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(54) Title: ELASTOMERIC PROPYLENE POLYMERS
(57) Abstract

A thermoplastic clastomer is provided comprising 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 and at least 80 mole percent of the backbone is
atactic polypropylene. Additionally, a process is provided for producing a thermoplastic elastomer composition comprising: a) contacting, in
solution, at a temperature from 90 °C to 120 °C propylene monomers with a catalyst composition comprising a chiral, stercorigid 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
producing atactic polypropylene; and c) recovering a branched olefin polymer.
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block, the polymer flows readily exhibiting thermoplastic behavior. See, for

example, G. Holden and N.R. 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 tranéition temperature (Tg) of the typical
SBC TPE is equal to or less than about 80-90°C, thus presentmg a limitation on
the utility of these copolymers under hxgher temperature use conditions. See,

30 “Structures and Properties of Block Polymers and Multiphase Polymer Systems:
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describes what is said to be a polyolefin copolymer product made by polymerizing
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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
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b) copol yneri zing the product of a) with _propyl ene and, optionally,
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pol ymers have bWﬁQIOWeP&E 8 e (i wnténe&emgséa&{ 86t ﬁ&&f ﬂh&?ﬂ@tabgﬁée fifle

branches and ones as conpared to the polynmers wt
st er eosequences of msitgiechain eonstaaction. THhe resultmg polyme@hhgy hewg progeitienmnging
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enhanced © asti elitymas depeqdingech ligarslt gpe bl Qﬁ’&cthi’egraeupéllaﬁ ip6lyfeAighioner s,
yet - reduced. chain slippage upon | oading as conpared to atactic
pol ypropyl ene. conditions. The thernopl astic el astomer conpositions of

this invention are conprised SyMMARY DFTARINVENEONEN S Wherein both the
pol ymer backbone and Eol ymeri.c strdecharns are derived from

propyl ene pol ymer i zeBhe pEessnt dRiEAERM provides @rthmiammlasgmer comprisingi @i ons
with activated { o] he
si dechains are |é\ge?§%:r%|§£oﬂ%é%tagt :?;ea%cglrrgac& ene #%Bexh%mg
crystalli e, polypropyenti backbpsesawith high meltlyga’smy lqwomdewlaewexght,umndoecf or
hard phase domains_i ance th rt undey st meani ng of
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that is anorphoufiltibloek tikaaspiatie elastoreRHo dfatlthelhada dbingin 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;



25 pol ypropyl ene and, optionally, one or nore conononers. .Preferably,
t he - backbone is atactic pol ypropyl ene. These conpositions are
useful | as, among ot her things, conpatibilizers. As
used herein, wogg®géagtic pol ypropyl ene” is defined as pol ypf@i@ﬂﬂsmm

havi ng at | east 70% i sotactic pent ads acc?rdl ng to analysis by [err] G NWVR
30 - "Syndi otactic pol ypropylene"” is defined as pol ypropyl ene havi ng at

| east 70% syndi otactic pentads according to anal ysis by

[err] G NVR  "Highly isotactic. WD 99/ 29749

PCT/ US98/ 24117 b) copolymerizing the product of a) with propylene and, optiorally,

pol ypropyl ene" is defined as p@l %$ gé‘ ene, havi n | east .90% i sotactic
pent ads - accor di "6 ™18 eﬁ?g{e VEFRIABEy, the
macroners of the present reactorusmglaﬂ‘daﬁl’hl@d’hsﬁbﬁniétagwtalystEdphmbfC "Atactic

pol ypropyl ene” is defined as pr.opyl ene havi ng about 30% or |ess
of isotactic and syndi ot aRfP‘ihl?‘ tieRolpIAplsnsedccording 5 to

anal ysis hy [errr] C NWR, Mﬁﬁ{ﬂ,ﬂn&@g{eﬁgﬁg{ GRés. | essS. The
branched polyners of the present 1 nvention have crystalllne si dechai ns
wherein at | east 90 nol cDEEATLED DESGRIPTIONCG NYENTHEONactic or

syndi otactic oI y r I. bI egsl. rcent of
t he sidechains are |so 955% eﬁ&gmers g?n?a"?opy oebﬁ(;eCkgl\fgfehagdraefae% at§$
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Most preferably, 100 nple cent of, t hai n | sotactic
pol ypropyl ene. ~ ncorporation of high “‘?ﬁ‘égB?‘% ﬂ‘°}d56‘ﬁ§‘r?§?§htdf°t?q% opREdighctc .
i nvention,flave b RdRERGaHD amor?hous, RAGHE I Backbiee 'Thé"i'eshl‘ﬁ? fs:e?éabxm e

percent of the backbone is ata pol ypr opyl ene referably, at
| east 90 nol e p@plymers heye bmcfb@@ﬂ%o’n@ differantasterpe cardigurations dn Pranefisy e Nbr e

Dol ypr opy! ene.  REaporss ds ERar @Rt Hbolhert Wik HRSHGREICLIn e g °5%fe‘-aff§9t <
atactic polypr op;ghbrmystilﬁre pthn;csspcaﬁp hraﬂchesdhanm&ldxspersqdeddmm loked e br anch
2 lrgg't( allinity a%ﬁ'xgﬁﬁ‘llfnga %ﬁbg&s‘co efofy gﬁé’r %?%8}66% ﬁkaPélg&°Sylenes 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 accordmg to analysis by 3C-NMR.
30 “Syndiotactic polypropylene” is defined as polypropylene having at least 70%
syndiotactic pentads according to 'analysis by 13C-NMR. “Highly isotactic



20 The Macroner Sidechains The sidechains are
polypropylene macr oner s, which can be prepared under sol ution

pol ymeri zati on conditions with metal | ocene cat al ysts suit abl girdosRfsgpari ng
ei ther of i soWAPRY*Ddr syndi otacti c pol ypropyl ene. A preferred reaction

process for propyl ene macromers héving high levels of terninal
vinyl unsaturation is -described 25. in co-pending U.S. application
60/ 067,783 filed 12/ 10/97. Typically used cat al yst S are
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transition net aisomamtamlmfompound is a dinet hyI 5| I yI bri dged

. bi s(indenyl) zircono transi tion 10
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of the present iaﬁmwlﬁpmwl@eth areferably molg, [Broeph pE thesbarkboe 851,
5, 155, 080, and cﬁ@]’gpy}]a\e/ 'rI]‘he %hyﬁlcal and m%d&tﬂ}é?ﬂerﬁég of B{e%{ch%%ck

propyl ene- based nacro
polymers may be controlled by regulatmg 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,



percentage of vinyl term nal bonds invol ves: a)
contacting, in solution, propylene, optionally a minor ampunt of 20
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exanpl e, from 1%@85% %R"? icz;ﬂcwoc 16, 0% g@ce’@t iMiaTsy preferably, t tranypoR res of
si dechai ngo W t h nfttd] RBIg& coffipbalis fﬂimétﬁylﬂbl ﬁs(ﬂﬁﬂetl@@-%@l@dmdenyl) zirconium

The nunber-average nol ecul ar wei g err]) of the polypropyl ene

macromers of t her pafemdichiaside g fhﬁ’ﬁﬂb’y %@B‘P" e Wﬁ?@@sﬂ@é’mﬁ‘gﬁ &grtansitionn or

Fod o)

S?gfler :[agl y |l ess telﬁdf'llgﬁQg Mé&ﬁ&h lﬁlﬁ Sﬁ%ehmgn&#ie#er abl'y e&lllq\)lAfe¥1?liyl of the
pol ypropyl ene rrmsﬁudmylﬁmﬁﬁum&meﬁwb@rdmlﬂonde i nventi bn is greater than

or Sl 10,5 990 Dbl he sy et . POOELBE oIS ARGTGORRE © 1
Pr ef err ed1sol vemiagrohfs df(lhejpneﬁm inbasion hﬁaﬁésemis‘éloaédanfms crdtets 4892,851,
5,155,080, and 5,132,381,
The method for preparing propylene-based macromers having a high
percentage of vinyl terminal bonds involves:
a) | contadﬁﬁg, 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.
iemperature 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 ﬁlonomem 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 ﬁressures of the reaction generally can vary from
atmospheric to 345 MPa, preferably to 182 MPa. The reactions can be run



t he basis of polyner solubility, volatility and safety/health

consi der ations. Non- pol ar al kanes or aromatics are preferred.
More preferably, the solvent is aromatic. Most pr ef e(\_[;m! .pre
sol vent is towo9Ra9749 - The Pol vol ef i n Backbone P sz} he

pol yol efi n backbone of the present inventfon is conposed of propyl ene
nononers and, aptionally, one or nore conobnoners. In. one enbodi nent of the
20 present invention, no conononmers are present in the polyolefin
backbone, resulting in a ymer havin? an atactic_pol ypropyl ene

. ol y, . [
backbone and i sbatglewise opgontinuously.” Conditignsfos suitableptiirpntyps jeaetians st abhai ns.

| n anot her enbogj Wel: i E Q0,1 08 n-zF@g' netyfi rs
are present in 9 hgﬁ %glg k.ﬁ%%@?n%ﬁ%ﬁ%lr?gpﬁslgﬁr?lﬁdcoﬁg’aﬂrlée)pﬂgg ul 1n Eﬂggrg@gent 25
i nventi on i ncl use iefibyitl propylepeunder pressnies sditablertg suchnd | ower car bon nunber
[err] al kyl, suhstituted analogs of the cyclic and styreni

ol efins. O her copol @%?@%BPY e Mactomersc %%W“?/?fc?r%‘gmalgﬁﬁl a‘T"?%)'ﬁ

di substitu§ed olpfribafiors QIW/ME), ForiRathple e 1[5efor§, typically 1.7 toGy COpsior@llgf i ns

such as cycl opentene, norbornene and al kyl - substituted norbornenes,
and styrenic nooares oksideshains with diderentmoleculag weightsimayibeysedy  styrenes. 30

