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APPLI CATI ON FOR US PATENT PROPYLENE POLYMERS | NCORPORATI NG
POLYETHYLENE MACROVERS 5

This application is based on U S. proVisional applications 60/037323, filed
2/ 7/ 97, 60/046812, filed 5/2/97, and 60/067782, filed 12/ 10/ 97.
FIELD OF THE | NVENTI ON A ppPLICATION FOREUR'ESERNT Nnvention relates to
propyl ene pol yners mcorWE[‘l"h‘g"I%"‘"‘_m m and a nethod for the
preparation of branched polypropylene utilizing chiral, stereorigid
transition rret al _catal yst caonpound BACKGROUND
OF THE | NVENPRQEYLENE POLY ER%NWBB%’EM&%Y&T&Y bENfrers are
known to have low nelt strength is is a significant deficiency
in key application areas such astAfgrur?DM%rﬁﬁ ng, 15 bl ow nol di ng, and
fi bgr spinning. Polyethylene on the other hand is used extensi vely
in blowm filma ications requiring good nelt strength. The |limtations
in the nelt st rﬁmg@nph@wqyous éﬁ%spfghtswnalpamcﬁméé@/@%ﬁ fileheet
extrusion n thernofornmed in the
LN 60/046835) fled ?)2?6‘7‘ Ma BhioB278 sidk PRI

nelt phas ratros o on coating, poor bubble

formation in extrusion foamIERDEOFTHE INMERGION rel ative weakness in
| arge-part blow nolding. Thus, 1t would be highly desirable to

produce pol ypr dhgl meseatndnvmtlanedelp@sytmrBrdnahnmgp@maﬁcenmmran@grengt h as

Inlc easi nQ‘aFF%%‘FFgf%P Féeglquﬁfo\égi‘%abl X lg’gcsq%ﬁ 54)8%/1}/'%08&9?%%1’%’&% been an

i ndust ri alchgfaktefedfi }@E{Hns%ﬁl‘mgtﬁrba%%@{ SompOWRIKEr, success has been Iimted.
The 25 desi rabFe propert I es that have nmade | ow density pol yethyl ene
1AL DUR 0 i

comercially :
strength and e | 1 ent essab | it t hese erties are
attributed to Pﬁ?@é%rwc@dorflar%{@&mﬁsrﬁw kndvn T oy AETOAHEERE 5 ¢ hought

to occur ongiels RishifRafs S Eenkp! iy %&'Zp@hbﬁfbn areas suchcg‘mehhef?ﬁnun%o

There has been sone success inincreasing the nelt strength of

pol ¥spr opy lblave. mpldinge xandpfiber Efndisg. SPolyathythinecowabe dtherh hembrigysed r adi ati on
of

extensively in blown film applications requiring good melt strength. The limitations

in the melt strength of polypropylenes show up as excess sag in sheet extrusion,
rapid thinning of walls in parts thermoformed in the melt phase, low draw-down
ratios in extrusion coating, poor bubble formation in extrusion foam materials, and
20 relative weakness in large-part blow molding. Thus, it would be highly desirable to
produce polypropylene and related polymers having enhanced melt strength as well
as commercially valuable processability.
Increasing the melt strength of polymers such as polypropylene has been an
industrial goal for well over ten years, however, success has been limited. The
25 desirable properties that have made low density polyethylene commercially
successful are attributed in large part to high melt strength and excellent
processability. Both of these properties are attributed to the presence of long chain
branching which is thought to occur under high pressure polymerization
conditions.
30 There has been some success in increasing the melt strength of

polypropylene. For exampie, EP 190 889 A2 discloses high energy irradiation of
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pol ypropyl ene to create what is believed to be pol ypropyl ene having

subst anti al free-end | ong braQ%hes of propylene units. EP 384 431
di scl oses the use of per oxi de ‘deconposi ti-on of pol ypropylene in the

subst anti al absence of oxygen to obtain a simlar product. 5

Gt her at t epplyprapgleneno aveatd kvhatrid beligvep es bie gmolfropiénephaving eubatantigll ude
u. S Paten},r 5,541, 236, which_introduces |ong chai n br.anchi ng by br| dgi ng
two PP ee-end JoRg brrasheso of graaviene s poEf me8s, 43Andiselpsss theusatof

o, 15% pHRl SRS St ppronyehd SPERPABLR il bEORAR

cross- | i nkob@iredsimilet plodnérat i on in such processes. 10 Thus,
there is still a need for propylene polynmers having inproved nelt

stredgth and go&¥hgr @i&;@;aboumyove the melt properties of polypropylene includUMVARY OF
THE | NVENT res i,nvent i s.t.ha d by

provi di ng ?C%‘o?%}?)’?tesf’?ﬂ i dthigh nfoRIcE 7 ‘Wr% CRITCRTAR ﬁ?’%gengy g“%%‘%%:‘ﬁ‘é?%ol efin
copol ymer BadkbBHestd fbﬁﬁ@ﬁ%’pb%o%eﬁ%ﬁ@‘ﬁ SBatrdt 5 514 'ﬂﬂc Wh%%se?@x'e%@st hyl ene
branches and, optionally, ‘Oné or ndre conpnoners. t ot al
conononer mnnmutedﬁn thedatktmnehtoccbiceé amlmlapeﬁ‘mﬁqveﬂftmmdlfﬁwlm mol e

percent. tio.of the isqgtactic polypropylene to the
pol yet hyl eméo'd cross’l’”EW§ﬁ§§§elffP8mt§’é‘ 18 Spe prt"SesSﬁ’pSO Additional Iy, a process

i's povided for mEPAElE il a need forbhrapslags Qiyﬁfekﬁhwlirﬁ "ve(Y"fi'r'xéRh
conprises: 20 a) copolynerizing et hy éne, optionally with one or

nore copol yirength atd good processability. nmononers, in a polynerization
reaction under conditions to form copol yrrer
havi ng greater than 40% c iRV

copol ymeri zing t E&qygrfve%or@)ne@fs thatpﬁ&ﬁy}%fp @J l)%vduct
one or nore copoly r| za nononer s mer | atl

react or und\énc}summmhﬁee aploray¢ired pylefern eopstyyiere havirey amnsoctmmdl fiolyprepylene

usi n% a ch})r&l, stereoi;l gid transition netal catal yst capabl e of
prodici ng PaPRBe: ROISIXIGIeHpnckse andy ptionally, one or mqre comopgRers nhey

branched okghj Ebrﬁ@rﬂﬂllléf%tem of the branched olefin copolymerBRilh PRSGY RblN OF THE
DRAW NGS 30 Figure 1 is a grapnh é) |5imustrat|on of the GPC FTIR

data for t Iperceot. yddso, the mass ratiopoforlie dsstadtic foigprppydede to the polyethylene

ranges from 99.9:0.1 to 50:50. Additionally, a process is provided for preparing a
branched olefin copolymer which comprises:
20 a) copolymerizing ethylene, optionally with one or more copolymerizable
monomers, in a polymerization reaction under conditions sufficient to
form copolymer having greater than 40% chain end-group unsaturation;
b) copolymerizing the product of a) with propylene and, optionally,
one or more copolymerizable monomers, in a polymerization
25 reactor under suitable polypropylene polymerization conditions
using a chiral, stereorigid transition metal catalyst capable of
producing isotactic polypropylene; and
¢) recovering a branched olefin copolymer.
BRIEF DESCRIPTION OF THE DRAWINGS
30 Figure 1 is a graphic illustration of the GPC-FTIR data for the polymer

produced in Example 4.
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Figure-2 iis a graphic illustration of the conplex viscosity vs. shear rate
curve for the polymer products produced in Exanple 5 and Conparative
Exanpl e 7. 3 DETAI LED DESCRI PTI ON OF THE

| NVENTION 5 The pol yolefin conpositions of this invention are

conpri sed of anched . -hol rs rein.t r ne is
derived fromp ‘§B§)‘1 Zn’é aa%r&ppﬁelﬁ%%%égﬁgromg C%n{bl%xrgﬁ‘gﬁietir%ré %glr}? Ved from
pol yet hyl &itge for khe pblyaiRe BRSIuBRGro@sdcB e Example 5 and Compeatayive Bxamgleunder
coordination or insertion conditions with activated transition

met al orghnonetal lic catal yst conpounds. The branches are conposed of 10

pol yet Pyl ene whi chmMg all.i Yo s g al.l i ne or gl assy
properties .

: Fha dorer A% cor dance with the
art s under st 00dTHE $BIyd&AAf compositions RIS ihRNIBn af1doRpRsell b0BAREhdd0 a8
pol ymeri c backbone that may "al so be crystalline. The backbone is
conposed pdlymemsrvaesge che palymperd backigmel ie deriveddyoro ptapyleat kyd therpelymer

nore conpnoners. In addition, the ckbong has a.,nmelt point of 80[err]C or
hi gher . 1Byanches pargy éF’a‘fﬁdy,f’%eP‘ﬂ%ﬁfﬁﬁﬁ??e | The gﬁf%‘é’ﬁﬁ carﬂoﬁvﬁf%| 8ife. These
conposi t i g@gg@ﬁ&du§,féev'coordination orthsdrih r&%&i&ig‘gm«i{he&m 1N FarinD ¢

I mproved essability over curre ol ypr opyl ene conpositions.
I n t he brmetahectgetamhétallic ogrphlyste compourtis. prBserraricheseraré csompdsed nafss rati o

of t he isotactic polypropylene to.the | yet hyl ene ranges from
99.18: 0.1 P‘EJY%}Q}"SU% WZEF% may 3’@{’& e%fsﬁ S f%‘ﬁ%%@g‘?%f’f <¥¥"I§FY PRIPEYSYt act i ¢

pol ypr opy t . : 2 50.

As used héeur%gllslr(le,f‘aﬁ ?%gt@g%%/g&g%l %‘f%‘"‘%%ﬁg‘? Mtg tgee?rltrlllfgga?s?% ﬁa‘g?grr\lg]gg(?f | east 70%
i sot act i cthositeants, andcave ditaxghed to a palyaleyisi backbone [tieat mpag-did-be Eryistgling.

i sotactic . pol ypropyl ene" is, defined as having.at |east 90%
i sotacti CTb%h{t%k@gma@Cqsmmqqg,do%stg@osr)eclﬁgrp(glxpgpgylW andy PPN, oM di ot act i ¢

| "o i .pol . i : 70%
pol ypr Opy{nlspeecoﬂ'l?xggﬁérk.nfrg a@pﬁﬁgx? tt){é’ b :6%’)5? gasbgl/ rrtegraof%tlﬁW@ (ﬂ’thléf'faeql St

syndi otacti c pen accor 0 ana
Pr aber abl preférably othe lbackb@ne s shactiy psigpropylene NThesa compbsitidsyare aefact i c

pol ypr opyl ene. . . WD 98/ 34971, .

