Wo. 99/29749 PCTNS98/24117 1 ELASTOMERI C. PROPYLENE POLYMERS Thi s
application is based on U:S. provisional application 60/067,781, filed
12/10/97. 5 FIELD OF THE | NVENTI ON The present invention relates to

el astoneric R;ggx#ﬁge pol ymers incorporating nmacroners anccrusespans f or

t he preparatlg 0 ranched polyners having atactic pol ypropyl ene
backbones and isotactic or syndiotactic bol ypropyl ene 10 si dechai ns
utilizing transition. nmetal catalyst compounds. BACKGROUND OF THE | NVENTI ON
Ther nopl astic el astoners have commonly been produced by formng triblock
and nul ti bl ock copol yner sgy ASe68ERRE PROPYAIICE PORVMERR Pe useful as

t hernopl astic elastoner (T TPE ) .conposiiions due to the presence of "soft"
15 (el astoneric) blocks .connecting "hard" (crystallizable or glassy)

bl ocks. The hard b ' g r for kK th ypical use
t enper at ur es. Howevjcgfr‘)l,g ggﬁ%ﬁgtn%qﬂ% g%sgg %gﬁgs'epljtaﬁltgmﬂ% IaPél%gt?r?ﬁl eér%g?%tﬂes 2 bﬁfeé | ass
transition tempgnesare of the hard block, the polyner flows readily

exhi biting thernopl astic behavior. See, for exanple, G Holden and N R
Legge, Thernoplastic El astonmers: A . 20 Conprehensive Review, Oxford

University Press (1987). The begkLpOFTHE ANVENTIONN cl ass of TPE pol yners
are the styrenic block copolymers (SBC), typically linear tribl.ock

pol ymers such as st Fhenpresest pingension s relates ctoa relastamerie n @rapyleneli pelEmersyr ene,

Styr ene- (et hyl SRR sk RO lnoRREME pRIRERM frlpens ooy, .

branched SBC cbpadhgatestis palypropylene beckionksandrisotabtie sesyndipabyomiyprogyjene cal | y

are prepared by.,sequenti al .ani.onic I i zatiop or by chem cal coupling
_of lineat® dibl é‘é?%ﬁﬁ%@ns‘tf%mﬁ?@%{m%? n temperature (Tg) of the

typical SBC TPE is equal tRPACKCROUNDOF BHRINVENIION thus presenting a
limtation on the utility of these copolymers under higher tenperature use

condi tions. See, 30Themoplstisr elastemers Fayp esommennlsopes) peaduras| Prrefosmiagd
Mul ti phase Pol yigcx M idifblock copolymers. These types of copolymers can be useful as

thermoplastic elastomer (“TPE”) compositions due to the presence of “soft”
15 (elastomeric) blocks connecting “hard”. (crystallizable or glassy) blocks. The hard

blocks bind the polymer network together at typical use temperatﬁres. However,

when heated above the melt temperature or glass transition temperature of the hard

block, the polymer flows readily exhibiting thermoplastic behavior. See, for

example, G. Holden and NR. Legge, Thermoplastic Elastomers: A
20 Comprehensive Review, Oxford University Press (1987).

' The best commercially known class of TPE polymers are the styrenic block
copolymers {SBC), typically linear tribldck polymers such as styrene-isoprene-
styrene and styrene-butadiene-styrene, the latter of which when hydrogenated
become essentially styrene-(ethylene-butene)-styrene block copolymers. Radial

25 and star branched SBC copolymers are also well-known. These copolymers
typically are prepared by sequential anionic polymerization or by chemical coupling
of linear diblock copolymers. The glass transition temperature (Tg) of the typical
SBC TPE is equal to or less than about 80-90°C, thus presenting a limitation on
the utility of these copolymers under higher temp.eratﬁre use conditions. See,

30 “Structures and Properties of Block Polymers and Multiphase Polymer Systems:



WD 99/ 29749 PCT/ US98/ 24117 2 An Overview of.Present Status and Future
Potential", S. L. Aggarwal, Sixth Biennial Minchester Pol ymer Synposium
(UM ST Manchester, March 1976) Insertion, or coordination, polynerization
of olefins c Lgypde economcally more efficient neans ofpdaingsshsiing

copol ynmer pr S, both because 5 of process efficiencies and feedstock
cost differences. Thus useful TPE polyne2s fromolefinically unsaturated
nononers, such as ethylene and C3-Cg a-ol efins, have been devel oped and
are also well-known. Exanples include the physical blends of thernoplastic

ol ef i ns. (" TPO" ) SHGliedo PPl YRHLLRG Wil BhL 0SS P gpyl onie cgopol yrers,

and sim |l ar blends erernt yl ene- propy

et hyl ene- pr opy Bisnsiabiahdbéster Polyase Sympadjura(iMIST MandhbsaMart 1996)as t o
maintain well dispersed, discrete soft phase partigcles in a pol ypropyl ene
matrix. See, N. R F“E‘é‘{jﬁ‘& OF TR ﬁf"é’st?@y‘@? %?fcc‘g?%oﬁ’bsl?m‘éde

conpari son of pksinflly AbRASddnE Mmeans g?ﬁmfp@@mep aéct&%a&%eé?%%é“-

1991), and references cited therein. e use of netallocene catalysts for
ol efi n pot ymer pfBiocess effigignsiesiand deedstgels gefit difframcesc oFhus jubafali Pispalymerkie fi el d.

us P 5,391, 629 .descr h | asti |
compr i 91 1o t apEPBuORERT ShoreiRic HongBRsn 30 by Rt i e et
al pha- ol ef i N MARRBYeR dePMpPLABNE e Hisd Svdldndwa CE SR Hles SRATRMAS ég.gg aid to

be possible with single site netall ocene catalysts that are e of

preparing bot hbleadigak thesnopiagtionsielins £FIPQSD surkies nolypripwisns witheethylgrleast i ¢

el ast oners havi C Ml eqs.l | vet.hyl ene.or isotactic
pol ypr opyl ene g;nl%ylgg% '?o 0C éé) %@ Qxentﬂ%lyﬁgﬁ(gs- g?%%é‘l g‘%egtrﬁﬁ SeREOPYIRS A REse Earl y
Publ : cat ion _ngth?liwgop%lw?leﬁieﬂx_ase@ iselynaﬂdﬁlly:valcaaiqd sb?sb@nﬁinn?{ wfelh efin
copol ynmer prodyc . po rizin ropylene first so as tqQ forman

i sotactic pol yﬁvgﬁ%%eﬁgmﬁwdsqﬂ% S%Bﬂa‘fg’%& P AYNProRyifEe MRS r 58%1 MnB- wi t h

et hyl ene and pLegpe| €THermdMstic pladtymiE dateRbiiddNs chiipdridsn 815ph9£i€§§ Ertigs”, an

or ganoal um num coml)‘ound and a silicon-bridged, = biscycl opentadi enyf

zi rconi um di haFH-4e TOMRIYRdpaerhl42i{Sepb AP 1)) andieferppecs sid thereia. of
o BB 0 e SRS et Vel B Ll bl e, ©
St er eobl &tk Hopddidngigentributionsdothedield. BI.8.Ratent 5,391,629 describes thermoplastic
elastomer compounds comprising tapered and block linear polymers frbm ethylene
and alpha-olefin monomers. Polymers having hard and soft segments are said to be .
possible with single site metallocene catalysts that are capable of preparing both
segments. Examples are provided of linear thermoplastic elastomers having hard
20 blocks of high density polyethylene or isotactic polypropylene and soft blocks of
ethylene-pro.pylen_é rubber.  Japanese Early Publication H4-337308 (1992)
describes what is said to be a polyolefin copolymer product made by polymerizing
propylene first so as to form an isotactic polypropylene and then. copolymerizhg
the polypfopylene with ethylene and propylene, ‘both polymerizaﬁoné in the
25 presence of an organoaluminum compound and a silicon-bridged, '
biscyclopentadieny! zirconium dihalide compound. _
In addition, block-type polymers of polypropylene have been produced
which exhibit elastic properties. G. Natta, in an article titled “Properties of
Isotactic, Atactic, and Stereoblock Homopolyrﬁers, Random and Block
30 Copolymers of a-Olefins” (Journal of Polymer Science, Vol. 34, pp. 531-549,
1959) reported that an elastomeric polypropylene can be fractionated out of a



30 Copolynmers of a-defins" (Journal of Polyner Science, Vol. 34, pp.
531-549, 1959) reported that an el astoneric pol ypropyl ene can be

fracti onated out of a WD 99/29749 PCT/ US98/ 24117 3 polymer m xture. The

el astoneric P,bq,gﬁg,gg es were attributed to a stereobl ock stroroisesd117
conprising alternating isotactic and- atactic stereosequences. Simlar
conpositions were disclosed in U S Pat eht .4, 335,225. Mre recently,

I nternational Patent WO 95/25757 (Waynouth et al.) described a nethod for 5
synt hesis of elastoneric stereoblock olefin polynmers using catal ysts which
may change thgbymaenneirey THeedlwesaiere fibpertds wad Adibarehitoal sgaeBRBEEY) On a
time scale that is slower than the rate of nononer insertion, but faster
than the aver agfeictyrepompyising alterpatiag d?f’&?‘iﬁlccﬁﬁs%t?‘i&'étﬂt‘%ﬁpseqq?écqses§F‘Naﬁg

POl YIBr S MY Neuifi RBRCIWAES s N TS0 Beidny Sk 3840020 1 RASHDRletily, CS 1O

t her mopl astic él@stoners to anorphous gum 10 el asténers dependi ng-bn |igand
type and struclmersgtionsl Bas¢nt WO ?)iﬂilmm\?imomh etcdt)dcie.s«:r(hed a SidMFfﬁrG: THE

| NVENTI ON The present ides -a t astic el ast

comprisi g a RBUERS of REPRPHS SiePoBibok Bissh nohrer RuR bhliute RO RAY nes
anor phous,  at achange théd gamhgtgr(batydeane cﬁmmm&w@oﬁeﬁ?) oh timdGcedlei nt, | ow
nol ecul ar wei ght,, isota t| c or nd| otactic po opyl ene sidechains. This

differs from t Hatisslosien 1“?06‘P’6‘E’k‘“§ §P‘i thansth SVefags 8Me n t hat
the "hard" dongfsihge a{ainr&hsdmxw eﬁ@%suxtq.glpmymarst,h@ 1vd poBatiBSrangdi
resul ting polymer is unique in that the backbone has increased elasticity
over backbonesframyvémigalling thermaplastigsotosermaplastik slastomers, tomeombou;rm al-li ne
si dechai res r S I n ndar d
atactic %b(s)l ypr %%%/t?%%é éaﬂ]%ﬁgh&?%%d é{{:?(%ﬁg%gg g%érag(;%?éu gse¥ Bgnvent i on
conprises a bremglhmds. ol efi n pol yrrer havi ng crystal line si decha| ns and an
anor phous backbone wherein a of the sidechains are
i sotactic or syndiotactic pom —ast 80 nol e percent of

the backbone is atathd prefeat ivefin Weﬁd%&ﬂn@@ﬁkﬂxddaﬁmﬁépﬁﬁﬁﬁxsﬁ% provi ded

&

for producing a thernoplastic el ast orrer osition conprising:
novel structure of polypropylene. ure combines amorphous, atactic
15 polypropylene backbones with high melting point, low molecular weight, isotactic

or syndiotactic polypropylene sidechains. This differs from the triblock or
multiblock thermoplastic elastomers in thai_ the “hard” domain is primarily present
only in the sidechains. The resulting polymer is unique in that the backbone has
increased elasticity over backbones having both hard and soft blocks. Also, the
20 crystalline sidechains result in reduced chain slippage upon loading versus standard
atactic polypropylene.
The thermoplastic elastomer of the pfesént invention comprises a branched
olefin polymer having crystalline sidechains and an amorphous backbone wherein at
. least 90 mole percent of the sidechains are isotactic or syndiotactic polypropylene
25 and at least 80 mole percent of the backbone is atactic polypropylene.
Additionally, a proéess is provided for producing a thermoplastic elastomer
composition comprising: ' |
a) contacting, in solution, at a temperature from about 90°C to about
120°C, propylene monomers with a catalyst composition
30 comprising a chiral, stereorigid transitidn metal catalyst compound

capable of producing isotactic or syndiotactic polypropylene;



a) contacting, in solution, at a tenperature from about 90C to about 120C,
propyl ene nononers with a catal yst conposition 30 conprising a chiral,
stereorigid transition netal catalyst conmpound capable of producing

i sotactic or_s) nd&% actic pol ypropyl ene; WD 99! 29749 PCT/ Up@3/uddkkins 4 b)
copol yneri zi W8y9t9"ﬁe product of a) with propylene and, optionally, one or
nmor e copol yneri zabl e nononers, in a pol y#erization reactor using an ..
achiral transition netal catalyst capable of .producing atactic

pol ypropyl ene; and 5 c) recovering a branched ol efin polymer. DETAILED
DESCRI PTI ON OF THE \NVE Re [ | t er eobl ocks
of "hard" and "sof té‘) mh‘gtgg%ﬁﬂ‘gﬁn?ﬁé’a%‘%‘é’g%m |%‘§@%‘?3§1€%§)ﬁ%&g§’ereobl ocks
are achi eved t hrough i mneopowzs dopolymerifablghmaoneineisnig apolymerizakioww nol ecul ar

wei ght, isotactic or syndiotactic 1 .Pi; macroner. into amgrphous, atactic PP
backbones. The resul ti ngf%‘? reoproagre t&?}ﬁg??e{?ﬁ??@%?%%%ﬂgﬁfocks with
different stereo confi guiredicihigatdctic polgptepyenepdsd backbones as conpared to
the polyners with stereosequences in the_ prior art. The highly

crystallihe, stereo9peciFFRyenpghbranche B‘Fﬂ‘?B@Y’Pe’di spersed domai ns |inked by
amor phous backbones. TherehflEp DERIAPIIONCOF AIHAS INPRNYRORPY| enes have 15
enhanced el asticity as Conpared to Stereobl ocK thernoplastic el astoners,
yet reduced chai n Tharppplasticuplasiomers deantpim sstesenbinske ooft thazd"aend “soft”
pol ypropyl ene. The_ t he I | 4.0 ons, of I8 l.pvention
are conpri sed m&*}'gg{f ani(r:“he go ?‘%eirﬁlé&\?l/h@?g{engt%%?ﬁiglf‘l{?egéo?@"r%%é]5%8 one .and
pol ynmeric si dagbgporasionbehigiemeliag pbiny lovpmolepdlameeight| isoratic e shndiothefic
coordination or_insertian 20 cqonditions wth activgted transition netal:
or ganonetl | i o PR g ARSGRHES irtc B, brgkfiehs 1ht EospcK SerPRosh
syndi ot actic pabiyReRmavéBanodbisdks Sthi différe! YsttAbdrifiSrations @bragénés had | i ne or
gl assy properties suitable for hard phase, domains n accordance wth the
art under st ood bakheriengs eamRapRskte thepabmerywith sterposrguensesia themsioretalhed to a
pol ymer i ¢ backhgng &S stBEBipRHAL Srandiie BHAFHRR MipbSed QRS IIE! pot act | C
25 pol ypropyl en nd, optionall'y, one or nore conohoners. Preterably, the
_ amorphous backbones. Therefore, these branch block polypropylenes have

15 enhanced elasticity as compared to stereoblock thermoplastic elastomers, yet
reduced chain slippage upon loading as compared to atactic polypropylene.