Cormononers are sel eckgd ﬁu%beggger%%s%%%ﬂ@g%gﬁgidﬁ? BF Clﬂgrf:&lﬁﬁo;%entehe

pol yrer

PCTI US98/ 24117 mzcromers of the present invention_t?'pically ranges from CFrea’ter than & equalto
product and the netall ocene enployed will be selected for its ability to

i ncorporate 2,000 Palwngda iless dhamshayt 581009 I2altons; preferably less than 40,00fen -
conononer g, are d, the far y mprise from3 to 20 e

et cent of® the BRI SERYS B N o5 BEHeniapvieRE bcisher R3S Prooe
conmononmers 5 inventf TP Eredter b8 cquilo 5 fo0WaRomier cent of the branched
pol yol ef i n conposition. The mass of the backbone will

typically conprise aPrefesaply, thromagromess of the present inventiopagg msis|using solptiens, t hat
of the backbone ,and & .0&:5isdG5ERi0p ﬁh\%ﬂ&té&e Eolutﬁﬂi] ﬁh?%el reactions Slhet Q%Eﬂ%? ;396

typically wll Rave “a nom hal wel ght - average nol'e ar wel
wei ght of at | ealst basiyued] polymenrsolgbitity; olatilitp and safety/htdth Gdiderdtimnst on-noni nal
'S 15 polaf alkanes or aromatics are preferred. More preferably, the solvent is aromatic.
Most preferably, the solvent is toluene. ‘ |
The Polyolefin 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



10 used to indicate that direct neasurement of Mw of the backbone is

| argely i npossi ble but that characterization of the copol yner

"~ product will exhibit measurenents of Mv that correlate to a cl ose
appr oxi mat e waigeko@$é t he pol ymeric backbone i ncl uSCF&SERANI70f t he
nmonool efin ner derivatives and the insertgon noi eties of the-
si debranches. 15 Catal ysts - Catal ysts which are useful
for producing the branched pol yol efin of the - present invention

include all catalysts which are capable of producing atactic

pol ypropyl ene amptdurtcand phermetialingensi empldyed will bepgleened fordts abilitytthdndosporatet i ¢ or
syndi ot acti c pol apVy I{r&cé' rs of the present invention. Preferably,
20 nmet al | oé%eﬁcgwgétagr{&ﬁ% S ?fra{e;g?used. As used herein
"metal | ocene" ref er swirnesmbolomerare aisga) thivg préfenable compise iy 3 to 20 molé he
formula [err] wherein I S cycl opentadi enyl _rin i.ch _may be
substituted, or PE@F‘F‘\P&%}P&“P?F@&%@P%F@HP%V};’OM"%S% the, ORPPINES G oup
4, 5, or 65  comphidedoni § {17 ABE Blreerk OF thebAMBA pbiybRith BdhpogitibaONI UM

haf ni um vanadi um " ni obi um 25 tantal um chronm’um nolybdenum and
tungsten, R is a hydThemessyof the bagkbene will typically opmpriseaatiienst/ 4@ mbtepofithei ng
fromone to 20 r 0, | . . =Q- 3,
q=0-3, and the g%ﬁ]lbg@yﬁn%rn'ggss’i g‘a{eéﬁgﬁ‘pg %&? ﬁ‘% %%1 gft sll%ercfhas1 *a 5_3%1%’ tsﬁetﬂe
transition met alpackbone typically will haveNEhbmiel Wweightldéiage nilébulds Weghfrghg) | ocenes
are very well known in the art. 30 _ For exanple, netallocenes are -
detail ed in Uni tweighSiofintcleasPaquahto Nogreatér 880 about; 100,000. The term nay®n@ldis 29749
PCT/ US98/ 24117 . . - ¢ . 3 i
4,542,199194, 7635%h ¥ Wiicstrg e fliregt measuesgent af Mg of e backbene Jydarely

5,017, 714; impossiBie 0BG, A48 chitra@edzafldR: ofd 12 o iinerSprddioe LAl cRiBd4, 614:
5, 324, 800; 5,350,%23; and 5, 391, 790. Preferably,

t he catal yst useskasuwerfientschf My, tHatcdiretaneivarclgse! approgiiate wéight lo€the polymeric pr esent
invention is a nono-cycl opentadi enyl transition netal conpound, such as

t hose di scl osed brskbenssinchusive fnly of i mpgoolefiy mer slegvatives andsghen isertipRr r ed

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;



conpounds i ncl ude:

di met hyl si |yl (tetranet hyl cycl opent adi enyl ) (cycl ododecyl am do) titanium
di chl ori de,

di met hyl si | yl WQBREHRt hyl cycl opent adi enyl ) (cycl ohexyl - ani do)" &1 AR tm -
dichloride, 10 : 9 ' )

di met hyl si |l yl.(tetranet hyl cycl opent adi enyl) (1- adamant yl ani do) titani um

di chl ori de, ' '

di met hy si 11t gt 20t hy) 6ysloP RS 38120442 Ads: 4535 A1 9975, 2BbiHh s

di chl ori de,
g! rrﬁlt hyl gi Lyl (t 8lopen®s; s bsyaAso 3eI2b38T,e5278, { B; ioslaadi 83h480E;2813501723;

i chl ori de, -
di met hyl si |yl (t exd B3} cycl opent adi enyl ) (n-but yl ami do) titani um ,
di chl ori de,
di met hyl silyl (tet ran%lieﬁeﬁbg’)’/g?%p%tﬁl acﬁsgdnfl? )p{%d%g)? £'3en8’r‘*8%hr$‘yi|p§¥%°%'f§$‘ cffi tpgni um 15
di chl ori des di eptegéns invghtidnas rammbloytlopentadjeayit teahisitioty Imetat yahpaimdesih -aanmi do)

G eyl o 1 y1 (t eSSt OF S8 RS04 94 51U o) profered

titani um di chl obfiounds include: -
di et hyl silyl (tetranethylcycl opent adi enyl ) (cycl ohexyl - am

titani um di chl odimeeh 1silyl(tetrarrlxethylcyclopentadlenylS(cyclododecy amido) ti(tja?lzum dichloride,
diethylsilyl(t ' - i . .
di et byl 111 (£ el it e B Sy ctRR ) Bl chloride,
met hyl ene(e et r adisethylsiyiitepastinyayclopentadienyld(l edanatylamida} titar)i_utﬁ_(dichloride,i t ani um
O 0e Tt Bl R R GUhBRSD) O SRS i o
gpt Elyl eng( t et r adbhethylstylteRdmathyiartio pankadienyijs-Ghskylidd)itiedjunt ditlaoridem
i chl ori de, X ) ' .
met hyl ene( t et r afiSretyisdyiieeaastnigriopstadienyDiatwatanidoditasym dickigrde, m

di chl ori de, dimethylsilﬁl(tetramethylcyclopen_tadien?'l (exo0-2-norbornylamido) titanjum _ o
di met hyl silyl (tetranethyl CYCI opént adi enyl ) (cycl ododéecyl afm do) titanium
di et hyl , 125 dichloride, diethylsilyl(tetramethylcyclopentadienyl)(cyclododecyl-amido) titanium

G MG PR L

titani um titantbinnditHigride, diethylsilyl(tetramethylcyclopentadienyl)(cyclohexyl-amido) .
di met hyl silyl (tetranmet.hyl cycl.opent adi en gl-ada nt vl an do i tani.um
di nethyl, di met M gj¢ %‘_,"ét %Fﬂﬂﬁf‘h@f%@g‘b %&P%ﬁ?‘f%@?%f‘%@ﬁ@é‘&)am do) -
titan um tita.n&hﬁdlélﬂér[di,emethylene(tztrmnethylcyclopentadienyl)%cyclododecyl-anﬁdo)

ornyl am do) 30

di met hyl si |l yl (2, 5-di net hyl cycl opent adi engll ) (exo- 2- nor
titani um @ chl otitagum dichloride, methylene(tetramethylcyclopentadienyl)(exo-2-

di met hyl silyl (2 gﬁ?@ﬁmﬁ LL.enyl ) (cycl ohexyl am do)

titani um di chl oplérge, | m?ﬁ%ﬁ%ﬁ?ﬁ%ﬁé’dl met hyl cycl opent adi enyl ) ( 1-
WD 99/ 29749 methylene(tetramethylcyclopentadienyl)(cyclohexylamido) titanium dichloride,
PCT/ US98/ 24117

adamant yl am do) ’W‘%ﬁ%ﬁ%\‘%@@éﬁﬁmﬂkwwwwAi!a“i“m djcmo'id]é?
di et hyl oycl opedinsettiybsityl(tptrayehydacldpeyddieniiiioyclddotiesylantid) tiedntuat ditiethyl, _
di ohl of 1 08 ol PP B A G PR tE I PSRy  a o)
titani um dimethyl, dimethylsilyl(tetramethylcyclopentadienyl)(cyclohexyl-amido) titanium
dimethyl, dimethylsilyl(tetramethylcyclopentadienyl)(1-adamantylamido) titanium
dimethyl, dimethylsilyl(2,5-dimethylcyclopentadienyl)(cyclododecylamido) titanium
dichloride, dimethylsilyl(2,5-dimethylcyclopentadienyl)(exo-2-norbomylamido)
30 titanium dichloride, dimethylsilyl(z,5-dimethylcyclopentadienyl)(cyclohexylarrﬁdo)
titanium dichloride, dimethylsilyl(2,5-dimethylcyclopentadienyl)(1-



5 di chl oride, dinethylsilyl(3,4-dinethylcyclopentadienyl) (1

- adamant yl am do) - titaniumdichloride, dinethylsilyl(2-ethyl-
nethylcyclopentadlenyl)(cyclododecylan1do)t|tan|un1d|chlor|de

di met hyl silyl Wb‘99/29749 PCT/US98/24117

et hyl - 5- nmet hyl cycl opent adi enyl ) (exo- 2- norgor nyl am do) titani um dichloride,
dinethylsilyl(2-ethy|-5-nethy|cyclopentadlenyl)(cyclohexylanldo) titani um
10 di chl ori de, dinethylsilyl(2-ethyl-5- nethylcyclopentadlenyl)(l