PCT/ US98/ 8> ABgrmoforming  resins and exhibit improved processability over currept

The Macro ' | o The branches of the polyner (also
referred {J%l&gxs%'pgf;eﬁ% gé():lﬂg?sr%w}s' are

In the branched olefin copolymer of the present invention, the mass ratio of

the isotactic polypropylene to the polyethylene ranges from 99.9:0.1 to 50:50.
20 Preferably, the mass ratio of the isotactic polypropylene to the polyethylene ranges
from 95:5 to 50:50.

As used herein, “isotactic polypropylene” is defined as having at least 70%
isotactic pentads according to analysis by “C-NMR. “Highly isotactic
polypropylene” is defined as having at least 90% isotactic pentads according to

25 analysis by PC-NMR. “Syndiotactic polypropylene” is defined as polypropylene
having at least 70% syndiotactic pentads according to analysis by “C-NMR.
Preferably, the backbone of the present invention is highly isotactic polypropylene.



conpri sed_et 2ééene and, optionally, one or nmore conononers. Preferably, the
conononer WAMB4OFkni cal units capabl e of forning crystalli nBCHPSIH03ESy

polynmeric 5 segnents under conditions of insertion polynerization.
Sui t abl e conmononer s i ncl ude err]-CJerr] [err]-olefins, gemnally
di substituted nonomers, Clerr]-Clerr] cyclic olefins, Clerr]- C25

styrenic olefins and | ower carbon nunber ((ferr]-Cerr]) alkyl-substituted
anal ogs of The Macro_mdrreSidvdiaum and styrenic olefins. Thus, typically, the

branches can co ge fromg 100 | % et hyl ene, and from 0-15

mol % comononer , r'}E‘f‘—e Bnghssy 0 Ghe onplyragrofalee referregy E/138n eS198rdaims™) 0359p| %
conononer, r r.abl.ys9 | %
cononorer . °€'ﬁ§%%°?t ?‘?z’gﬁegg ’a}{d é‘?‘ﬁz‘g’él dé ncéJ hgllt n ﬁ%ﬁ@?ggseres.s ab g?/r%mg’bg%t

3,000, it icempnahensabé ehéntical ninito daymablesofbformingoatydtallind o€ glassypoiymériz M ni M ze
enbrittlement, e.g., about 0.2 - 4.0 nol.% conpnoner, The selection of
conproner SRBNEES b‘&%‘d C&%‘iﬁorﬁr%é}s?ﬂ% pol@erization. ¢ Sysetle |q0mqnym§rssr upting

Toctene. sy Co GolteS) 0ERMY fo el mielpin SR AHE lEYaCo 1 but ene
for inproved, E’@l‘éﬁ% iR gd loWdt carbon numbExeﬁfg-Cﬁodlk}lmWs@Mﬁgd BRily& byl ene

filmelasti C|ty or barrier properties, a cyclic conononer such as
nor bor nene ther cbahkymd stytesici dlefirsd Tihos, bppmd}yethual;rathéepcaef @mpeide from 85-  over

ol ecul ar B0 GRELY 1By tdfiom 013 mabe ERmGnRes GRoBRHRIE 8 oo 1T
30, foypi caleme%e%ndﬁd% ‘ot dntonhie :ﬁbﬁ%‘r@ﬁh{b‘ﬁy 94 -98 molvCéfyl BVl 1 er ent

conobnoner conpositions, e.g. i'ncluding the orthogonal
conposi ti oRaf nuil%t canertantens Idepfacxrcutae,das the WidschgaMmincbea382ate3e abomBl >50%) ,

i ncor por at .reference for rposes of U S. patent practicge. .
Opt i onal | y%d‘)?%y it is pr rﬁ?‘ﬁr‘@s‘“g'f’d‘é‘?edé@ﬂg eouays: f GPPPRYTETT: SRR

wei ght's andfBfi MBS kldl 0BETRY 2 - 4.0 mol BE d& %gm The selection off he
Merr] of the sidechains are wthin the range o rom greater than or equal
to 500 and cbwsomharcamrbeedplsadd upont profftieProtiiarr thah ycrybtelliMtye rdijrupting he

sidechains is from 1500 to, 30,000, and ﬁrr’ghe preferably the Merr]
a

i s fPom 1568Pa0ditpsiasoigstancey @ longer olsfiptcomangmysr, e 195F8NR; a(Yol?fol ymer

Wi thin thi I r as
measur ed b?/) rﬁ%‘??i? \glra\llt %‘asgal\s‘%aﬁlﬁﬁéa%}g%? ?Anug%ﬁe for lmprovedcdﬁegﬂ ( rrngaigur ed by
WO 98/ 34971ear. For improved polyethylene film elasncﬂy or barrier properties, a cychc
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i nt egr at i nGOMOROMET Sigh asdrasberaeneqr alkyipsupstituted osbaspenedpay| be ‘R/Fﬁf?‘ée%cannl ng
at > 5 over &ruﬁ‘{mn) Condi tions sufficient to form
the si dechd'n copol ymér include using suitable et hyl ene and
conmozoner react dftfe sidédhains toan Rt marrole ol @86dd BRtkcalad andiglit ndisthbhition 5
derived unit constitution, plus catalyst andfr ocess condi tions conduci ve

to (Moy/Mmg farrrxemplea fromal  doiaitypiealla -8 TAdditianallyi Higssidsehabpendi ng
provi si Onalcan have different comonomer compositions, e.g., including the orthogonal

compositional distributions described in U.S. patent 5,382,630 (CDBI >50%),

incorporated by reference for purposes of U. S. patent practice. Optionally,

25 mixtures of sidechains with different molecular weights and/or compositions may
be used.

The M, of the sidechains are within the range of from greater than or equal

to 500 and less than or equal to 45,000. Preferably the M, of the sidechains is

from 1500 to 30,000, and more preferably the M, is from 1500 to 25,000. A

30 preferred branched olefinic copolymer within this class will have a melt enthalpy

(AH,,) as measured by differential scanning calorimetry of < 90 cal/g (measured by



application U S. Ser. No. 60/037323 filed 02/07/97 are specific to suitable
cat al yst wo 98/34971 Sel ection and use to prepare nmacroneric CpeprsoRdz7s1ai NS

with a.high yield of vinyl unsaturation. The netall ocene catal yst
used in the step a) preparation of the 10 unsat ur ati on- cont ai ni ng
macronmer can be essentially any catal §st capabl e of i nsertion

pol yneri zation of ethylene, it can be one capabl e of high conononer

i ncorporation capabil|t see, bel o or of |low.c nQner i ncor poration
capabi | i t;}'?‘egfatmg %eatTh%‘é%('?ﬁO’ﬁ’Wﬁ P@éi%ﬁ’oc"i’&%ﬁﬁ?ﬁw&a %p' cally
t hose t hatcapg)nore congested at the nmetal coordination site, thus

unbri dged and Substituted unbridged 15 net al | ocene catal ysts are
particul arly suCdmlitions suffieenaiosformitbe sideshainngppolyinetirBlude using suité#tde ent
5,498, 809 and international publications WD 9 /;{9&43%@?nd .94/ 13715,
descri bi nGHHEeNsANds comQneRIer FeACHa FRiiQRstRo2ssurenihg Aesenbet iidechain Plefipr ene

copq yner : ol i yi.al 1S Jal - copendi ng
applcyi cati O%ﬁntrf%-ungekgnsﬁg?lbn, ;ﬁuéj%agz@/? E@d Ogb?&glcégﬁfj?ﬁ{/gén%s& _Qgs to the
pr epar at i dormihg ethByumagridted lehiiyil &s. 2The teachingspof copemiinga pravisibnagh | evel s
of vinylidene chain-end unsaturation. Thr oug?hout ) . the description
above, and@ppisatian U.ReSemNes 60/08f3ghiiled §2/Qy/97 arerspesifi¢ to fitahle catalyst

referring J i i i AL i-nsertion
ol yrrer | S SEaHO AR 8% b8 DrdfRRY Taliciditd BRI Yo i MR 41 "2 CLLLOT
Al l vinyl dasatianbs. The mittalopéieditapt usEdin the QfePQ) Preshrdtion’ siftaeence for
pur poses of U.S. 25 patent practice. In a particul ar

enbBYi nentunsHIaPBTCOBAHRE tTHRESTON <ab nbei esbangalih anpneatalyst capable wfoduct
sui tabl e as_branches f.or.. b, uent copol ymerizati on,reaction_can be
orepared TRRIOL BPRTeHAtis SheRTone. b eaf BRaPLs GHEDl T B SR PRl Eho! ar
ratios of incorporation 8ipaBili & Belb BB oA bR Iw SbHERORR EncRebdrii@diDéapaBiligy. . Met hyl
al unoxane Mﬁr\}é)) to 3% W&?rans?’?i on netal. Prefercgg}?y t hat pI elvlgi is > 20

and = 175;Thase of howfirgompargtion oqpability are typically these thet asenmorerensnigepredf er abl y >

%&?ngg / g'?gggg-rhrgetgle "RELALAtR s é,e'iﬁllxjsr QB get:d "hd substituted unbri g%,g/ 34971

of [eacti GhetdBRRNE caRGist BR SAtieAkSY sBitAHIES SSRULIsatRe 98RRIES lof Wig.hin the
nor mal ranges for a solution process. Thus tenperatures can range

f r om 20[ erRtatent 549808 S%and] iaternational publipatising VEO! 34/F 343 BA[WEr $4218015150[ err] C,
bt veen SeFRrTHeS BfERsSiaTaRY i el et neied S ToRe-Pusas PP BRRG: ai 1y can
Cypi cal salutog o BE G, e o R s S8 1) ange
from anbi d8/63160305Ofiled r21CMaiyt K99, emsster ¢ise preparation ¢ff etylnbisshttyleme3. 45 MPa.
ThezJ eact ic%?:%ly?n%?s aeviﬁgu Higgalg\(/:erl]g/m ois einyﬁ?err]lgic iax‘x)utlesndf unsaturation, Throughout
the description above, and below, the phrase “chain-end” or “terminal” when
referring to unsaturation means olefin unsaturation suitable for insertion
polymerization whether or not located precisely at the terminus of a chain. All
documents of this paragraph are incorporated by reference for purposes of U.S.
25 patent practice.
In a particular embodiment, polymeric unsaturation-containing macromer
product suitable as branches for a subsequent copolymerization reaction can be
prepared under solution polymerization conditions with preferred molar ratios of
aluminum in the alkyl alumoxane activator, e.g., methyl alumoxane (MAO), to
30 transition metal. Preferably that level is > 20 and = 175; more preferably > 20 and

