘g
preferably abdbery®slymer sisbas aro@hylene/peopyepoldieneruboér grafesimeitisatdeabtemieed from
the group consji st of (i I d ethylene, (ii) propylene,

et hyl ene andmzi‘kezc-aé‘ﬂ%kheﬁﬁ%%lgﬁgﬁﬁ%tﬁgﬁ&@%i ii) propylene and a 4-8 C

al pha- ol efi n, t Heowespotheres stibadaed fa apeterimbthazed! podpypladnmogamatiesnt of nore
t han 85% by wei ght,,, preferabl bout 90% t o, about 99% and an,, sotactic’

i ndex great eP°|¥%“'FF{8ﬁy§S,§“ @5@‘5@‘6&9{9’ 4 ippaghETa0Es AN n\fprgied balanse 8£abl y
about 5P6to abagih d@%UiraREs. a copol yner of ethylene and propylene or a 4-B C
al pha-olefin that is insoluble in xylene at anbient tenperature; and (c)
about 30% t B ofghe lnventianynt  preferably about 40%to about 65% 25 of
an el astoneric Cﬂ@QbMﬁ&h;dﬁfoftﬁpﬂﬁmti&n&ﬁﬁﬁﬁ&@dy&l&@ﬁ;t he group consisting of
(i) ethylene and_ propyl ene)b (i i) et hyl ene, propylepe, and a 4-8 C al pha
olefin) and (ii i(})p eI eicoaridE s of 2gral pplRepruRRIIngaRackiope Pl Aer

opt i onal | y_cont gigj e BRgHE: RarBift hevidRist pApRfeitdeRL B mAbmErsRALHEP | 260

di ene and containi rig f s§ than 70% by wei ght, preferably about 10%to about
60% 30spst pr dfosr b Brpuplsensistingpoh()nt lepd one ¥y, arematipsopmpsundad 28t hyl ene and
being 5 June PN 03P 8c LdhpoVih® anbi ent
tenperature and%*r?la%\:?”llrér%)d g%%ﬁﬁ%%ﬁiﬁ?ﬁ%%ﬁy,m?egg%eﬁ ir1’3$JM e '

t et r ahydr onapht ahyinide af an1@80uratef cabmxytic acid ot its agirbiprmwigerein thg)polymarized t he
total amount of dfrisentIREE b iobOloRth aBb iR 195 BaRObeY MRar&OSERRS| i on,
i s about 50%ton<(51 oﬂlt?&g'(r)%qlsfc?le \?\e%ﬁ!{ﬂtratfo of (b)/(c) is Iessrthan 0.4, 5
preferably 0 1 toftiepspylenelpelymerdesigisbiaad on i s prepared by pol ymerization in
at | easjy two Sth)leag?&@%/J}@%b&xth%eaf‘d{l%ﬁ 5 ysni rLs‘?EEn& han 150 MPa or (5)

a thernoplastic I'n conprising: about” 10% to about 60% preferably

about 20%to abgﬁls%g;/@o%fopa %BQ@}SJO?&@HP Imgumyépg}g?%ﬁ O@pti c

i ndex greater t or a 10 copol ymer of  nononers m t he
group consi sting omaterip! letvimg @weighhaveragesomblenelar peight it myhlnayvenapopy| ene
and a 4-8 C al pha-ol gfin, aingg‘{jgi J Mégélﬁﬁne and a 4-8 C al pha-olefin, the
copol ymer havi ng amﬁ'GFE)H'EY"F aﬁﬁ" ontent greater than 85% and an

i sotactic i ndex (&f ofiloBalE 2% ARBORDS af hs1dpR HiIbERS UoinBotdnd véle SO FroR] MEET abl y

about 30%to about 50% of an 15 anorphous copol yner of nononers sel ected

from t heygr oup corgisp 'ngi-‘éiﬂg(qfﬁ)é@ﬁ}qﬁ@rfépaww%lféiﬁhe(ﬁ}? mauoplkeeyly| ene)
lene, and a 4-8 C. ke L Ll eth >
B b o1 ot i n ¢ e EEmeHG RIBGEDEL LOnpBRE Bleht btk BebEDmeE g Ridadoler | o,

of a polynerized dygneublerd containing | ess than 70% pol yneri zed et hyl ene
and being soluble in xylene at anbient 20 tenperature; and (c) about 3%to

about 40% prefg@y %Eiib’naﬂgplﬂh adsGvieotoaimmprove Olsg sarfitch &ngpoay msistace aafhtpeene
and propylene or"a 4-8 C alpha-glefin that is inso i I

ambi ent t enper atuﬁ@lalpm‘éﬁ”éFﬂcftﬁg q%?}i;ﬁ)aoggtcfogmg@ ?gk adsfgoé'x%l gﬁ)}g’rcgtlt&t

modul us gr eat er, i8S weizrht Nahyldnd Golfftrer pf ef dirbloyialidadut 200
to aboutﬁflloo I\/Pa,leaéﬂgg?ml@tgv E’lr‘gelferabl yﬁabou?YZOOQ)too about__1000 _MPa. Room or
anbi ent t enper at uiderivaive2b¢reof, having an ageraze mekeular vsight of 300 to 5PY0.and
preparation of (4) and (5) include, for exanple, butene-1, pentene-1,
hexene-1; 4-nethyl-1-pentene, and octene-1 30 The di ene, when present, is
typically a butadi ene, 1, 4-hexadiene; 1, 3-hexadiene, or

et hyl i denenor bornene. 4



5 June 2003 WO 00/ 36011 PCT/1B99/ 01963 Propyl ene polynmer materials 84% and
(5) can be prepared by polynerization in at |east two stages, Swee@0P8 t he
first stage the propyl ene; propyl ene and ethyl ene; propyl ene and an

al pha-ol efin) or propyl ene, ethylene and an al pha-olefin are polynerized to
form conponent (a) of (4) or (5), and in the follow ng stages the m xtures
of ethylene and propyl ene; ethylene and the al pha-olefin, or ethylene,
propyl ene and the al pha-olefin, and optionally a dine, are polynerized to
form conmponents (b) and (c) of (4) or (5). The polynerization can be
conducted in liquid phase, gas phase, or |iquid-gas phase using separate
reactors, all of which can be done either by batch or continuously. For

exanple, it is possible to carry, o th ol yneri zati on.qf conponent (a)
using |iquid | O pDpycembingtion iQ~gJé‘nE°’, ?%‘%dm{ﬁ‘e{cﬁ@%?f the: logn ECblar
conponents (b) an I 1 t addntee hatigest pt for
the parti al degasgfﬂ?%ﬂ o?&yﬁ@%pfﬂggyi e%\tlaw.ﬂt Klgr %dzgs_ (f)fr’]’gggbi swt@heﬁg??frger&?gd

met hod. The prepamiéroshepds propyl ene pol ymer material (4) is described in
nore detail in US. Patents 5,212,246 and 5, 409, 992, which are incorporated
herein by refer enBendsTéfaheliraf® ik b iy aRi @Mk ! .8ds (5)
is described ip nore detail i E@SWS Pat eﬁi_ys 5, 302??{?5&%?%57%%%8% gg&f@J‘SM| ch
are inco¥por é‘E‘Q'&F"HGP%q Hosire bafreey arppertieprAH pepredured§iss! thessblands have good
preferred pr I aY:Tel e =1 nmononers that can be
grafted ontogﬁﬁgggﬁgﬁﬁ%ﬁgggg pro%@ éﬁgB%%PV%gﬁuﬁggﬁTial are either (i) at

| east one vi Bytailad Besription ofithmiineentiogd an unsat urated carboxylic acid or
(ii) 20 at | east e Vi i 00 ] nhydri de_,of

unsat ur at ed car bo@& 1rﬁédug§c’+f(§?%f€&?%ig%§@ﬁgi% f%ﬁl Og{]ﬁg"r %B%t'ﬁé“té%"df goout e to

pol ymeri zat i eut P¥é, prefanhiyrabout|S8% tc afput §0verbaged dnahé arahwaighesfithd n amount  of
free prl%ngraﬁﬁ kﬁgpolyner or terpolyner. The pol ynerized nononers
conprisé about 10 t 0 about 95 parts per hundred parts of the propyl ene