The thermoplastic elastomer compositions of this invention are comprised
of branched polymers wherein both the polymer backbone and polymeric
sidechains are derived from propylene polymerized under coordination or insertion

20 conditions with activated transition metal organometallid catalyst compounds. The
sidechains are isotactic or syndidtactic polypropylene which exhibit crystalline,
semi-crystalline or glassy properties suitable for hard phase domains in accordance
with the art understood meaning of those terms. These sidechains are attached to a
polymeric backbone that is amorphous. The backbone is composed of atactic

25 polypropylene and, optionally, one. or more comonomers. Preferably, the
backbone is atactic polyprobylene. These compositions are useful as, among other
things, compatibilizers. '

As used herein, “isotactic polypropylene” is defined as polypropylene
having at least 70% isotactic pentads .acc-ording to analysxs by BeNMvr.

30 “Syndiotactic polypropylene” is defined as polypfopylene having at least 70%

syndiotactic pentads according to 'analysis by 13C-NMR.  “Highly isotactic



_backbone is atactic pol ypropyl ene. These conpositions are useful as, anong
other things, conpatibilizers. As used "herein, "isotactic polypropyl ene"
is defined as pol ypropylene having at |east 70% i sotactic pentads

accordi ng t owavekyads by 13C-NVR 30 "Syndiotactic pol ypr S EE2411%
defined as pol ypropyl ene having at |east.70% syndi otactic pentads accordi ng
to analysis by 13C-NVR "H ghly isotactiCT WO 99/ 29749 PCTf US98/ 24117 5

pol ypropyl ene” i s defined as pol ypropyl ene having at |east. 90% i sotactic
pentads according to analysis by 13C-NVR Preferably, the macroners of the
present i nvenpélgiropylenchisgdefiped aopalyriropylent Aewog iat lepst| 9906 Bptattengentads def i ned
as pol ypropyl ene havi ng about % or less of isetactic and syndiotactic

pent ads conbi nawordingotodanalysis Pyt ' GGNMRy s iPsefprably 3 thenmmromere fof thh PReseibout  20%

or less. The by f “fq!gﬁr AL ' I 1ine

si dechai ns mh'é‘r@%ﬁ%ﬁa eq?%}ggtﬁ&ég&ho e plg%g%ﬁé%gk ﬁLt ﬁgaéﬁgde%ﬁﬁgwgs r'%é

i sotactic or shavitigabaatt308e oplessyafisofagtieare syRliefacticaientads edmbimdatcd@dingol e
percent of the sidechai Pss are isotactic polypropylene. More preferably, at
| east 98 Sl e preanelysis bt~ G-HBR, naeferably abous 28%19 l¢ss.ot act i ¢ pol ypr opyl ene.
Most preferably, 1 S | r ' i

pol ypropyl ene. TheOﬁ?ﬁ%‘ﬁ&?%@ﬁ?/%{%rgis.ﬂ{er}’g?sgitnﬁg&%?gggar# c?yﬁglagﬁxg itsg(ré]&ﬁg‘\s/e an
anor phous backherein attieast PO nanle permgriit ECGthensidechams menisotattid be syddivkditice. i s

atactic polypr | ene. Preferabl 1. least 90 e .peccent of the
backbone is at 3@5%81’5? epgﬁ Wélﬁﬂtéﬁétaém pﬁF“@f“e&a‘b‘F ?Beé?m? gadiotaslc np). e
percent of the &9%%9}1&@.lMoreapn%ﬁ:i'db!;r,ﬁﬂ!d&rﬁmmbﬁn&rcéﬂ)éfﬂﬁrﬂe@ﬁﬁtﬁ! ate 100
nol e percent o? the backbone 1s atactic pol ypropyl ene. The physical and
mechani c#  pr ojsetesticRolyronire, Mot prefirahly. 109angierppisentef thresideshtinsotteed by
regul ating t he;si %}@y%@ Linity and amount of macroner incorporated. 20
The Macr oner Slls igé%al‘l) ensi dechai ns are pol ypropyl ene macroners, which
can be prepared undEhe bswbhedi polypes yofethez pieseph invention heves ani anforpletual | ocene
catal ysts suitab for .prepari jther -of isotackic,or,syndiotactic
pol ypr opy! ene. g%lkg?’}?f é’p{éﬁegpfaéa%%togb pP8Ee PECFY, © fne “batiosne| 5 Grdtic
polypropylene. Preferably, at least 90 mole percent of the backbone is atactic

15 polypropylene. More preferably, at least 95 mole percent of the backbone is
atactic polypropylené. Most preferably, 100 mole percent of the i:ackbone is
atactic polypropylene. The physical and mechanical properties of the branch block
polymers may be controlled by regulating the size, crystallinity and amount of
macromer incorporated. '

20 The Macromer Sidechains

The sidechains are polypropylene macromers, which can be prepared under
solution polymerization conditions with metall_péene catalysts suitable for preparing
either of isotactic or syndiotactic polyprdpylene; A preferred reaction process for
propylene macromers having high levels of terminal vinyl unsaturation is described

25 in co-pending U.S. application 60/067,783 filed 12/10/97. Typically used catalysts
are stereorigid, chiral or asymmetric, bridged metallocenes. See, for example, U.S.
patent 4,892,851, U.S. patent 5,017,714, US. .patent 5,132,281, U.S. patentl
5,296,434, U.S. patent. 5,278,264, U.S. patent 5,304,614, U.S. patent 5,510,502,
WO-A-(PCT/US92/10066) WO-A-93/19103, EP-A2-0 577 581, EP-A1-0 578

30 838, and academic literature "The Influence of Aromatic Substi_tﬁents on the
Polymerization Behavior of Bridged Zirconocene Catalysts", Spaleck, W., et i,



propyl ene macroners having high levels of terminal vinyl unsaturation is
described 25 in co pending U S. application 60/067,783 filed 12110/ 97.
Typical ly used catalysts are stereorigid, chiral or asymetric, bridged
met al | ocenes., SBRg7 Hor exanple, U S patent 4,892, 851, U. $CTRSMss17
5,017, 714, U patent 5,132,281, U.S.' patent 5,296,434, U. S patent
5,278,264, U. s, patent 5, 304,614, U S. ®atent 5,510,502, WO A .

(PCT/ US92/ 10066) WO A-93/19103, EP-A2-0 577 581, EP-Al-0 578 30 838, and
acadenmic literature "The Influence of Aromatic Substituents on the

Pol yneri zat i Ongﬁg@m&n]c@f 193] dBechZL%@O%&e%sacﬁiréUnM&Jné" PoljiRédAfdn W. et
al, WD 99/2974 'US98/ 24117 Organorret allics 1994, 13,  954-963, and .
"ansa- Zi r conoc EamlyRs I“ymrmbted(ﬂmg EigardsyEffects\ant GatzyticoAetivity amd Rolymer

Li gands- Ef f ect 5, an Cat LY Gl it

Bri nzi nger, .Eh Lg{lgt b m%%a g |e)ég?@§§%%@[’§6%’783 %ﬂocurrents
referred to theémms&fatehﬁnwm the stereorigid transition netal

cat al yst conpound use roduce, the isptactic pol ypropyl ene croners of
the preseht inventi®® gefé’%séﬁ Stezeprisd; Barsiion ’Q?téluﬁﬁ °§{)H°H'§PGF“T;F‘1 dged

bi s(i ndenyl) zh3RAAKERERCE p &@fea@ﬁﬁemtnersa;futar;ﬁ»és%ﬁtnﬁ&tnﬁab@qge&m the
transition netal catalyst conp di met hyl silyl - bridged bis(indenyl)

_zirconocene or frhmrth@g@ne COWM Qﬁ@défﬁfhbﬁ(yﬂdelm)emtcpmeﬁ iop hafigrenest I a cat al yst
d d

ot bt um i ohi 0PI e Mt e (ko ki Rl QRN 174 iR, 0

transition. rrebﬂdlgeddﬁﬁinﬂmyl)lmcmuimmbmhifmdmyﬂ Mmelmtferblnly,(lhadm;«m)n

haf h di net hyl si | h

G chior 1 g " br aell Grye: compoutiis Ay EERNe A PRE IR Ao

pol ypropyl ene oitﬁaﬂtaardwmwriaeetdmﬂ. prlﬁ%ﬁ&hergi?éf@f@dlé?ﬁboaﬁ&ni BRsfandtise! osed in
U S. Patents 4,892, 851, 155,080, and 5 381. The nethod for reparl ng

pr opyl ene- bas eietpheatdlye ise 4#‘&9‘?1}451)’&51]*#8314 bts@@}e@é)ﬁ:@g@m such #p/dimetbylailvhal * bonds
i nvol ves: a) cgg&a& *lmﬁudnﬁ‘dxﬁﬁthyférfqi;bm&iﬁ@py' ene, optionally a m nor armunt

of 20 copol ynmerTzable nonomer a catal yst corrp05|t|on containing the
stereorigid, activaPreferablyarths gitaipstsrpsed] tocprodiop sthe synvdintaatid pelypropylene

15 macromers of the present invention are those disclosed in U.S. Patents 4,892,851,
5,155,080, and 5,132,381.

The method for preparing propylene-based macromers having a high
percentage of vinyl terminal bonds involves:
a) | contadtirtg, in solution, propylene, optionally 2 minor amount of
20 copolymerizable monomer, with a catalyst composition containing
the stereorigid, activated transition metal catalyst compound at a.
temperature from about 90°C to about 120°C; and
b) recovering isotactic or syndiotactic polypropylene chains having
number average molecular weights of about 2,000 to about 50,000
25 Daltons. |
Preferably, the solution comprises a hydrocarbon solvent such as toluene.
Also, the propylene rtlonomers are preferably contacted at a temperature from
95°C to 115°C. More preferably, a temperature from 100°C to 110°C is used.
Most preferably, the propyléne monomers are contacted at a temperature from
30 105°C to 110°C. The taressures of the reaction generally can vary from
atmospheric to 345 MPa, preferably to 182 MPa. The reactions can be run



tenperature from about 90C to about 120C, and b) recovering isotactic or
syndi ot act-i ¢ pol-ypropyl ene chai ns having nunber average nol ecul ar wei ghts
of about 2,000 to about 50,000 25 Daltons. Preferably, the solution
conprises a WH6Rea¢ bon sol vent such as toluene. Al so, theqQuspsraiie
nononers are prererably contacted at a tenperature from 95C to 115C. More
preferably, a tenperature from 100C to lIOC Is used. Mbst preferably, the
propyl ene nononers are contacted at a tenperature from 30 105C to 110C. The
pressures of the reaction generally can vary from atnospheric to 345 MPa,

preferably to ggeniRaer dHEMIREIG! ICHARItIEA ol Suitable sHPHOGpe FadforE Gl W5§8124117

7 batchwi se or continuously.- Conditions for suitable s| urry-t!ype_ reactions
will also be bepuitableandtrg sixlar tojsplutign conditions, the palyressization wypisally brias
pol ymeri zati on_t V:pk.cal | | FYelt pyl ene under pressures
suitable to su?&%%ﬁ‘g{hk}c{)‘ipg%#é;%ﬁ{eﬁgss{ln%g%%%erego (E:]%ﬁ have narrow or broad -
mol ecul ar wei ght  5Thk pdlypropyiene mativhmelsdan hivve nazvosingxl brpad moletularSveight 5,
typically 1.7 to 3. . ionall m xt ur es.qf, sjdechai wi.t h different
nol ecul ar’ wei gﬂlsg‘%H‘é%é\éwé@@d.}ldr Fﬁﬂ“ﬁﬁ%‘@ -lgvt_@rga “ﬁﬁY ggﬁpa’r %‘?"d‘ﬁ]ﬁ >(Mh) of
the pol ypropyl gp@ureSBEIRASs with differeitmisi€iar Waighi3 ima§be bydal cal | y ranges from
greater than or equal to 2,000 Daltons to | ess than about 50,000 Daltons,
preferably | ess thafihetOnoter-averagsl nolssculaPr weightalfMys) ofh shevhpalypropydene
pol ypropyl ene macroners. of the, present .ingventiop is greater than or equal
to 5,000 Dal toﬁ"?f’mﬂeé‘f@r bPirsent fention ¥ rgieet @“;ﬁ’&%%{m’i?ﬂfgﬁ%it% are
made using sol ylgo0DalfolR$6 1659 RBHnt AHARE 50)008 (BdloRe] preferaBINt 18ssk Shan 0l0BDI ON
phase reactions are selected on the basi's of polynmer sSolubility,
vol ati | i1y andDelbmst y Preferably the vl cfr the i polypropiiene biacromiess ofi|theamessernr
aromatics are preferred.. I\gre referﬁblé a{’he solvent is aromatic. Mst
preferably, thdVSHAPIHEreRier g ¢ (ﬁ‘llé‘?“q Q000alioNsef i n Backbone The pol yol efin
backbone of the pr er%fEraHl)‘)‘ﬂ%}ﬁdc%lné&oﬁﬂ%@in%mﬁh%émt%ﬁmgﬁ&ﬁﬁﬁf-s and,

e

optionally, one or nore conononers. |n one enbodi nent of.
phase conditions. Preferred solvents for solution phase reactions are selected on

the basis of polymer solubility, volatility and safety/health considerations. Non-
15 polaf alkanes or aromatics are preferred. More preferably, the solvent is aromatic.
Most preferably, the solvent is toluene. ‘ |
The Polvolefin Backbone
The polyolefin backbone of the present inﬁn’cion is composed of propylene
monomers and, optionaily, one or more comonomers. In one embodiment of the
20 present invention, no comonomers are present in the polyolefin backbone, resulting
in a polymer having an atactic pélypr.opylené ‘backbone and isotactic or
syndiotactic polypropylene sidechains. |
In another embodiment of the present invention, one or more comonomers
are present in the backbone. Comonomers which are useful in the present
25 invention include ethylene, C4-Cyo o-olefins, and lower carbon number (C3-Cy)
alkyl substituted analogs of the cyclic and styrenic olefins. Other copolymerizable
monomers include geminally disubstituted olefins such as isobutylene, Cs-Czs
cyclic olefins such as cyclopentene, norbornene and alkyl-substituted norbornenes,
and styrenic monomers such as styrene and alkyl substituted styrenes.