= 140; and, most preferably > 20 and = 100. The temperature, pressure and time



sui table gl ur r:}/-t pe reactions are simlar to solution conditions except

reaction WOt epperatures are linited to those bel ow t¥fer/HE8{02736
tenperature of the polynmer. In an 10 additional, alternative reaction
configuration, a supercritical fluid di um can be used with

tenperatures up to 250[err]C and pressures up to 345 MPa. Under high
tenperature and pressure reaction conditions, macroner product of | ower
mol ecul ar offeghtion depgpad upoe they péleaed proqmessiontente genayally Mithinrthe aloomal 1, 500.
Sui tabl e catal yst conpounds that when activated can achi eve high chain- 15
end unsat uFAREEHHY asyrdetion pracesy. (Thus trepersiuees ap s#geriag 28Hove 239?@1 respect

R e R e R T S
branched 0&)&?&}1‘2&&19?&%%%?@:@3%Spé.esﬂ{étplrﬁsesures of thé PR4EAGH BEheddiy dinScussed

in nore deta pol ypropyl ene“macroners can
have snar r ovargrfrdon arelosphese td 345 M g lprefefbly to 182dMPtar | Furt tiypioal( ddhdthdn) , f or
exanple, from1l.5to 5, typically 1.7 to 3. Optionall %a . m Xt ures
of si dechaf§3&tioRs: feraperatures vyill pyicadiy rapgegpgranabipaiyo PV s dth pressures

Pref erabl y e g, GRE! MBS (b | AGNLESEAL LRYEL Al A RIRaShIGSO! uti on-

phase conditions. erred solvents r solutiron p e reactions are

sel ected obuitable slurry-tyhe rédatioss Bfe HRENMES sdRitieRi ddntitiony @xaépt | dekaticand
saf ety/ heal th considerations. Non- 25 pol ar al kanes or aromatics are

pr ef er r ed. temperatures arerliygitgzbloythpser ieto vBEhekpelh temperature of the polymerThig 380l yol ef i n

i nventi on .s composed of ene,.

backhone of ,t.ne present. .. Propyl

moncfers aRidigpfl BREye stioh RoptifusEihon Srere R NP EB SRR of the
present | NUedH L, teMBer@RIFENRIRE 2584 aRl §7Ehrek Ript a3 oMl &fdder gghkbone,
resulting 30 in a polynmer having an’isotactic polypropyl ene backbone
and pol yet lorhpngture and pressise desabtiimn sconditions, macroméAOpBRIu8Y 9fl lower

PCT/ US98/ 02736 . : 7

| n anot her "@%ﬁfb‘&ﬁrﬁ’éet‘ﬁhté?“gFﬁéreﬁYEE‘éﬁtprPﬁiﬂféﬁt?-6ﬂ,1\4"c5‘rt?8“\)1r=5%re cononomer s

are present in ISigaH8ChRARE coPORAS TRASWHEY slivate éh%?sfdﬂlev'gnr}uaé}?@ha{?ﬂ-ese”t

i nvention include ethylerne, Cerr]-Clerr] [err]-olefins, ower carbon
nunbér ( C end Jun@jtaratipys specifically aickyde thobes identifiell alzoval wigs redpetth thecl i ¢ and

tyrenic olefins. Q.her copolynerjzable 5. nmononers i nclude gem nall
Gl Lubet | t uPERPaEition o Bk Y 95 VRSO PP BN ST ety dey Lo peunds Y

ol efi ns sug; : n - I or nenes,
and SR o) RIABRNR Wrepdifl Mh6 RARRA o BN Hop et oF Uhe priiRht

styrenes. Q(omptiommesiiscussed in more detailed below.
The polypropylene macromers can have narrow or broad molecular weight
20 distribution (Mw/Mn), for example, from 1.5 to 5, typically 1.7 to 3. Optionally,
mixtures of sidechains with different molecular weights may be used.

Preferably, the macromers of the present invention are made using solution-
phase conditions. Preferred solvents for solution phase reactions are selected on
the basis of polymer solubility, volatility and safety/health considerations. Non-

25 polar alkanes or aromatics are preferred.
The Polyolefin Backbone

The polyolefin backbone of the present invention is composed of propylene
monomers and, optionally, one or more comonomers. In one embodiment of the
present invention, no comonomers are present in the polyolefin backbone, resulting

30 in a polymer having an isotactic polypropylene backbone and polyethylene

sidechains.



are selected for use based on the desired properties of the polymer product

and the woogq97fTet @l | OCene enpl oyed will be selected for pg&pruabidiiy to
i ncorporate the desired anount of ol efins. When

conononers are used, they preferably conprise from3 to 20 nole

percent of the branched ol efin copol yiter. More preferably, the conononers
conprise from5 to 17 nole percent of the branched olefin copol yner.

I n anot her enbaqdi t of.the pr i nvention, the backbone of the 15
bresent |t nvent HBAMERH: rRedi R FOREorssBHeBl R P, HRERE RSO mitl 1y one

Or NMbre  gre present HIRRL rB%EﬁbonESS@Hm&lo'mérs'ﬂ\bmé}f ardusBRFKROME Frdkenbe
syndlotactlc resulting in a pol ymer having a syndiotactic

pol ypr opyIlmtlbmakdjmﬂaeeﬁlm&ngocmdﬁw-daﬁns and lower sabeahainter (@;i&)natively,
t he backbone_ can be i nation of syndiotactic and i sotactic
pol ypr opy [2Hd swhﬁlwte%mqlwaqf the cyilie apd shppric OdfmRoRiher copglymerizable The

for of t%o&%&?&@ﬁdﬁ‘%&u%ﬂfﬂﬁﬁ%ﬁ 1@ BRGRS cﬂ]as i$t géﬂ 4 &" %yegg

pol ymer mass one an e sl Pl HS

t he olefindaikh apeytippemaid, mowdduedeam glicflosibarhitedendBbrmana age
nol ecul ar weight (Merr] of at least equal to or greater

t
t han abouts%gnecmpnm?és sleghnasnssiiena angd sﬁ%a»é gubstituted styrenes. | Gornenaraers hat

hat char 40T E1aL 10 st pEiehondhs Bl BREREAG A1 PROReh poRE B crvanc < ot

Merr] metallocend reaipw‘y@ﬂ neillabe sélected FHORS aBRIRY O IiAdYrFordR EHat d&ired he
pol ymeric backbone inclusive only of the nonool efin ner

der i%at i vasowntiof plefissnserti on noieties of the si debr anches when

t he macroner c¢ s _tha % of ~1 t ot al. I nass.
30 Cat al 3\??153 com8nomer§ argy s ?%e feratﬁy compnsep Roth™Fto 20 mole

PCT/ US98/ Qéfckft of the branched oleﬁn copolymer. More preferably, the comonders
Catal ysts which are useful for producing the branched polyol efin of the

present i megwprisofformetatizmald paseant oy thesreihet okefie coa@mbe of producing

i sotactic propyl.ene apd, i ncorpor.atin n ant gquantities of
the isotactic pdi 9‘8{4\% EXA‘“‘C’“ OPd‘ %‘F\g? énvc?fmgrh h% é%%ﬁ n\? i on.
Prejerabl yyredunt mvhnﬁﬁ;r&n@aaﬁsaéyxamcﬁwo%eﬂu ylede and, optionally, ofie ov%%}eher ein

"metal | ocene” refers general I'y to conmpounds represent ed by t he
formul a Cperanpmefser Epsentally] alhié thei backpones cw bycsymbemt@ajurem}ﬂmg img whi ch
may be ubstituted r_.deri }/at | vV

subst i t ut FPYRET SaXing, &, Sypdiogactig, pelypropy ene eblaglﬁ’sonfl (?Hd né’f’g'lea’y J8F exanpl e
titani um sgdecRam. umeh@ﬁww Nhe \baBidfink Ban be APEHBination of synHidtichk Wik

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

isotactic polypropylene with, optlonally, one Or MOre COMONOMETS.

20 The mass of the backbone will typically comprise at least 40 wt% of the
total polymer mass, that of the backbone and the sidechains together, so the
backbone typically will have a nominal weight-average molecular weight (M,)
weight of at least equal to or greater than about 60,000. The term nominal is used
to indicate that direct measurement of M., of the backbone is largely impossible but

25 that characterization of the copolymer product will exhibit measurements of M,,
that correlate to a close approximate weight of the polymeric backbone inclusive
only of the monoolefin mer derivatives and the insertion moieties of the

sidebranches when the macromer consists of less than 50% of the total polymer

mass.

30 Catalysts



10 hydr ocar boxy group having fromone to 20 carbon ato

hal ogen, 2ifP8/34971 me1- 3, n=0-3, q=0-3, and the sum of mirrgfrcﬁus{%’“%'ﬁ‘ﬁal to
t he oxidati'on state of the transition mnetal. Met hods
for maki ng and using netal |l ocenes are |l known in the art. For

exanple, nmetallocenes are detailed in United States Patent Nos. 4,530,914,
15 4,542,199; 4,769,910; 4,808,561; 4,871, 705; 4,933,403; 4,937, 299;
5,017, 714, Catalgst9 svhich7are usefi® Go8ptidubing #8e bidichéd polgolefin;of 5824, 800;

5, 350, 723; 5, 391, 790; and 5,635,573 each, ful i ncorporated herein
by ref er en@&Ssent invention include qﬂr @?@Vﬁ*\%d"tﬁ%}l ars 8%‘?&3 }é\éé"‘{‘]‘ﬁ@ge‘s?tﬁﬁlc ar e

bi Scyol operC TR AT ruRr i spfoant alantiies Ot GORRE POSERIBE | o

conmponent s nivomers olf ehef prededninientBan @réferadly; tretalibeene catal)[sesrafri: used. WO
98/ 34971 . PCT/ US98/ 02736
9 5 \me}%ﬁlwd Weesin fmetallocengSt rgferp gensradlyjo gompouggs rgprgsentedebiper i odi ¢

oo um 1 A% APt Gppfity whidelCHs £ GERBRMINNT Mg e RAG o

zi rconi um sbssftnmm @dkrivativRithergbf WRiSh may be substitite€MrigRIGtodp BCONIrgM and
hafnium 5 Rlerr] and Rlerr] are identical or different, are

one of a hythngigien meteln for exirople |titaliomy ]21rcomum hafnivugp, kydnagivay gioliums er abl y a

| k f bl
G el & etk Sr SRR mSai aidibgsh, 1 o BonReaBlr B e .
Clerid-d ef}iyhrcii:'ébﬂoxg &?b‘tﬁb havifg $ond one to 20 carborphﬁfnﬂd )@whqmo@ﬁou,m
preferably a err]-Cerr] aryloxy group, a (Jerr]-Cferr] al kenyl group,

pref erabl y = en*?-ﬂ)ﬂ%@ﬁ] argl thesyin ofrmotiptq ia eQharte theobwdatjonagtgtieadfithe  gr oup,

preferably .a (% 6‘% err] 10 aryl al kyl group, a (Jerr]-Cerr]
al kyl aryl dFaé‘l‘jl eé%arably a (Jerr]-Cerr] alkylaryl group, a