pol yner mat eri al , Tiprpeémtenb bylymkomuiter®) tHaois alsiuts tiSapRbone Thehe gratdpdioggr of
the graft co&g#éner is such that the 25 propyl ene polynmer material is the
conti nuous of trix phase, and the polynerized nononers) both grafted and
ungrafted, are a () shefgrtynhasRopyldie hvifyin REQEHRLThEexCHRERS Ui B0 CRBreRB1y
substituted or uqiubstituted and i nclude, for exanple, styrene,

a- net hyl styrene, FOMFYP W &e, 4-tert-butyl styrene, 2-ethylstyrene, 2

nmet hoxyst yrene, 4-nethoxystyrene, vinyl naphthal ene) or any hal ogenat ed
styrene such as 2 30 chlorostyrene and 4-chl orostyrene. Suitable

unsat urated carboxylic acids include, for exanple, acrylic acid,

met hacrylic acid, and malefic acid Suitable anhydrides of unsaturated 5
June 2003 WD 001 36011 PCT/I B 99/0 t 963 carboxylic acids include, for
exanpl e, mal efic anhydride, acrylic anhydride, citraconic anhydride, and
itaconi ¢ anhydride. Preferred nononers include (i) styrene and nethacrylic
acid (S/MAA), (ii) styrene and mal efic anhydride (S/MA), and {iii) styrene,
al pha- net hyl styrene, and nal efic anhydride (S/MS/MA). In the case of S/ MAA
the nethacrylic acid conprises about 10%to about 90% preferably about 10%
to about 50% of the total weight of the nononers. In the case of
S/'1~TS/MA, the styrene conprises about 5% to about 20% the

al pha- net hyl styrene conprises about 5io0 to about 45% and the malefic
anhydri de conprises about 5%to about 45% based on the total weight of the
nononers. In the case of S/IMA, the nmal efic anhydride 10 conprises about 35%
to about 45% preferably about 37%to about 43% based on the total weight
of the nononers. The grafted copol yner chains act as a conpatibilizer for

t he pol ypropyl ene and the pol yam de phases. The graft copol ynmer can be nade
according to any one of various nethods. One of 15 these nethods invol ves
formng active grafting sites on the propyl ene polyner material by
treatnment with a peroxide or other chem cal conpound that is a free radical
pol ymeri zation initiator, or by irradiation with high energy ionizing

radi ati on. The free radicals produced on the polyner as a result of the
chemcal or irradiation treatnment formthe active grafting sites on the
polymer and initiate the polynerization of the nononers at these sites.
Gaft 20 copol ynmers produced by peroxide-initiated grafting nethods are
preferred. Preparation of graft copolyners by contacting the pol ypropyl ene
with a free radical polynerization initi@aor such as an organi c peroxide,
and at | east one vinyl nononer is described in nore detail in US.
5,140,074, which is incorporated herein by reference. Preparation of graft
copolynmers by irradiating an olefin polymer and then treating with at 25

| east one vinyl nononer is described in nore detail in US. 5,41 1,994,
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5 June 2003 WO 001 36011 PCTII B 99/01963 | actarn thereof as defined above
together with substantially equinol ecul ar proportions of a di dmure 2008

di carboxylic acid. The dicarboxylic acid may be used in the formof a
functional derivative thereof, for exanple, an ester or acid chloride. The
term "substwiédsadhy equi nol ecul ar” proportions (of the di@Hipes,sggd of the
di carboxyiic acid) is used to cover both strict equinol ecul ar proportions
and slight departures therefromthat. are involved in conventional

techni ques for stabilizing the viscosity of the resultant polyam des.
Exanpl es of t@pa papabart oipropytene andomofefinselrctied roorth¢ gt psnsisieg e6f t hat are
useful in pre | Q ! I ontaining from
2 to 16 car boegﬂ’g n?)%%é %'80Eeakp\v{\’%giﬁﬂﬁ%8L%?Ie§§%é%§9®§?g%@?#%g}zgﬁ%dﬂ%roups, t he
car bon at ons rhauimimgolymeiized ethylehe ¢dmeent ©@bMNIH 0Yr praferdbly ahvet ¢4sendof a | act am
Par ti cul ar - exaIRk sy #4719 eARN:Cur B Halfn Aokl ACEARRhBR Lo f OF
exanpl e, 6-am nocaprol c acid, butyrolactam piv l'actam caprol actam

capr y? | act amabeyi@Atdieyl vesighampreteraize ebowd | @6t therropdlydes hrdhaet isetactmidd®- and

4- am nobenzoig..aciflgesl S Diamines suitable for use in the preparation of

t he pol yam des 1 nc uge’ al kyl, aryl and al kyl -aryl diam nes. Such di am nes

i nclude, for exanple, those represented by the general fornula:

HzN{ CHz) "I ™' ' ' et

trimethyl enegi§ )a%ﬁé&qgééﬁéﬁg{eh%ngﬁg iogal%r;l%r:}ee?ec%g %Ognntthg%g?uﬁ%?gsr’lsetalgéﬁ ne,

oct anet hyl enetlivent sl 48 € apbpekfiag, provived thaethh ylagimson polymerizedst-8€1 | as
trimet hyl hex 1 LRTRE, . A [ agyn .

xyl yl enedi am'qﬂ}é.L Q%Eg@%ﬂ%@?gggﬁﬁeﬂ@é%@@égﬁqggtg?‘éﬁgﬁ gmg? g?rﬁ S’%Q%ﬁpl e,

i sopHt hal i c a@nelofithe elpfirshtik meximeindw]ymerized ¢thierte contembie S%i by wéightal i phati ¢

di car boxylic i 2 f : g—(gqg)gr Y- ggg‘;g r _represents a
divalent ali Eﬂegét%ﬁ:y %%ﬁ?b%%t%ﬁoﬁ'%hé}%ngﬁgést Cégr b naég?gﬁggg(’Exarrpl es of .
such acids are sebacic acid, octadecanedioic acid, suberic acid, glutaric
acid, pineli i adi i o {pi.gal exanpl es of the potyam des or
nyl ons, as t&@gg O%rﬁggglf)tﬁ’g}n&t@f)ﬁg%’)dmfnpé%%e, for exanple: 30 polypyrrolidone
(nyl on 4) pol ycap@phlzot H orbdw60B)bypeight apefshblaebeunl 6¥mb eho8)55%,5 June

2003 WD 00/ 36U11 . j ' I 6, 6
pol yundecanol act a%&;;%ﬁgeﬁé %?@Bﬁ%%?ﬁ%ﬁ%? gﬁﬁe%g%%glhggfé’ny o )
pol ylRexanet hy| eneprafewblyiaherit 8& to abputhis, &2 @polgmpodfynhaneseest lgceddrogebacan de

0 i oA EHE R SO ok 85 e hvir

hexamet hyl enedi aninde 4ethd 2iphatoldfm andtii)mrepydeniednd m8oh apha-pRfinabewel | as

pol yam des resul ti E,q{g,- [ | ' bi g, acid and 10
tri met hyl hexanet héﬁ;g]ﬁg i am&gé?mgﬁfb’@%%’gg’gier %%q{n?ég&?%ggn%‘a i/}p?)(': acid and
met axyl enedi am neweiglopryfanably ebout 88%Ita abogt Ve rend e jsbectacindex greattrai ¢ aci d and
2, 2-i s(p am nocyg xyl ) propane and pol yam des resulting from

terepht halic aci d&h "4, 4" di am nodi cycl ohexyl net hane. Copol yners of the

f or egoi ng pol yamni @esboor S°ptogbobt2fbrty wdight quéferably abdis 3%stoi dbattl %4, 0f 2 15 use in

of the.fol | ow ng: “RE? abyleh Sk flens s SRERUAT AR BB PO YTer S
hexamet hyl ene adiipapietrest hoRiartaerhperatyre; andopht hal ami de (nyl on 6, 616, | )
examet hyl ene. adi GoPaC Aoy B0} (o 80 Gl PRI B R MR oo D 20
hex&et hyl ene adi anedspheicaaptlyrgtraf emongeéraselent el oa he@reup emsigtingl on 6,