30 Comonomers are selected for use based on the desired properties of the polymer



20 present invention, no conononers are present in the polyol efin backbone,
resulting in a polynmer having an atactic pol ypropyl ene backbone and ,

i sotactic or syndiotactic polypropyl ene sidechains. In another enbodi nent
of the present iﬁ%ﬁgtion, one Or nDre conNDNOMErs are presepirusisisng
backbone. CoNGTSREr's which are useful in the present 25 invention include
et hyl ene, C4-C20 a-ol efins, and | ower caBbon nunber (C3-Cs) alkyl
“substituted anal ogs of the cyclic and styrenic ol efins. O her

copol ynmeri zabl e nononers include gemnally disubstituted ol efins such as

| sobut yl ene, = | [ £ e and

al kyl - subst i tﬁléo ) anaé‘??gér’*r’feiﬂgg;% egﬁ’é‘ﬁgﬁ’?lﬁ %&%ﬁgﬁmﬁégﬁigxgéﬁ%ggoggr ene and
al kyl subst i t uthediesitedrapoust. of BfiGonononers are sel ected for use based on the

desired properties t he pol yner WO 99/ 297 CT1 USQ8/24117 roduct and
the netal | ocene errp%%aor\?mg’mnyeﬁseargélfeéﬁﬁbe& pf%?ra 1¥§°’§B?ﬁ%i‘%°§n % J° izﬁé"gorl%or ate
the desired anmpetént@F thelbeincied polBRfin caNpURRIGR! Modé Preferadll, tHeltomonsrdrer abl y

conprise from3 to, 20 nole ercent of the branched pol yol efin conposition.
More preferabl f?mPll’PéfT@Sh%) %lepg%ﬁfﬁtth@“ RPlyolelin gémpositianner cent  of

the branched pol yol ghd haGOUMAS bickBhe Will GyfIBHS cBinpfiddCat IBSKIO B e the
typically conprise at |l east 40 wt% of the total polzfguer mass, that of the

backbone™ and t hesalspalgradramass, thetjof ks backbonehand thacsideshainst togetber Isg thé | | have
a nom nal wei ght-average I | ar weight (M, , wei ght. of at | east equal
to or great ergtbﬁ °na"098’t°a@88‘%8ﬂ9 ar ﬁ%‘"‘ggrwg"%m ® %fblah_é"&lﬁﬁ‘f M’idi cgt e
that direct ”e%«?eWh?B?QttlF%E ﬁiﬂﬂlc o oxlt E&a@@ﬁﬁﬂ%ﬁ@uﬂ 1%0'0%6.2)‘?%\5 ted REMRAIAL © Put

that characterization o opol ymer product will bt neasurenents

- of Mv thas cor usddate mdicate diap slireapemsuienhte ofWMg i the Habidbope liy gl
backbone inclusive only of the nonoolefin nmer derivatives and the insertion
noi eties of thdmpossiblsr Bytc Het chamcterization, ofs theacopolanes pRedusy Wil exkibit ul for

produci ng the branched. pghyo | e resent jnventi include all
ot al st whi oo iaRE N B ottt blictoB RS Rmale b of iRt
I ncorporating HadkBohd Grfukivel WAL of iIRS nidhodléfh kriePldefiVdtivestind the insertion

moieties of the sidebranches.

15 Catalysts
Catalysts which are useful for producing the branched polyolefin of the

present invention include all catalysts which are capable of producing atactic

polypropylene and incorporating significant quantities of the isotéctic or

syndiotactic polypropylene macromers of the present invention. Preferébly,
20 metallocene catélysts are uséd.

As used herein “metallocene” refers generally to compounds represented by
the formula CpuMRaX, wherein Cp is a cyclopentadienyl ring WMch may be
substituted, or derivative thereof which may be substituted, M is a Group 4, 5, or 6
transition metal, for 'example titanium, zirconium, hafnium, vanadium, niobium,

25 tantalum, chromium, molybdenum and ﬁmgsten, R is a hydrocarbyl group or
hydrocarboxy group having from one to 20 carbon atoms, X is a halogen, and
m=1-3, n=0-3, ¢=0-3, and the sum of m+ntq is equal to.the oxidation state of the
transition metal, - : _

Methods for making and using metallocenes are very well known in the art.

30 Fpr example, metallocenes are detailed in Uni'ted States Patent Nos. 4,530,914;



.syndiotactic pol ypropyl ene macronmers of the present invention. Preferably,
20 netal | ocene catal ysts are used. As used herein "netall ocene" refers
generally to conpounds represented by the formula ConiVRnXq wherein Cp is a
cycl opent adi e@ydorzyiamg whi ch may be substituted, or derivatBGFEIPHIELS

whi ch may be substituted, Mis a Goup 4, 5 or 6 transition netal, for
exanple titanium zirconium hafnium vanhadium niobium 25 tantalum

chrom um nol ybdenum and tungsten, R is a hydrocarbyl group or :

hydr ocar boxy group having fromone to 20 carbon atons, X is a hal ogen, and
mFl- 3, n=0-3, q342 899;an)TbXI6; 4808,661;4,8H]7055 49p3a1031 6,937,099; 00 ETldpn St at e

Very el | knowhopn/Pc i’ 3093a5T s B3 Sl ASAERE, LOGERE) 5%
United States BafemMos. 4,530, 914; WO 99/29749 PCT/ USO8/ 24117 9

4 542 199: 4,769 910 808 561: 4, 871 705 4,933 403: 4,937, 299:
5 017, 714: 5, 026, 7bsfera3>1m5fre gatalyst isech tp eppuce theybranched polyglsfin gof the

5 250,200, bRy B f e A i Skl i

nono- cycl opent aﬂsem;dclotesdammlﬂ BoPatentsab,5¢4 o and|, 5,83%;056as Suchogefediedcl osed
in US. Patents 5, 5?}&% 9.and 5,539, 056. Such preferred conmpounds i ncl ude:
di met hyl si |yl ( PEERUAES PP ¢ opent adi enyl ) (cycl ododecyl ani do) titani um

di chl ori de, dum&ﬂwhﬁ(tbtymﬁ&mdyaap&.mdieﬁyls(bﬁmaaglaﬂﬁad) Yitaabosd ABRxIde; ani dO)

titani um dichl oride

di et hyl si |yl (ti’é'teﬂé{hﬂ!( ﬁWWWB’[X@‘HP%d@ﬁ!ﬂ)(ﬂclﬂhﬁﬁéﬁm*ﬁo} titepiuggdichlerideni um
dichl ori ¢g, umggxshﬁttkﬁdn(&}ﬁaéya%m&keﬁm ERA AR FHAY) tbriaaR dicHloftd, A0)

titani umdichl
di met hyl si | yl (ﬂmteﬂulséylﬁyttm&ﬂhMelnpemthdmnyﬁ() btylaoidol) atannim)dld;hldraim um

,? : f gln ? L Imd g i ch F g{;rrrehg{ysﬂﬁtte%aéetthflcyglopen %f(ls-%gty&%f%jo) %ta\{mgn( (PIGI'HO td@ am do)

gISrnét hﬁ: si | 2;' ( epietyERylpatiyipebpatideny(hbatyinids)araainniipidky) titani um
I C ori e,

di et hyl si | yI ( t Simehisiti(tetamathylrydlonsatadiepy)(exa 2 marhomulamido) t2aim ¢ i t ani um
dichlorige, di arcmsh&e aiekyls @91t FRreth iU GheARARhAT I bécsX Anido) 1R Ny | ami do)

titaniumdichlorid

di et hyl silyl (t élchlam diethylsiiylGeteametholczelgpentadienyl) reox§-nodhaimpiamido)
titanium dichloride, diethylsilyl(tetramethylcyclopentadienyl)(cyclohexyl-amido)
titanium dichloride, diethylsilyl(tetramethylcyclopentadienyl)(1-adamantylamido)
titanium dichloride, methylene(tetramethylcyclopentadienyl)(cyclododecyl-amido)

20 titanium dichloride, methylene(tetramethylcyclopentadienyl)(exo-2-
norbornylamido) titanium dichloride, _
methylene(tetramethylcyclopentadienyl)(cyclohexylamido) titanium dichloride,
methylene(tetramethylcyclopentadieny!)(1-adamantylamido) titanium dichloride,
dimethylsilyl(tetramethylcyclopentadienyl)(cyclododecylamido) titanium dimethyl,

25 dimethylsilyl(tetramethylcyclopentadienyl)(exo-2-norbornylamido) titanium
dimethyl, dimethylsilyl(tetramethylcyclopentadienyl){cyclohexyl-amido) titanium
dimethyl, dimethylsilyl(tetramethylcyclopentadienyl)(1-adamantylamido) titanium
dimethyl, dimethylsilyl(2,5-dimethylcyclopentadienyl)(cyclododecylamido) titanium
dichloride, dimethylsilyl(2,5-dimethyleyclopentadienyl){exo-2-norbornylamido)

30 titanium dichloride, dimethylsilyl(z,5-dimethylcyclopentadienyl)(cyclohexylarrﬁdo)
titanium dichloride, dimethylsilyl(2,5-dimethylcyclopentadienyl)(1-



titani umdichlori de, _ _ :

di ethylsilyl (tetramet hyl cycl opent adi enyl ) (1-adamantyl am do) titanium

di chl ori de, nethyl ene(tetranethyl cycl opentadi enyl) (cycl ododecyl -am do) 20
titaniumdichlorid s met hyl ene(t etranet hyl cycl opent adi enyl pe@x8os24117

nor bor nyl ani H’Q)”’t’?ﬁani um di chl ori de, _
nmet-hyl ene(tetranet hyl cycl opent adi enyl ) (d9cl ohexyl am do) titanium

di chl oride, nethylene(tetranethhylcycl opentadienyl)(1-adanantyl am do)

titani um di chl ori de, :

ety ot L2 (ARRGATRIME) GUALARRRIGHE: kb il s ad0decy! am do) titant um

di net hyl si | yl ( figlethglepdidpehaitienydiieyctod ddeeyiyinido prtanidmmiiuhloeidey | ani do) titani um
dimet iy o et ) S L B S SRR 3, BN JASAe] S - m )

di met hyl si | yi ( giehibAdee Bty iIGPrPainRthyRlbpenthdid {oYex3THED) titanfugi UM
di met hyl . di met hylsifyl (2}?5§9d?ﬁt_hyl gﬁg?loﬁ[;\'félnt.agigeqnsyl el otatoomam do)
titani um5 di chfighlpgde, dimethylsilyl(3,4-dimethylcyclopentadienyl)(1-adamantylamido)

di et hyl si | yl (&aﬁ&ﬂdﬁ‘&i\%ﬁﬂrﬁ&ﬂﬁﬁ@f@-@i@ﬂﬁd ) (exo- 2- nor bor nyl am do) 30
I"de,

titani di chl

_ d: ng'? Ih;lmsi : ;I (%;ﬁymyamm&ie%t)[aypbdodedylaniﬁb)ﬁ@anjxm{ dibldenydeadimathylsilyi@t ani um

di chloride, dingthylsilyl (2, 5-di hyl t.qd| 1) (,1, WO, 99/ 29749

pCTI Ugg;31§411|7g‘351185¥’5‘§'§ W‘&H&%‘g’ﬁkﬁlzyﬂ%ﬁﬁ?ﬂ%ﬁ?I‘%%‘é’?‘%ﬁ?“r?ﬂf’%yl si 1yl (3, 4-
di et hyl cycl opgitleifyisayiel ottt $chaRdeRbybritidO)(chilbRRylamde) GBhieni de,

di met hyl si |yl (3, 4-di net hyl C¥C| opent adi enyl ) (exo-2-nor bor nyl an do) titani um
di chl ori ¥, " di ﬁ’éblﬁlyql%ﬂmﬁi/’(!@,ﬂ(?d?%étSHWW@f aperedisnybysdamagiplegidexy| ani do)

titaniumb5 dic ' i {0ef: i di met hyl cycl opent adi enyl ) (i
-adamant yl am dgéaﬂﬁltn?dt?%h%ﬁigm dl?%thfi%iry}(%éﬁwg? nmet hyl sil yl (2-et hyl - 5-

met hyl cycl opentethyleyiopeptediciyiiierdiodgdeaylaniidp)titanium dinhldidsh dimethlsilyl3-

f': t”gtnf‘ﬁlmsh: Z'hl( %tl'hylg«fé{r%l@l%cﬁ@pte:@ééi_gﬁ&?)k&gﬂlﬁoa i 2 2nidm ARRRAGY ! am do)

di rrgt hK: Si | él ( dinetHylliviG-earmil-Avthabyléyelopaitaditrs) (tygléleyglbmidoxythdioindo) titani um
10 dichlori de,

di met hyl & | yI ( 9iclprida. dismethyisivl(GsrhylSrasthudenclongitydienylf-aiamagyamidad) ¢t ani um

di chloride, di gRhia déHiotdeiimbAybityff2-ethyl-3-hexyl-5-methyl-4- _
met hyl cycl opent adi enyl ) (cycl ododecyl am .dggﬂtil t ani um di chl ori de,
di net hyl si | yI ( sctylsyqigpentadigasDisyrlegedeaylamideXtitariym dichledidg- nor bor nyl ani do)