- adamant yl am do) titani umdichl oride, dinethylsilyl(3-ethyl-

met hyl cycl opent athimamylanido) ttaotioctbcjorite; ﬂmp@v‘SMB&m di chl ori de,
di et hyl si |yl ( 3-
e!t E§I Z fr{at Kyl( CQ‘HCH%H‘%‘%P&P é’ﬂ'e?y(l)&?’glogo Y%%nr‘ri)?? titap HB‘)d‘%!‘ul"t“an um di chl ori de,
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di met hyl si | yl ( 3%icpipgde. dmethwlsiylGytfigstiwicxderemipiemil cusioherylapidp)titagium

titani um & chl obkAlBridl saRiBIIAG AlitndugichtbpeduliRi(1 aadiRitimido)

octyl cycl opent adi enyl ) (cyclo odecyl ami doz t| tani'um di chl ori de,
di met hyl si | y| ( 2titapiag di Qié%ydlmﬂhﬂﬁb’l(%eth& -&ctyl cycl opent adi enyI ) (exo- 2-

nor bor nyl am do) t

di met hyl si | yl ( 2~ eh&%?&%rpﬂexwl)g&‘:ﬂ?%deﬁﬁ%mgg u&%yc?lglbloe% °a s5]5’(1(cycl ohexyl a
m do) eth laﬁmﬂmyldyabdplenmdld@l)(exo-z-norbornylarmdo) titanium dlchlonde
S

dl met hyl sig ! (decﬁbﬁ@émﬂkmylmﬁ@lémﬁsyﬁ& Q&%’ycl ohexyl-éd yiaRdd) chl ori de,

di met hyl si |yl t et rahydroi nden am do: tltanl um
d| chl ori de, titanium di¢ :ydl@P ylsilyH ydr0| ndenyl ) (1- adanant yl ani do)

titaniumdichlo

di met hyl si |yl (25{5&? c?'iﬁo 3?%9'8“ é)rﬁiﬂ 5 E’%?FSYI or ny‘hchl ‘a"") d‘fneﬂgls‘l{x‘n

di chl ori de and ethyl-4-methylby®oﬂenﬂwenyI)(exo-z-noxbomyIanudo) fitamiumrdichiopdef er r ed
speci es are:

di et hyl si |yl (t 81"?%‘&{‘%9 shiriapehvigsiorsrtrdiv ey dobsardamidahiasi ™, i ¢ ani um
dichl ori des dichloride, d1methyls11yl(3-ethyl-4-methylcyclopentad1enyl)(1-adamantylamxdo)

di met hyl sily1(tet rarret cl.opent adi enyl ycI ohex¥ -am do) titani um
di chl ori de, titanium dic q;@y 2’3 l(2-ethyl- exyl—S-meth

PCT/ US98/ 24117 octylcyclopentadlenyl)(cyclododecylamldo) titanium dichloride, 11

di met hyl si lyl (tetianet pent.adienyl )(1-adamant yl am do) titanium
di chl ori de, dlmethylsxlyl(z-et?;yls-hexyl-S-methyl-4-octylcyclopentadlenyl)(exo-z-

di _rret hyl si |yl (t gg&mﬁmdogﬁﬁh%eﬁémdg,nyl ) (exo-2-nor bornyl am do) titani um

20 dimethylsilyl(2-ethyl-3-hexyl-5-methyl-4-octylcyclopentadienyl)(cyclohexylamido)
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,



di chyorde, dinethylsilyl (tetranethylcycl opentadi enyl) (cycl ododecyl am do)
titanium ~ di met hyl , :

di met hyl silyl (tetranet hyl cycl opent adi enyl ) (cycl ohexyl -am do) .titani um5
di met hyl , di matdophsishyl (t et ranet hyl cycl opent adi enyl ) ( 1- adangifty¥¥SIfEHa)
titanium di met hyl , and 1 _ .
di met hyl si |yl (tetranet hyl cycl opent adi enyI])(exo- 2- nor bor nyl am do) :
titani um di met hyl . The terns "tocatal yst" and "activator”
are used herein interchangeably and . are defined to be any conpound
or conponent whidinetiydsilylitetrimesiyicyalopentadieny)( saddmagylamido) titanigintdichiorides al
conpound or a ngtall £ Al XA IR e -used
as an activator. %Pg?s@%ﬁ?%ange%\yg 98?%(?%@&0#;@%%?5“%%& [l)r e‘l[i)@)r{lltgn)némél unoxane,
non- | i @ichiofide, ditretipilsiigl(teframdithyléycivpentaliiagh{cheddddacylinbdo)tRdmuth No.

4, 665, 208, 4,952, 540, . oD, 091 352, 5,206,199, 5,204,419, 4,874,734,
4,924,018, 4, 908y, d&?@@éﬁ"§'§‘??’ameth3ﬁ°>'°l°?8‘,‘%88‘}y§%§?l° ,@‘2@?’%@2‘5“‘3‘}’248, 801,

5, 235, 081, 5 5, 15 imedfl, dimeBisiRibtraieth entidienyl)(1-2fhatfimiddy iBkivth 279 586,
EP- A-0 594-218 and 94%%1 %é | t rrgf/)ycl?g y.)( S)r ef er ablce!%?t 0 use a
visual |y cl ear wimatiypll,and dmethyisilyl@etsamnthylcyelopepsadica) (gkerdweehomylamido)  can be
filtered to pro .cl @ear solution or clear alunpbxane can be decanted
from th%@ﬁggﬁ&{@[ution. It is also within the
scope of this invent Tbhetetros teoeatalyst| aidigctaatdrV ateased hé2€in interchangéablyl andor
ionic, or- conpoupnds ,such as tri/(n-butyl um . o ST

t et r aki s( pent af [P SHERTHA SeARY SA™PERRdH q°m¥9%’%%ﬂr%ﬁ??tﬁ’lat%f"§ﬁ Beande -
conpound. 10 transHiti indtdRtbAbAGd LR ARRYHIIAGenEPs deiddaubbveal NAlafibkat ridly®eOn, oOf
sone ot her cation . assgciated with but not coordinated or only

| oosel y coor di n¥skpsap apthaiorchhgreArn g variety of metheds for prepasing alymensng. B&pound.
Conbi nations of yafds\eahifiSs Gvihic a2 d&seied TR PS5l N6 04,665,2d808, 9581t | on,

for exanple, al um)xgne and ionizing activators in conbi’nafT ohs, See
for exanple, WOS®PL133228206,199, 5,204,419, 4,874@34% 14,024, U8s 4H0846p 4,968821,yst s

for coor cinat! on jigleYBbL 441,03 £RRBI 2945 081, ns,'ltsrzel‘iz,agﬁélfﬂﬁlo%‘?d‘ﬁp%bi ons

activated by non2coordi natrng’ ahi ons ’appear WOrk in
EP- A-0 2775003, SEP-4%60EP-B1-©Q29 &84, EB-Aat594t213, didSW4aD 24/4018B0V\OItAmai be

92/ 00333. These teach a preferred. nmethqd, of prepa i Qgn wherein

rotal | ocenes. . preitatly i B e i ST ARIBRGE gh acut By SIHS alfmgrane
precursor such thabe fiftred to produce a cleafsbidfor’S/dér alumoxane can be decanted from

PCT/ US98/ 2411 7 12

al kyl / hydri de giteReioudy selsian acted froma transition metal to make it both
cationic

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



and char ge-bal anced by the non-coordinating anion. The term
. "noncoordi nating ani on" means an ani on which either does not
coordinate to said cation or which is only weakly coordinated to said

cation 5 wddeemby remaining sufficiently labile to be FIHSRYHy a
neutral Lew s base. - "Conpati bl e"j,noncoor di nati ng ani ons are-those
whi ch are not degraded to neutrality when the initially forned
conpl-ex deconposes. Further, the anion wll not transfer an

ani oni c substituent or fragment to the cation so as to cause it to.

forma neutral #liylthydide gtiovniseabsteactad| foare adrapsitipromeid! tormiake 1h bothrcationic

by- product 10 f.rom.the Lan. Noncoordi nating ani ons useful in
accordance wit ha‘e%?“éf%eﬂ’\?{é‘“n‘%‘ﬁ%%?{%“°“ co&%?ngﬁ %ﬁ%‘Se whi ch are conpati bl e,
stabilize the netal | PhetemCadicoordinatiighenia nAcan®tin anion which dihéradezs mgt i t S
lonic charge in a +1 state, yet retajn sufficient lability to permt

di spl acement by cefidiBgtRyP dg:g"fq"? G W Elétlilpélﬁi‘t‘f%kfyyc‘lﬂﬁ@‘ﬁ”ttﬁf{.&? éﬂgn‘ﬁﬂ?ﬂmr
during tHRRLY 'Tembifb | Afficiehfly labile to be displdde@ BYSE rhtrdl Advaé Basel ONi C
conpounds not containing an active proton but . capabl e of producing
the both the actCempatibles| naseeardinging; donsaag these which are et degradidnir i ng

anion is also k . - A- - A . . An
addi ti onal et hg OP tyma elnntg t lea(ﬁ?'gﬁ.ﬁlgﬁ %é?gﬁgsdggs% n@sog% ?‘(z)%}eélqﬁ% an (‘)erllI
pre-cursors not transfeh iag lanienie sibstituest! dryfrapment &l the ewlicn casde daute it oo m t he

cation and ani og _upon i oni.zin 0 reaction wth  the tal |l ocene -
conpounds, for gg{ﬁ‘rﬁ) F‘%“m? e cggéma'fﬁ metél?(’c-e“e CQIPR; .f‘%éﬂq &Y Fﬁfﬂ@ﬂ bor on.
See EP-A-fb 520 fidh tht Qfiiofi. Néicabiirating @fioradgieful MNaccordance withofhlsMvdnfigd | on can
al so be prepared bt)ﬁ oxi dation of the netal centers of transition

metal conpounds alsythas Which 2k camnahie £abHizgithe mgtalescar cationoRithy 298y °fr oups
al ong WhbiBhdirCit@ RinRN A RURASa +3 €RatEPyel-RtathOsunfcfent 1bmity to permit