616, 916) Mxtureg an I [s. e .Qf 4 regoi ng

pol yam des or preﬁéﬁ;‘}‘%‘?@e aﬁﬁgﬁgﬁlﬁe ?‘8gﬁ‘é&?@fg‘fpy@é’raé‘8§|4£ev€§% Ain the scope
of the pr esept i @dm hrldr(iiizsthﬁsquxﬂal4l-§lc[afpe‘aa’mteﬁe,dhpodppamfmdeptimaﬁyt he

ol varmi de. o .. Brabing s6aR S Tothli 7oy e SRR MELINREENAE 6 1.
6, |, T, and rost qoneinggatss hap@dd% ayridizht prefoibpatiode ] 4 to group6dpani de 12, |t
is so understo e f g ] y ngd in the
appaided ol ai m. o PRl GoUR %0 bk 5 T pBOIARAES a8 B0E

pol yam des. Supertough 30 pol yam des, or supertough nylons, as they are
nore comonly known, are avail able commer ci al | y, e.g, fromE |. du Pont
de Nenours and Conpany (Zytel ST resins), WIlson Fiberfille (NY resins))
Badi sche Aniline and Sodafabrik (Utramd resins), anmong others, or 8 5
June 2003



WO 001 36011 PCT/1 B99/01 963 nmay be prepared in accordance with a nunber of
U. S. patents including) anong others, LJ.S P. 4, |74,358; 4, 4%J9#7/2003
4,346,194 and 4, 251, 644, which are incorporated herein by reference. These
supertough nylons are prepared by bl ending one or nore polyanm des with one
or nore polwaedieeior copol yneric el astoneric tougheni ng agenhissscpids t abl e

t ougheni hg agents are disclosed in the US. patents identified above as
well as in U S P. 3,884,882 and 4, 147, 740, and Gal ucci et a(., "Preparation
and Reactions of Epoxy- Modifi ed Polyethylene Appl Poly Scr., 27,

425-437 ( 1982), wlete lamelenmtcwrmﬂﬂatemerrerreraw ltyymgeafnemeneewsqqsmcal ly,
these el astoneric xHQisWEErrﬁteﬂMd%%ﬂé/a@aE%t eaCher Bhidl Oftanshal gyl branched
as well as graft polyners and cog mers, including core-shell graft

copol ynmers, ahderginghe mtat prapune pEd; chbased\Anike ot plepBPalyEer t herei n ei t her
by copol yITeri &dhiaRftionlis Bbuls@h td 83uCboh, e RERAQLTSE BOISY Wakss AniBROMer
havrng functional and/or active or highly polar groupings capabl

i nterdacting wpreferaply (adjlﬁe‘PPr?gdﬂ@ Cpmo%bfdﬂ'y'arﬁ’f@éfeﬁﬁvPPW“@GZ@@nﬂIbatéwﬁance the'

t oughness of {he Ly@rﬂgggg r_” TRR ALY 240 U84 |o§ present in an anount
of about 99%to Stzg‘%ut 2% re ; ant 15 5096to about 10% based on
the total wei@hetisfmepastico msmmprmg Optionally, the conposition can also
contain about 2%t (?) ?JBBPFO%%%%&%%%:%FJ%]?%% véf/%&?n%g%*} ;#9% Dbased on
the total weight ot” the conposition, one Or nore ru nponents,

and/ or about 5% t cPrepyéase homogolyspesthayind iy isalsein ind@ogreaserdhan &0, 1710% based on
the yetal weight ofnlbeeCANRASMESWectd frémthd St Por (YRl

di stribution propylgng % pol ynef ng?er?a TH%Q?§E%Er é%g(gﬁ 2 I's sel ected
fromone or nore @hdpteeylgrelp etlee.qropyiensfand p F-8@ akphebieﬁnméélhlﬁmer r ubber,
(i1) a monoal kenyleaiagald £4 BX G A HRABLHIRECE Gky copol yrer,
and (iii) a core- sﬁgﬁ r ubber . yq% theggbr bb ervglnpoﬁﬁﬁ§s can have acid
or anhydride functrrenykeng egntent g@atnrﬂben §3%eandin shiasts indaxcifigerater thge Sups. The
preferred rubber ( Lok iy @ in

conbi nati on. Sui tgg)l %Bgrpgﬁtag%ggﬁ%ng)e e b)E)er(%n i n)é ch Ouaédg/rq%eggrrpl e,
satutated ol ef i n @opmhymopplumbmfsnmmrsasleemfrloerrést prrogpymenenmfrﬂdrrer
rubbers (EPM, et hylane b iRy A BEENRADULE R e-slc Litheres
unsaturated ol efin g fﬁﬁ%&ﬂﬁm (g?s %uéﬂ¥a§9etﬁy I 'ene/ propy eﬁe élene
nmononer rubbers (KEDp Iﬂeneﬁ?é aghr &€ aiphagledinethe sopabyrasryoptienallp cemiphisg s ar e

et hyl eneJpr opy! engpoutoftyl @64RYEANTa by & dICRY QGLERR: hssiRRo! yIer s,

The nonoal kenyl aronatic hydrocarbon-conj ugat ed di ene b oc copol ymer can
be a thernopl asti 0¥ netmsHised Qs‘rylménﬁ\b@ng srlulle i1 adeoe asembienture, the |inear
A-B-# (or tribl ocl@mp%murg anWne 2003 V1' O OOI 3601 ! PCT/1 B99/01963
structure, the radial (A-B)" type where n 3-20% or a conbi nation of
these structure t{r@eéoutﬁl%etpebwtéaéhprpfetﬂbbtabouel%ﬁ roaboutl 38mpfa ar omat i ¢

hydr ocar bon pol ynme %y K¢ eiiEheSR LOEKa kS RS d, er bl ock.
Vari ous grades of_é% 5ﬁ§ne$§ygr EQKE Qpe a?e é% M%c?g ’égﬁvéﬁpgg . The
grades differ in mxm@renbxmrmraame,wer ght of the md and end bl ocks and
the ratio of ' i

copol ynmer can aﬂ%g&ge ﬁkdﬁ%ggﬁﬁfﬁ g%ggaﬂpﬁgwgg Q% %ﬁg?JggPpggﬁydrocarbon
nmonodber s ar e thanyl286 MPay prafgrablylndott20 edabbun ] IGOINIPre and mpstlvréﬁ@biedbcat kyl
styrenes, an@o¥iwLeidde N, Sty7ene is preferred Suitable conjugated dienes
i nclude, for exanple) butadi ene and i soprene. Preferred bl ock copol yners
are hydrogenated styrene/ethyl ene-butene-1/styrene triblock 10 copol yners.
The wei ght a MA of the block copolyners generally
will be in tﬁg ﬁ%ﬁaﬁﬁL?Fﬁ%@&?Mﬁggo Oéto about 260, 000 g/ nol e, average

mol ecul ar weiThh#<B ¢nlpbheleﬁmrgerbrh thrrenar8PNEO(H)E0d 61 outude 2y eaowpl/ nol e
bei ng pr r t,h t o, nposi ti ons having the best
bal ance b?k%r%b %‘?&St‘r%ﬁ‘g n’ﬁgﬁ}s] ¥ eﬁgegg g{c%ing\?hl | e bl ock 15 copol yners
havid®g unsat Jhatiede, aghenpicbengss tyart:airyaﬂt muadiensbbA-hbkadodus; cahexadiens ed,

copoly V. urated rubber bl ocks are preferred, also on the basis
. of thenﬁgghggrh&%?ﬁﬁiss bal ance of the conpositions containing them The
wei ght rati o of nonoal kenyl aronat|c4hydrocarbon to conjugated di ene rubber
in the block copolyner is in the range of about 5195 to about 50/50,
preferably about 10/90 to about 40/60. 20 The core-shell rubber conponents
conprise small particles of a crosslinked rubber phase surrounded by a

conpatibilizing shell, normally a glassy polyner or copolyner. The core is
typically a diene rubber such as butadi ene or isoprene rubber, or a
pol yacrylate. The shell is typically a polynmer of two or nore nononers

selected fromstyrene, nethyl nethacrylate, and acrylonitrile. Particularly
pr ef erred core- sheII rubbers have a poI yacryl ate 25 core. Sui t abl e rubbers

Y Y 1 o o o N A N



5 June 2003 WO 00/3601 | PCT.~1 B99/A 963 A coupling agent is generally
used with the glass fibers The coupling agent can be, for exarfplune 2003

pol ypropyl ene nodified with an a, (3-unsaturated carboxylic acid or an
alicyclic carboxylic acid and derivatives thereof, such as acrylic acid,
et hacryl i g,Adhey: mal efic acid, fumaric acid, ~taconic acidygeenrgss
endocyclo(2, 2,1 )-5-heptene-2, 3-carboxylic aC|d and

ci s-4cycl ohexene- 1, 2-carboxylic acid and anhydri des, esters) am des, and

i mdes thereof. Polypropyl enes nodified with various anounts of mal efic
anhydri de or Hra;b)eérieq;oa@iedmazreﬂa!p(@faed (53d:aﬁlﬂtdprﬁﬁzﬁecab/}a;idl)aiiﬂrﬁalmnmwleisal ly, for

I te Ch h dified
pol ypr opYITEHES: QRGBT BORES R PSS Tre: 3 a2 iine 3 BB L OO Br A8 & i ¢ aci d
or nal ef alphaacnblfydbr prepylbresablylede anan htpma-loleﬁ\alagamol)oﬁerizb@torfmm cfangxdnél:(b pol ymer.