G et gl 51 1y 1 ( il 3 hexy Smetuta-oenlepclopmutsdipm e o) 4 an um
15 di chl ori de, norbornylamido) titanium dichloride, '
et hy! 5§ 11 s AR A QB A S ARt
titanium dichloride,
dimethylsilyl(2-ethyl-3-hexyl-5-methyl-4-octylcyclopentadienyl)(1-
~ adamantylamido) titanium dichloride, _
dimethylsilyl(2-tetrahydroindenyl)(cyclododecylamido) titanium dichloride,

25 dimethylsilyl(2-t‘etrahydroindenyl)(cyc]ohexylamido). titanium dichloride,
dimethylsilyl(2-tetrahydroindenyl)(1 -adamantylamido) titanium dichloride,
dimethylsilyl(2-tetrahydroindenyl)(exo-2-norbornylamido) titanium dichloride and
the like. |

The most preferred species are:

30 dimethylsilyl(tetra'methj(lcyclopenta.dienyl)(cyclododecylamido) titanium dichloride,

dimethylsilyl(tetramethylcyclopentadienyl)(cyclohexyl-amido) titanium dichloride,



titani umdichloride, dinethylsilyl(2-ethyl-3-he)qgl-5-nethyl-

octyl cycl opent adi enyl ) (cycl ododecyl am do) titani um dichl oride,

di met hyl si Iyl (2-ethyl -3 hexyl - 5-met hyl - 4- octyl cycl opent adi enyl ) ( exo- 2-

nor bor nyl am 9h;{,.,t@nlumdlchlorlde 20 PCT/US98/24117

di methylsily > hyl - 3- hexyl - 5- et hyl - 4- octylcyclopentad|enyl)(cyclohexyla
m do) titani um dichloride, 11 :
di met hyl si |yl (2- et hyl - 3- hexyl - 5- nethyl 4- octylcyclopentadlenyl)(l-
adanmant yl am do) titani umdichloride,

di met hyl si |yl (51“? W@?‘ahydrm ndb?’&m g?dﬁgmgmﬂ%;ﬁthﬁlmlmﬂdghl oride,

25 dinet hyl si | enyl ) (cycl ohexylam do) titanium di ‘chl ori de,

di met hyl si | yl ( dimegtylsdyl(tetrametidayglopentadienubiiene-gingrhiooryjamida) sitanium di chl or i de,
di net hyl si | yl i !
i Chl of i de. ang icpiRESg SR 51 oo OB RGN A0 A0e ) Hedt
gl rrﬁlt hyl ZI | yl ((j Hﬁaﬁdt}@ﬁrfzﬁﬂi?th}dglyl(?panﬂhyiéﬁwpbr)tQQW)Cn(gii_ddhaxlyﬂ-miiﬂm)t?]mﬁm ani umd )
i chl ori de, i et hyl si ra i en cycl ahexyi - ani do
titani um di chl §iR %@é‘ﬁ@?ﬁ@nﬁﬁ%ﬁ% })?1 é”%“‘%’l("m}/d%g tianain
dimethyl si |yl (Tdﬁﬁe‘cl@'ﬂ%hbluhﬁﬂﬁisﬂﬁ@&}%l@w&mﬁéxﬁa’ﬁ&ﬂ?{@i&b-&ﬁ}%ﬁ)ﬂaﬁh&@n' um
i chl ori de,

di met hyl si | y| ( titmiugndimetyleycl opent adi enyl ) (exo- 2- nor bonyl ani do) titani um
di chl ot de. i et hyl o iS00t ihd GHRBRe e AL PR S $EhHATG A 0O

titanium di met hyl
di et hyl si | yl (hetdeﬁnutMmlwmmﬂmrmmb@mmhmhmmwlky ligamdum 5

di et hyl g 01 Tt ltsolnl 1S b SRR oY it SRR M AR e~ ATRTRNE a5 T 10

di met hyl si | yl (h@édraarzﬁta&whwycn@wé admmybﬁ;ﬁaxs&s&”oxrmmhgmumm) nor-i t ani um
dinethyl. The terns cocasoq?l yst" and "activator"” used herein

i nt er changeab| Jmiting exapplespd b pre @Psﬁ'ébeﬁﬁ'}'Uc%r?ﬁ%m°o‘f Gﬁﬁpﬁoﬁ@ﬁg 54thi ch can
activate a bul lyoh | '39@‘”512061—@9t rﬁm'ﬁlboﬁ 3TRYSd £950N8Nd ok 483 "Rlogs keLene, as

defi ned above. Auunpxane nmy bé used as an activator. There are a variety
of nethods for. 5§|0§4§é5|51§29aﬂ313rr§>?é&§01 nHa35,08 1St I5Ag3Ex akgR.e wid BRiAR are

describegs i n Usey Jaat aploylod 885e7080 %12 g0 BeRffbo?SF niy 395 199

5, 204, 41
: preferable to use a visually clear methylalumoxane. A cloudy or gelled alumoxane

can be filtered to produce a clear solution or clear alumoxane can be decanted from
the cloudy solution.

1t is also within the scope of this invention to use ionizing activators,

20 neutral or ionic, or - compounds such as tri(n-butyl)ammonium

tetrakis(pentaflurophenyl)boron, which ionize the neutral metallocene compound.

Such ionizing compounds may contain an active proton, or some other cation

associated with but not coordinated or only loosely coordinated to the remaining

ion of the ionizing compound. Combinations of activators are also contemplated by

25 the invention, for example, alumoxane and ionizing activators in combinations, see
 for example, WO 94/07928.

Descriptions of ionic catalysts for coordination polymerization comprised
of metallocene cations activated by non-coordinating anions appear in the early
work in EP-A-0 277 003, EP-A-0 277 004 and US patent 5,198,401 and WO-A-

30 92/00333, These teach a preferred method of preparation wherein metallocenes

(bisCp and monoCp) are protonated by an anion precursor such that an



.5,308, 815, 5,329,032, 5,248,801, 5,235,081, 5,157,137, 5,103,031 and
EP-A-0 15 561 476, EP-B1-0 279 586, EP-A-0 594-218 and WD 94/10180. It may

-~ be -preferable to use a visually clear nethylal unoxane. A cloudy or gelled

al unoxane c%d;;;?97f4bl tered to produce a clear solution or ecearsssidauroxane
can be decante rom the cloudy solution. It is also within the scope of
this invention to use ionizing activatorld, 20 neutral or ionic, or
conpounds such as tri(n-butyl)ammoni um tetrakis(pentaflurophenyl)boron,

whi ch ionize the neutral netallocene conpound. Such ionizing conpounds nmay

contain an act jj¥amnEGiORouP s HRFR1eARRE aGAhiiGoh mBASRCHhALSHp¥htdL&EE Nnot
coordi nated or only | ooSely coordinated to the remaining ion of the -

i oni zi ng conpoeankcha@erbislanced by the non-caerdinging@nionar e al so cont enpl ated by 25
the invention, for e - e L. ONL Z] [ '

conbi nati ons, see f%er exa%@é%ﬁ@gﬂ%gégg?‘gﬁhhc?‘égétg%sﬁldggingt

catal ysts for esapdidataabisaid paioy nerwhiel i onlg owgaklys esbrdindtedred adil catiore cati ons
activated by ngn-coordi.nati ng. ani ons.. - appear. i.n e earl wor.k .in EP-A-0
277 003, P A Geshy To0AaROSIRLY She 35 Heotipteed 1 el 180960333,
These teach a peshsibRY noRtdREnging iRl @i MOse\ReHid BreMBb2ldbfa@ACsH (bi sCp
and nonoCp) are protonated by. an anion precursor such that an WO 99/ 29749

PCT/ US98/ 2411 7neutrality) whan/thy éitialle fymed somplex deqamposesdFurthsm the exigmadil i on
metal to meke hiy il 6 ahiBfik SubsBRin hAARAANARE Salidlsol AoNakecES di nal ing
ani on. The term "noncoordi nating ani on" ans an ani on i ch elther does
not coor di nat érmoa gaitrl fouriconrdimatevinétaliocerne comipound abd ¢ nevteal diyrpaedidt t 0 sai d

cation t her gh enai_ni figiently labjle to .be di.splaced a
neut ral foewi S ﬁgée&'e A %Q%%#ngaﬁ%%%%ﬁd‘}s%@ 1nn@°°%rﬁ?r§ﬁ§"1§'r%’stlﬂ‘6e§gg%i ch are
not degraded t are thedet whith tie culpatibild) estdbilize ithd ytafléueni® dativa riplthx sehe€ ofrposes.

Further, the apion . wi)l ., pot transfer- an anionic sypsti nt or fragnent to
the cation so B¥anc@eciy,iome; ¢hafgs ingg)H, state vt refain c"i%g#’ﬁﬁ%é? @t al | ocene

conpound and agfkdenidht By R Eknicath of ra@éﬁl&lﬂ&ll?ﬂin@-ﬁura&;@ﬂﬁ%hﬁf wtihg!g ani ons
useful in accordance with this invention ~are those which are conpatible,
stabilize the Relympizsiehe cation i'n the sense of :

15 . The use of ionizing ionic compounds not containing an active proton but
capable - of producing the both the active | metallocene cation and an
noncoordinating anion is also known. See, EP-A-0 426 637 and EP-A- 0 573 403.
An additional method of making the ionic catalysts uses ionizing anion pre-cursors
which are initially neutral Lewis acids but form the cation and anion upon ionizing

20 reaction with the metallocene'. compounds, for example the use of
tris(pentafluorophenyl) boron. See EP-A-0 520 732. Tonic catalysts for addition
Ppolymerization can also be prepared by oxidation of the metal centers of transition
metal compounds by anion pre-cursors containing metallic oxidizing groups along
with the anion groups, see EPfA-O 495 375. |

25 Where the metal ligands include halogen moieties (for example, bis-
cyclopentadienyl zirconium dichloride) which are not capéble of ionizing
abstraction under standard conditions, they can be converted via known alkylation
reactions with organometallic compounds such as lithium or aluminum hydrides or
alkyls, alkylalumoxanes, Grignard reagents, etc. See EP-A-0 500 944 and EP-Al-

30 0 570 982 for in situ processes describing the reaction of alkyl aluminum



bal ancing its ionic charge in a +1 state, yet retain sufficient lability to
permt displacenent by an ethylenically or acetylenically unsaturated
- mononer during polynerization. 15 The use of ionizing ionic conpounds not
contai ni ng aR,3ghd7¥e Proton but capable - of producing thechasteadne active
nmet al | ocene cat'ion and an noncoordinating anion is also known. See, EP-A-0
426 637 and EP-A- 0 573 403. An additiddal method of maki ng the ionic
catal ysts uses ionizing anion pre-cursors which are initially neutral
Lewi s acids but formthe cation and ani on upon ionizing 20 reaction with

the netal l Ocen&ng;%ﬁp&uwm dihbiRlsubtait MelallSoels BoMpountis bbbkt IROPheNy! )

boron. See EP-A-0 520 732. lonic catalysts for addition polynerization can
. al so be prepar atfitiop ofrétivatiniganiopic compoynds.al centers of transition netal
conpounds by ors containing netallic oxidizing groups al ong

I on P
wi th the ani OMERA—O 495 375. 25 Where the netal |igands
i ncl ude hal ogen noiEieimRallobanes dosaritpdcherein sre pesferhishp supipadedugiig & psroani um

di chl oride) which are not, _capable of ionizin apstracti on under, standard
condi ti orfs, t hEAHAte BEISEH) PR P0r Framplen i SBreapic 45, inqreanis Shgrides,

or ganonet al | i CafdQBIRHE diatebibls Buchs bolyBlefidrYolyeddcompodndélr i des or  al kyl s,
al kyl al unoxanes, Gignard reagents, etc. See EP-A-0 500 944 and EP-Al 30 0

570 982 for in situllsrmesepretasted supnortonaterialsase pergus ingrganit oxidg ymatesialsni num WO

99/ 29749 PCT/ USRBI 2L nod3scARONISC/ ) AV HIBhu oWyt of 4Tst pf | ocene

conpounds prior to or W I on - of I 'ng ani énr’c’ Conmpounds.
Support Material $4 Thetalnetidds! oB8ilineg saluhsing,r silivachiunging | and amixtupese theradb| aye

supported using a porous. 5 papticul ate erial, such as far, exa Ié,

ol oo | nl gan: Sabycpreterch o Ot ora s thah ey BE ertofRied: it FAE. such as
pol yol efin or goinydsRibinatiGOWRE Yisilica T AIBmIR Fr sPicLhRiiAChré WARMsla, MRLRAI I al s are
porous inorganic oxide materials, which include those fromthe Periodic

. Tabl e of El emﬁf@%@bﬂiﬂ@ 2, 3, 4, 5, 13 or 14 metal oxides. Silica,
aluni na, silica al WiAnAngslipth ubdial BRLRAS AELHAOH BA L LEHLAGH

preferred. O her i norgan}ygtnoxi es tahat NZ’;E/)Fqgle errprvoyeg e%t erc a* orllne

the range of from about 10 to about 700 m2/g, a total pore volume in the range of

15 from about 0.1 to about 4.0 cc/g and an average particle size in the range of from

about 10 to about 500 pm. More preferably, the surface area is in the range of

from about 50 to about 500 m2/g, the pore volume is in the range of from about
0.5 to about 3.5 cc/g and the average particle size is in the range of from about 20
to about 200 pum. Most preferably the surface area is in the range of from about

20 . 100 to about 400 m2/g, the pore volume is in the range of from about 0.8 to about
3.0 cc/g and the average particle size is in the range of from about 30 to about 100
pm. The average pore size of typical porous support mateﬁals is in the range of
from about 10 to about 1000A. Preferably, a support material is used that has an
average pore diameter of from about 50 to about 500A, and most preferably from

25 about 75 to about 350A. It may be particularly desirable to dehydrate the silica at a
temperature of from about 100°C to about 800°C anywhere from about 3 to about
24 hours.

The metallocenes, activator and support material may be combined in any
number of ways. Suitable support techniques are described in U. S Patent Nos.