Cerr]-Jerr] armefols ot makiihd R Re@dbends &b SFdlilkmblvarif khetdry | Bbkeny!
group, or a hal ogen
example, metallocenes are detailed in United States Patent Nos. 4,530,914;
15 4,542,199; 4,769,910; 4,808,561; 4,871,705; 4,933,403; 4,937,299, 5,017,714,
5,057,475; 5,120,867; 5,278,119; 5,304,614; 5,324,800; 5,350,723; 5,391,790;
and 5,635,573 each fully incorporated herein by reference.
Preferred metallocenes are those that are stereorigid and comprise a Group

4, 5, or 6 transition metal, biscyclopentadienyl derivative, preferably bis-indenyl

20 metallocene components having the following general structure:
1 0 )
R8R9)
R3
R1 /:(7
(CRERY)_



atom preferably chlorine; Rlerr] and Rl err] are

hydr ogen , Rlerr] and Rlerr] are igeplykssi27$y
di ffere_n@%ﬁr}%‘?a ably identical, are one of a 15 hydr ogen at om hal ogen

atom preferably a fluorine, chlorine or bronmne atom a

Cerr]-Cerr] alkyl group, preferablygsa Cerr]-Clerr] al kyl group, which
may be hal ogenated, a Cerr]-Cerr] aryl group, which may be
hal ogenated, preferably a C&err]-C[err] aryl group, a

[ err] - ] evhdreinl Merigla metalof Group & Shloy & ofjthe PerictierTables|fRegyampleoup, a

Cr-C40 -aryl al kyl . . roup referably. a Clerrl-Clerr ryl al kyl
group, a é?{gﬁ“?ﬁ“! Zé’F?']““’Er k}‘F@ﬂW gy%ﬁlsl,u“br e‘?‘8¥‘8§1r y tgma}bal, chrxlr@g? rj-qerr]
al kyl aryl rﬁél?HdPenu?ﬂ Gh&rthhgSiE T prifepdbly, a2ikAMim, IhaHRm Rh&f@hmtny most
Cerr]-Cerr . aryl'al kenyl” group, a -NR[err], -SRerr], -ORerr],
- OSi R er r |preferabBREisyonjum amt] lakhipm; wherein Rlerr] is one of a
hal ogen atom pr ferg?l y a chlorine atom a (err]-Clerr] alkyl
group, prefer abkg apd R ave jdewicat pf differgpt, age onp of a hydrogeneatop, @[%lr'ﬁ]loar yl
group, preferably a Co6- Cerr] aryl group; 25 Rl err]
i s alkyl grenm grefambly a C1-C3 alkyl group, a C1-Cyg alkoxy group, preferably a
PCT/ US98/ 02736

C1-C3 alkoxy group, a Cg-Cyg aryl group, preferably a Cg-Cg aryl group, a Cg-

Cjo aryloxy group, preferably a Cg-Cg aryloxy group, a C-Cjq alkenyl group,

preferably a Co-Cy4 alkenyl group, a C-C4q arylalkyl group, preferably a C4-C1g

10 arylalkyl group, a C7-Cy40 alkylaryl group, preferably a C7-C17 alkylaryl group, a
Cg-Cy40 arylalkenyl group, preferably a Cg-Cyy arylalkenyl group, or a halogen
atom, preferably chiorine;
R3 and R4 are hydrogen atoms;

R3 and RS are identical or different, preferably identical, are one of a
15 hydrogen atom, halogen atom, preferably a fluorine, chlorine or bromine atom, a

C1-C1o alkyl group, preferably a C1-C4 alkyl group, which may be halogenated, a
Cg-C1g aryl group, which may be halogenated, preferably a Cg-Cg aryl group, a
Cy-C1p alkenyl group, preferably a C»-C4 alkenyl group, a C7-C4q -arylalkyl
group, preferably a C7-C1 arylalkyl group, a C7-C4 alkylaryl group, preferably a

20 C7-Cq12 alkylaryl group, a Cg-C4p arylalkenyl group, preferably a Cg-Cyg
arylalkenyl group, a —NRZIS, -SR15, -ORI5, -OSiR315 or -PR215 radical,
wherein R15 is one of a halogen atom, preferably a chlorine atom, a C1-Cyg alkyl
group, preferably a C{-C3 alkyl group, or a Cg-Cq aryl group, preferably a Cg-
Co aryl group;

25 R7 is



=BR[ err], err -G-, -Sn-, -0, -S, =SSO =SJerr], = %[rerr =CO,.
PR err], WP 8/34971 =P(O R[err]; 5 wher ei n: P ms9kpy|3§] ,
Rl err] and - Rlerr] are identical or different and are a hydrogen atom a
hal ogen atom a Cferr]-Cferr];pal kyl group, preferably a

Cerr]-Cerr] alkyl group, a (err]-Cerr] fl uoroal kyl group,
preferably a CJerr]-(ferr] fluoroal kyl group, a C6-C30 aryl group,

preferably a C[em] derr] ar%ﬁgro#na C[err] 13rr] fl uoroaryl group,

preferably a Cefr]-Cerr] uor oar yl up, a Cerr]-derr] al koxy
group, preferably a (err]- rr] aljkoxy group, F C2- C20 al kenyl
group, preferabl C[err] C[M?r] al gnyl group, % C[eréd q rr] aryl al kyl
group, preferabl a_C['err]-C[ rTarMfaTkyl ' groupt FR err]

aryl al kenyl group, referaply a C[err] C[err] aryl al kenyl group,
a Cerr]-Cerr] |15ylaryl gro pre _F\%ably a ag] derr]

al kyl aryl group R err] andR err] Rlerr] B Rl err], together with
the atonms 15 bi ndi ng them can formri ng systens;

Merr] is silicon, g'?ffrani umor tin, agerably siliceyqor germani um nost
preferably silicon; and are identical or different
and have the neani nqs stated for R[errl] V}\D 98/ 34971

PCT/ US98/ 02736 11

mand n are TaeRTcaMoradTerent —and are zero— @-or M2 preferably zero or
1,

R12 R12 R12
=BR!1L=AIR1!  .Ge-, -Sn-, -O-, -S-, = SO, =SO,, =NR!l, =CO, PRI}, or

=p(0)Rl 1.

5 wherein:
R11 RI2 and R13 are identical or different and are a hydrogen atom, a halogen
atom, a C3-Cog alkyl group, preferably a C3-Cyg alkyl group, a Cy-Cpp
fluoroalky! group, preferably a C1-Cjq fluoroalkyl group, a Cg-C3¢ aryl group,
preferably a Cg-Coq aryl group, a Cg-C3q fluoroaryl group, preferably a Cg-Cog

10 fluoroaryl group, a C1-Cyq alkoxy group, preferably a C;-Cyg alkoxy group, a
Cp-Cpp alkenyl group, preferably a C5-Cjo alkenyl group, a C7-C4p arylalkyl
group, preferably a C7-Copq arylalkyl group, a Cg-C4p arylalkenyl group,
preferably a Cg-Co arylalkenyt group, a C7-C4 alkylaryl group, preferably a C7-
Cqq alkylaryl group or R11 and R12, or R1! and R13, together with the atoms

15 binding them, can form ring systems;

M2 is silicon, germanium or tin, preferably silicon or germanium, most

preferably silicon;

R8 and RY are identical or different and have the meanings stated for R11;



m plus n being zero, 1 or 2, preferably zero or 1; and t he
radi cal saﬁg@g s72re identical or different and have the nmegatpgssmisat ed for
Rerr], err] and R err]. Two adjacent Rl err] radicals can be joined
together to forma 5 ring system preferably a ring system containing
from about 4-6 carbon atons. 11 Al kyl refers to straight or
branched chai n substituents. Hal ogen (hal ogenated) is fluorine,

hlorine, b ' i odi t f bly f [
ghl 8” 2: "M mand'n are’ eq‘%&%tq?%eé&{t)efmg:ag‘? é%PeL%?ré!( aﬁeef%égﬁégma‘?rel’corrpounds

of the st rﬂ’lﬁﬁd‘srx?ﬁéing zero, 1 or 2, preferablylPero or 1; and wher ei n:
Merr] is Zr or H, R err] and Rlerr] are nethyl or chlorine, and Rerr],

Rlerr] Rerr] RugrrhdicalRR80"ake identical or diffe?éxﬁ;gﬁh 1P tHa BEdnindiavied RS

above- nmenti oned neani ngs. e chiral nmetall ocenes may be

used as a ghGept gnd RA3t hBYP LGRANAR IOvaBicall Tan be joinbd edierher 36tfakh aC

pol ypropyl ene pol yners and copol yners. It is also possible to use

t he bure Ring syStehy preferhlygpngsisteyn containiang fesiny ahqut dancasbopateprsr ed wit h

t hese pure st.ereoi soneric forns.. Preferably .the nmesq.formof the
metal | ocene is %v?ﬁerf 09O S(%ra_’ght _%né’&P%hth&;’@BmSg St’%‘fe_.nés: , O8fBt al atom
provi des siefogenfed) i@ HuBfhe, BRIorAa! bréfhine or iodine atGiR)réfetady Morindcor

st ereoi soners can be acconplished by known |iterature 20 t echni ques.
For speci athlgnreducts it is also possible to use rac/neso m xtures.
WD 98/ 34971 PCT/ US98/ 02736

Particularly preferred metallocenes are compounds of the structures:

RBRSC : 1 ; ~ (R1 0)4
l\zﬁ"/ ~ ; 1/R
Si M
A A C '~z @ ®
RVIR12C | R6 i R6
‘(R1 0)4 e (R1O)4
10
wherein:
Ml is Zr or Hf, R] and R2 are methyl or chlorine, and R3, R6 R8 RO R1Q
R11 and R12 have the above-mentioned meanings.
The chiral metallocenes may be used as a racemate for the preparation of
15 highly isotactic polypropylene polymers and copolymers. It is also possible to use

the pure R or S form. An optically active polymer can be prepared with these pure
stereoisomeric forms. Preferably the meso form of the metallocene is removed fo
ensure the center (ie., the metal atom) provides stereoregular polymerization.
Separation of the stereoisomers can be accomplished by known literature

20 techniques. For special products it is also possible to use rac/meso mixtures.