Th nt t bout
or of or any PR HCh ab s G Mad e SRabE il i Wbt Bbh SRR e
conpaoSi tandnbe alpter-defirp oséthylan, papyladesnd olpt dignadléfin, e:xmnpammllaladtme,]ar% t o about

o SRl B e BT TR o b et oo ¢ ot
present. Sui ﬂa]blpelymnmnmeetn bbicdhdajcnag im{jeuit phasacdas dieast, e lidgibd-pxdihhiseed
I L e
resi st amxemiﬂhent adadsshhle/&a casy sitlteepcdyinérization af)coatpohara ) uomeliqualv ol ecul ar

wei g et hyl. ene r a. functi.onalized t her,eof , and (b) a

conblmnatl IS¢ a%l%)g‘ll%ggf‘"‘%ﬁ%p%(m?rﬁz@“f’%ﬁ}‘f%’fpé)gfﬂ S¢by5\%4 (éfl’f‘ S8 M¥tene pol yners

in (a) amdaoumregamale Btagzs espphtabethe patialldegadsing ofitle @eaplyne. well gehtphﬁehyl ene

pol ymer . @F a cnu gver age nol ecul ar wei ght (M-) of about 300 to about

5000. Fuh ipf)r{%{fl i’éec&ho erivatives of these ethylene polyners, such as the.

hydr oxyl at ed Toe pepiration dbexrhvldeer;borménmﬁem (Phodyptritee irembre detall MeUs0f , or

b ey ARSNGB S BSIoh WORLY B2 i RLnIkE! {ehe 6} ArgLALLERL || near ety ene

polyners can’also use yner present” in an anmount of
5%5topaidzpautlodG%rowlm:@olablleq/mabmlt(S)‘a@/cdes@nQ&l 1aluwu¢ddwbmlhh%é'dtemn t he total

wei ght af . .The.addi t a conbi nati on of about

0. 5%to% ogl 4%‘8{’?9@% ‘Q‘i\l%k{/vgrgrbq%g?ﬁfdé?aeh\ﬁgﬁapR’?le%trﬁ&?ene pol ymer descri bed

above and amepyl(antSl%mapoEzbmuistﬁd}ﬁ&fepeéﬁrepﬂbrhwpoa\bnﬂnbadhb%etmtabbut 5% based

on the total TWEI ghgmg'%th%thc%n gogpﬁ ontgt e ac b'orqgcr) ‘?‘9;') fenp | Cl grprjr:'a?t The

i norgani c m crospheres can or ~exanp araPtm na ceramc 30

al | oy, alekeadhir (a)lauhsasn@sc hnydatcenamercampmmdcmd gh axssstuaancﬂ oaﬂxw;be acidatr é) with a

Si zing an _am nosi i f.i ed uch as those
descztral bggﬁu&] eerVm |3 (fmam compeouF % a’l(gan arﬁyﬁuﬁe‘)fﬁﬁtﬁg%%g{ﬁ%ﬁﬁ %@f | f

B99/ 01963 agid forail. smring th;wﬁ pahyneayizaUions thegnonamiets aldogopaipngan mfonh er ospheres
and act - LRi L Jives such
e pi s BB 3RS AL R LR TR B RipoimelttcdHondiEhs ot s
and pol ysmbmcabem1Qmm:tboa@5pxahy(3d|medxhg'bmslafx}mrp@p)dmnpeib'ma haenmlesent in t he
5 conpo L e f actur can ornmed, fromt ositions
of SOt < Hstranly P8 of loRReRsa PR nbRT MR R ot fe R PR Mk g R e,

i nj &ti mmpgmhdpmgnenmermbfscnhiemongr;uops of mhmx@hisaﬂdm pobineeitede~. rt rusi on, and
bl ow nol _di nxlg. Th tg@td rrgt hogf usedéjto ev uate t he nol ded speci nens were:
10 Not cfEg° %obofﬁh%r ¢4 AR v eI e s1p5r55 f4t5 um Tensile strength at yield
Fl e~. ~ur al slrh:evig;tlhrcaxtauyb@h;cbuﬁﬁsaoaurbalsumdnﬂdw ubslstReednid)indhldenfpat | on at
break 15 ation_ at Shore D har S at _distortion fenperature
Tenat | o ST dGrRGTHAMS HAG 86 1 B SsSr Red C R 7 VI D 700 @

0. 05"/ Mz%SJd\/}rDreY%e@)QyﬁyredemxﬂymﬁMM3&189hﬂ%%tai ﬁﬁ%n@ﬁcbﬁﬁﬂ\d D- 2240

AST D-6 8 ASTM D- 638- 89 (cros ad speed, @2"/ actic index is
ot PRed HaroEREmsaR H 0 UBFEET, SR ORArss e G G By bl ef | - 20

pol erEI’ eSb g labrylidlacky inR¥iRcrilic £ Rhd eliRed AidIrSithisle ey Bridds BLshsMragidssol vi ng
2.5 g of the polynmer in 250 m of xyl ene at roomtenperature in a vessel

. equipped with a stirrer, that is heated at 135C with agitation for 20

m nutes. The solution is cooled to 25C whi l e continuing the agitation, and
then left to stand w t hout agltatlon for 30 mnutes so that the solids can
settle. The solids are filtered with filter paper, the remaining solution
is 2S evaporated by treating it with a nitrogen stream and the solid
residue is vacuumdried at 80C until a constant weight is reached. The
percent by wei ght of polyner insoluble in xylene at roomtenperature is the
i sotactic index of the polyner. The value obtained in this manner
corresponds substantially to the isotactic index determ ned via extraction
mnth b0|I|ng n- heptane mhlch by deflnltlon constltutes t he |sotact|c |ndex
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wo 00/36011 PCT/I B99/01963 N. M and Shapiro, J. 1., "An Instrunment for

t he Measurenent of Pore-Size Distribution by Mercury Penetr at iSolune 2883M B a
11., TP 49, 3 9-44 (Feb. 1959), and Rootare) HH M, Eds , .Advanced
Experimental Techni ques in Powder Metallurey, Plenum Press, New York, 1970.
Scratch an lf1§S1 stance were neasured using Ford Labor t Met hod
BN 5 108- 1§’C{Taerbes(|; gt ance to scratching). The apparatus |ncp&gled i;ge\?/seral

wei ghted pins that rested on the surface of the test specinmen. The pins
used for the scratch test were 1.0 mm highly polished steel balls and the
pi NS useghrioxXylit BEdNMEIudE Sdr exife, Mmalkicanhadides acrlleanpy diideyeitreconaded Wit h

di fferent ht s, exer.ti the followi ng standard forces on the surface of
t he test”ﬁ%\gré‘?q ét’d“af%i%‘t&a’t’ s (1~ 3.0 N, 45N 6.0 N 7.0 N. The pins
wer edt hen pgl Prefired mgomére.ntmd@?m}r?nei\dnh n%g}{aaﬁyﬁh at.ti (OMAWEY), ﬁl)%l(ﬁﬁﬂdl'IEd and
rated according to a rati ale o to = Nno scratc i ne at
a1 and Bdmalggariydaes YA n”Qg ¢l rfa%ﬁ@ht-mrwm%tyr% g THEC BUNIFEF was the
criteri a(snasmrzemtta&daee dsmMLA.tAgmeAnJmtaa@hcaugmﬁraﬁs iRsit 1opeshtzRn Was used’

b t t th th
R At R L S T L
r eadi ngo\SAVIS/NMAKeA stytenk cc&n;&ﬁe%@n:&i% ol abost 1084, ere atphamah)dmhh (ungr ai ned)

sanpl e. The .Chrysl e cki s_test carri ed ord| ng to
oyt e RS AR Y Ret P M mpE e Biel Byt M B RARE e
Test er 4IS(PXd Ebbse@l‘dthe oray wBgiit ofithie ntdnemese In thasasappved, the niaaicfan(bj/driade4 X 6"