30 4,808,561 and 4,701,432. Preferably_ the metallocenes and activator are combined



or in conbination with the silica, alumna or silica-alum na are nagnesi a,
titania, zirconia, and the like. Preferably the support material is porous
silica which has a surface area in the range of fromabout 10 to about 700
n2/g, a tot a{vo[b%@myo' une in the range of 15 from about Opérisssasmat 4.0
cc/g and an average particle size in the range of fromabout 10 to about
500 gm More preferably, the surface ard4 is in the range of from about 50
to about 500 n2/g, the pore volune is in the range of fromabout 0.5 to
about 3.5 cc/g and the average particle size is in the range of from about

20 to about 200 g0} rMaith p%&eﬁﬁngmreedtoh%%é@%ﬁpm&@ asrue%aﬂ,ea ange of

fromabout 20 100 to about ore vol'unme is in’'the range of

from about 0. 8Ut 8. RatentiNo. 3240, 8%/agdm9ﬂ4?@0&44é&'@g?é/09&4% red WQ;?GZQO%?} in the
range of from ghout T | i cal
porgus suppor t atwe&l ishgi"gel?%ginépg'a%mggma%vgﬁé %{%g%aé)ﬂ%ﬁdlgl %o rﬁlE)lml';c%”oloooA.

Preferably, a sithpey suppait evdterlal eithetl S€ratdlpor In@then Ifithe rragallopenes atd anet er
of from about 50 to, about 500A, d referably from 25 about, 75 to
about 350 |t SREFCSBRPTSe Hieh PRIralE, b 60 et aFBIEs ha RPHRTa ot
t enper at ure of péRMARAPlymbAHEh 0 about 800C anywhere from about 3 to about

24 hours. The netall ocenes, activator and support material may be conbi ned
in any nunmber of wBgesrdlesyafaphethery fisometalloesnni ande gctivetor darscrappeteli n U. S

Pat ent Nos. 3 5 I II es and
activator are g ﬁ%n?%geg %%ﬁ%ﬁéﬁ%égﬁﬁf@ a¥i%]&l@t el ?é:(r?%act i.on
product suppor tetsl volanietof rq:aonmusnlmnppppltednnpeﬂouabup@sndepxeferdbbdessrtham S
Patent No. b5, 24tE 894. and, WO 94/ 28 34 96/ 00243, and WD 96/ 0 45,

Al ter nat el y, 2RG4E rfg'ﬂeélt?%u"é‘? Pr %&d’é’f‘?‘\?é’t‘@ﬁ’%gﬁé&? B’E‘%’%}’ya & t hen
combi ned Wi t hiah Qb&itBPRnEs KB teYal ?clre Qbhhﬂroﬁﬁé)%ﬁhﬁkd@peft #8@0tebre | f the
met.al | ocenes are 5 separately supported then preferably, they are dried
then conbi ned Besfesablpifdke rangsoeffrom mote wﬁwymlezmhmﬂbou%éém%%es of
whet her the me{all gaeNG, or
whet her the rret&+lpocene %% H’g\ég%o %&?@ga | ne%%eas‘gi\n%qﬂm(ﬁﬁtﬁgeot al
vol une of r eacwolome ofpatous suppep dre avell knpwn o shesarpp gt preferpedefnethadlisy | ess

than 15 described in Volume 1, Experimental Methods in Catalyst Research, Academic
Press, 1968, pages 67-96.

Methods of supporting ionic catalysts comprising metallocene cations and
noncoordinating anions are described in WO 91/09882, WO 94/03506, WO
96/04319 and U.S. patent 5,643,847. The methods generally comprise either

20 physical adsorption on traditional polymeric or inorganic supports that have been
largely dehydrated and dehydroxylated, or using neutral anion precursors that are
sufficiently strong Lewis acids to activate retained hydroxy groups in silica
containing inorganic oxide supports such that the Lewis acid becomes covalently
bound and the hydrogen of the hydroxy group is available to protonate the

25 metallocene compounds. | '

The supported catalyst system may be used directly in polymerization or the
catalyst system may be prepolymerized using methods well known in the art. For
details regarding prepolymerization, see United States Patent Nos. 4,923,833 and
4,921,825, EP 0279 863 and EP 0 354 893." '

30



10 about 4 tines the total pore volune of the porous support, nore
preferably.less . than about 3 tines the total pore volune of the porous
support and even nore preferably in the range of fromnore than about 1 to
| ess than abgltyegemde tiNMes the total pore volune of the porrorsUsspPULt.
Procedures for 'neasuring the total pore  _volune of porous support are well
~known in the art. The preferred nethod il 15 described in Volune 1, :
Experi mental Methods in Catal yst Research, Academ c Press, 1968, pages
67-96. Met hods of supporting ionic catalysts conprising netall ocene cations
and noncoordi pa'btgrquﬁm,macag@ described in WO 91/09882, WO 94/ 03506, WO
96/ 04319 and U'S. patent b, 643,847. . The nethods generally conprjse either
20 physi cal adsor pt Tenbrgnched gelvelpfimaf thsrosent, invengipn imay rhgaprPeuced sBRt s t hat
have been | argel r ' ani on
precursors tha%Jﬂ %ackétea%%)gg% ?&%ﬁ?ﬁngﬁg%g%g%&gﬁ%&a sﬂt ég%tolﬂl\ﬁg%lgﬁirsgt ai ned
hydr oxy groups ot rhighi piessare swoglavierpmeessasor (s usedokérein, sulppodifferestattd,t hat t he

Lewi s acid becgnes coval ent nd and the hydrogen of,the hydroxy group
e aval | ol ot PREAHGS Melaes 388 ediioh af, RoRHE indlach RimEAS Y o
cat al yst syst emdaiyndlly, tistihatibnscsfithy absveredcydrewpesdn inRiliple, skhes resdbml yst

system may be prepol yneri zed, usi ng, net hods wel|[ known in the art. For

l )
details regar dRRHOT FHpIe, FRAFHOREqnAIoNS; @nd/o, mulfiplescatalyst eapfigyrptingssare
4,923,833 and 4,122, fendedEP Prefetdtly, 86 3as e iErP pRad H8ckss is usedOm¥¥
99/ 29749 PCT/US98/24117 15 Polynerization Processes The branched -
pol yol ef i n of preferphies bulk liguid piopylene nelymepzatipnpgersssds ussidng  the catal ysts

descri bed, above in s lnct udi ng. X r - i ase or
hi gh pr eggsur e aut oc?ngélgp%%gﬁéggﬂégw&t’ g%%%%ng?’lelﬁgnf%acg dei‘%%‘? #%P@gt I at ed,
5 "pol ymeri zat liguid polymetizhtion e cdpplyaterization af paopylend frDa cluety ori gas Iphake s
conononer.) Addf' tionally, conbinat,i Qns qf t he, abqve reactor types in

Tl tipl o, Ser | @OYPESEAGR Prooksi PATICHERY Pofury SOWREHFANER RIPIEH nsALBRH or

mul tiple catal gmbodiMBitl ifhblveh icOpiymdrRatidh¥fehdtioh$ b¥ ptopyRACIR4th dReedrahatl v, a

gas or slurry phase process is used,, nost .
comonomers. Such comonomers include alpha-olefin monomers having from 4 to

15 20 carbon atoms, preferably 4-12 carbon "atoms, for example alpha-olefin
comonomers of ethylene, butene-1, pentene-1, 4-methylpentene-1, hexene-1,

octene-1, decene-1. Other suitable comonomers include geminally disubstituted

monomers, Cs-Cys cyclic olefins such as cyclopentene or norbornene, styrenic

olefins such as styrene, and lower carbon number (C3-Cs) alkyl substituted analo gé
20 - of the cyclic and styrenic olefins. In addition, comonomers such as polar vinyl,
diolefins such as dienes, for example, 1,3-butadiene, 1,4-hexadiene, norbornadiene

or vinylnorbornene, acetylene and aldehyde monomers are suitable.
Typically in a gas phase polymeﬁzation process a continuous cycle is
employed where in one part of the cycle of a reactor, a cycling gas stream,
25 -otherwise known as a recycle stream or fluidizing mediﬁm, is heated in the reactor
by the heat of polymerization. The recycle stream usually contains.one or more
monomers continuously cycled through a fluidized bed in the presence of a catalyst.
under reé.cti__ve conditions. This heat is removed in another part of the cycle by a
cooling system external to the reactor. The recycle stream is withdrawn from the

30 fluidized bed and recycled back into the reactor. Simultaneously, polymer product



preferably a bulk liquid propylene polynerization process is used. 10 In
the preferred enbodi-nent, this invention is directed toward the bul k
| i quid pol ynerization and copol ynmeri zati on of propylene in a slurry or gas

phase polynerization process, particularly a slurry polynpétasdsheiir
process. Ano¥H&Y**enbodi ment i nvol ves copol yneri zation reacti ons of

propyl ene with one or nore conononers. 1&uch conononers i nclude :
al pha-ol efin nononers.having from4 to 15 20 carbon atons, preferably 4-12
carbon atons, for exanple al pha-olefin conononers of ethylene, butene-1,

pentene-1, 4- gt h%hxgagvﬁ}fﬁogﬁlg/e’r | ?&%Rﬁh%tog%%Eﬁ&%ﬁémer%&@&}égep&@?xl{ec5“i tabl e

comonomers i nct Jde subs NONOMEr s, cyc ol efins
such as cycl opsimdieedmonamdro(Seenfor exsimplectdiSc Patetta¥osnd,5431899; As5881798,ene, and

| ower carbon nunber (C3: al ubsti anal ogs 20 of the cyclic and
styrenic ol ef i#gz.s'ﬁq’ gga?c’:ﬂgo%’f%éé?%ﬁﬁ : #égéﬁlgh as polar vinyl, diolefins
such as dienes, fora exafoBmetizatiol Wréddhse féherally dsdicpragiaéh tHeGhR sadi ene

or vinyl norbonene, acetylene and al dehyde nononers are suitable. Typically
in a gas Sphascipmlahersr) oathoygh 9% smesehetes o5 evemgrsaisr anfctemperaturesipthsyed wher e

in one part of e «ccle | i herw se
known as a recrf/'%L eoﬁoﬁllé?nqa grﬂgll‘il Fﬁ?g?gfongﬁnagﬁﬁwarg%g‘%gasmﬁ e{’%g] ér?ifaact or by
t he heat of podolidepirtiaiate polyfier ix formed dn at liguidnon supdrériticalopulymerzatione or nore
nmononers conti nu USL% cgicllled trro%ﬂg a fluidi ze&i %ed in the rese{iﬁe of a
catal yst. undBFHPRAR VIE" PEWAIPT SAS COTRIEMAR AP i %W@R%?PF D& n8ther part
of the cycle byatdyst aRAkdiel) Bhediqaid eiploged il thé polikierizat@riedium Elebe, gsycl e
streamis withdrawn fromthe 30 fluidized bed _and recycl ed back into the

react or . 10Sj | examelsy ar wkaps, oy aeyclgaliang c t Thgomedigmoemployepshonld s/ limaidh 7 16 s

wi t hdr awn f r omyddae ieeanbitiond B piMerRiatidd 3 rdRRAYShert Suddbiopb-h 4RI ace the
pol ynmeri zed nononer. (See for exanple U S. Patent Nos. 4,543, 399;

4,588, 790; 5,i90%0;In Sheapipfenad emodinEnto ppylamriseved 36 HEOpglymssizatian r y
DOl YT i Zat | onpl A G810 B o B S RASHF UEFD s bbb of BBACRR: o o

about | to abou eres or even grea eratures 1 n the

range of from kI&a3c aboutaim0tkPa 804 tenlpBrafurs Inthé yangeobf/fd aBdit 50T toaabsis pensi on
of solid, particulate polymer is formed in a liquid or supercritical
pol yner i ¥at i on120°C.

The periods of time for each stage will depend upon the catalyst system,
comonomer and reaction conditions. In general, propylene should be
homopolymerized for a time period sufficient to yield a composition having from
about 10 to about 90 weight percent homopolymer based on the total weight of the

20 polymer, preferably from about 20 to about 80 weight percent, even more
preferably from about 30 to about 70 homopolymer weight percent based on the
total weight of ﬁe polymer. _

The polymerization may be conducted in batch or continuous mode and the
entire polymerization may take place in one reactor or, preferably, the

25 polymerization may be carried out in a series of reactors. If reactors in series are
used, then the comonomer may be added to any reactor in the series, however,
preferably, the comonomer is added to the second or subsequent reactor.