12 nerally, the netallocenes are prepared b L-step
process | rW8I9\8/|3??dge repeat ed deprotonations/netallati o*g%M’#g3§

aromatic |igands and introduction of the bridge and the central
atom by their hal ogen derivatives. Thejhol | ow ng reacti on schene
Il lustrates this generic approach: [err]

Generally, the metallocenes are prepared by a multi-step process involving
repeated deprotonations/metallations of the aromatic ligands and introduction of
the bridge and the central atom by their halogen derivatives. The following

reaction scheme illustrates this generic approach:

5 H,RC+Butylli  ————— > HRCLi
X-(CR8R%),-R7-(CR8RY),-X
_____________ >
HoRd+Butylli  ————— > HRIL;
HRC-(CR8RY),-R7-(CR8R%),-RIH 2 Butyl Li
o T/ >
LiRC-(CR8RY),-R7-(CR8RY), -RILi MlcCly
————— >
(RORIC)m — Re (RBRgcl)m —RC
L _cl | : 1
' 1 ; R
7 RILI I
| Ncl | i NcCl
(R8ROC), — Rd (RBRSC), — Rd
(RORIC)y — Re
|}
2L ! 2
R<Li . » _~R
— R M
| R2
(R8ROC), — Rd
R3
HoRC,
X = CI, Br, lor O-tosyt; 2 = R3
(R™)g H H

Additional methods for preparing metallocenes of the present invention are
15 fully described in the Journal of Organometallic Chem., volume 288, (1958), pages
63-67, and in EP-A- 320762, for preparation of the metallocenes described, both

of which are herein fully incorporated by reference.



Addi ti onal nethods for preparing netall ocenes of the present invention are

15 -fwld os/skemcri bed in the Journal of O ganonetallic Cheprusosazosge 288,
(1958) ,- pages 63-67, and in EP-A- 320762, for preparation of the
met al | ocenes descri bed, both of which are herein fully

i ncor porated by reference. 13 WD 98/ 34971

PCT/ US98/ 02736

Il lustrat b . I e nes
ncl ude: D met nPERRvE Py RS IR REpBles O RoRE Br%ﬁe&r%‘éyﬁs%%%&%e

Di et hyl siih¢lndé: yDbnanﬁsxrman Hs(érrﬁethﬂn%hé\@@”l)ﬁha@f 2

D et hyl si | andi yl bi s(2- et hyl -4, 6-di i sopropyl i ndenyl) rCI[err] 5

Di et hyl siDiaiethydilahdi(Bise2-Methyit4Sheangbindenyiay:) ZrC [err] ;
D net hyl si | andly]yl bi sgl( Zglet hyhl'yhm:napht hyl y%ﬂ?n enyl ) Zr Cl 2,

Pheny! ( MetDiydelisiisiandtiylpisd-siethyivaediisoprapytindenyhZiCldeny | )Zr Clerr],
D et hyl si | andi yl bi s(2-net hyl -4-(1-naphthyl)-1-indenyl)ZrC[err],

Di mes hyl siDisvedhyldilandigBisiBethyl-4-phéBA1apbedWZxCl: i ndenyl ) Zrd [err], 10
Di net hyl sil andi yl bi s(2-nmethyl -indenyl)Zrd[err],

Di net hyl siDmmhyyéxlah&gmfsr(etdnbwmn@hdiyl-saﬁd@g»ZfCﬂzj ndenyl)zrd [err],

Di met hyl si| andi yl bis(2,4,6-trinmethyl-1-indenyl)Zrd[err],

Pheny! ( MetBhenyl eﬁw&mWﬁwﬁv@mthww-nhwbw ¥o&5¢12,1- i ndenyl ) zrd [err],
I 2- But ando i endraa bR e G SRR R 2 g ey
Dimethylsilandiylbis(2-methyl-4-(2-naphthyl)-1-indenyD)ZtCl2,”"

10 Dimethylsilandiylbis(2-methyl-indenyl)ZrCl2,
Dimethylsilandiylbis(2-methyl-4,5-diisopropyi-1-indenyl)ZrCl2,
Dimethylsilandiylbis(2,4,6-trimethyl-1-indenyl)ZrCl2,
Phenyl(Methyl)silandiylbis(2-methyl-4,6-diisopropyl-1-indenyl)ZrCl2,
1,2-Ethandiylbis(2-methyl-4,6-diisopropyl-1-indenyl)ZrCl2,

15 1,2-Butandiylbis(2-methyl-4,6-diisopropyl-1-indenyl)ZrCl2,
Dimethylsilandiylbis(2-methyl-4-ethyl-1-indenyl)ZrCl2,
Dimethylsilandiylbis(2-methyl-4-isopropyl-1-indenyl)ZrCl2,
Dimethylsilandiylbis(2-methyl-4-t-butyl- 1-indeny)ZrCl2,
Phenyl(Methyl)silandiylbis(2-methyl-4-isopropyl-1-indenyl)ZrCl2,

20 Dimethylsilandiylbis(2-ethyl-4-methyl-1-indenyl)ZrCl2,
Dimethylsilandiylbis(2,4-dimethyl-1-indenyl)ZrCl2,
Dimethylsilandiylbis(2-methyl-4-ethyl-1-indenyl)ZrCl2,
Dimethylsilandiylbis(2-methyl-ci-acenaphth-1-indenyl)ZrCl2,
Phenyl(Methyl)silandiylbis(2-methyl-4,5-benzo-1-indenyl)ZrCl2,

25 Phenyl(Methyl)silandiylbis(2-methyl-4, 5-(methylbenzo)- 1-indenyl)ZrCl2,
Phenyl(Methyl)silandiylbis(2-methyl-4,5-(tetramethylbenzo)-1-indenyl)ZrCl,
Phenyl(Methyl)silandiylbis (2-methyl-a-acenaphth-1-indenyl)ZrCl2,
1,2-Ethandiylbis(2-methyl-4, 5-benzo-1-indenyl)ZrCl2,
1,2-Butandiylbis(2-methyl-4,5-benzo-1-indenyl)ZrCl2,



Di met hyl si | andi yl bi s(2-met hyl -4-ethyl-1-indenyl)Zrd[err],

Di net hyl sW%ﬁﬂ?‘%}l”bl s( 2- met hyl - 4- i sopropyl - 1- i ndenyl ) Zr O [ er PFT/USI8/02736

Di net hyl silandi yl bi s(2-nmet hyl -4-1- butyI l-indenyl)zZrdJerr],

Phenyl ( Met hyl ) si | andi yl bi s(2- et hyl - Popr opyl - 1-i ndenyl )ZrCi [err], 20
Di met hyl si | andi yl bi s(2-ethyl -4-nethyl-1-indenyl)Zrc[err],

D met hyl si | andi yl bi s(2, 4-di nethyl -1-indenyl)Zrd[err],

Di net hyl si | Bimetiyisilanliyitie? mydthyl-4c5-betizoll-inderyl)ArEy, C [er r],

Di met hyl si | andi yl bi s(2- et hyl -[err] -acenapht h-1-i ndenyl )ZrCi [err],

Pheny! ( Met h&ﬁ)&%mmﬂby(%ﬁ dmegyhitindeny3Ze@anzo- | -indenyl)zrO[err], 25

Phenyl ( Net oy SRR s R nreny !z)%@fﬁ%?ﬁ?fﬁ)e'nibif“i_e?%h)eﬁ;ﬂ[z?b”[’er
E]Z met hyl - al %cge)%a {’1&&@ mﬁ%ﬂ'l@g@{% 1

, 2- Et Bandi Wi@én@((ﬂdéﬂmmérfhaﬁm&@ﬂﬁ&hﬁ 1 Hﬂ% }Zréﬂ% [err],

1ZButand|be|s(2 net hy -45ben201|n enyl)zZrC[err], WO
98/ 34971 D1pheny1sxlandlylbls(z-methyl 1-indenyl)ZrCl2,
PCT/ US98/ 02736 o . 14
Di met hyl si | hacdBytandislba(Iraethyl- l%@ﬂbbﬁliﬂz,l i ndenyl)zrc [err], 1
, 2- Et handi y bIS r|rreth 1-in |YZrCl [err],
Di et hyl si | )%‘54@(19’ ‘Hﬁ?ﬁ% -lﬂﬁlf‘d'é!ﬁgre)ﬁzr dlerr],
1, 2- Et handi ’
Phenyl ( Met h%/5 '?ést:ﬁ?l? Wi@ ét ’t%%é{)g@l eﬁ{} lZirc%’[ err],
10 Phenyl(Methyl)silandiylbis(2-methyl-5-isobutyl-1-indenyl)ZrCl2,

Dimethylsilandiylbis(2-methyl-5-t-butyl-1-indenyl)ZrCl2,
Dimethylsilandiylbis(2,5,6-trimethyl-1-indenyl)ZrCl2, and the like.

Some preferred metallocene catalyst components are described in detail in
U.S. Patent Nos. 5,149,819, 5,243,001, 5,239,022, 5,296,434 and 5,276,208 all of

15 which are herein fully incorporated by reference. In addition, the bis-amido and
bis-arylamido transition metal catalysts of U.S. patent 5,318,935 and copending
U.S. patent application 08/ 803,687, filed 2/24/97, and the a-diimine nickel catalyst
complexes of WO 96/23010 can be useful in incorporating the macromers of the
present invention into the backbone.

20 Most preferably, the catalyst used to produce the branched polyolefin of the
present invention is a dimethylsilyl-bridged bis-indenyl zirconocene or hafnocene
such as dimethylsilyl bis(2-methyl-indenyl) ZrCl;, dimethylsilyl bis(2-methyl-4-
phenyl-1-indenyl) ZrCl,, dimethylsilyl bis(2-methyl-4-(1-naphthyl)-1-indenyl)
ZrCly, or dimethylsilyl bis(indenyl)hafhium dimethyl.

25 Preferably, the catalysts used to produce the syndiotactic polypropylene
backbone of the present invention are those disciosed in U.S. Patents 4,892,851,
5,155,080, and 5,132,381, the disclosures of which are hereby incorporated by
reference. '

The terms "cocatalyst" and “activator” are used herein interchangeably and

30 are defined to be any compound or component which can activate a bulky ligand



D phenyl si | andi yl bi s(2-nethyl -1-indenyl)Zrd [err],

1,.2- But aw{i, yi,p‘{ﬁf 2-met hyl -1-indenyl)zrd[err], PCT/USY8/02736

D net hyl st andi yl bi s(2-ethyl- 1 -indenyl)zZrC[err],

D net hyl si | andi yl bi s(2-net hyl - 5-i sobutyl -1-indenyl)zZrd[err], 10

Phenyl (Met hyl ) si | andi yl bi s(2- et hyl - 5-li5sobut yl - 1-i ndenyl )ZrC [err],

D et hyl si | andi yl bi s(2-nmethyl -5-t-butyl-1-indenyl)Zrd[err],

D net hyl silandi.yl bis(2, 5, 6-trinethyl-1-ind 1) ZrC [ err and t li ke.
Some. pi ef e PONORPER SUBRR Rl A DR AR e, PVt bR e TSR o |
U'S. Pat enfusciofs anfachifflof herSarg 43,010l ofimdRId0RR prépaRRf atbtbxdhié] nBn276, 208
all of 15 whi ch are herein fully i ncorpora%pe by reference. In

addi ti on, timiting exanpied ®f avhich are describedirs Ua$. \Raterit dNo. dG0i3s308] /9525448

T Yot T om gk Sa0 S asrlon; 1l A A0 TER A B0, 008463 doomBRur

catalyst 5308815 8040l32C3 Qe 80 3030 oAty b, USRixs )l g REOARP! L1 NG

the macronef's of thé present fnvénfioh intd the bac .