Where the netal |1 gands include hal ogen noieties (for exanple, S-

cycl opent adi enydisplagement bynagi eiilesicallie pr \apetylenically uynsaturated adnomst dusing zi ng
abstraction “nd‘f:ﬁly%%fi%ﬂ d conditions, they can be converted via known

al kyl ati on reactions with organonetal lic conpounds such as lithium
or al um nwm hydr i desThe use of ionizing #inicydompoandsytiod icomtmining as actrel ro@hdut
reagents, etc. See, K EP-A-0 500 94}% a?’d EP- A1l- 30 0 570. 982 for in situ
processes descr F-‘Eﬂahg e PFOSUERE otheoPothy \the  agtiye mgtpllocene ~cation ~ andyrpmyg; 29749

PCTuS924117  noncoordinating anion is also known. See, EP-A-0 426 637 and EP-A-18573 403.
conpounds wi th di hal o-substituted netallocene conpounds prior to or with

t he _ 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



addi tion of activating anionic conpounds. Support Materials

The metal | ocenes described herein are preferably supported using a porous 5
‘particulate material, such as for exanple, talc, inorganic Qx|

I norgani ¢ chl w0i9elRey49 and resinous materials such as "E&Sﬂ%@%‘ﬂ’n or
pol ymeri c conpounds. _ . The jgost preferred support materials
are porous inorganic oxide material s, ' whi ch include those fromthe
Periodic Table of Elements of Goups 2, 3, 4, 5, 13 or 14 netal
oxides. Silica, alumna, silica-alumna, and m xtures thereof are 10

particul arly predmeponads with dibalorsybstigied metsllorae compeundnprieretoeppMéhdbe e t her

al one Of s | Ot dnfiRicd “silica, alumna or silica-alumna -
.-are nmagnesi a, t?‘{dédr?lgg?g £ e Z P&@ﬁﬁalgﬁ and the like. '
Preferably the SuppootMateiadsi al is porous silica which has a surface area

Vol ume in the range fFe Seslocéi Aggthed eretert Bigeraty yopae e, v
average pafticl garfibulste mtekislSsuch BOfRr Skanipld) Mlc, inorganic oxales) Ukorgshid éhicHaeyt 500
gg:‘)lrj% g/grte op;ggg{dafg%%éggﬁﬁ%rﬁ&%%gpglgg@ﬁ‘hgfd{q?ﬁqﬂgCg%gg‘}?’ég;e of from a[)faﬁin
0.5 to_about 3.5 CC/ﬂleaxH&tm?er&P%ﬁQ%%rﬁﬁéﬁdlﬂrgg?goéﬁdo ahid thAGge, of from

about 20 to about "200 [erY] Mst pre the surface areéa is in
the range of frwehichboinde tigge from the RPeripdicoTableooftEleBént 16 Grouphd, Jck 8, 1dl une i s
in the range of from ghout..0. 84i.0 about .. . 3.0.cclg and the average
particle size i & il% ’P%g ?’S%edé gf‘"%r%?ﬁ“&ﬁoﬂ‘f“?@’%a?a@gu?m%ﬁﬁs %Lereo? are [err]
The aver age por parfiul@lyQirefeitéd. COthep fofafiicShHRS tHat FRY B iedbRoybd eittier bldge I ange

of from about  1Q to,tgbout_,100[e[r] Preferably, a support paterial
i s used that ha8r Wrrombination with the silica, plymina fr ilice-alumym &g snAgAeHSy titags, ¢ o
about 500A, and,;pmah pdehemn@bly from 25 - about 75 to about 350[err] It

‘may be particularly desirable to dehydrate the silica at a )
t enper at ure of fr om Rrefereblythe punpeit Matesiahis porous Giipewhiclthang wwréace aferdmn about

3 to about 24 hours. The, nmet al | ocenes, activator
and support mat Beiranseef °Hé‘%8‘5n]9itﬂéh°‘*tﬂ°%m?/g’a"°tal P°""H?}H‘BEF“§F rangs of

Sui t abl e §UPPOT frohGEHR d.wf‘osab%ﬁ@.d%é@rah@ﬁﬁ'aJré?a%é-paﬁicﬁa«!iz%rlﬁ tHO8nge3 from
4,808,561 and 4, 701, 432. Preferably the netallocenes and activator are
conbi ned about 10 tg\ebe) 500 pgy More preferably, the surface area is in the range of

PCT/ US98/ 24117
' 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



14 and their reaction product supported on the porous support

mat eri al as described in U S. Patent No. 5,240, 894 and WO 94/
28034, WD 96/ 00243, and WD 96/ 00245. "Alternatively, é}gﬁmmﬂ”

nmet al | ocenes W@PIBE4Hr eacti vat ed separately and then conbi n& Wi th
the support material either separately ongtogether. If the netallocenes are
5 separately supported, then preferably, they are dried then conbi ned
. as a powder- bef ore use in polynerization. Regar dl ess
of whether the netall ocene and activator are separatel

. I y . v -
precontact ed or antheinterction ProAYeupRRTEEA On ahrPosisi syRROSY miterial endeserited it once,
the Ot ] s ViHhapR0%%, 248 dn WS Oh35094) VIBIIGI RT3, GuPHPYSIOGHBPOT L 1 5.

an abBout 4 't g total p

preferably | esst I mes t ore volune of the:
por ous support, Alremnativelye fhermadtdllpcénes may be preactivited sepaipately a®d themeembihed t ot al

pore volune of th orous_support..and ev nor. e preferably.in the
range of from nﬁ’r‘tg tﬁ%&‘ﬂ’pg’ﬁd{'ﬂqgé Flg'efggpsﬂﬁ&ﬂ%ﬁf é?ﬁfﬁ’ter'Z.I%ﬂ’[ei'Prégl%tcﬁbes are

total pores vol ugdakiely AppHGd) tsen PréTerably,. thEy areatfied efenl mbified as kigegvdehe t ot al
por e vol une of _ porous support are well known in the art. The

preferred met hobefprs ugsin polymegaationhed in Vol ume 1, Experimental Methods in
Catal yst Research, ARQOGISE of whether BieSDietallbShs arf&aQetﬁaﬁ)z'% segarater!?ls and

- Met hods of supporting Tonic catalysts conprising netallocene catio
noncoor di nat i ngpeendmdartedagrevhither thelyaetallogenang htOGES 2are YlsingdOd 065, thD
96/ 04319 and U.

. - . The. et hod || |se either
20 physi cal AHSHER oSResbion Ffion BB thapiie ARRCH pATERIen B por c <

that haveibeen about 4 timdsahg ety pdedyohimé ofithepdrais upiyove yioé prbfersbly less ng
neutral anion precursors .tha sufficiently st ragag Lew s acids

are
to activate ret g}aﬁé‘émﬁfﬂwﬁﬁsy&‘@rt%%%‘“? fyolume; of ghe porous suppgHasd FVERy MOFor gani ¢

oxi de supports. §{=é?é?abtl)t::ﬁtthé Rfgd Mo ABHRERIES 16 RSB boht 2.5 times thdound
and the hydrogen of t'he hydroxy group is available to protonate the 25

met al | ocene conpuelpgee volume of the porous supputcProcgsipres foromengeringthe togglaoren may be
used directly i ri ' o, . t be
prepol yneri zed Bglpﬁé%gg’to hoc{)lgtss{l%ﬁ J‘E%‘&%“‘P‘r’%’“t‘ﬁéh eagr'?'. %%ﬂfw&f R‘%g% ails

r egar di ng1pr epodyseabedziat Valmme 3o Expdnintentd] eafioels il iineadpst Researck, d28e8®3 and
4,921, 825, EP 0P279 18&3 and6§Fg>60 354 893." 30 WD 99/ 29749

PCT/ US98/ 24117 ~Te8S, 1705, pages 07=50. '

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



15 Pol ymeri zation Processes The branched

pol yolefin of the present invention may be produced using t he

catal ysts descri bed above in any process including gas, slurr sol ution

phase worsshdgh pr essure aut ocl ave. processes. (As used’cﬁé‘t‘%?’ﬁ‘mbnl ess

di fferent lated, 5 "pol ynerization" jsncl udes copol ynerization and .