In a preferred embodiment, the polymerization of the present invention is
carried out in a series “ of reactors. In the first reactor, the stereospecific

30 polypropylene macromers of the present invention are formed by reacting

propylene monomers, and optionally other comonomers, with at least one first



medi um to which propyl ene and conononmers and often hydrogen along with
catal yst are added. The liquid enployed in the polynerization nedi um can
be, for 10 exanple, an al kane or a cycl oal kane. The medi um enpl oyed shoul d
be liquid ug%ed'mygg condi tions of polynerization and rel atpoebgeseniert such
as hexane an I'Sobutane. In the preferred enbodi nent, propyl ene serves as
the polymerization diluent and the pol Wferization is carried out using a
pressure of from about 200 kPa to about 7,000 kPa at a tenperature in-the
range of from about 50C to about 15 120C. The periods of tinme- for each

. stage wll dep o] t r

condi t1 ons. 1 nEAmAROReLE GBS FkRlipSien Ay (AIRIORF préfifinl WAL |
period suf fici eopolyners/hazing greaten thpo S0V4 chainradignourt wnsaturagionuin the seawndbout 90
wei ght percent honoppl yner _based on the i ght of the .20 .pol
preferably f rofﬁa&‘%% crf"BeréﬁBeLR(’? Hﬁ{‘ pS%%E%fmngmgﬁ %rc’é’t‘g'baluéf erabl y

from about 30 Bﬂxeﬁb&hﬂnomrshMB@l‘eéﬁﬁédﬂ/@twﬂﬁt dIRrse6dtid thamsicion @tdl BRfnt Ot al
wei ght of the polymer. The polymerization may be conducted in, batch or
continuou$ nod@omenzeien calalyst @rabls ohiorotparaiing, theapropyens hemenolymer fie

reactor or, pr %%ﬁiﬁ@r&de&lﬁﬁxs it8 tBé"bYsl?iEﬁédzélBﬁxPE%ﬂ;ﬂé%fné?eco%ﬁﬁ Il ptEheln @

series of react reactors in series are then the conononer may
be added to anylefiraftheopressnt inventionr i es, however, preferably, the conononer

Lhe: polyreri 2ot i on SRRy IS BRRRER ket feveldeh BpBORiST R e FPRR8,  os of
reactors. |n tlgRediyfom theadeasd olefie @hﬁfr@ﬁﬁgﬂﬁﬁh&lp@eseﬁﬁ dial iRed pathigsie .

macronmers of the present. invention_are fqrned actjng. pr.opyl ene
mononer s 19 and amq"bﬁ%mrgfmgtahfeast@a ﬁ@flgﬁowqy aleg erzaton patalysty\p

99/ 29749 PCT/ U%%ﬁ{)l%%]p?epaﬁgg pfopgiehd b&ﬂ%l}%&@havﬂ'lgeéﬂe&epﬁﬁﬂ 58%4 &k eqy-cat al yst

capabl e of preparing propylene  copolyrers having greater than 50% chain
end- group unsattAURtUNeAturation audeat deasiopne sepandctrassition imetahwiafip rolymerpation

pol ynmeri zed wi a gz nfr C NIREE" S in
t he presence O%&gl?;t és@gone se‘g&rgn ransp??xlwcl)ér?llgrriéé AP il gg@

pol ymer i zat i on sidedhainy dfito csajuia btaachet ¢Imzo|cpp1rlﬁ‘h¢rng‘}ﬁshm pifo pydthee chorbepol ymer
or

(D

15 practiced by any method that permits both preparation of isotactic or syndiotactic
polypropylene macromers having crystalline, semi-crystalline or glassy properties
and copolymerization of the macromers with polypropylene and other comonomers
suéh that a branched copolymer is prepared. Gas phase, slurry and solution
processes can be used under conditions of temperature and ﬁressuré known to be

20 useful in such processes. |

Hydrogen may be added to the polymerization system as a molecular
weight regulator in the first and/or subsequent reactors depending' upon the
particular properties of the product desired and the specific metallocenes used.
When metallocenes having different hydrogen respbnses are used, the addition of

25 hydrogen will affect the molecular weight distribution of the polymer product
accordingly. A preferred product form is to have the comonomer be present in the
high molecular weight species of the total polymer composition to provide a
favorable balance of good film stretchability without breaking, coupled with low
extractables, low haze and good moisture barrier in the film. Accordingly in this

30 preferred case, the same or lower levels of hydrogen are utilized during



copol yner sidechains into the branched ol efin copolyner to formthe
branched olefin of the present invention. Additionally the invention
branched pol yol efin conposition can be prepared directly fromthe selected
ol efins concurrently in the presence of a mxed catal yst AOrB3sbaity

conpri sing aWOP¥EE! one first transition netal ol efin polymerization
cat al yst capabl e of preparing propyl enelg8opol yners havi ng greater than 50%
chai n end- group unsaturation and at |east one second transition netal

ol efin polynerization catalyst capable of incorporating the propyl ene

honopol yrer or co ched ol | ymer .
This in situ n‘é‘tpﬁ IOB Tg c@"}sn 53’%&’"%'32&0%&% e@ﬁgt ?p%brrg?ﬁu?’g bot h
prepar ati on of ren@6t. act i.C or syndl otactic pol ypropyl ene macroners havi ng
crystalline, sem-crys e or gl ass roperfies .apd oly zation of
the macromers with %I 5‘18 él F\dmé%/"ﬂgf’f @5?‘{?6 E’ é\?@hp‘tﬁ?d

branched copol ¥ atioh, Rrx?%ﬁﬂthaﬁ%&yﬁlﬂétﬁéds a‘ith‘{feh)(ulﬁt%s%@'th’é bfaemgptpcesses
can be used under conditions of tenperature and pressure_known to be 20

useful irf suc haqshtmeﬁ agromey edopenomenspepies wdbertactor wp possibley ﬁ@m mats on

system as oL et alose WROBhel CHHLALAAY i Houldl kol P s oL

reactors dependi pon parti cular “pr oper pro desired
and the speci fpxeadmmdnl aftthe ewtaliccete mtu\ymmumteaﬂelfm additomh & i egntthubdser ent

hydr ogen respon es are used di.tion .of, 25 hydrogen wi |l _affect the
mol ecul ar wei gPftutRnERbAse, G53CtoR H%d’t ﬂ'@g}ﬁ %’a‘e%rﬂfj fc

preferred prodpefaliddehénahd ab@vaftdVig M&es@aﬂweﬁatnsbemﬁmaie I ntapeoe hl gh
mol ecul ar wei ght species of the total polyner conposition to provide a

f avor abl ¥ bal apdventageoys el opnirch Rreqoatagtingiing ttg myximiat catlygasifentivenessupl ed
with low extrg gt Q@clnggg exce vggéggéﬂﬂe%‘sﬂe&?dta s%@m @fioher In the film

Accordingly in this preter case e sa ower | evels of hydrogen
are utilized duri ngIti@r&%ﬁgfmeﬂ(é'ﬁémsbﬁmdﬁtacﬁﬂpdm)@ﬂmlmamxmem as were

ool ypr opyl ene. TR EIh £ SR OBt RaSaen 2t HRPOTER Ficr SPORFRETAn, 11 1
known that nanYhéhighly deactiveiving I’gfmbﬁbpﬂé&stoqfe subcpbiel & bygrodict reactions
15 with adventitious impurities and, even, dimerization or addition reactions with
other unsaturated group-containing polymeric chains. Thus maintaining in a
‘cooled, inert environment after preparation and prompt subsequent use will
optimize the effectiveness of the use of the polypropylene macromer product. A
continuous process utilizing series reactors, or parallel reactors will thus be
20 effective, the polypropylene macromer product being ﬁrepared in one and
continuously introduced into the other. |
USTRIAL UTILITY
The _thermoplastic elastomer compositions according to the invention will
have use in a variety of applications wherein other thermoplastic elastomer
25 compositions have found use. Such uses include, but are not limited to, those
known for the styrene block copolymers, €.g., styrene-isoprene-styrene and
styrene-butadiene-styrene copolymers, and their hydrogenated analogs. Such
include a variety of uses such as backbone polymers in adhesive compositions and
molded articles. The compositions of the invention will also be suitable as
30 compatibilizer compounds for polyolefin blends. Additionally, due to the inherent
tensile strength, elasticity, and ease of melt processing, extruded film, coating and



5 addition of macroner and nonomer species to the reactor are possible,
sone nore advant ageous than others. For exanple, it is wdely known in the
art that preactivation of the nmetall ocene with al unoxane before addition
to a conti nuggggn@@ uti on-phase reactor yields higher actiwdrnmwgssse4ian
continuous addition of netallocene and activator in tw separate streans.

‘Furthernore, it may be 10 advant ageous tl§ control precontacting tine to

maxi mi ze catal yst effectiveness, e.g., avoiding excessive aging of the
activated catal yst conposition. It is preferable to use the isotactic or
syndi ot acti ¢ PRl KRERPYIERRIIEAS EANBY Prepired RomPAding BRYinvinfo® HRFROPINstic _
functionalized or copol ynerized after being prepared. The highly reactive
vinyl groups aglpstemert epnipesitionse optionally as anaditied r widhy conventiane! additives apdt h
adventitious i L1 d ' | ' rg’ggﬁ L.OR: 4.0ns with
ot her unsat ura?%g‘we{d{?bg%?@%’gltnfe X’?ﬁ%“hg?ﬁ#ﬁ@%ﬁ%&r& tft?g%n%%%?sglfnﬁ?ng in a
cool ed, inert polymercratiembof sehdilyr avaiabie okefins theainslention thérmeplbstiscplasivimense wi | |

o oduct . A coffPRIBNGS FFOCaEbitd 5 1y <o pae el frEaser CheF ATV o

reactors will pensy BpulQodificit (a¥ Scompaked RO leltldr 0B 163 CteMPEaAre aniphieduct

bei ng prepared in one_and continuously introduced into the aother..

| NDUSTRI AL UTI polymerigation Qe miriiiteps el RIPerstingrepndiionsowhers omlcaniaationdisng t o
the invention w 1Sordtd tiRrmYédid pToTal W ;NS wherei n ot her

t her nopl astic ﬁegés%tgﬁ}r@v%{g é%ﬁposiﬂ%ﬁ&smﬁg{% fouﬂﬁg&%gsléeg?' Such uses i ncl ude,
but are not |initedntaerden theiside limusnionf way béieose yeadi utdeottdode agfetenseeiss,. e. g.
styrene-|soprenes;s r -hut adj enes st yr er and
thot r iyl ogenapisiohEras Rt erahtel I AR BhiaE B HUERS: SIRRGHIR O
backbone pol ynestdo limitabhespathereofiposi ti ons and nolded articles. The
conpositions of the inyention will also be suitable as 30 conpatibilizer
conmpounds for Mﬂén bl ends. Additionally, due to the inherent tensile
strength, el asigepiral. and ease of nelt processing, extruded film coating
and WO 99/ 29749 PCT1 US98/ 24117 19 packagi ng conpositions can be prepared
conprisi ng the i nveMlpplymenzatinns| werei perfasmad tigner 2-ditehpoisParelaves reasiri onal | y

as modi f{ged wi E«ﬂxiﬁ:@&‘é@ﬂﬂu Wéjja&qpfo'[‘ EYr?p%raﬂﬂg control. Liquids were measured into
the reactor using calibrated sight glasses. High purity (>99.5%) toluene was

O&D

purified by passing first through basic alumina activated at high temperature in
nitrogen, followed by molecular sieve activated at high temperature in nitrogen.
Propylene was purified by passing through activated basic alumina and molecular
20 sieves. Methylalumoxane (MAO, 10% in toluene) was received from Albemarle
Inc. in stainless steel cylinders, divided into 1-liter glass containers, and stored in a
laboratory glove-box at ambient temperﬁture. ‘ '
Propylene was measured into the reactor through a calibrated container.
To ensure the reaction medium was well-mixed, a flat-paddle stirrer rotating at 750
25. rpm was used.
Reactor Preparation
* The reactor was first cleaned by heating to 150 °C in toluene to dissolve
any polymer residues, then cooled and drained. Next, the reactor was heated using
jacket"water at 110 °C and the reactor was purged with flowing nitrogen for a
30 period of ~30 minutes. Before réaction, the reactor was ﬁxrthér purged using 3
nitrogen pressurize/vent cycles (to 100 psi). The cycling served two purposes:



adj uvents. Further, in view of the preferred process of preparation using
I nsertion polynerization of readily available olefins, the invention
t hernopl astic el astonmer 5 conpositions can be prepared with | ow cost
petrochem c ock under |l ow energy input conditions gg{m red to
ei ther of | e%wotg%%grature anionic polynerization or nulti srtegg'] me t‘a’ _
- processing conditions where vul canizati @ is needed to achieve discrete

t her mopl asti c el ast omer norphol ogies). In order that the invention may be
nore readily understood, reference is 10 nade to the foll ow ng exanpl es,
whi ch.are |nte [ tQ Li the scope
t her eof . Qéggthgbugﬂ bpéﬁ%{eeaﬂtdpﬁ én?%’%%%mlag léegé\fl\/té? %a"gé PHRRESEHYS 2-1 iter
Zi pper cl ave reemltmnamfs a@qm)ppecésmeﬂestahmh@orj acket for tenperat ure
control. Liqui Sl ‘measured into. the reactor using calibrated sight

gl asses. High (>99.5% toluene was purified by passing first
through basic al uni Alacaslyst peepadticis \Jiﬁrgberfd}ﬂ@@hﬂidlﬁl&t'aﬁnosﬁhéré Q6811 4 ol | owed
by nol ecul ar si ev ctivat egqyat hj gh tenperature in nitrogen. Propyl ene
was purifi ed b?/P"b | PRtk gwafalyﬁq patery usedin the symthesis oh dhavisptactid ar 20

si eves. Met hylﬁéwg (AR mer0 %k %g@n@% \3@,%(? &g@yﬁsgéggﬁ) %l)bemarl e

Inc. in stainless steel cylinders, divid t ai ners,

and stored in @rconiamodighiestds. ngm/@mbthxler b&fﬁ&mﬁyl—4-«phmhralewl)az1rdammpyl ene was
measured into Kol ald brat.e ne, ensure the
reaction nedi u?ﬁm\i\%ﬁs&w I{Ctr# Jiée&;&ﬂﬂ;w?prﬁ Tlo ’38“’31-2&59&@#3' ?%?‘ﬁtn? Aloggneso . 25.
rpm was used. ﬁh&n&wasﬁhedpaaablven 'mheaaﬂ@cﬂaradﬂ&std h cRinlest ealagh heat i ng
to 150 Clln tol. u%ge égr di ssea,é ﬁ‘ﬁ any pol yner residues, then cool ed and

dr ai ned. ‘Next , PP P HRpEITd R HRLSACIOR using | acket water at 110 C and the
reactor was purged Diyefh§lsilyl qwraﬂetﬂychnﬁs&&adl%l)a@&o@&{eg%im%) tigdiufl Nut es.

Bef ore reactlon, the reactor was further purged Usi ng t’r ogen

pressuri ze/ venfichigrdeeas used tomssesibie) the raached polyalsfin end wds made pesoplinges: WO
99/ 29749 PCTI UgQfd ééﬂ'n}lzs in4%s. patent 5,057,475.