Most pref eS6bKT6, EPBlc@RaP P86, EReA-0t 5942 18dandeWiCh24/h0 ERT; leech pbwhichéf i n of
t he resent invention js a dinmethylsilyl-bridged his-indenyl
zir conocengﬂbgn‘l:%ﬁ’ e rgm Iby re erengﬁclﬂt ggayﬁqed%g ngq dow%e a v?éuall;' clear Y

bi s(2- net hy] z4i Zr j ' ' - -4
phenyl - 1- i %A éﬂr?{/llﬁ!?m%%n& [Aeqr:er?&); Lag%ﬁgﬁé)ﬁ}{e }.‘.Ln B ﬁﬁ&e@% Bydduée a clear
bi s( 2- met hyblutton dr clagpdlimibyant chntedydahted from the cldlidyl dobitioh, or di nmet hyl si |yl
bi s(i ndenyl ) haf ni um di met hyl . 25 o . Preferably, the catal ysts
used o produce It e alsg Witk Jbe | €opw(of ghispipvention to use loniZipg @RB¥HErsef t he
present in jjon are.those disc L U S Patents 4 .
5, 155, 080, \‘1%%;115, 1032, 3@?8 th% di éogfpgogxapgs 5 hv\h?déh a{[rﬁg1 R%gﬁ%lﬁg‘ljor%lg} por at ed
by tetfadstp@maurophenyl)boron, which ionizd i h&@itfib metHidaém Ysrhpowdidd
"activator" are used herein interchangeably and 30 are defined to be
any conpoufstch OHFRY FPEMOURMS SHYceantain tany adtive pIBLANK T | SoFen ather cation VO
98/ 34971
PCT/ US98/ 03756
L rangi ti onidrebfthe ¢onigiNL Bsmpsurd. TBindlnafloRy el acivardaf droalo 2baempladedibpxane may
e

iated with but not coordinated or only loosely coordinated to the remairgng

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

20 work in EP-A-0 277 003, EP-A-0 277 004 and US patent 5,198,401 and WO-A-
92/00333 (incorporated herein by reference). These teach a preferred method of
preparation wherein metallocenes (bisCp and monoCp) are protonated by an anion
precursor such that an alkyl/hydride group is abstracted from a transition metal to
make it both cationic and charge-balanced by the non-coordinating anion.

25 The term "noncoordinating anion" means an anion which either does not
coordinate to said cation or which is only weakly coordinated to said cation
thereby remaining sufficiently labile to be displaced by a neutral Lewis base.
"Compatible” noncoordinating anions are those which are not degraded to
neutrality when the initially formed complex decomposes. Further, the anion will

30 not transfer an anionic substituent or fragment to the cation so as to cause it to

form a neutral four coordinate metallocene compound and a neutral by-product



used as an activator. There are a variety of nethods for preparin ,
al um)xane,VV(?'I?){W-‘”"1 limting exanpl es of which are deschk 'Wﬁ?sﬂ’ﬁ%. S.
Patent No. ‘4, 665, 208, 4, 952, 540, 5, 091, 352, 5, 206, 199, 5, 204, 419,
4,874,734, 4,924,018, 4,908,463, 4,968,827, 5 5, 308, 815, 5, 329, 032,
5, 248, 801, 5, 235,081, 5,157,137, 5,103,031 and EP-A-0 561 476,

EP-B1-0 279 586, EP-A-0 594-218 and WO 94/10180, each of which is

ful Iy i ncorfpomzhe@nivar dNondoprdiedtiogemms usefuhin/adserdanes enthithis inventisr a
visual ly cl ear .. methyl al.ynoxane. A cl ou or gelled al unoxane can be
[T tored ¢ op iRt whish e gpmpatvle, StABfe, heoReGOeRE RSP il MISE 20 be
decanted frgmdcie &5 Uy HAdn0D +11Qate, yet retain suffibiehtS1aBliP t(’f“dfemxﬁ the
scope of this invention to uUse ionizing activators, nedtral or
ionic, or displagementdy auethylenmally tori {oetybanically amsamrated monomer during
tetraki s(pentafl yrophenyl ) boron, which ionize the neutral netall ocene
conpotind. POlymMeNnzafQry jonj zi ng conpounds may contain an active proton, or
some ot her cati ogy £i o]o| ry&l{nla jaTaldy ALY h |y

| oosel y coordi nat e?jutseoot hoﬁ%hgn?ﬁtﬁgnl S%F(gn o?ﬁ%ﬁe ?oﬁ%?ﬂ% ctgﬂrrpound.
Conbi nat i oneapableaadfi \prbducingar the albdch Crhet eaefivat edtdilpcene cationt aedi auenti on,
for exanpl e, alunpxane and ionizing activators in _conbinations, see

for exanpl enongpotlinating agion is also known. See, EBeAcd #3t 63handbEPrAnd §73 403 yst s

for coordingg | lLyperi zat i conpry sed... . f | | ocene .cations
activated b@’%r?gﬁg@gegr g&ﬁlgt&gﬁ&gﬁm&%}g "%{‘pgg%‘P"{‘?—% rtnﬁtéloga?ﬁtaglﬁg the 1§5I§k in

EP- A0 277 &fi@dystbBsed-iBnizifg aBidA preduldSrspahieh arebinitdBy Ablkrad DAwWoNds but

92/ 00333 (i ncorgorat ed herein by reference). These teach a preferred nethod

of foregare sefigmandrsiel ypordesiring ceastion (Hihstbp metdllogenfom)poangs,
pr ot onat ed 13% @ghgﬁ?% C%pe use. of ms?@%ﬂu%?cgph%‘d%‘ éof}é‘{xm gge fx—tﬁ‘{éﬁ){) hygy 45 group

i s abstract Fansition . . h™*cat’ironi ¢ and
char ge- bal a@isestpbumtddieerein by ¢ofRredte)atibiig camlydes fo? addition polymerizatiohant er m
"noncoordi nating ani on" neans_an ani on whi ch either does not

coor di nat e 180 aipiepased b owidatign efthe snesall sentesnrf yrapvidendmet sempoundsi d

cati .thereby remaini ng sufficiently labile.to b isplaced by a
neut ﬂgl Levvlb% BR8P recch¥sors Comam@%nﬂﬁ{ahﬁl %x‘_glﬁ cBoray ﬁﬁnﬁn‘?ﬁgg‘%ﬁg’%r e those
whi ch are ngtougsdea®PdAli495 375 (incorptRated Abdelnyb edde® initially formed
conpl ex deconposes. Further, the anion will 3 . not transfer an anionic
substituent or fVWheerthe tmetehdigendsi inslude bajogen euqietiesi tfor gxample, bis- form a
neutral ooubytORARALF ARbRU ROTARTPHRG ¢ Ro"pARL BY-BROMYC!

PCT/ US98/ 024%raction under standard conditions, they can be converted via known alkyldion
fromthe anion. Noncoordinating anions useful in accordance with this

i nver?i on reactions witk organsmetaticchmpoundsomeh tas Bitheum or abintinyre hyé@desearal | ocene

vet retain Svh SRgnBmoxpes: Cyenigt fmenne. o SeeEb-A-E 306 Sa e BpALY ¢
et hyl eni cal 5yo @82 a@RboYpd?ited Aetein WY SREHERES Cor PN GIE probéssed Wescribing the

reaction of alkyl aluminum compounds with dihalo-substituted metallocene

compounds prior to or with the addition of activating anionic compounds.
25 Support Materials
The metallocenes described herein are preferably supported using a porous
particulate material, such as for example, talc, inorganic oxides, inorganic chlorides
and resinous materials such as polyolefin or polymeric compounds.
The most preferred support materials are porous inorganic oxide materials,
30 which include those from the Periodic Table of Elements of Groups 2, 3, 4, 5, 13

or 14 metal oxides. Silica, alumina, silica-alumina, and mixtures thereof are



5 pol yneri zati on. The use of ionizing ionic conmpounds

not cont {dbgiheody active proton but capabl e of pr oplEgiesk/dhes both
the active netall ocene cation and an noncoordi nating anion is al so
known. See, EP-A-0 426 637 and EP-A- 0 573 403 (i ncorporated herein
by reference). An additional nethod ot7making the ionic 10 catal ysts

uses ionizing anion pre-cursors which are initially neutral Lewi s acids but

om0 o ] PR BRI B AR R oEne,
See EP- A- Qy5ig0cofitdnation with thel ARG RRINGAS Gr RfcRialiniia RS RLENGR) titdd)i C

catal ysts for addition polynerization can al so bé prepared by
oxi dat i on afconlagamethallikeenters of transition netal conpounds 15 by

ani on pre-cursors_.containing netallic¢ oxidizjhg groups along with the anion
groups, see EP- %&eéefﬂgs%%lpepﬁdwﬁ%%laﬁ RErMe Sich vav?»%sear %@gy area in

Where the tal li.gands, i ngl.ude hal.ogen ieties (for exanple, bis-

cycl dpent df &S %%ﬁ‘?%ﬁbitBWPB‘fti 2 ’eﬁoﬁfgm o"toli%?)ﬁ’giﬁg "Ufgei%ni zing
abstracti ofonMeht 6130486& £0REigl 4N avleRP HLALIOGZE ANMRIThAEE ¥ FognOWN

al kyl ation 20 reactions with organometallic conmpounds such as lithium
or al uni nuaboydPitdeboutr 500 um. Mt lpytferabl), klyd suraceaagtess,in Ghé gangedfr eagent s,

etc. See EP-A-0 500 944 and EP-Al -0 570 982 (incorporated herein by
r ef er ence)frémrabont §0 to apeusPsws/gd decpirbiviedpnies in the range offm ebowsf al ky|

al um num ¢ oupds wW.t h di 0o-substituted. netal ] ocene ounds
ot or 1o o U AHOTES I8 A SHF BYeraRR PATLEIF G B Pt g o Goptebos 80
Suppert MadoefHodt 900 pm. Most preferably the siBiR! 4r0f RNRThIRHBE P ¢dn &It are
preferably supported using a porods particul ale material, such as

for exanpl g0 ictdtout 40PHEA)itke ?%‘e%ﬁ;mé 13Gf SR VafgLHH Pérh @BSut 0.8 to aboutand
resi nous materials such as polyolefin or polyneric conpounds.