he i ndri fi r 20 on.th r Tester was
CoveDed e sposthogbik 480 Mitiobiy@poy ol Tsp st Fate, Sestimbrardl |
avai | ablv&lgﬁt@mrﬂtm@ﬁ,masect ric Devices Co. The cl eanser-coated pl ague was
rubbed with felt ten.tines (ten trokes}. The gl oss was
measur ed at ts"g\‘/‘é?:v%ed 6‘?99@@?6}?‘?"’(%@% P%‘Batg’ﬁ&eﬁ P@E’pﬁipétige mdztg‘ﬁe pl aque.
The naxipmylahgdmﬁsesal ue on the unmarred area is referred to as the original

gl oss. The m rred. area i s r ferred to t he. 25 marred
Gl 655 % & 0o B Epdimerden haa b atinR i ihviode PRUTRAT eSSy AT vi ded by
the 16ri ghersatnegtodsmvxlvaﬂﬁmni{@miﬁegﬂﬁm@@ﬂé@idﬂghg;brﬁp}ﬁerteqmymmaoarar byed out
accordin or abor.at ory test. t hod 1 .161-01, .. esi.st.ance

et or i SRrEAL RGP < REBGHG T ke chSedlGiiaR e 4A e e Rh KRR B R ee o1

Model ChdiatoA obBy l]‘mdbatl&ﬂwmnngb] uraarg: IOfnziﬂg rddidflok\e Thy fkreyradca slprodueed 030

Pol i shi Paper, co a |le from M nnesot a .M ni and

Venuf act RGeS aT CE PP RS FAORGY TRt HE D AAHLt ARG ade) . was
pl aced oxéle ;aalﬁrhéﬁahﬁi'mt&?dteltﬁe {sdmm‘zaﬁén df4h&95xﬁm€b@&tgreee§ttd‘se6tafcomrer cially
ava%abl e from At dI%)iectr g g ﬁ 2003 WO 00/ 36011
PCT =~ 35@9%&@@:‘%"6&‘1{"%% é’erz%\’jgé’i\/%e rﬁfé'"%fnethﬂ PuPiesHi*Rg paper facing
outward The Pmmqmat@ampelyﬂmmmt’edmwmg t}terpelyiardpglene oithtlfiee nalical est er,
keepi ng tlhe f.e é en }the finger an g FO i shi n%’hﬁ“? The mar taster
had a c§?PVAEH F%:‘ K0 TRHTON IED 2957 QLRTG PETRS &earﬁ‘ £t Kk prery "Rl et er and
exerted d@scfrbéd:ﬂ mdre QetNl mrU she14og94, \shldfl'f ia@reomorhtddddretn 5y refdencef

appr oxi teI E ngt er t.he 20 0%3 of . t he sul;face to bﬁ tested was
measur eti"PEH °§8 AR EORRAYEE ‘E&‘t%‘d"g olen polyprea PN LRt MIRA nar tester.
The220 g:hﬁt&ﬁleQ'fnyﬂ hen@bdragieecr&wa:rmaedét&iaﬁwsds,m,sm,dwmestdiﬁxrbrp@rmhl el to
the rub ig}strg:ke of the mar tester, and the | owest readi ng was recorded.
The % g ‘35 PIEERTDn, or mar resistance) is the 20 gl oss of the abraded
area di vi dedChypbieat @) bOhoiedmpdbitign 6fxkis ¥nvieftibn is-at 1€ksd dhetpodlyamsqeeci fi cati on,

all par nd percenta are by wejght unless .otherw se noted. anple 1
Thi s oxSitls g Bece vALarpaty Ve Ry ishles G et G cF Shatier Ser on t he
propert ptﬁgnrafrz:aggm&fnbaxﬂe@moymrboﬁﬂmrcidsdr agacanphapyf Remghorpgelyer backbone
R NN e A Rl
an hydr i eteri@bREdI80prBEIYdH: OPY Higi e Gk ik 2 iA&kwo BitboQomPo@wes Mk AA) graft
copolynmer, In this and the follow ng exanples the prop)él ene honopol yner

used as®THE BHRBBHRIFBPYREF 24 @ PHROYBFIZRG HEOKRBICCtPEY IcaFE Pcal f or m
nelt flowrate (MFR) of 10 dg/min at 230C and 2160 g, 0.44 cc/g porosity,
96. 5% i nsol ubl e in xyl ene at roomtefperature, 20 MM M1 = 5. The nononers
(60/40 styrene/nmethacrylic acid) were grafted onto the pol ypropyl ene
backbone at a grafting tenperature of 100C using the previously described
peroxideinitiated graft polynerization process. N nety-five parts by weight
nononers were added per 100 parts of pol ypropyl ene.

Tert - but yl per oxy- 2- et hyl hexanoate (2.1 parts of active 25 peroxide per
hundred parts of the pol ypropyl ene backbone polynmer, 50%in m neral
sprrrts) was used as the peroxrde |n|t|ator The styrene and nethacrylrc

o, a ~ . - - . o o



5 The broad nol ecul ar wei ght distribution polypropyl ene (BMAD PP) had a
melt flowrate (IvifR) of 1.1 dg/mn) 97.8% xyl ene insol ubl es,5 &g 2468M >6,
and is commercially available from Mntell USA |Inc Enough BWID PP was added
to each sanple to adjust the effective add | evel of polynerized nononer to
30 parts pevosmsesifed parts of pol ypropyl ene. 10 The pol yaamd8svasssCapr on
8202 NL pol ycaprol actam comercially available fromAlliedSignal, Inc. The
pol yam de had a nelt flow index of 34.2 (3.8 kg, 230C). The propyl ene
honmopol ynmer in Conparative Exanple 3 was the sane as the one used as the
backbonelapemytheroffapdefinhéapvataschopotiywwbstantiihe e@imEpesile-ppdrmgract anodi fi er
was | Crag.on: E - : e 15 8 @ lefic

anhydri dgl?gfngsgl %g_l%%r%%”@?%éﬁacig%{]%ﬁ@? ?1(1:%%%02’?{%%‘%168&4%\% E %ﬁgﬁ efi ¢ anhydri de
and conmiuneticakl derizative thetdo€ forexamgkainlestOherecidahloGdepany. The nual eat ed

POl ypr opy! enercRf COTRRLIR i lohfonD &R0 RBhKPLAPYS SOC,

conmmer ci a_IIg ayé?_ab e ?I&Aoﬁleﬂ\lf'@geggﬁ?&h@%}[cg%] Cor porati on. Itrganox B225
ant i oXi déiearboxyligadid)dnesedfo coveraroth sigyaauivoleaa prenaridnis Spdrelighy| ene( 3, 5- di 20
tent - but ydos Ay By ek YR VAl B¢ LNBRBRIELhIBRESANR AR FrZehiand e part 1rgafos
168 tri(2,4-di-t butylphenyl)phosphite stabilizer) and is“commercially

avai | abl wsdogisnefchdyasuEpeeplemidecheni cal s Corporation. The sanpl es were
conpounded  Of,@m3ts HFthd-RbmfalidZmbWchrbSSiE Weigdr idShs Abredr MR & EhcchgNPEr at ur e
of 245C, a scr.e\/\}’;s?ogege‘g _o? .306 rnr}m Can%?yera1 t hr o'ughputS rate of 25 10/ hr. After
25 ext r ugipeaparingibe paydnddes ingude thise eemponnds cdnteingngaimm ane &6 catborIGAs f or at

| easty 2- 4 n0Qyr, o i,Rg. Yo g eTalyas o\ o {-7a BN §Y-1S) G0 re nol ded on
ab oz BaF?%nfﬂZelag{l_iﬁf"g%%bgﬁh%ﬁgigﬁ%%a%%hfﬁen I\/E%ﬁa.ni (;a%g B?%%’g?}ﬁ%es wer e
measur edC@Nrererewprig iheicaniony lacem. Farticular exagples ofgmiabearboxglinemdsdindy and 23C.
The T esult sy ah@u e, ¥8xdnibid 30lSnckadBic acif, BlR612 2003 pial @00/ 360%.R

1T o7 Q16 2n B, 16 dedrihicl B finchark l&?#p%nﬁ 3‘%13‘-"5%5/3\/%)_@ T t.”g :
% 38333 1B BaqavmpnPihoiagyam, %@2@?94@%¢®4W9\@9‘P@n@%méiaMeQZ%t . % --