Example 1
15 The synthesis of polypropylene macromer was conducted in a 2-liter

autoclave reactor. The reactor was charged with toluene (1 L), propylene (150
mL), and triisobutylaluminum (2.0 mL of 1M solution in toluene). The reactor was
heated to 105 °C and equilibrated fer 5 min. Then 2 mg of dimethylsilyl bis(2-
methyl-4-phenylindenyl) ‘zirconium dichloride and 1 mL of MAO (10wi% in
20 toluene) were injected using a catalyst tube. After 15 min, the reactor was cooled
to 25 °C and vented. Methanol (500 mL) was added to the polymer solution to
precipitate the polymer. The polymer was collected by filtration, and dried in a
vacuum oven for 12 hours. The polymer product had an Mn of 15,700. The ratio
of vinyl groups to total olefin groups in the polymer product was 0.85.
25 Example 2 - : . :
A 2-liter reactor was charged with toluene (1 L) and 15 g of the
polypropylene macromer from Exarﬁple 1. The reactor was heated to 100°C for
20 min. to dissolve the macromer. The reactor was cooled to 30°C and 150mL
propylene and 2 mL of MAO (10wt% in toluene) was added. The reactor was
30 heated to 60°C and equilibrated for 5 min. ‘Then 5 mg of dimethylsityl
(tetramethylcyclopentadienyl) (cyclododecylanﬁdo) tifanium dichloride activated in



(1) to thoroughly penetrate all dead ends such as pressure gauges to purge
fugitive contam nants and (2) to pressure test the reactor. Catalysts All
catal yst preparations were perfornmed in.an inert atnosphere with <1.5 5
ppm H2O contwobsrstise cat al yst systenms used in the synthesi ECHUSI¥EI7

I sotactic pol ypropyl ene macronmer was ' dinethyl silyl :

bi s(2- met hyl.-4- phenyl i ndenyl) zirconiumdichloride. The. dinethylsilyl

bi s(2- met hyl - 4- phenyl i ndenyl ) zirconi'um dichloride was activated with MAQ
To maxim ze solubility of the netall ocene, toluene was used as a sol vent.
The cat al yst a$ nddde tblvene and 2ainb| efsMAD Hiwtba betolyene)l Fagpingrstedeusingda

t f dtoth t . ' t | silyl tetr t _ ' I
(Gyel ododecy! PG} Hi om0 BiPe Meoienctts wtt SHUBNES JHCcui BRE ke 2t e
pol yol efin andpa&?ﬁermd@ pRIPREEE N addtidr of Qoprapaisl (IL),Uasl chidctddt by

5,057,475. Exanple 1 15 The synthesis of polyprop Ioene macr oner was

conduct ed i n afil@ation dfinal pyingevasdone o vasrum pien #tdQRE dor 1akouehirgieriawi t h
toluene (1 L), oRvl.ena: . , and triisobutylalum num (2.0 nL of 1M
sol utionin toWﬁiéenéeﬁls.hg%ﬁ‘g' ﬁg%t?rg)'was heated to 105 C and equilibrated for
5 mn. Then 2 Egampledi met hyl silyl bis(2- methyl -4-phenylindenyl) 'zirconium

dichloride and I ni, of .MAO (1OM % i p 20, tqluene re.inj,ected using a
catal yst tube. Afteft THERT ,(ctqrh‘é(as(; é’ﬁ%‘ﬁ?}’r V\?\H&‘@%F\Q@ i}d’m 5 (Ei%r‘?g t#)%nt ed.
Met hanol (500 rw@ie;ed,%ﬂ:ﬁ&ﬁbhpa%pﬁqﬁf The lrélicto? Ruds heatBd g&nwtaéo? the

pol ymer. The polynmer was collected by filtration, and dried in a vacuum
oven for 12 ho26 sin Thdispalve the magroménc The achcton was codbled 50 30UC afthéSOmalti 0 of

vinyl groups to tqgtal alefin o i, t.h ol yner nroduct was 0.85. 25
Ecampl o B A 2- Proplpi wdcf B SieAch Qoglbs iRt s A, e MBBoT8% o he
pol'ypropyl ene REEIOEE 60PC Ofid E¥quilibkated. -forl 13€ nfiac Thén 82 fngh @ft dflethlsibkPOC f or
20 mn. to dissolve the macroner. The reactor was cooled to 30C and 150nL

propyl ene and @etramegyloyplopsntadisnyl) (qyclodpdseviemidolitaniumetiehlorde aptvatedd® was 30
122120 L0, 0C 8, SR QUi S oo, BB 1L
activated in catalyst tube. After 60 min, the reactor was cooled to 30°C and vented. The
15 polymer was precipitated by addition of isopropanol (1L), and collected by
filtration. Final drying was done in a vacuum oven at 70°C for 12 hours to give a
white elastic solid. Yield: 63 g.
Example 4
A 2-liter reactor was charged with toluene (1 L) and 20 g of the
20 polypropylene macromer from Example 1. The reactor was heated to 100°C for
20 min. to dissolve the macromer. The reactor was cooled to 30°C ;ind 150mL
propylene and 2 mL of MAO (10wt% in toluene) was added. The reactor was
heated to 60°C and equilibrated for 5 min. Then 4 mg of dimethylsilyl
(tetramethylcyclopentadienyl) (cyclododecylamido) titanium dichloride activated in
25 - 5 mL of toluene and 2 mL of MAO (10wt% in toluene) was injected using a
catalyst tube. After 60 min, the reactor was cooled to 3;0°C and vented. The
polymer was precipitated by addition of isopropanol (1L), and collected by
filtration. Final drying was done in a vacuum oven at 70°C for 12 hours to give a

white elastic solid. Yield: 53 g.
30 |



WP99/ 29749 PCTI US98/ 24117 21 5 nmL of toluene and 2 nL of MAO (10w % i n
toluene) was injected using a catalyst tube. After 60 mn, the reactor was
cooled to 30C and vented. The polyner was precipitated by addition of

i sopropanol {yblshrerand col lected by filtration. Final dryi R§THESHMbe in a
vacuum oven at 70C for 12 hours to give 5 white elastic solid. Yield: 71
.'g. Exanple 3 A 2-liter reactor was chargéd with toluene (1 L) and 20 g of
the pol ypropylene macroner from Exanple 1. The reactor was heated to 100C
for 20 mn. to dissolve the macroner. The reactor was cooled to 30C and
150nL . 10 propgExaplesnd 2 ni of MAO (I O/vt%i n tol uene) was added. The

h d 60C and b
G ot hyl STyl (t ot AadBthy P A8 ROy 105! Duddcts) 20 &g) BF ¢ ani um
di chl oride act k}{lgﬁ g;aé 12 matrdterFont E&Hﬁ;ﬂ@lanﬁle?rei&orq{'asl\ﬁgeﬁ k06T fob

tol uene) was i using a catalyst tube. After 60 mn, the reactor was
cool ed to 30C anakuwentdadolvél'ﬂsmﬁrqmﬂryrﬁxe mmormmqoledatoé@%bym@dﬁnmﬁ,on of

i sopropanol (1L col | ect filtratjon., Final dryin s_done in a
vacuum oven at %@a dl%“ﬁ’ E'Jf]gl'“tty(]go"@lé’ g% bdﬁ?e[) waélagg?qd *L‘%?ﬁa T V&1 d: 63
g. Exanple 4 Apédasdd tt@rsmeasddoeqmmats@%gesi n‘ﬂhth'ﬁh@xl Wy (of dinef Eﬁly?o g of
the 20 pol ypropyl ene macronmer from Exanp . The reactor was ated to

100C for 20. n(Wn%tbvlwbﬁthB@Yﬁ\?é@éﬂ%ﬁmldvhétaﬂ@ml@ﬂmﬂasw@@@ﬂdé@ to 30C
and 150nL ro Za‘EHL aThe
react or WasIo o prg)?ttgﬂg'g an%e%%%%v{%) 1?% gaﬁ?%\‘?ﬁ&t !r’ of .

di met hyl silyl cithigttriabet Atk §@ i ethé achictonwias dooled Ito 30UE apd aranteld)) Tﬂlet ani um
dichloride activated in 25.5 l.uene .and 2

t ol uene) *has |RP§E‘F%3"“EISR’F@F‘E%C§¥ éﬁ@‘g ¢ H§°P’N3Pg¢(’gé ﬁPﬁE"Q’b %ct or was
cool ed to 30C speive nFﬁ&i drﬁﬁ?wa@&ﬂn! 2 v%ﬁmFHv%ﬁ h@?d"@tf%fjli’}(oﬁgﬂi éxb@é‘ of

| sopropanol (1L), and Itration. Final drying was done in a

vacuum oven at meelmcsqlgi ﬁﬁdﬂsﬂ@ gi ve a Whl te elastic solid. Yield: 53
9. Comparative Example 6

A comparative example was conducted to compare a blend of atactic
15 polypropylene and isotactic polypropylene macromer to the branched olefin
polymer of the present invention. A blend was produced by combining atactic
polypropylene and the isotactic polypropjdene macromer produced in Example 1.
Atactic polypropylene was produced by charging a 2-liter reactor with toluene (1
. L) and adding 150mL of propylene and 2 mL of MAO (10wt% in toluene). The
20 reactor was heated to 60°C and equilibrated for S min. Then 4 mg of dimethylsilyl
(tettamethylcycldpentadienyl) (cyclododecylamido) titanium dichloride activated in
5 mL of toluene and 2 mL of MAO (10wt% in toluene) was injected using a
catalyst tube. After 60 min, the reﬁctof was cooled to 30°C and vented. The
polymer was precipitated by addition of isopropanol (IL), and collected by
25 filtration. Final drying was done in a vacuum oven at 70°C for 12 hours. Yield: 48
g. The atactic pqu;.)ropylene product had an M,, of 184,500, an M, 0f 495,100 and
a polydispersity of 2.68.
A flask was charged with toluene (500 mL), atactic polypropylene (12 g),
and the polypropylene macromer from Example 1 (3 g). The flask was connected

30 to a condenser and heated to 110°C under N, with mechanical stirring. When the



30 WD 99/29749 PCT/ US98/24117 22 Exanple 5 A 2-liter reactor was charged
with toluene (1 L) and 20 g of the polypropyl ene nmacroner from Exanple 1.
The reactor was heated to 100C for 20 min. to dissolve the macronmer. The
reactor was q@pdoRerabo 30C and 150nL 5 propyl ene and 2 nmi of PRROSPBIWN% i n
toI uene) was added. The reactor was heajged to 60C and equilibrated for 5
.Then 3 ng of dinethylsilyl . (tetrar®t hyl cycl opent adi enyl )

(cycl ododecyl am do) titaniumdichloride activated in 5 niL of tol uene and 1
m. of MAO (I Om % in toluene) was injected using a catalyst tube. After 30
mn, the react gblyies waoobmpletely cﬁﬁﬁlvamokhuelasled;as Theled Go (25P@ red malsanol

tated b ddi t f I L ed b N tion.
i nal dryi ng vdbiaes el ThE BHPEGEL Pl bes ilecisl B dgton oaf gedy i e
elastic solld. ind Gloflom et CHRURRIZHbUS aé@k»@ut@exé\stm&r?{ad/mygarml e was

conducted to conpare a ctic 5 polypropyl ene and isotactic
pol ypropyl ene Manched ol efin poI ymer of the present

i nventi on, A bl end Evarﬁsg luge! gacp%z |fr|lgt ﬁ'fﬂ 'T.P eli%\gg%ﬁ(l%sef& and t he

I sotacti c pol ypr opy Cr oner.

pol ypr opyl ene waSnd)Ubdipﬁﬁdvé))Exm’ﬂﬂégs rage axsthImt 'ﬁ!iblé €lactThe wlabd tiaaditiene (1

L) and addi ng 150nL of ((pg_ro eae and, % rSL 10wt oi N toI uene The
20 reactor was tefperatere; (ostid melng goint (b ?fe@ef yreer Rrad “"ﬁ‘ﬁé‘ﬁpﬁs M5 of
dimethyl silyl  gtfefhih&iTBA ADSYY Qb@ﬁ@é&hﬂ@éﬂmﬁ%ﬁi&%%Th%ﬁﬂe&é)t ani um
dichloride. activated in 5 nL of toluene and of MAO (10wm % in -

tol uene) was i rﬂhecqpeuedjmﬁlﬁgs points atezs fpearded assccontl melt vgth Fiemperatise FamCt or  Was

" copr opanbl (107 K e BeRenR ST el ARt Rifoe? fhe PPl 8o 1

a vacuum oven &&asZﬂﬁllitedb)ﬂ.ﬂadi(bhlﬁﬁce Yield: 48 g. The atactic pol ypropyl ene
product had an Mh of 184,500, an M of 495,100 and a polydispersity of

2.68. A flask was charged with tol ueneIGQ!@é m.), atactic pol ypropylene (12
9) _ Physical Property Summary
[Example | Tm(C) | AH@/g) | Tom°C) | % Macromer
2 148.4 18.3 97.5 21
3 148.9 27.1 943 31
4 ' 148.3 . 379 95.1 38
5 144.2 59.3 105.8 54
Comp. 6 151.0 229 96.1 20
15 The polymer product from Examples 2-5 were analyzed by gel permeation

chromatography using a Waters 150C high temperature system equipped with a
DRI Detector, Showdex AT-806MS column and operating at a system
temperature of 145°C. The solvent used was 1,2,4-trichlorobenzene, from which
polymer sample solutions of 1.5 mg/ml concentration were prepared for injection.
20 The total solvent flow rate was 1 ml/minute and the injéction_ size was 300
microliters. After elution of the polymer samples, the fesulting chromatograms
were analyzed using the Waters Expert Fuse program to calculate the molecular

weight distribution and one or more of M, My and Mj, averages. The results are

listed in Table 2.



and the pol ypropyl ene macroner from Exanple 1 (3 g). The' flask was
connected 30 to a condenser and heated to 110C under N2 wi th nechani cal
stirring. When the WD 99/ 29749 PCT/ US98/ 24117 23 polyner was conpletely
di ssol ved, tRgobddsd was cooled to 25C and net hanol (500L)prawemssaddet. The
preci pitated polynmer was collected by fi&%rati on, and dried in a vacuum
oven at 60C for 12 hours to give a white“elastic solid. Yield: 14.5 g.
Product Characterization 5 Some general characterization data for the
polymers nade in Exanples 2 to 5 and Conparative Exanple 6 are listed in
Table 1. The glass transition tenperatfgb2 T5) and nelting point (T.) of
t he pol yner product sanpl were determ ned_on a DSC 2910 Differenti al
Scanni ng Cal ori nmeter (TA &H&M&'ﬁ%’ﬂ?‘ﬂve’ghﬁ% d Nupther 8ammary | ng points wer e

recorded at second [METEidT o (ETRARAALUTE T Al O D

per cent age of pol yq roner in the polyner gsanples was cakcul ated
by mass bal ance. Tgbl e 12Physijcal 7B6dperty samm@g/ E>arrp| edqw (C) &Hr(J/g)
Tom(C) % Macroner P—4484—181395-2+—R—149; ——04-3-31.—4-148. 3 37.9
95.1 38 5 144.2 54 .3 105.8 54 Cong 8% 151] 0 35438 [ 20 B5/%The polyner
product from Exanplies 2-% wer e anakssgd by gqggp@grre jr aphy
using a Waters i 5( rature system equippe i Det ect or,
Showdex AT-906M5 cg¢l urm and oqerat3i1d§7at b sJI69,308 t ¢nper atSiAe o. 145C.
The sol vent used s -2 A trtehtorobernzere—+o f |l e

solutions of 1.5 ng/mM concentration were prepared for injection. 20 The

total solvent flow Théeeneﬂés&esmbéﬁﬂvfwtcﬂ’th@@%nhbﬁadnalﬁiohﬁ& Pofceden 300
mcroliters. After elutian t he ol sanpl'es, the resulting

f
chr omat ogPans ples, 2 3¢ y A8 Cﬁg‘PFFQ Wleeﬁ wagstudied with sechsnisg tasting o
cal cul ate the mRicEELs e polypropylene samples were press-molded into 15 mm long, 6 mm

wide and 0.7 mm thick dogbone-shaped specimens at 180°C. The specimens were
subjected to strain imposed by an Instron™ 4505 machine at a uniaxial extension
rate of 6 in./min. to the breaking point.