- "nmononer" . i ncl udes conononer . ) Additionally, conbinations of the
above react or types in nultiple, series reactors : and/or multiple

reaction conditions and/or nultiple catalyst configurations are

explicitly mteEde_ﬁmm a gas or slurry phase process is used,

nost prefera [ SS IS

used. 10 Ph bnghd SolyolB) B B LR B fiol HRY b fk86

di rect ed towar dthehmtalystsidescribed abové i mqmy @rq@edsytmdnmgas,osmm wbpwoh phesei zat i on

of propylene in a_slurry or merizatio Ss,
particularly a &f J’F%prﬁ%ﬁ“m‘ﬂf@g}%l %rﬁcep??e&:egés g‘ﬁio%/’?fg ess 81&0?%%8‘? *nent

I nvol ves copol y npslymaizafsh" ifthided @blylerifation ihdENRonbintel" inglédes cofBfidiner.)
conononers. Such conononers .i ncl ude al pha-ol efin mononers having from4 to

15 20 car borhdditienally, eRrairinatignn of the bovedeactor BpeFria multele, sgreppTeactors

al pha-olefin S

4- et hyl pent enem_;L % len>‘<lg T@M&?Jn C&mtﬁhgéhgﬁﬁmfﬂ@jigga%t %ﬁﬁﬁoisuﬁeabl e
conmononers i ncl @ddlcglanmmd¢dy d’refmy,l algaecbr slurry phase propesses gised,empdt cyclic

a5 styrene. - and PR § BB B broB ARS8 b o amal ogs 20
of the cyadic and styrrﬁrelpreibiraf em’soduhmt,aﬂﬁh invertion do diremed towad che hﬁlkpol ar
vi nyl , 8 ns such da &ene.s for ex%%l e, 113 but adi

1, 4- hexadi ene, HB?‘ figatign and copolymegigation of ProRYIF Mk A 1Tty RL 878 @ %seand

al dehyde nmononengiyaeRzatidh tpatiless, particularly a slurry poly-ll;iéﬂk%hlﬁfoééas a fasthdthase
pol yneri zation process a continuous cycle is npl oyed where in one
part of the cyclembedimant iayalves copelymasrizationgregetipns of @mnylegsthh oneArHEPNgi se
known as a recy u&act or

by the heat of %ﬁoﬁﬁe?gg%%SB&%%&%@%{?@Q@%S&%? uﬁﬁggh%:vghrégﬁse%ne or
nor-e 15 miﬂomebm ctoms, prefesbly égml egtbohraoms) forf bxanqblezatbhb@ttbﬁhn t he
presence of a catal n reactive con |ons s heat

removed in anot [f8P° Qd?elrs & ?thgeri?ycl{’l“g B')’ Jentene-1, 'mq éyr}feé{ﬁ‘i‘ eﬁternal
to the reactor. otiefe-1 £8atehes]. SOt Buitdblebdrichomars iclade gaﬁna@ disubsfituteddi zed

bed and recycl ed back into the reactor. Simultaneousl y, polymer product
monomers, C,—Czs cyclic oleﬁns such as cyclopentene or norbornene, styremc

olefins such as styrene, and lower carbon number (C3-Cg) alkyl substituted analogs
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
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is withdrawmm fromthe reactor and new or fresh nononer is added to repl ace
t he pPRbYyIRy7kzed nononer. (See for exanple U. S. Pat eRET/NS:24117
4,543, 399; 4,588, 790; 5,028, 670; .5, 352, 749; 5, 405,922, and

5,436, 304). A slurry polynerization process generally uses
pressures in the range of .5 fromabout 1 to about 500 at nbspheres or
even greater and tenperatures in the . range of from-60[err]Cto

about 280[ er r] Gs withdgwal ftons yhepeicydrmnﬂmawiomtﬁes}ammrismww replace the solid,

particul ate pol yner |s for med I qui r percriti zatlon
recl um t o whi criqRpERemEnerE: (S Bba ey foahed 4 BRaoH |

catal yst are adgiggg 57'5hg352 G40, @ 465 pbB R4S uBe B0, pol yneri zation nedi um can
be, for 10 exanpl e, an al kane or a cycl'oal’kane. The nedi um enpl oyed

shoul d be liquid A shrry pelerigation nspress Benezallp usesprossures i thegangenef

relatively, iner r. red
enbodi mant5 pr o%y’ﬁﬁﬁéh‘?;@?é’%gg"? opp ']erersré)f é%??é 48ffnd éeﬂlp&%&regelﬁ}ﬁe;nd t he
pol ynmeri zat i on naﬁge:@ﬁ'ﬂ‘omelsaﬁctto lahomgsa°q)rhsasslmey pélymemuabmmsp%ﬁﬁon of

kPa to about 7,0 k Pa tur he ran e of.fromabout 50[err]C
to about 15 0?30{’@?‘ e P°ymnp ormed in ‘2 BEs Pﬁﬁgmﬁiﬂ PTWEequ?o%ach

stage wi || depeﬁém&aqa Mieh GaSpHieé tand WoiOMdmers and oﬁeﬁqm%géﬂealoa@dmﬂﬁact ion
condi tions. a.%@yeral ﬁ%ll ene shoul d_be honopol yneri zed for a

time period suf‘F st e aglge edlqaldé‘éﬂ%ﬂmfbhpﬁ‘mﬁl‘?g“?f?@ um can be, falhout 10
t o about 20 wei Re h t t he 20
gg.[n aﬁgnéanbemg@utx%b ¥ &ufn ﬁnﬁx%;e a! shéfl Yatidfa

pol ymer, pr ef er y from about WEI ght Fcent, even nore
preferably fronsmdeotie @mdttlonabﬁpolyﬁieiztaﬁmmpnﬂ y&iawelvenghtsuqheascmnebasied on

t he t ot al I ght al r. Th olynmerization
may be conduct e’&‘@%ﬁ a{}cﬁgo regegrﬁ? Hﬁgﬁg‘%B@%‘ﬁ‘&‘ ﬁﬁvesasthe pé_iy'g 'zg

pol yneri zati on diignt fidethe pelgRerizations darirdtonk using aprahure ablﬁ'gsm doloet 2&’1’0

pol ymerization may be carried out in a series of reactors. |f reactors in
series are kPa'to pbeigt 7,900 aﬁhétmﬁﬁ%‘hﬁﬁ}‘gﬁﬁf%ﬂﬂé@‘{téoéﬁ? 3b8dlct or in

the serieg, howpype, preferably, the conononer is added to the
second or subsequent reactor. - In a preferred enbodi nent,
the pol yneri zat ion oThetpw'ops efsmne forrbaeinstagmmﬂsdepend upon thcamliys;dsystem in a

series of reactors. - t efl ¢t or e stereos 1 fic
pol ypr opyl ene rraém(f'ﬁg'rg %\I‘a %’F e%o of’%verff‘ 55”5?' g?yﬁféla B@ou dea%ctl ng
propyl ene nononkdrtopolyfictriogd foﬁ ﬂain’teypeﬁblﬂ glfficiefan afekd & compdsitiodthatifg flompne
first 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
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transition netal olefin polyneri zat i on catal yst capable of preparin

propyl ene wo 992e@pol ymer s having greater than 50% chain 5’6%"
unsaturation. In the second reactr, the macromers are polynerized
w th propyl ene nononers, and optionally ot her conononers, in the -
presence of at |east one second transition metal olefin 5

pol yneri zati on catal yst capable of incorporating the propyl ene honopol yner
or . copolttymsronsmdtebh&ﬁanlmeuzatm eatalyst ragatde of i preppoip | pramsieneo f or m

t he branched £s 8[1]‘

Additionally t h8°!?°'1>%°ﬁ§ ?aglngl%?%ﬁ%he l% e%'“ﬂré% QJBJ Q&awfaugﬂ (I:%Flhetggcoﬁrdepar ed
directly fromt Iﬂ@cﬁae,ltnsmdombxefatmpommud mntpkgpyldne nveomer sadosptiofally ni'xed
catal yst 10 system conPrlsl n% at | egst one first transl t I on t al

ol efin pol ymeri SHEf the presence qf af, Ingpt-onge sepond fran ;}‘F

copol ymer ss havi Rgiyfkeaties cithlya c‘ég%lecbﬁineo@mnng the Fropylﬁﬁ@ﬂ&néﬁbﬁﬁﬂe!ﬂ rcﬁt i on
and at | east oné Second tranSition netal olefin neri zation

cat al yst capabl eopsymencsisiephpinatintacthe W‘ph%ﬁp?lp’@héomiym?;cﬂoym the besehsty ner
si dechai ns i nt Og?eghgf%mg%ﬁﬂlg%ﬁk' n copolymer. This in situ nethod can be

15 practiced Dby an at permts both preparation of isotactic
or syndiotactic Addxtnmuyﬂiedzwhmrmhed)pmycﬁeﬂmacompgsxﬁmyahakIprepa:ed

sem -crystalline. or,. Ias ro d copol yneri za f the
macr ome?/s with (33 ﬁéﬁé ‘:}gfg %@HE‘B'FFBH%%‘?@ pre ence’ ol aghx
branched ggpoly rzyﬁem §019]5rﬁ91§ra? thast@Ghe fiPNASMsitic Hiefal oRBA! psmnuﬁiaasn catalyst

processes can be used under, conditions of tenperature and pressure known to
be 20 usef ulcapaplesefcriensring Eepelgne copolymers having grepigritegeR“nalaibendidded t o

the pol ymer i zat'gp B S H G AR a m%aspaﬂe econd msmoﬁ‘?ﬂe% 1&%%3@5 Riatlon the

first and/or uent react ors dependi ng upon t1cul ar
properties of t haabstodapabled@'sinoeqboandg tthe mpmdenei bomepodyrhen cem espalpeet.

When net al | ocene avi n d| f ogen .responses ate u d, th
addition of 25 Sidec. er ‘{ngﬁnc é&‘ﬁ“ 2 gol%? Sl Mg’ﬁ?tg?ﬂ s ﬁlSut ion .
of the poliymer md&ﬁtby any methodamcpeﬂm&gjoyh pre m@&xeéfxe&awcaﬁuyﬁdldtm is to

have the conononey present in the i gh nol ecul ar wei ght  speci es
of the total poIPQWB‘iOPZIS‘PPp’ég‘F?’PB'ﬁ heving, pryiallige, semi-crystalling gy, glasyy) RIOPFENietnce of

good filmstret mmﬂoly}ﬁénﬂnbﬂgyfhe B8Rk ePOwitEpr 651 dMde tahd l)ﬁ%f comonomers

extractabl es, | ow hazé and ggd noi sture barrier i'n the film Accordingly
C

in this 30 isuahf that acbr ofpdymees rie poeparedwe Gab ephases skutryha,ndr sdasionar e

utilized during processes can be used under conditions of temperature and pressure 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 dependmg 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
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copol ynmeri zation as were used during polynerization in the second or
subsequent  woggnerigact or. For bot h pol ypr oPGT/B$R826H¢Er oner
product and branched pol yolefin qgepar ation, it is known that many
nmet hods and pernutations of the ordering addi tion of nmacroner and-

nononer species to the reactor. are possible, sone nore advant ageous
than others. For exanple, it is widely knowmn in the art that

preactivation ofopolygnerieitiohlapserecised duringlpolymesizatiohéf the aecvad ok isaieduanta