The nost p¥-8fcefzr ad thepywnge paatideisize ds inrtbe pogo wf fiormoslpan 38 torbels 198t eri al s,
30 whi ch _chl ude t haose. fr t.hc? Peri odi ¢ Tabl e.of . El ﬁgent ) off G oups

2. 3, 4, oy iR average pU3g Sigs o Lynical porepscSupBoRt Tnaterials [sinrihe range ©

E IC|T|/ <L:J gé g} (l;fgi%x%gaboaﬂ tlo 13 ¥baltaDobACMeferaIE a support material m&a/tﬁﬁgr?ajsla?

par 4F cul ar #¥grageafase diatetapididron abow il to ahouti680Aend mast ioeferabiyl Symd ei t her
al one sbout g?[t%hﬁ%u‘i%%kf‘ﬁ%% W;'?t ﬁ]&lgr?y géﬁ;l 'a@ﬁéo ﬁ%&lﬁy@ra 8 1 sifdal 4 G2~ @l um na

are nmagnes A o .
Pr ef er abl yrcfiRratRRAHon BGH: 18b°C %o RYSREB0SE hiviehatbEBH dbst 8 tsubbace area

in 5 the range of from about 10 to about 700 nferr]/g, a total pore
vol ume i n 2hbouwrange of fromabout 0.1 to about 4.0 cc/g and an
average particlg,size. jn the range of from ) bout 10 to about 500
[err]m More prib%wi?ﬁerteﬁea%w%aeédépeaorr anatefigf WY%@&"W in any

20 number of ways. Suitable support techniques are described in U. S Patent Nos.
4,808,561 and 4,701,432 (each fully incorporated herein by reference.). Preferably
the metallocenes and activator are combined and their reaction product supported
on the porous support material as described in U. S. Patent No. 5,240,894 and WO
94/ 28034, WO 96/00243, and WO 96/00245 (each fully incorporated herein by

25 reference.) Alternatively, the metallocenes may be preactivated separately and then
combined with the support material either separately or together. If the
metallocenes are separately supported, then preferably, they are dried then
combined as a powder before use in polymerization.

Regardless of whether the metallocene and activator are separately

30 precontacted or whether the metallocene and activator are combined at once, the



from about 50 to about 500 nR/g, the pore volune is in the range of from
about WO9BBHTL to about 3.5 cc/g and the average partic?@r’gﬁwzf’%ﬁ in
the range of from about 20 10 to about 200 [err]m Most preferably the
surface area is in the range of from aﬁgut 100 to about 400 nR/g,
the pore volune 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 total volum¢ ef reantionldtdutivneapptied po perois zepmdrt isypefesdblplesotimnsuppor t
materials is in the range of fromabout 10 to about, 1000A.
Preferably, Sbé’“é Fpiges a}?aﬁ"&%l ipare velumecaf the Poropsssugport.smore preferglly dgfe pore

di t f 0 ' f

about 75 0" apabEES imey ik 3ok Bt solifhe O WRFhPLEREE WL ek M, o e
silica at apreferably in thettﬁﬁ%edf%diﬁ endtt thdnodPoaboub 10 Ghapr bt G @hestthe

800[ err] C anywhere from about 3 to about 24 hours.

The mét al | otodalepore yelumeznfahe antbus spprart. Bracesiuresl formeapysinggheitotaldpére any 20

nber of . Suit abl t t ' d ibed in U. § Patent
Nos. - © "Feiing St sihgacs oyl BBOVR IR R4 By T SRR P ool by
reference.) deseriBéd A ¥otume 1 Experi;ﬁé?ﬁal”ﬁlemda?gﬁ NefaBpRoREek hatAVadéhie

conbi ned and their reaction product supporte on the porous

support nuat Bresg|1948, phgesb7H6d in U. S. Patent No. 5,240,894 and WO
94/ 28034, WO 96 43, and WD 96/ Q0245 (each fully incorporated herein by
25 ef 6r on P00 o RGBT EHaLNS orotig e AR SIS Ay ot o

separngt el y aéktoblfifating anions afeCHNCABEH W tWOL B§/088PROr WOTBI4ATIsBk, qydher
separately or together. |If the net al | ocenes are separately

supported, 96/@A3H ehdrUlf. ypateriey, 643,84 Ur(inedrpdngad herein by referentd)nétheas a
powder before,use in g@l mer i zati on. ardl ess of whet her

0 ] ) e d
the netal | oREH©ds gqnerally Fomprase either physicabadsogptig on tradi PONMEEC or

Vv%egg?54ggiin%?éﬂd QpPBRs At nawd Ge\éﬁtlﬂée@rd%hﬁﬂmh AR deflydPRGBated, N? using

PCT/ US98/ 02@&firal anion precursors that are sufficiently strong Lewis acids to activate retalrBd

total _volu f reactiqn solution applied to,porous support is preferably
| ess Whan  hydroxy sxpisgson slict fRuaiiing mefgapwp@?@e SHRPFHS SLeD At %ﬁsw

support, nmigd BE@Jxﬁésa@vmeﬁt%sl?oung and the ﬂn%h?ggépmhe ﬁy%rkgf ggéa F’ns bpdifablepor e

vol une of the porous support and even y in the range
of from nor to pivdonatdihetmetaltopedreessnpduads.about 2.5 tines the 5 t ot al
pore vol une of t

por e vol ume of | g BOrous oURReT L procedur c5 [ L MPRsuing, Lhc, okl bore
described | Bar¥ightiiiBtet mhsf BE hEPBR itz LARY Sndtibdsatdl MRlwiaSRa LR, Fhcadem ¢
20 details regarding prepolymerization, see United States Patent Nos. 4,923,833 and
4,921,825, EP 0 279 863 and EP 0 354 893 each of which is fully incorporated
herein by reference.
Polymerization Processes
The branched polyolefin of the present invention may be produced using
25 the catalysts described above in any process including gas, slurry or solution phase
or high pressure autoclave processes. (As used herein, unless differentiated,
"polymerization” includes copolymerization and "monomer" includes comonomer.)
Additionally, combinations of the above reactor types in multiple, series reactors
and/or multiple reaction conditions and/or multiple catalyst configurations are
30 explicitly intended. Preferably, a gas or slurry phase process is used, most

prefefably a bulk liquid propylene polymerization process is used.



Press, 1968, pages 67-96. Met hods of supporting ionic
cat al yst s‘,@?ggr i ng netall ocene cations and 10 NONC GRY1Ghs
anions are esc§r7|ibed in WD 91/09882, WO 94/03506, WO %%&)0
U S. patent 5,643,847 (incorporated herein by reference). The
met hods generally conprise either physiocal adsorption on traditional
pol ynmeric or I norgani ¢ supports that have been | argely dehydrated

Ui ci et 'y st 1Brie RGPEed mpodineeni, S IRt B s e owar Sarﬁ%_t 1Ky "or oups
ST ca Soniealal At/ e) SR SpON R SRARGY bop SISl Hurk6: LA e

aci d beco oun t he hydrogen” of the hyadr roup is

avai | abl e polymerizatiéro ppazss) npdriculiry menlatryqnxﬂymemnpmupwdsess Another
The supported catal yst system nmay, be used,directly in polyrrerl zation or the

catal yst s\yE0SmED) mOIVEs SopPlymerizatian TeartiRysnel roauent WIthkonRs AT MPTe he art .

Nos. 4, 023 cqaLRaREs” SRRToHdEnRbROLE BhE Rl okt kil 8,700

of which i 20f ¢hitni BEMEPOpRFeRsbly 4-12 carbbBfI iokhshYfof eéehie ealpha-olefin
Pol ymeri zati on Processes The branched pol yol ef| n of the
present i nwomonomersapf bethyperriubetgnerdi mentege-1, 41“!?@*‘)&%&“@9“}3’53*\@@@9115 bed

i oh pr esoOiRetk gipatyer  HhEDadEie fotSatndt Pt SRRAZ IR ptpt i ot e

" pol yner i zgfdddmers, NCL-04e SydlirPolefine bhchahé @Rcldpéhter¥DBP MFborhéte! eel@enic
conononer.) Addi tionally, conbinations of the above reactor types

in mdtipl olefinsshdsay swenarand lower carborammbﬁf (EBHQs) Qllkél Suéé!éivte{drﬁnébﬂéll tions
and/ or nult 'fﬁk taI t, confi ggr att ‘i lici tll i n#ended
Preferably, SYTRRCOPEENS. o fhaddi °'i’ scolfi’éoé’c?meﬁ%gf as polar VIngh of er abl y

88/b:l;|457|1| qLHlSleMsoém‘,h Q5 AieRes Xﬁpéiaﬁﬂﬂé an3-BLAARAS, 1,8-héRAFene, norbornadiene WO

319 and

PCT/ US98/ 027 3#nylnorbornene, acetylene and aldehyde monomers are suitable. 19
In the preferre enb dlrrent l’m“o rectedttowa t.he. bul k
li qui d pol yneri z Yaftd? c%lﬁd? BA %'f pﬁ?‘iﬁ’ﬁ/laeﬁ‘g‘ faous SYelE S or gas

phasegs empl@y‘?:ld)’%&‘eﬁﬁtoherbaw QFahe, cyerér bf CaU!rébHo\f a é}lc‘llh%y gaROtYeRL | zation
process. Anot'h nbodi ment i nvol ves COpO yrrerl zall on reactlons of

propyl ene wthﬂwedamwrrmraerecscle stream oo floidonng mediSog s keatadrio tee seactor| ude

o ph ol €11 BRIRIFDE OO LLOM L0y s ASuBPLBRREL TS 81 7201V
decone. 1. GEner Sbl VabT G LanEnoner o 0 it | U gem hal  § dF Ssbert Lot o0
mononers, Qnder feaCfies cqndityagisi cThad héat s remaevied as asytbeoparhvé the eyclenby bor nene,
styr 50 e cooling system external to the reactor. The recycle stream is withdrawn from the
fluidized bed and recycled back into the reactor. Simultaneously, polymer product
is withdrawn from the reactor and new or fresh monomer is added to replace the
polymerized monomer. (See for example U.S. Patent Nos. 4,543,399; 4,588,790;
5,028,670; 5,352,749; 5,405,922, and 5,436,304 all of which are fully incorporated
25 herein by reference.)

A slurry polymerization process generally uses pressures in the range of
from about 1 to about S00 atmospheres or even greater and temperatures in the
range of from -60°C to about 280°C. In a slurry polymerization, a suspension of
solid, particulate polymer is formed in a liquid or supercritical polymerization

30 medium to which propylene and comonomers and often hydrogen along with

catalyst are added. The liquid employed in the polymerization medium can be, for



ch as styrene, and | ower carbon nunber ( [ r(r])
aI kyl sub ‘ﬁ)tggéé%}fanal 0gs of the cyclic and styreni F%Pﬂ‘@ 361 n

addi ti on, comononers such as pol ar vinyl, di ol efins such as di enes,
for exanple, 1, 3- but adi ene, 1, 4- hexadi gge, nor bornadi ene or

vi nyl nor bor nene, acetyl ene and al dehydé nononers are suitable.