10 The elastic property was characterized with an Instron™ 4505 machine.
The specimens were elongated to BOQ% at an expansion rate of 6 in./min. Stress

was released immediately and the recovery was measured after 10 min. The results

are presented in Table 3.
Table3
15 _ Mechanica]. .Property Summary
Example | Tensile (psi) Elongation (%) | Recovery (%)
2 386 2310 57
3 379 1758 93
3 511 T 1390 50
5 1803 60 Break

Comp.6 329 2615 91




wei ght distribution and one or nore of Mh Mv and Mz averages. The results
are listed in Table 2. WD 99/29749 PCT/ US98/ 24117 .24 Table 2 GPC

Mol ecul ar Wei ght and Nunber Summary Exanple M Mv MAD 2. 73,610 303, 798
4.13 3 57, 39DPRY4989 3.74 4 46,300 188,949 4.08 5 31, 18PCHEN8ZADT5, 43
The tensile stress behavior of the ther | astic el astoners produced-in 5
Exanples 2 to 5 and Conparative.Exanpl e was studi ed with nmechani cal
testing machines. The pol ypropyl ene sanples were press-nolded into 15 nm
long, 6 mMm w de and 0.7 nmthick dogbone-shaped speci nens at 180C. The
speci nens were sub)vaile @“d‘ai“d’ek"ﬁ"eataﬁwMaﬂemrdrﬂetmishmrbbmwﬁ%fmrachl ne at

a uni axi al ext r i 0 The

el astic proper%%s?hogﬁlgg?%‘r? egnééﬁkxﬁh, ‘%I“trlljgfa P‘g %1%91%360 %&Qeﬂ . The
speci mens wer eaﬂﬂungmoadchaogsw%e@tocass andpmbmﬂxsbmﬁ Iefei®meybé Mhde St ress
was rel eased i ere fter 10 mn. The
results are pre %aﬁoé‘bﬁlg eﬁg \Senggn, %Pdpr Bperty Summary
Exanpl e Tnsil ep;(eﬁ@dd)claﬁhg)ngatl on (% Recovery (9% 2 386 2310 97 3 379 .

1758 93 4 511 1390 90 5 1803 60 Break Conp.6 329 2615 91 WO' 99/29749
PCT/ US98/ 24117 25 '



Wil e certain representative enbodi nents and details have been shown for
the purposes of illustrating the invention, it will be apparent to those
skilled in the art that various changes in the process and products

di scl osed hmsigﬂzgq@y be made w thout departing fromthe seopwses4atite

I nventi on, Ich is defined in the 5 ap&gnded clainms. WD 99/29749

PCTI US98124117 26 CLAI-MS 1. A thernopl“dstic el astoner_conposition
conprising a branched ol efin polyner having crystalline sidechains and an

anor phous backbone wherein said 5 sidechains are at “ cent
I sotactic or syndismscti c pol ypropyl ene and said bac mgnﬂglm'mﬁm 80
nmol e percent afactic polypropylene. 2. The ‘conposition* of¢ cltai m 1swherein
sai d sidechains are at |east 95 nole percent isotactic polypropylene and

sai d backbone s at ol Gash, M iRoRRf CRfpositch Fomplilifg RObYREY beag. 3. The
conposition of claim1l wherein said sideCchains are at | east 98 nole

per cent i sot acpolympgohavingopystaline sideghainsi ahdpanc aherpboussbagkbane ahereds said| e

per cent tacti ol y ) 1 I td.0n. | furt her
conpri si n% one ™ ?&' n%/g{e%g%ﬁ%%mnrm;l?p %‘exfng%t% i @gﬁn{hﬁ%@%?%ﬂ%&g Si satn?ng of
et hyl ene, CA- C34id backb@eiinat leagtcB0Oi malt patcentl atatthspdlypnépyibneononer s, C5- C25
cyclic olefins, styrenic olefins, and | ower carbon nunber (C3-Cg) al kyl
substituted anal ogs of the cyclic and styrenic olefins. 20 5. The

conposi tion of ol ai Thél cohssition of dlakhn QBhePdin BRA QideHIRS ARE ESIeast B3PHbIEe from 3
to 20 nol e percent of said polyolefin composition. 6. The conposition .of

cl ai m 4 wherei mermtdsqswéwmo%mwl%m]@ﬁéwkbpse doRplrscdt mola Bereent17 nol e
per cent '% sai qt g@ée%p%b%qy agonposition. 7. A thernoplastic el astomer
conposition pr ddtic y e process ‘“conprising: a) contacting, in
-solution, at a tenperature from90C to .

3. The composition of claim 1 wherein said sidechains are at least 98 mole
percent isotactic polypropylene and said backbone is at least 95 mole percent
atactic polypropylene. |

15
4. The composition of claim 1 further comprising one or more comonomers
selected from the group consisting of ethylene, Cs4-Cao a-oleﬁns,. geminally
disubstituted monomers, Cs-Cas cyclic olefins, styrenic olefins, and lower carbon

number (C3-Cs) alkyl substituted analogs of the cyclic and styrenic olefins.
20
5. The composition of claim 4 wherein said one or more comonomers

comprise from 3 to 20 mole percent of séid polyolefin composition.

6. The composition of claim 4 wherein said one or more comonomers

25 comprise from 5 to 17 mole percent of said polyolefin composition.

7. A thermoplastic elastomer composition produced by the process
comprising:

a) contacting, in solution, at a temperature from 90°C to

30 120°C, propylene monomers with a catalyst composition



30 120C, pr'opyl ene nononers wth a catal yst conposition WO 99/29749
PCTI US98/ 24117 27 conprising a chi i[llt ransi tion netal
cat al yst conmpound capabl e of producl”m" mluf“ﬁﬂmﬁun syndi otactic
pol ypropy! enawo byzsempol yneri zi ng the product df &) Wi th proppgiraseszmy,
optionally, one or nore copolynerizabl e jgononers, in a pol ymeri zation 5
reactor using an achiral transition netal” catal yst capable of producing .
atactic polypropylene; and c) recovering a branched ol efin polymer. 8. The
conposition of claim?7 wherein step a) is conducted by a process in 10
}[I\:hi ch tsai d pr?plyl en;a lrmnt@mPlSSlrm@@hf@@f@ﬁmﬁnﬁﬁmfuﬁﬁa&t corqioa:ldalori ?i d
ransition netal catalyst, ¢ und activate n_al unpxane, cocat al yst or
non- coordi nati ng. ani on 5?%@%%58?0%11393 'Fﬂ%aéco%%’é‘ﬁ?ﬁaﬁtﬁ YPIRRYISA®:S wher ei n
step b) is conducted)in @opalymeriaing thelfrotied of a)ostidropfibislan@ optivhally! Y Or gas
phase pol ynmerization. 10. The conposition of claim_/ wherein step a) and
step b) are conducted cOREOTPEKCPPOlymerizahle mpnamessyip gPolymsrizationc| aj m 7

wherein sgid propyl ene MpQeRbsing fh shRR thsi { tenperature
from 100C to 110C. 12. The co_rr%%gsi tion of %ﬁg%et%p%%rgelsﬁa@%f)g chiral,
stereorigid transition mprasucing ataetiopolyprepyfeoeireddi s sel ected from the group
consi sting of dinethylsi =D i s- L, ndenyl zirconocenes or

haf nocenes. 13. _The%om%%?%gq%?%ﬁéﬁ%%me& n said chiral, stereorigid
transition metal catalyst conpound is a dinethylsilyl-bridged bis-indenyl

zirconocene. 30, 14. _The conposition o | aj m 13 wherein said chiral,
stereorigid trahsit i'%‘ﬁ °°WB{;%‘° thfquys'{w BFRITOTFRIZ) 1§ coPCted diYa ProgessAm
al unoxanee PCT/yi988/s2id1ppyl¥ie &%8&2149a&8wré&feﬁpﬁmc QAR OcHirhd, ORerBridig &1 M 7

wherein said chiral, stereorigid transition neta
. . transition metal catalyst compound activated by an alumoxane cocatalyst or non-

coordinating anion precursor.

9. The composition of claim 8 wherein step b) is conducted in a separate

15 reaction by solution, slurry or gas phase polymerization.

10.  The composition of claim 7 wherein step a) and step b) are conducted

concurrently.

20 11.  The composition of claim 7 wherein said propylene monomers in step a) are
contacted at a temperature from 100°C to 110°C.

12.  The composition of claim 7 wherein said chiral, stereorigid transition metal
catalyst compound is selected from the group consisting of dﬁnethylsﬂyl-bﬁdged

25 bis-indenyl zirconocenes or hafhocenes.

13.  The composition of claim 7 wherein said chiral, stereorigid transition metal

catalyst compound is a dimethylsilyl-bridged bis-indenyl zirconocene.

30 14. The composition of claim 13 wherein said chiral, stereorigid transition

metal catalyst compound further comprises an alumoxane.



catal yst conpound is dinethylsilyl bis(2-nethy)-4-phenyfindenyl) zirconium

dichloride. 5 16. A process for pmﬂmmwmulmt pl astic el ast oner
conposition conprising: a) conta [”Iﬂn at a tenperature from
90C to 120GyoRbeeyd ene nononers wit h®a kat'l st *conposi t i ®CTABIR2#YIY i Si ng
a chiral, stereorigid transition netal c¢gtalyst conpound capable of-
produci ng isotactic or syndiotactic pol yfropyl ene; b) copol ynerizing the
product of a) with propylene and, optionally, one or nore copolynerizable
nononers, in a polymerization reactor using an achiral transition netal
catal yst capabl e of 15 produci ng pol ypropyl ene; and c) recovering a
branched ol efin_polynmer. 17. The praocess of claim 16 wherein step a) is

conduct ed by aldroc _ _m?°§!ﬂ?‘b?f?1%‘&i7dwﬁr%§?i€ﬁ’éif%tﬁtﬁ5?ﬁﬁgsdf&?‘@‘“@éﬁt‘%?éft ed with
said chiral, stgneer b&lhﬂouhﬂa'ihs'&hhaﬂylsiﬁ@ ﬁz@haﬁﬁh@ﬁwﬁn& Ouliborigh | vat ed

by an al unoxane cocatal'yst or non-coordi nating ™ anion precursor. 18. The
process of cl adighlefideaherein step b) is conducted in. a separate reaction

by sol utié)n, slurry or gas phase polynerization. 25 19. The process of
claim 16 Wherein step a) and step b) are conducted concurrently in the
presence of a mb.xedAcaravessstfosyplodminglhe fHepnesiatiofl ehbtamsr léomptsitionn sai d
propyl ene nononers.in step a) are 30 contacted at a tenperature from 100C
to 110C. WO, 99%¥PF¥E* .C | M S PCT/ US98/ 24117 29 21. The process of claim

16 wherein said chigal, cohléig! in@britisd, 3 tenpeRnBE8Mm 909Gt yst conpound is
sel ected fromthe group consisting of “dinmethylsilyl-bridged bis-indenyl
zi rconocenes or haf hocer@8°C, propylenemengmess wifh a satalystgompastisher ei n sai d

chiral, gfereorigid tranghblifh MBiAl stereorigid transition metal catalyst compound
' capable of producing isotactic or syndiotactic polypropylene; '
b) copolymerizing the product of a) with propylene and, optionally,
one or more copolymerizable monomers, in a polymerization
reactor using an achiral transition metal catalyst capable of
15 producing polypropylene; and
c) recovering a branched olefin polymer.

17.  The process of claim 16 wherein step a) is conducted by a process in which
said propylene monomers are contacted with said chiral, stereorigid transition
20 metal catalyst compound activated by an alumoxane cocatalyst or non-coordinating

anion precursor.

18.  The process of claim 17 wherein step b) is conducted in a separate reaction
by solution, shurry or gas phase polymerization.

25
19.  The process of claim 16 wherein step a) and step b) are conducted
concurrently in the presence of a mixed catalyst systeﬁx.

----- 20.  The process of claim 16 wherein said propylene monomers in step a) are
30 contacted at a temperature from 100°C to 110°C.



catal yst conmpound is a dinethylsilyl-bridged bis-indenyl zirconocene. 23.
The process of claim 22 wherei m mnmlﬂlereori gid transition netal
cat al yst conpound further Conpnmm HE e. 10 24. The process of
clai m 16 wheweiss2ea? d chiral, ster&ortgi®d trafsition netal PeHPIBFEN7

conpound is dimethylsilyl bis(2-methyl-4ghenylindenyl) zirconium
. dichloride. 15 - : _

21.  The process of claim 16 wherein said chiral, stereorigid transition metal
catalyst compound is selected from the group consisting of dimethylsilyl-bridged

bis-indenyl zirconocenes or hafhocenes.

s 22.  The process of claim 16 wherein said chiral, stereorigid transition metal
catalyst compound is a dimethylsilyl-bridged bis-indenyl zirconocene. '

23.  The process of claim 22 wherein said chiral, stereorigid transition metal
catalyst compdund further comprises an alumoxane.

10 |
24, The process of claim_l6 wherein said chiral, stereorigid transition metal
catalyst compound is dimethylsilyl -bis(z-methyl-4-phenylindenyl) zirconium
dichloride.

© 15