conti nuous sol uti on- phase reactor yields higher activities than
conti nuous addi fRHATof - - metallocene and activator in two separate
streams. Furthernor eper Botﬁa)iolpﬁ’oﬂﬁene ma@'giﬁ&nt;@&ﬁﬁﬂsanﬁobﬁﬁ&kﬂobolyoleﬁn
precontacting time to maximze catalyst effectiveness,

avoi di ng excesspreparatifm if 16 knewn that menamethodsaand| nesmutations ofth glﬁlefmg of
| f bl
mtaclr 2WE:§ £rab Qddﬂtgodlc ?ﬁ}a%xt&?u %%trﬁéai{roien%r r?;fecn%%’ f&%?teﬁgt& fre %Ls&fﬁ’é 9«%@ fidfe

copol yneri zed aidvefitageous gham eqhensedFor example 1fl' hse“hﬂayhkyow:eactthe/ertvthayl
groups appear to be susc I ble to b duct re |

adventitious i nBERGHYRRAD %prfh nﬁwﬁc"“ﬁz’ﬁgr"f 9“*&3@%’? %afg%fH’E‘P‘EFns with
ot her unsat ur at gflutitiQihBseC @€dctr Nyidlgs negnefrewuﬁuemhm contiiSusTBddakidh NbNY 1 N a
cool ed, inert environnent after preparation and g;pt subsequent use Wil |
optini ze the ef fnét,ailweﬁégé agtivaqrein w0 sepatate ssseﬂngspr pyhmrmbmweb

product . g [ C

par al | el react ors Wﬁg{bﬁk Eﬁgﬁdﬁn 2‘9&%&%&“}% {edgtéltegnéﬁﬂe po @%r%%{? eeﬁgsrs’rracr oner
product being pegpavca(iingn:ccssareagwgoftheactxvated)mtalysnoompqsmontroduced into the
ot her. | NDU

RIA
el ast onmer conpositi ?lé %%@8% usefd(‘)elf%%mfﬁ&@ﬂ‘ﬁo&?ne\mlypmpﬁo“% mamr?% use in

a variety of apwmmltm&rmmﬂﬁﬁmbﬁmaueh@&mmlﬁﬁ&hsa eteax YeBBBiepdfed.
conpositions have found use. Such uses include, but are not limted to,

those KRBT Righly reacive winy} 2Eowps sPRsaK tocbs wsceREble to By-groduct reactions
styrene-1 gppr en&‘ntﬁta)ﬂ%éﬁ%o@{'ﬂnpunnes and Shel ferhid dber&’diW FaPfons QR Yer S,
and their hydrogenated anal ogs. Suc I nc variety of uses such

as backbone pol gther §nsamrdd¢1@§¢upe°°0@m$mlmﬁm almlns Thus mamsmniezi imraicles.
The compos 1 O05ofle Uiy EAR b boAE el WA BnERSR e,
i nher ent optirsins tHeee%mvenegs bf the hesbfmbtpylypmpﬂewmmrahembﬂucpr acessi ng,
extruded film 8on%tml.10|g process utilizing series reactors, or parallel reactors will thus be
20 effective, the polypropylene macromer product being prepared in one and
continuously introduced into the other. |
USTRIAL UTILITY
The _thermoplastic elastomer composiﬁons 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
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packagi ng conpositions can be prepared conprising the invention

t her nopl asti cwo999749 el astomer conpositions, optionally as FodW§P2H t h
conventional additives and adj uvepts. Furt her, in view of the
preferred process of preparation using insertion pol yneri zati on of
readi |y available olefins, the invention thernoplastic elastoner 5 _
conpositions can be prepared with | ow cost petrochem cal feedstock under

| ow enpackaging) poripasds cirobrs prepared coparising the isvantion thekmbplestic

tenperat ur e ani gnj ¢ rigRlopBalty 38 R0 T (hReeRorTP b i GaaST N
condi ti ons wher P 2 FATPRP B i hoedad 8 acnT ey & screte

t her noplasti ¢ ehdsienrRe Fuftherpinolisvg bfthy preferred process of prepardtionaisidglinseftiah t he

I nvention may be nore readjly under,stoo reference is 10 . made to the
fol | owi ng gaxarer‘élé‘?’%P%’h°€F%d‘ryn?‘@ﬂé’iﬁ° 03, [the, Wention ‘S?TB‘W‘P{%&IW%M

not to lingt the,scRitend BRI BOprepared with lovw ¥OM pdirdchemical feedstoBI0 @hddr low

-Al'l polynerizations were perforned in a 2-liter Zi pperclave reactor 15

equi pped Wit h aenesgyeinput creditions (as cenmnaradute eithert pHllow | teppérawrayanieniseasur ed
into t - | Ihr .S . S ' Ly

(595, 599t of uent yRERatoH of hilheF il Abtdlsly Eohafiod®Sfiste VAGH RS )

al umi na acti vat aeded tohichieve disqoete etermaplastic elastomer morphdlogiegn, fol | owed by

P opyl ene was. pur 1 1B e e farpiivaEn o8 a2ty BEEFRoos aermeita -

mol ecul ary20  ma8é RS foll¥Rinpydxamples) Xaiich £rdMRndd®6 illastiatd theilentiGiShutecei ved

from Al bemarle - . . Inc. in stainless steel cylinders, divided into
1-1iter glass cettalimittae scapeithetegked in a | aboratory gl ove-box at
anmbi ent tenper ajghix¢ S Propyl ene was neasured into the

react or through"'a"%rat ed contai ner. To ensure the reaction

medi um was wel | Geperall, a fl at-paddle stirrer rotating at 750 25. rpm was

used. React Preparatign . .he actor was_ first

cl eaned by heating t'gﬁl T ?']P'Cﬁgiﬁerteopﬁg%e? olndFs%'§P°5eiﬁper°1ave reaé;hcif

pol ymer resi duesquipped withaobater jackat fbk edmpaehturblesitrolt Riquidsackro©meamaredlinat ed

usi ng ,acket wat.er 110 [err] C and_the r.eactor s.purged with
f1 owi ng nit r ogeer GRS ¥yne °2‘,}b’atb‘_grs‘%5'd@]6?s°?'e&ﬁﬁgd’_“ﬂfynéggé%ﬁﬁ‘gf‘% acti on,
the reactor was pﬁﬁﬁeﬁh%}p@blﬁgﬁ%t YRioligh Basic alumina achVdtédHERHgR t@RgethreShVent

cycles (to 100 psi). e cycling served two purposes: oo
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 stitrer 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:
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(1) to thoroughly penetrate all dead ends such as pressure gauges to purge
fugitive wo99ne@nt am nants and (2) to pressure test the poyasboz4Il?

Cat al ysts . Al'l catal yst prsparations were perforned in an
‘inert atnmosphere with <1.5 5 ppn1[ r] content. The catal yst systens
used in the synthesis of the isotactic. pol ypropyl ene nacroner
was dinethylsilyl bis(2-nethyl 4-phenylindenyl) zi rconi um

di chl ori de. The(Witoreiokaughly |pyﬂ|etdatesauzemaéﬂay buoh-ap prYtré SARBY10)putdd fagifivaim
di chl ori de was acti vated #9 rrgm m ze solubility of the

net al | ocene,  comt mna"fsoa}"glé é%RéFé%%@ﬁ reacten| vent . The catal yst as added
to a stainless gh@ystst ube by 10 pi pette and transferred to the reactor.
Di et hyl si | yl (tetramethyl cycl opentadi enyl ) (cyclododecyl anm do) titanium

di chl ori de was used $lbcatalys prrparations \mranerfsmeém gminelftlann@aphemmthrﬂd.‘e

accordi ng £X I
Example 1 15 FP© 5,0 m‘?""ﬂqe@n@ ﬁ?‘ ?‘; %h nResit o8 the isotagric
conducted in a polypropylene macromerautwas:l aiuaeth;ﬂalyt Ol‘bxs(Z:hﬂthyBﬁ-Qh@iyhﬂ&ﬁyl): har ged

th tol 1 15 d t tyl
(50 m of i sarlpief SRR e Simetpisiv bl pbtyBE phecblindeny) somin ¢ - 105
[err] C and equi H:t;lklmﬁ?deadasf tivitedrivith MAGH 1) ﬁ&:ﬂize%lﬁﬁﬂxﬂ%ﬂh&a%e&laé&n@

met hyl --4- phenyl | nden zi.rconiumdichloride and 1 nL O (10wt % in-20
tol uene) were i ¥uERe ¥aS tied 43 asolvent, Thecatalyseas added to &W%S Sﬂeﬂéub@at:tor was

cooled 10 pib&tte’and k@dhdtdrfedad the teiopd. Met hanol (500 nl) was added to the
pol ymer solution to precipitate the polyner. The pol yner was

coll ected by filtratPimsthylsiyd (t#fla@dth}'lﬂycmentadlenyl) (cvalodmdvcyimdo)‘ utanihﬂm hour s.
The pol ymer pr O&ih’}ﬁf)n&l%sﬁﬁ?% ﬁgﬁn%)?d hBrands gtpo&ate%ﬁ and was, gxade acco | lg;o;ps

to total olefin groups I pol ymer pro
A 2-liter reactwrthewsmplesindd8. paténh5067,4Ene (1 L) and 15 g of the

pol ypr opyl ene cro from Exanple 1. The reactor was heated to 100[err]C
for Onﬁﬁqﬁnﬁo di ssol ve the macronmer. The reactor was cooled to

30[err] C mnd 150nL The synthesiP®RblypRDy Eﬁ@in&cmme?fww&r(dugéﬁ%' g sigluene)
|

was added. The reactor was 30 heat ed to 60[err] C and equilibrated for
5 nmn Then 5 zﬂ.ﬁo e deagtor h>7l.'|h§ irpagfor 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 fér 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) (cyclododécylanﬁdo) tifanium dichloride activated in