~'' -t 1S:BB-S-g-1VvLA (wi. 9%-!1010-1010Pol yam de (wt. 9% 202025- -

| 20Anuox~dant_ (pph) 0 20.20 20 20.2 ~0.2Ca stearate (pph)0.10. 10.10.1

~0. 18. 1val eaf¥amnipgs spitablg for use igjie pesperationd ghenopastidesfinclydg/atiyy).@ryz apd 21

90. 520. i t : ' ' 70dFl eavr al
ot ongt gy A e E TGS B P S YA e 1ok cecnt
(kpsi ) 330280273312 ~243168El ongati on @ break (% 4292.16. 542. 585El ongation @
yield (%454}1%(&%9“1\@2The data show an increase in tensile strength and a
good bal ance of 1 npact strength and stiffness in the sanples that contain a
pol yami déeeaiisan pttﬁquofrmgrtcekés@mmw@qne%pw#mmetm@eé@mi bility of
the 2Bl endndh SethPLALARGEL, BdarhdiRy1SHeARnthe TRS BB AGYhexlth &Ry B QRSMinaRd goOd
surface appearance. 5 Exanpl e 2 This exanple describes the effect of

nyl on- 6 VeHds Frmgtphexemetbidfedmmingnmetaphepvinsediamas. asf metyr af t copol yrer

conpri si\ogideMiRRY! ene homopol ymer backbone to which was grafted a

styrene/ al'pha- net hyl st yrene/ mal ei ¢ anhydri de copol ymer (S/ M5/ MA}. A
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~ ~ {15 O 50% to about 10%, based on the total weight of the composition.

Optionally, the composition can also contain about 2% to about 40%, preferably
about 5% to about 30%, based on the total weight of the composition, of one or more rubber
components, and/or about 5% to about 90%, preferably about 10% to about 70%, based on
the total weight of the composition, of a broad molecular weight distribution propylene

20  polymer material

The rubber component is selected from one or more of the group consisting of (i) an
olefin copolymer rubber, (i) a monoalkeny! aromatic hydrocarbon-conjugated diene block
copolymer, and (iii) a core-shell rubber. Any of these rubber components can have acid or
anhydride functionality or can be free of these functional groups. The preferred rubber

25  components are (i) or (ii), either alone or in combination.

Suitable olefin copolymer rubbers include, for example, saturated olefin copolymer
rubbers such as ethylene/propylene monomer rubbers (EPM), ethylene/octene-1, and
ethylene/butene-1 rubbers, and unsaturated olefin copolymer rubbers such as
ethylene/propylene/diene monomer rubbers (EPDM). The preferred olefin copolymer

30  rubbers are ethylene/propylene, ethylene/butene-1, and ethylene/octene-1 copolymers.
The monoalkenyl aromatic hydrocarbon-conjugated diene block copolymer can be a

thermoplastic elastomer of the A-B (or diblock) structure, the linear A-B-A (or triblock)

9
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structure, the radial (A-B), type where n = 3-20%, or a combination of these structure types,
wherein each A block is a monoalkenyl aromatic hydrocarbon polymer block, and each B
block is an unsaturated rubber block. Various grades of copolymers of this type are
commercially available. The grades differ in structure, molecular weight of the mid and end
5 blocks, and the ratio of monoalkenyl aromatic hydrocarbon to rubber. The block copolymer
can also be hydrogenated Typical monoalkeny! aromatic hydrocarbon monomers are
styrene, ring-substituted 1-4 C linear or branched alkyl styrenes, and vinyltoluene. Styrene
is preferred Suitable conjugated dienes include, for example, butadiene and isoprene.
Preferred block copolymers are hydrogenated styrene/ethylene-butene-1/styrene triblock

10 copolymers.

The weight average molecular weight (My) of the block copolymers generally will be
in the range of about 45,000 to about 260,000 g/mole, average molecular weights in the
range of about 50,000 to about 125,000 g/mole being preferred on the basis that they produce
compositions having the best balance of impact strength and stiffness. Also, while block

15 copolymers having unsaturated as well as saturated rubber blocks can be used, copolymers
having saturated rubber blocks are preferred, also on the basis of the impact/stiffness balance
of the compositions containing them. The weight ratio of monoalkenyl aromatic
hydrocarbon to conjugated diene rubber in the block copolymer is in the range of about 5/95
to about 50/50, preferably about 10/90 to about 40/60.

20 The core-shell rubber components comprise small particles of a crosslinked rubber
phase surrounded by a compatibilizing shell, normally a glassy polymer or copolymer. The
core is typically a diene rubber such as butadiene or isoprene rubber, or a polyacrylate. The
shell is typically a polymer of two or more monomers selected from styrene, methyl
methacrylate, and acrylonitrile. Particularly preferred core-shell rubbers have a polyacrylate

25  core.

Suitable rubbers useful as impact modifiers include, for example, Engage 8150
ethylene/octene-1 copolymer commercially available from DuPont-Dow Elastomers; EPM
306P ethylene/propylene copolymer, commercially available from the Polysar Rubber
Division of Miles, Incorporated; and Kraton RP6912 styrene/ethylene-propylene/styrene

30  triblock copolymer rubber and Kraton FG1901X styrene/ethylene-butene-1/styrene triblock
copolymer rubber modified with maleic anhydride, commercially available from Shell

Chemical Company.

10
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Preferred rubbers are (1) maleic anhdride-modified monoalkeny! aromatic
hydrocarbon-conjugated diene block copolymers, (2) a combination of a malei¢ anhydride-
modified monoalkeny! aromatic hydrocarbon-conjugated dicne block copolymer and an
unmodified monoalkeny! aromatic hydrocarbon-conjugated dien¢ block copolymer, (3) a
combination of a maleic anhydride-modified monoalkenyl aromatic hydrocarbon-conjugatcd
diene block copolymer and an olefin copolymer rubber, or (4) a combination of a maleic
anhydride-modified monoalkenyl aromatic hydrocarbon-conjugated diene block copolymer,
an unmodified monoalkenyl aromatic hydrocarbon-conjugated dienc block copolymer, and
an olefin copolymer rubber.

Another ingredient is 2 broad molecular weight distribution propylene
polymer material (BMWD PP) having a Mu/M, of about 5 to about 60, preferably about 5 to
about 40; a melt flow rate of about 0.5 to about 50, preferably about 1 to about 30 g/10 min,
and xylene insolubles at 25°C of greater than or equal to 94%, preferably greater than or
equal to 96%, and most preferably greater than ar equal to 98%. THhe propylene polymer
material having a broad molecular weight distribution' can be a homopolymer of propylene or
an ethylene/propylene rubber impact-modified homopolymer of propylene, wherein the
propylene homopolymer has a broad molecular weight distribution.

The BMWD PP can be prepared by sequential polymerization in at least two stages,
in the presence of a Ziegler-Natta catalyst supported on magnesium halide in active form.
The polymerization process occurs in separate and consecutive stages, and in each stage
polymerization takes place in the presence of the polymer and the catalyst from the
preceding stage.

The polymerization process can be carried out in a batch or in a continuous mode
according to known techniques, operating in liquid phase in the presence or not of an inert
diluent, or in gas phase, or liquid-gas phase, preferably in gas phase. The preparation of the
BMWD PP is described in more detail in U.S. Patent 5,286,791, which is incorporated herein
by reference.

The composition of this invention can also contain (2) an inorganic filler such as
CaCOs, talc, or a silicate, (b) a glass fiber reinforcing agent, or (<) a mixture of (a) and (b).
If present, the amount of (a) and/or (b) is about 5% to about 50%, preferably about 10% to

about 30%, based on the total weight of the composition.

11
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A coupling agent is generally used with the glass fibers The coupling agent can be,
for example, polypropylene modified with an «, B-unsaturated carboxylic acid or an alicyclic
carboxylic acid and derivatives thereof, such as acrylic acid, methacrylic acid, maleic acid,
fumaric acid, itaconic acid, endocyclo(2,2,1)-5-heptene-2,3~carboxylic acid and cis-4-
cyclohexene-1,2-carboxylic acid and anhydrides, esters, amides, and imides thereof.
Polypropylenes modified with various amounts of maleic anhydride or maleic acid are
preferred and are available commercially, for example, from Eastman Chemical Company
and Aristech Chemicals. The modified polypropylenes generally contain about 0.5% to
about 10% of maleic acid or maleic anhydride, based on the total weight of the modified
polymer. The coupling agent is used in an amount of about 0.5% to about 7%, preferably
about 1% to about 5%, based on the total weight of the composition.