(tetramet hyl cycl 'opent adi enyl) (cycl ododecyl am do) titaniumdichloride

~activated in W09/ 29749
PCT/ US98/ 24117 tusoszans 5
nL of tol uene@AYB¥L of MAO (10wt % in tol uene) was i nj ect e§ Ust ng a

catal yst tube. After 60 mn, the reactor 2das cooled to 30[err]C and vent ed.
The ~ pol ynmer was precipitated by addition of isopropanol (1L), and
col | ected by - f| | t rat | on. Final drying was done in a vacuum oven at

Exarpl ¢ 8 st of e 8 2k of ad Bl il Bieotivine.t (1))

and 20 g of thNecaalyst tube. pﬂﬂ&psoom CRErARGF WAB coble®Bd BIARAE véntedl NEhE €act or
was heated to 100[err] C for 20 mn. to dissolve the nmacroner. The

reactor was coobalymerowss[psciniteted hy adiition o6 isopropapplo(W).eprd sallectednby of MAO
(10wt % ! nt ol ue %%1 16’)@?133%%&1 Pﬂg&\gﬁmci %tv%n ?t 70°C f&'ef’if ﬁ&r&fb 594 g rjc

and equilibrate

(tetramet hyl cycihinedistdsslidy [Yiel¢:CAlcd. ododecyl am do) t| tanl um di chl ori de
activated in 5 nL of toluene and 2 nL of I\/AO(lOwt%ln t ol uene) was
i nj ected using &xample3  catalyst tube. After 60 min, the reactor was
cooled to 30[err] C and;.yRPtesbtor TWEs tharged wilhOkotidRe %as) RnBCEPId Jedle bY

addi ti on of isopropanol (1L), and coll ect ed by filtration. Final
dryi ng was donep@lwrapﬁq@umqmlﬁoat Exapiple 1] G'hﬁdcacm wes heated g0 JPVE for

white elastic s

2-liter react or%\lﬁg"‘ 3?1;9?3@%}52 &et’%‘:{o&e&er@e(’?‘%{ v%ﬁ%a”?’(?déo 8’9 Ct:ﬁgd 560‘“’6 ' _

pol ypropyiene npebieRy arddr 2 MLEEMPAIOE (10wt%hia toRak) Grasidaed) eThe thattor 1WA err] C
for 20 mn. to dissolve the macroner. The reactor was cooled to

30[err] C and 15bepted to 60°C gndopquilihgated, for 5 min.of Thmo & mEMoS, dimathylsiiilene)
was added. The : &Q& ﬁmﬁ ed for
5 mn. Then 4 g‘rg%&ﬁdyllérﬁ?ﬂeﬁt%dfwl? (@9@& I%E“lgtgirgth%ﬁ. ‘Igy cyéﬁ olé’ét#l‘{a{a%g?;é nyl)
(cycl ododecyl anbdual) of itblaerieuand Zjhﬁ-hbi)m (HowtA at eniudnn) #8s injected &sing a of

tol uene and 2 niL O wtO in toluene I.n a

catal yst tube. t@%ﬁtl\'@lf . {Q@HP ff&Fm%Néi?S&B %’g&}‘ﬁ Wt g’l'tﬂ: aha
vented. Tie polymer wakwmplma B eadifibd a;ra@bp%paasld(m)oan@fcoumr gpanol
(1L), and collected by iltration. Final drying was done in a

vacuum oven at filbaden ] E;nﬂdmr!gzwwcﬁms in pvapuym oxen 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



white elastic solid. Yield: 53 g. 30 : WD 99/ 29749
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Exanple 5 A 2-liter reactor was charged with ke {sl L)
and 20 g of tM@%2574 46| ypropyl ene macromer from Exanpl el-;‘lﬁ The r]gact or
was heated to 100[err]C for 20 m22. to dissolve the macroner. The
feactor was cooled to 30[err]C and 150nL 5 propyl ene and 2 nL of MAO
(10Wm % in toluene) was added. The reactor was heated to 60[err]C
and equili brat eg for 25 mn. Then 3 ng of dinethylsilyl

(tetranet hyl cyc I enyl) (cycl ododecyl am do) titanium dichloride
~activated in AD2Mhter Ofeadtéd wap echargdd twithl- t6lherdAQ L)0ad%@0 rg tofl thene) was
i njected using a ~catal yst tube. After 30 mn, the reactor was

cool ed to 30[ er ppigrrapylenscmacsemerframn Egample 1y ofheferctorawasdheated g t189°€dfopy
addi tion of isoppa | .. || egt . NS ' i nal
dryi ng was done%ﬂggq\g/éiégﬁék%)’ Bh\?ﬁgéﬁefo([a%hﬁﬁ (%/rovr‘asl‘éoohegl}?siot%%é#\?gonéf
white el asgic s@rdpsilene’al 2l mL3df MAO (10wt% inGoluens)avdsvadéd afht eeabtor was
A conparative exanpl e was _conducted t are a blend of gtactic 15

pol ypr opyl ene améated §e a@"Pca‘}S’ol“?‘ﬁ“l&Hﬁgefgg oneneR ¢ e 9 SmehElsibd) ef i n
POl YTer Of t he. RicfilhibyRlopiddith) feeloRBlbciniadf AUHERFIoRRIDAkAgy aL act |

pol ypropyl ene and the 1sotactic pol'ypropyl ene nacroner produced in Exanple
1 At actSi wL g tpluengparideh anlnwat My dliQwtys liy tolhene))iwag injecked iising ar eact or

ith tol 1 L dding _150mL of lL.ege .and f MAO
b b1 e e S50 . B8 AR R co B 83 B e 136
equi | i bratied f orpolymsi Avas Titedipithted b fadditio® dTykSirbpinol (1L), and collected by

(tetranet hyl cycl opent adi enyl,) (cycl ododecyl am do) titani um dichlor.ide
activated in - fitrationcFigpl drying was done ima yaguum ovgr apVi3C(fondt boyrp ta gVeidne) was

I nj ected using ite elastic sofi I PkiiS37 L ube. After 60 min, the reactor was
cooled to 30[er?j eaﬁﬁm\fgnt e%. T%eé' pol ymer was precipitated by

addi ti on of i soopyangtive®xampleéd col | ected by 25 filtration. Final

Gryipg ves done | < S S e PhOLINEEl, MpPlA et Vel ) o
495, 100 ansl polypropylpd il Ssu@dcsic t polypropled8. macromer to the brancked lokfik was
charged with t Olp%&rh%r S)? ?h% prp_ ent I%E/éan%g!il.c 1‘8 %lle)r/iB rv?agyplrgguececs %52r .cgznbining 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



and the pol ypropyl ene macromer from Exanmple 1 (3 g).. The flask was
connected 30 to a condenser and heated to 110[err]-C under N2 with .
mechani cal stirrin When t he WD 99/ 29749
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pol ymer was conpl etely di ssol ved, the flagk was cool ed to 251C and Tet hanol
(500L) was added.- The precipitat ed pol yrer was col lected by filtration, and
dried in a vacuum oven at 60[err]C for 12 hours to glveavvhlte
elastic solid. Yield: 14. Char cterlz

t
Sone general ch:EP]é{E'F’éHaiéEPﬁ“g]ﬁteﬁ'a@ﬁdFVSﬁi 'thﬁgﬁc BH MRS EPS eﬁiré‘a@ %\ "Eaafﬁ‘iﬂ‘aé‘@l 2 to
5 and Conpar at' oﬁwh&eé G5E plekipfiREd polyrheives éolle&&?bﬁhﬁr‘éﬁoﬁ 8@ 3fitd on

tenperature (T and rnelting point err]) of e pol ymer product
sanpl es were mavacuukatoeemtﬁ@wm1ah@®€t<2912®aliarhitée}astmsohd Sipkhitdg.

Cal orineter (TA Inztrtgntgi. " The reported nelting points were
recorded at sec a nperature ranp 10 of 5 [err]C mn. The
per cent ages of pol ypr ggme gaermmaﬁdm datisfopthe\poRnessafidded Examples 2 to\as

cal cul at ed by mass bal ance. Tabl e
1 5 and Comparative Examplph@ &e élptefbrlapgiﬂ{lg, oy Rk ﬁlass transition

gxarrpl e 1218 %@rﬁﬁe}ﬁre g,ﬁﬂ[deﬁxe&lﬁg IpSint §T%)T£fefhre] fdifhé:] prGauct satip R GrepdTer

3 148. @etermined o7 DSC 2910 Differguial3Scanning Calonmetex](TA Instruments).

g : 13‘128 5 3I‘he feportg%'ﬁémﬁg points Wfé%reg(?ﬂig'd at second néeht thh a temperature ramp

Comp. 6 10 1%F 50C/min. Thézeftentage of polfpopyiene macromer i2fthe polsimer samples

The pol yner product from Exanples 2-5 were anal yzed by gel perneation

chr omat ogr aphy (4 Ggjculatodp wgssrs’efefem gh tenperature system equipped with a
DR1 Detector, Showdex AT-806MS col um aRgp@ARerating at a system

t enperature of 145[err] C. The solvent uSed was 1, 2,4-trichl orobenzene, from

whi ch pol yner sanpl e sol Btl}'ml’otipettyﬁsmgmm concentration were
prepared for injecti Ny ot vet . o tat ]uﬁ—i—nH-n- nut e
and the injection si 4o EXA®PlEo ¢ Tm EO) @IS of s Temf(1Qr |o%aMasTomEr (o
pol yner sanples, the[resyyting chaga_mat cgraqrg;_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 injection_ 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.



were anal yzed using the Waters Expert Fuse programto cal cul ate the

nol ecul ar wei ght distribution and one or rrglre of Merr] Merr]. and
Mz- averages. The results are listed in Table 2.
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Table 2 'GPC Ml ecul ar V\él ght and Nunber Sunmmary
Exanpl e vh Mv MAD

2. 73,610 303, 798 4.13 3
57, 383 214, 789 3. 74 Iable2 z51

46, 300 188, 949 5 d S .

31, 187 169, 309 GPCMOIec“lér%lght an Numbe_r “mmar’i'he tensile stress
behavi or of the therjnoExastplec ef ast ders p#odudﬁdr in § M¥Dples|2 to 5
and Conparative Exarn ' +h-rechapcaltt-est-rg

machi nes. The pol yprjopyl efie sanpl ed e pre \s"'d’ﬁz?%ed I nt 14§I3rrm I ong, 6 mm
wide and 0.7 nm thidk dogpone- shapeg sgpeci Tenm;ws;ao[errjb e Sp i mens
wer e subj ectled_to strailn |rmnqu by _an Instror[errl 4505 nechi ne at
a uni axi al ext ensi o 4 rate dﬁ,390| n. | mi r1889ﬁ9thel breald.08y poin{. 10
The el astic property—was giraracteri Wit roff-er+—4585—aed | ne.
The speci mens were ¢l ongafed to 3083%ﬁ§? dg%gqon fat e ofslg3 in./

Stress was rel eased | nmedi ately and theblrecgvery was neasured after
1 In. The results are presented in Table

Tgblme 3 15 The tensile stress %ehawormcmaﬁhmpplmmﬁ&stop@mmd in

gxarml e STGQZ gﬁ:ﬁmﬁﬂ§ bko 5 mgmgg%ﬁm%le 6 wat &9{;?& Yith Hechanical testing

3 : 379 machines. The polypropylefdsamples were press-mol8&i 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 300% at an expansion rate of 6 in./min. Stress
was released immediately and the reco;rery was measured after 10 min. The results
are presented in Table 3.

Table3
15 Mechanical .Property Summary
Example | Tensile (psi) Elongation (%) | Recovery (%)
2 386 2310 57
3 379 1758 93
3 511 1390 50
5 1803 60 Break
Comp.6 329 2615 91




4 . 511 1390 90

5 1803 60 Br eak
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Wiile certain representative enbodi nents and details have been shown for
t he purposes of illustrating the invention, it will be apparent to those

skilled in the wnu@&émm%{,re&ﬂ{aiﬁ%&?ﬁ&cﬁ?gﬁéa,ldrhtelgarﬁlqgh&eq,ggrf g%go product s

-di scl osed herein may be nade epar rom Scope of
the invention, wheipurposes ofdiustasingithe inventin, it will beapperentedlthobaskilled in the

\Ié\lC::)T? ?Jéggrgi 117 ot that various changes in the process and products disclosed herein may pe made

CLAI M5 without departing from the scope of the invention, which is defined in the 1
1. A thernopl astic el astonmer conposition conprising a branched olefin
pol yner havi ng E‘?%?Q‘{leglq?atﬂﬁﬁ si dechai ns and an anor phous backbone wherein
said 5 sidechains are at least 90 nole percent isotactic or

syndi otacti c pol ypropyl ene and sai d backbone is at |east 80 nole
percent atactic pol ypropyl ene. 2. The conposition of claim1

wherein said sidechains are at | east 95 nol e



percent isotactic polypropyl ene and said backbone is at |east 90 nole

percent 10 atactic pol ypropyl ene. . 3. The conposition of
claim1 wherein said sidechains are at |east 98 nole

i sotactic polye9dpy#ene and said backbone is at |east 95 mFSP’S’@?s?é%V
atactic pol ypropylene. 15 4. Bee conposition of .claiml1 further
conpri sing one or nbre conbnoners selected fromthe group———
consisting of ethylene, [err]-olefins, gemnally I substituted
nononers, [err] cyclic olefins, styrenic olefins, and u ﬂ]i‘amﬂ UII'
nunber [err] al GBAIMSstituted anal ogs of the cyclic a AR , Mins.
20 5. The conposition of claim4 wherein said one or nore
conononer s conprise from3 to 20 nol e percent of said polyolefin

conposition. 1. A tigmoplastiy,clastomss stompgsition comprising avbenehed oiefim one or
More Combnomer s gI?PF% Hamétﬁﬁnef &@Zhgnst %ﬁd%%ﬁ!ﬁ@lﬁ%&lﬁ%@%@?fwﬁéﬁg said

pol yol ef i n conpos ast oner
conposi ti of pr odidedhdins bre at keastP0ouale percent isotactic onpmilstacye polypropylene and a)

contacting, in salution, .at .a t rature from90[err]C to 30
1200 err] C, " pr opyHaReekBirdRE st f ol Perkal pte RONAORAD o1
27 conprising a chiral, stereorigid transition

net al catal yst conpound .. . L .
2. The composition of claim 1 wherein said sidechains are at least 95 mole

percent isotactic polypropylene and said backbone is at least .90 mole percent

- 10 atactic polypropylene.

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



——

~capabl e of producing isotactic or syngi | pyl ene;
b) - copolynerizing the product of ‘mﬂﬂﬂmuﬁg Hﬂmand, optionally,
one or nore caopol i zabl e nononers, 3 ion 5

H . . 7
reactor using ﬂ’égﬁ{s’r al transition netal catalyst capable of CT/USIA41

produci ng atactic pol ypropyl ene; and 27 c) recovering a
- branched ol efin pol yner. : 8. The conposition of claim?7
wherein step a) is conducted by a process in 10 whi ch sai d propyl'ene

nononers are contacted w - I al .er.eori.gi d transition
nmetal catal yst conpound af?g ?@%’%ﬁ%&gﬁfeﬁ%h%gggaﬁselg%%%‘ﬁ?ﬁat st Gomppspd
coor di nati ng ani on precur sapable of producing isofdctic or syhdiotactimiyproptenef cl ai m 8
wherein step b) is cg}gduct ed.in a. separ a reaction by sol ution,

e 15
slurry or gas phase P8l ynEPPYUPSEiiE £proatr °?a)‘1'§?1=f°mm¢ g gpsiepalivon of

clai m7 wherein step a) abfle ot ABrobpdiAeGADE YichEfhers, in a polymeDEH! T ent | y.
20 11. The conposition of claim 7 wherein said propylene nononers

in step a) Sare c SPACHE UERg an achirgldrapaition mete! ¢atalyst ¢apableof] C t o
110[err]C. 12. . b .cllaim 7 wherein said chiral,
prodhBifig samggk%&g o] ~

stereorigid transition ne St conpound is selected from
t he group consisting of direeevéringsibirarichdst olefipeblyifier. bi s-i ndenyl

zi rconocenes or haf nocenes. 13. The conposition of claim?7
wherein said chiral, stereorigid transition netal cat al yst

conmpound i s a digret hyfheidojtipositionigfodlaif B whadBsép 2) & CORACRADY 2 pRfdess in 14
The conposition of, claim 13 wherein said chiral,  -sterearigid transition

metal cataPyst cBHpbIRY POPYIRS mopaperssaie sentagtedovitineaid chiral, stereorigid

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.



28 15. The conposi t| erein said chiral,
stereorlgldtran5|t|on net al H ﬂmlﬂy und is dlrrethyIsHyI
bi s(2-met hyl- 4- phegyl i ndenyl) zi rc hl or i de 5159 4117

16. A proc¥ producing a ther m)pl ast [ c el ast omer &6 I on
conpri si ng: a) cont actjgng, in solution, at a terrperature
from90[err]Cto ' - 120[err] C pro_pylene nononmers with
a catal yst conposition 10 : conprising a chiral,

stereorigid transition netal catal yst conpound
capabl e of producing isotactic or syndiotactic polypropyl ene;

b) copol ymer igin QTﬁé”&n%deméf Mim®) wH&rExH sﬂﬂ Qﬁydl,esi‘ée&@d traitioR Redkd1Y
one or nore copolyneri zabl'e nmononers, in a &r yneri zation

reactor using asatalgsti compeundnds tdimethylsivh| bis ﬂt“‘z}wp‘é@ﬂ@YBf zirgonium

pr oduci ng pol ypggp%h&pe and recovering a branched

ol efin pol yner 17. The process of claim 16 wherein step a) is
conducted %y a process in which sai d propyl ene nononers are
contacted with ﬁgid hi r al ﬁ%ereordl idtransition 2 nmet al , cat al yst
conpound activa d’ﬁ°°§Fs %aR® B t &l oRlastie el‘:‘ﬁtSF‘GT n&‘t’?‘??ﬁmm

ani on precur sor comprising: The process of claim17 wherein step b)

is conducted in a separate react j on y solution, slurry or gas
phase pol ymeri zati on® 25 contacting, in selytion, aﬁ'ﬁmeﬁé‘t!§§'°@f90c¢éﬁ m 16 wherein

step a) and step b) are qg@@%%lenemonomers%ﬂ‘iléﬁé%&tt%o}ﬁ[pbﬁ%%he presence: of

a mxed catal yst system he process o wherein said
propyl ene Ianomer S in st epmpyising chiral, 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.



30 contacted at a tenpera ]Cto 1 10C -
29 21. The process “ F in said chiral, stereorigid
transition me cat al y I ected from f,@guggsgwﬁ-,

|
consi sting of 9%?7ﬁyl sil.yl -bridged b| s-indenyl zirconocenes or
haf nocenes. 5 22. The process of2%laim 16 wherein said chiral,
"stereorigid transition netal catal yst conpound is a -
dlnethyIS|IyI brldged bi s-i ndenyl zirconocene. 23. The process

of claim22 whegegi l?éhgroE&'srd?lclanrﬁtl%rﬁﬂér il idt Elﬂr‘ﬂ?'%ér%gma{r%sg ipn mete}lh

cat al yst corrpound furt er conprises an al unoxane
process of cl ai patdlgistwompeund is a¢lectethfroml the grapeomsigiing off dimsihyisiyl-bridg el

g:’;u(::ﬁ: Xf.t dgonpougls_ménﬂz{;ggnggmgs Jnyhafn 'cerfez. nmet hyl - 4- phenyl i ndenyl ) zirconi um

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.
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