The composition can also optionally contain about 1% to about 10%, preferably
about 2% to about 5%, based on the total weight of the composition, of a co-compatibilizing
agent when glass fibers are not present. Suitable co-compatibilizing agents include the
modified propylene polymers described above under coupling agents.

Optionally the composition can also contain an additive to improve scratch and mar
resistance The additive is selected from (a) at least one low molecular weight ethylene
polymer or a functionalized derivative thereof, and (b) a combination of at least one of the
low molecular weight ethylene polymers in (a) and inorganic microspheres.

The low molecular weight ethylene polymer has a number average molecular weight
(M,) of about 300 to about 5000. Functionalized derivatives of these ethylene polymers,
such as the hydroxylated or ethoxylated derivatives or phosphate esters thereof, or primary
carboxylic acid derivatives or maleic acid-grafted linear ethylene polymers, can also be used.
The ethylene polymer is present in an amount of 0.5% to about 10%, preferably about 2% to
about 5%, based on the total weight of the composition.

The additive can also be a combination of about 0.5% to about 10% of the low
molecular weight ethylene polymer described above and about 0 5% to about 10%,
preferably about 1% to about 5%, based on the total weight of the composition, of inorganic
microspheres. The inorganic microspheres can be, for example, a silica-alumina ceramic
alloy, alkali aluminosilicate ceramic, or glass and can be coated with a sizing agent such as

an aminosilane. A modified polypropylene such as those described under coupling agents

a.
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can also be used in conjunction with the inorganic microspheres and acts as a coupling agent

and co-compatibilizer.
Other additives such as pigments, slip agents, waxes, oils, antiblocking agents,
antioxidants, and polysiloxanes such as poly(dimethylsiloxane) can also be present in the
5 composition.
Articles of manufacture can be formed from the compaositions of this invention by
methods known in the art including, for example, injection molding, thermoforming, profile
extrusion, sheet extrusion, and blow molding.

The test methods used to evaluate the molded specimens were:

10 Notched 1zod impact ASTM D-256 (2 Ib pendulum)
Tensile strength at yield ASTM D-638-89 (cross-head speed @ 2”’/min)
Flexural strength at yield ASTM D-790 @ 0.05"/min
Flexural modulus (1% secant) ASTM D-790 @ 0.05"/min
Elongation at break ASTM D-638-89
15 Elongation at yield ASTM D-638-89
Shore D hardness ASTM D-2240
Heat distortion temperature ASTM D-648
Tensile modulus ASTM D-638-89 (cross-head speed @ 2”/min)

Isotactic index is defined as the % insoluble in xylene. The weight percent of olefin
20 polymer soluble in xylene at room temperature is determined by dissolving 2.5 g of the
polymer in 250 ml of xylene at room temperature in a vessel equipped with a stirrer, that is
heated at 135°C with agitation for 20 minutes. The solution is cooled to 25°C while
continuing the agitation, and then left to stand without agitation for 30 minutes so that the
solids can settle. The solids are filtered with filter paper, the remaining solution is
25 evaporated by treating it with a nitrogen stream, and the solid residue is vacuum dried at
80°C until a constant weight is reached. The percent by weight of polymer insoluble in
xylene at room temperature is the isotactic index of the polymer. The value obtained in this
manner corresponds substantially to the isotactic index determined via extraction with
boiling n-heptane, which by definition constitutes the isotactic index of the polymer.
30 Intrinsic viscosity is measured in tetrahydronaphthalene at 135°C.
The porosity of the propylene homopolymer used as the backbone polymer in the

manufacture of the graft copolymers in the examples is measured as described in Winslow,
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N. M. and Shapiro, J. J., “An Instrument for the Measurement of Pore-Size Distribution by
Mercury Penetration,” ASTM Bull., TP 49, 39-44 (Feb. 1959), and Rootare, H. M, Eds ,

.Advanced Experimental Techniques in Powder Metallurgy, Plenum Press, New York, 1970.

Scratch and mar resistance were measured using Ford Laboratory Test Method BN
5  108-13 (resistance to scratching). The apparatus included several weighted pins that rested
on the surface of the test specimen. The pins used for the scratch test were 1.0 mm highly
polished steel balls and the pins used for the mar test were 7 0 mm balls. The pins were
loaded with different weights exerting the following standard forces on the surface of the test
material: 2 0 Newtons (N); 3.0 N; 4.5 N; 6.0 N; 7.0 N. The pins were then pulled along the
10 panel. Allscratch lines were examined and rated according to a rating scale of 1 to 5, with |
= no scratch line at all and 5 = severe scratching. Improvement relative to the control was
the criteria for acceptable results. A black pigmented test specimen was used because
experience indicated that scratching was easier to see with the naked eye on a black surface
than on surfaces of other colors.
15 All gloss readings were taken with a 20 degree gloss meter from a smooth
(ungrained) sample.
The Chrysler crocking gloss test was carried out according to Chrysler laboratory
procedure LP-463PB-54-01 using an Atlas AATCC Mar Tester, Model CM-5. Dry Bon-
Ami cleanser was applied to half of a 4” x 6" molded plaque. The cylindrical acrylic finger
20  on the Mar Tester was covered with a 2” x 2” piece of 14-9956-000 green felt, commercially
available from Atlas Electric Devices Co. The cleanser-coated plaque was rubbed with the
wool felt ten times (ten double strokes). The 20° gloss was measured at several places on the
marred and unmarred areas of the plaque. The maximum gloss value on the unmarred area is
referred to as the original gloss. The minimum gloss of the marred area is referred to as the
25  marred gloss % Gloss retention, or mar resistance, is the marred gloss divided by the
original gloss x 100,
The Ford crocking gloss test was carried out according to Ford laboratory test method
B1 161-01, Mar Resistance Determination for Automotive Coatings, using an Atlas AATCC
Mar Tester, Model CM-5. A 50 mm x 50 mm square of 281Q Wetordry Production
30  Polishing Paper, commercially available from Minnesota Mining and Manufacturing
Company (3 um grade rather than the 2 um standard grade), was placed over a similar size

square of 14-9956-000 green felt commercially available from Atlas Electric Devices Co ,
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of a graft copolymer comprising a propylene homopolymer backbone to which was grafted a
styrene/methacrylic acid copolymer (PP-g-(S/MAA)). A comparison was also made with a

15 composition containing a maleic anhydride-grafted polypropylene compatibilizer, but no PP-
g-(S/MAA) graft copolymer.

In this and the following examples the propylene homopolymer used as the backbone
polymer had the following properties: spherical form, melt flow rate (MFR) of 10 dg/min at
230°C and 2160 g, 0.44 cc/g porosity, 96.5% insoluble in xylene at room temperature,

20 Mu/M,=35.

The monomers (60/40 styrene/methacrylic acid) were grafted onto the polypropylene
backbone at a grafting temperature of 100°C using the previously described peroxide-
initiated graft polymerization process. Ninety-five parts by weight monomers were added
per 100 parts of polypropylene. Tert-butylperoxy-2-ethylhexanoate (2.1 parts of active

25 peroxide per hundred parts of the polypropylene backbone polymer, 50% in mineral spirits)
was used as the peroxide initiator. The styrene and methacrylic acid were premixed and fed
at 1 0 pph/min for 95 minutes. A monomer to initiator (M/I) ratio of 100/] was used After
addition of monomers was complete, the reaction conditions were maintained at 100°C for an
additional 30 minutes and the temperature was then raised to 140°C for 90 minutes under a

30 mtrogen purge.

The graft copolymer was then blended with the materials listed in Table 1 All

polymers were used without drying, with the exception of the polyamide, which was dried in
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The maleated polypropylene (PP) compatibilizer was Unite MP1000 polypropylene,
commercially available from Aristech Chemical Corporation.
Irganox B225 antioxidant is a blend of 1 part Irganox 1010 tetrakis[methylene(3,5-di-
20  tert-butyl-4-hydroxyhydrocinnamate)]methane stabilizer and 1 part Irgafos 168 tri(2,4-di-t-
butylphenyl)phosphite stabilizer, and is commercially available from Ciba Specialty
Chemicals Corporation.
The samples were compounded on a 34 mm Leistritz twin screw extruder at a barrel
temperature of 245°C, a screw speed of 300 rpm, and a throughput rate of 25 Ib/hr. After
25 extrusion, the pellets were dried in a desiccant drier at 175°F for at least 2-4 hours prior to
molding.
Injection molded test bars were molded on a 5 oz Battenfeld injection molding
machine Mechanical properties were measured after conditioning for 48 hours at 50%

relative humidity and 23°C. The results are given in Table ]

16



VI Mm N(V-0~~MM~QV M* » MOO N MO 00 ' *NOO~-nNWM =00 Noo ~T dNN~N. "

Y7 O~ '~vlI M~- ~Nt~vD,noo'- NNl Mct ~N ~ ~D tWp O/5 June 2003
~9\IN’\NCI]\I~t\~1~_~ ~N.-.0000N V1 M~ ~0O ~cf' ~O~M ~ M~ N ~ ~MKT"ON-NM?
NN~ N Q i N~"' ~ ~
WO 00/36011 PCT/1B99/01963
Table 1
Sample 1 2 3 Comp.1 | Comp.2 | Comp.3
PP-g-(S/MAA) (wt. %) 38 33 31 48 43 -
BMWD PP (wt. %) 42 37 34 52 47 34
Propylene homopolymer (wt. %) - - - - - 31
S-EB-§-g-MA (Wt. %) - 10 10 N 10 10
Polyamide (wt. %) 20 20 25 - - 20
Anuoxidant (pph) 02 0.2 02 02 0.2 0.2
Ca stearate (pph) 0.1 0.1 0.1 0.1 0.1 0.1
Maleated PP (wi. %) - - - - - 5
Notched 1zod unpact (fi.1b/in) 0.72 22 19 0.52 0.9 3.7
Tensile surength @ yield (psi) 7856 6190 6710 5707 5128 4705
Flexural strength @ yield (ps1) 11130 8840 9390 8907 7149 5183
Flexural modulus, 1% secant 330 262 273 312 243 168
(kpsi)
Elongation @ break (%) 4 29 24 6.5 42.5 85
Elongation @ vield (%) 4 5 44 4.6 7 9.6
The data show an increase in tensile strength and a good balance of impact strength
and stiffness in the samples that contain a polyamide and a polypropylene-S/MAA graft
copolymer. The compatibility of the blend is indicated by its stable morphology, high gloss,
and good surface appearance.
5 Example?2

This example describes the effect of nylon-6 and an impact modifier on the properties
of a graft copolymer comprising a propylene homopolymer backbone to which was grafted a
styrene/alpha-methylstyrene/maleic anhydride copolymer (S/MS/MA). A comparison was
also made with a composition containing a maleic anhydride-grafted polypropylene

10 compatibilizer, but no PP-g-(S/MS/MA) graft copolymer.

The monomers (19.4% styrene, 44% alpha-methylstyrene, 36.5% maleic anhydride)
were grafted onto the polypropylene backbone at a grafting temperature of 90°C using the
previously described peroxide-initiated graft polymerization process. Ninety-five parts by
weight monomers were added per 100 parts of polypropylene Tert-butylperoxy pivalate

15 (1 5 pph active peroxide, 75% in mineral spirits) was used as the peroxide. The monomers

were fed at 1 pph/min for 95 minutes. The maleic anhydride was melted and also fed at 1
17
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pph/min for 95 minutes. A monomer to initiator (M/I) ratio of 100 1 was used. After the
addition of monomers was complete, the reaction conditions were maintained at 90°C for 30
minutes and thkxemperature was then raised to 140°C for 30 minutes without nitrogen.
Finally, the polymer was dried at 140°C for 180 minutes under a nitrogen purge.

The graft copolymer was then blended with the materials listed in Table 2 as
described in Example 1.

The BMWD PP, the propylene homopolymer, the polyamide, the impact modifier,

the maleated polypropylene, and the antioxidant were the same as in Example 1.

The samples were compounded, the pellets were dried after extrusion, and injection

molded test bars were molded as described in Example 1. The results of the mechanical

property measurements are given in Table 2
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Ca stearate (pph) 0.1 01 0.1 0.1 0.1

Maleated PP (wt. %) - - - - - 5

Notched 1zod impact (ft.Ib/in) 0.32 1.7 1.8 0.45 1.5 3.7

Tensile strength @ yield (psi) 5878 4990 5130 5450 4530 4705

Flexural strength @ yield (psi) | 9174 7060 | 7050 | 7860 | 6370 | 5183

Flexural modulus, 1% secant 309 218 203 270 225 168

(kpsi)

Elongation @ break (%) 43 33 28 10 26 85

Elongation @ yield (%) 3.9 6.14 52 $.3 5.6 9.6

The data show an increase in tensile strength and a good balance of impact strength
and stiffness in the samples that contain a polyamide and a polypropylene-S/MS/MA graft
copolymer,

Example 3

3 This example describes the effect of the molar ratio of styrene/methacrylic acid
(S/MAA) in the graft copolymer on the properties of the blend of the graft copolymer with a
poiyamide, a BMWD PP, and a rubber.

The graft copolymers were prepared as described in Example 1 The graft

copolymers were then blended with the materials listed in Table 3 as described in Example 1
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same as in Example 1.
The samples were compounded, the pellets were dried after extrusion, and injection

molded test bars were molded as described in Example 1. The results of the mechanical

5  property measurements are given in Table 3. N.Y. = no yield.

Table 3

Sample 1 2 3 4 5 6
Monomer molar ratio (S/MAA) 80/20 | 70/30 | 60/40 | 50/50 | 40/60 | 20/80
PP-g-(S/MAA) (wt. %) 34 34 34 34 34 34
BMWD PP (wt. %) 36 36 36 36 36 36
S-EB-S-g-MA (wt. %) 10 10 10 10 10 10
Polyamide (wt. %) 20 20 20 20 20 20
Antioxidant (pph) 0.2 0.2 0.2 02 0.2 0.2
Ca stearate (pph) 0.1 0.1 0.1 =0.1 0.1 0.1
Notched Izod impact (f.Ib/in) 2 1.7 2.2 0.9 0.4 0.4
Tensile strength @ yield (psi) 4200 | 5220 6190 | 6798 | 6050 | 5579
Flex. modulus, 1% secant (kpsi) 205 220 262 262 267 251
Flex. strength @ yield (psi) 6090 | 7150 | 8840 | 9131 | 9300 | 8193
Elongation @ break (%) 80 61 29 11.4 3.1 34
Elongation @ yield (%) 15 8.7 5 4.4 NY. NY.

The data show that a molar ratio of 60/40 S/MAA gives the best balance of

properties. Increasing the MAA content to above 50 mole % resulted in a brittle blend of
graft copolymer and polyamide

Example 4
10 This example describes the effect of using different polyamides on the mechanical

properties of a blend of a PP-g-(S/MAA) graft copolymer, a BMWD PP, and a rubber.

The graft copolymer was prepared as described in Example 1. The graft copolymer
was then blended with the materials listed in Table 4 as described in Example 1 The
BMWD PP, the rubber, and the antioxidant were described in Example 1

20
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polyamide, compared with the polyamide alone.
The graft copolymer was prepared as described in Example 1. The graft copolymer
was then blended with the materials listed in Table 7 as described in Example 1.
10 The BMWD PP, the polyamide, the impact modifier, and the antioxidant were the

same as in Example 1.

The samples were compounded, the pellets were dried after extrusion, and injection
molded test bars were molded as described in Example 1. The results of the mechanical
property measurements are given in Table 7. In Table 7, DAM = dried-as-molded and water

15 conditioned means tested after 7 days of water immersion at 23°C.
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The graft copolymer was prepared as described in Example 1. The graft copolymer
was then blended with the materials listed in Table 9 as described in Example 1
The BMWD PP, the S-EB-S-g-MA rubber, the maleated polypropylene, the
antioxidant, and the polyamide were described in Example 1. The ethylene-octene rubber
15 was Engage 8150 polyolefin elastomer containing 25% octene, commercially available from
DuPont-Dow Elastomers. The polyethylene wax, the polysiloxane, and the ceramic
microspheres were described in Example 8.
The samples were compounded, the pellets were dried after extrusion, and injection
molded test bars were molded as described in Example 1. The results of the mechanical

20  property testing and the scratch and mar testing are given in Table 9.
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and methacrylic acid and the molar ratio of styrene to methacrylic acid is 60/40.

20 6. The composition of claims 1-5 wherein the polyamide is polycaprolactam.

7. An article of manufacture made from the composition of claims 1-6,
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