Typically in a gas phase pol yneri zation process a continuous cycle is 15
enpl oyed whexample,oare alkant onfa tyrdoatkapke Tlhe madémtmp}oy&dcghohﬁdn@p tigsidst r eam

ot herwi se kno a recycle streamor fluidizing.nmed um eated in the
react or tnder t%Bf"Pﬂ'é‘O %é’? R?iY"EFtS’IZWRé’r ?’%ﬁt’%ﬁﬁ‘.’elﬁﬁ‘éﬂ é‘é‘;hc?%?’%’i aﬁﬁ‘ﬂus ual Iy
contai ns ONRoBhtal®r &n the greferrednaméntcgﬂ%ﬂymﬁg%%}%s %ﬁﬁl’l@?d}!ﬁ%ﬂkﬁﬁn

fluidized bed in the p ence of a catal active
condi ti ons. dilining ahéahe pelymnzamd is caied tdut usingrd prssurdief épel ebdyy 20020
cool i ng sys}d)m external tqQ the reactor._ The recycle streamis w thdrawn

from the a to aboyt | 7,34 @@@taéemamtur%ww éwgsaaﬂfrq%%wt $6°¢ saabant.
Si mul taneoua&gm pol ymer product is withdrawn fromthe reactor and
new or fres Chomsr is added to replace the pol ymeri zed nononer.

(See for exanpl e TyePeriBal BPHMYFS, efohOdtAze3 R dépe%ﬁaup%%q}le catalyst system, 028, 670;
5, 352, 749; 5, 405,92 and 5,436,304 all"of which are fully I'ncorporated 25

her ei n by reibmpecpmer )and reaction conditionsA & ugenergpl prapylenat ishoulgpr deess
general ly ug Er essur fromapout 1 to about 500

n the ra
at nospher es 8‘1"0 Q}gﬁlea;qg;{oé,a URE PE ‘h‘%é‘l‘lﬁ?‘ﬁ'f“e@ yigld{sgomposition ha""}gaﬁ@@ of from
- 60C {00 aboknA8@%o abBu@(ﬁ‘L/H"gﬁtYpe%@nYﬂ&% h&ba @d SHEREBS QR Caf the

solid, particulate polyne f'or med a |qU| or supercrit
pol ymer i zat polyn@g preferablyeﬁ‘omrralbmltvxm cth grompy3 G veeightd peroeran @ven snared of t en

hydr ogen al g t are dded The |iquid enplqyed in

t he pol ynerPEeg‘fr\igdBler}F@'B aaﬂ‘l‘tc%t%a’ % omopo ymer WV@’@B‘?‘%‘% pgsed &n the

PCT/ US98/ 027361 weight of the polymer. | 20
exanpl e, an al kane or a 8 (‘ﬂnoal kane. The nedi um enpl oyed should be liquid
under the condi t|T<hnsaboﬁe-;ja§cyihmiem‘eiannearréadtehatxﬁeseinﬁ dtherdonditiohs &k hexane
and i S b?f} ane. In the preferred enbodi nent, propylene serves as
the pdl ymer F9R§ ‘?96 suitable POIYEFOPI(}é?ﬁ palﬁaleﬂﬁ?éloaomﬁfﬁmnéem papesssr9fed out
using a pregguieion rom about 200 5 kPa to about 7,000 kPa at a
tenperature I n tﬁe range of from about 50[.err]C to about

120[err] C The polymerizafidrempebé osiriuefedtin betch @F cemnoss mode whd thedepend

upon the cat al ste conmonomer and reaction _conditions. In
general , pr S'b‘)f%éeﬂ?@ r%qxp&aqlqjl Hay take place in one reactor or, preferably, the

polymerization may be carried out in a series of reactors. If reactors in series are
20 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.

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.

25 When metallocenes having different hydrogen responses are used, the addition of
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

30 extractables, low haze and good moisture barrier in the film. Accordingly in this

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



honopol yneri zed for a tine period sufficient to yield a conposition having
from 10- woogmaGaut 10 to about 90 weight percent honopol y@%gg%%g%son t he
5]

total weight of the pol ymer, preferably from about ut 80
wei ght percent, even nore preferably from about 30 to about 70
honmopol ymer wei ght percent based on thgi total weight of the

pol ynmer. The above-described tenperatures, reaction tines

and ot her conditi ons.are 15 cqonsi dered suitabl e pol ypropyl ene

pol yrer i zatSOBRYESHARY L WEIGrused dupng pelyagniation in the secopfjos subsgawenton.
The pol ynerggabs on may be conducted in batch or continuous node and the
entire polynerization nay take place in one reactor or, preferably, the

pol ymeri zati on niggr heticapolyetlylend macronger pRsiuef aRiadraiched | hokBREHROrS 1N
series are 20 . ,used, then the conpnoner nmay be added to any reactor in

the seri es PrERAREHRID 1t 1s known that, mapy mathgds andcpermwiationeof ithe arfigdng of t he
second or SURRRAUR At GREL Ml onomer species to the r%%fjoré%?g S%sg@eabe gdded to the

pol yneri zation system as a nol ecu £OPCMP e he first

and/ or subsdgareageous ahhwrherepeRet RYamplen it e widely knownPaH the W khat
properties of the, product desired and the specific netall ocenes used.

Wien met al IPGeASHEUMOT e meteleqeanwithy dnmguane befprenadsiticar o asentinuone

addi ti on of . e i 11. af fect .t.he | ecul.ar wei ght. di stribution
of the pol frorglrnoﬂ?p(%laﬁec{} 488y ﬁel& aﬂ&'gg‘?rdiaﬁ Y1es ,&ﬂg’? e?%?‘ﬂaﬂlspﬁgaﬁ@p Pérmis to
have the caonmalidtefie AdPIRRRRE nNtdQeparate streantl. I FURNeRR et WRIOBL Speci es
of the total polyner conposition to provide a favorabl € bal ance of

goodl® i | m fdvantagreys |tpt goniol pserontactingitimg te cuplimitevatdlyst caffeBiveness,
extract abl es .haze and good isture parrier in the film Accordingly
inthis %g N%\{\%ng”écrefsé‘ée%é ?{T‘?‘ﬁécté‘?ﬁ?ép‘éﬁtal?’%\f@mppgv%ﬂ-s of hydrogen are
II;'[CIT} IUéSg/ ggr?ggg It is preferable tMs@%@%@e’thyiene macromers such that they Ffe

copol yner i PAempHY dfynctionalizededr copplymepiobd rafter Zzeingpréparddie Tie dighlr
subsequent . . reactor. . For bot ol yet hyl ene
mRcr omer progue ury %rroélﬁ?:haé)(?e?{of‘?/oqeef'ilﬁ‘fept'ble to LY‘;BF‘éE‘ﬁFa{F BN i withs known
thatismany aevémibus iMpReieUARL 1988 AeHBRidY 8P iM8oR reactions with BELI On of
macroner and nononer species to the reactor are possi bET e, sone nore

advant ageod8saturatedgraup-sontisingepalymperis chiainsi Tk dringaikingina cooledidnertt t hat
preacti vat ieg{;irgr{metn@e tal |l ocene vm'dth al unoxane before a1 dition to a
cont i nuous ﬁrquBBﬁr-aﬁﬂ’ésaé‘ r E5UPR)r s@i’séﬂ%%’t h$s§hat! RPLYZS ithe t han

cont i nuous effBgtiveness & the use of the%&l%thﬁgﬁ@%a%%éc foU@LOr A ?(r)rlg‘ﬁﬂoﬁg parate

streans. Furthernore, it may be advant ageous to con
pr econt act iPFRfess mtilizing rreMésTreactorgt @il patalidf feactorsy evilesbys be effective, @hg. ,

avoiging e ive aqging of the activated catal yst conpositi on.

| t i%l pr ef é?’g'%ﬁ{gye[ns “%‘&E‘g{“?{eofﬁ&%}gflﬂg PETRETSHRB G @nd coptumously intiqdugedyy o

pronptly f idtetth®ptei zed or copol yneri zed after being prepared. The highly
INDUSTRIAL UTILITY

The branched polyolefin polymers of the present invention exhibit improved

melt strength and shear thinning characteristics to standard propylene copolymers.

25 This results in improved processability of the polymers, e.g. increased shear
thinning and high output for a constant energy input. These characteristics will

result in improved processing in blow molding and thermoforming operations. For
example, in thermoforming operations sag will be decreased and power

consumption will be lowered in the extruders.



reactive vinyl groups appear to be susceptible to by-product reactions with .
15 ad‘VQr?PP??"éus impurities and, even, dinerization or REHUSPHIR736
reactions with other unsat urated group-containi ng polynmneric
chains. Thus maintaining in a cooled, ipert environment after
preparation and pronpt subsequent use | optimze the

ef fecti veness of the use of the polyethylene macroner product. A conti nuous
process utili zi ndnsateethat efcin@émionomayp be ahdrel readichmiesstydd, Irefebense ie
effective, the 20 pal yet hyl ene macroner product being prepared in one
and conti nudﬂ%qeytq the fJlaydng) examples, whighyrg lt‘tﬁéﬁ?eéttﬁéyl!s'ﬂ’ate the invenfigbeRI AL
UTILITY . h ched pol yol efin polyners of the present

i nvention exnr%ttt)? Pmlltr%%? %?5’@8?*“’%"% melt strength and shear thinning

charact eri stgExaMPLESandard propyl ene copol ynmers. 25 This results in

i mproved processability of the polyners, e.g. increased shear

t hi nnifhg andctmeral out put for a constant energy input. These characteristics

wi | resu in inpraved processing ., n bl .ol din nd

t her mof or i ng opeé‘@t P@X@QR@@P"S Were pe AR 1 2 %’?ﬁgﬂﬂ%&fﬁl%ﬁ? §28Ber ati ons
sag wi |1 be gggiRawath @G/gtepgd\éﬁét for temperatGrRAEIMITEL | Liguitts Wer®meh &S Ritb | N the
extruders. WO 98/34971

PCT/ US98/ 027B6 reactor using calibrated sight glasses. High punty (>99.5%) toluene2®as

In order that t i nventio b tre readily. underst.ood, reference is
mde o t he BRI e Boi M Pl aBlRd & Hiek JepEate it

i nvengs on bUitrogen, follovl?'é?fAllayf ?nchs?cmarr sid¥e ZHOREd ta'ﬂ?ﬁg%oﬂce%nperature,in ALES S

Gener al pol ymeri zations were perforned in a Z2-liter

Zi pper cl ave Pdwmoenzation grade etledpnepypmdupplidd diresty ér a pavoiget-jdcketed dinpendit ur e
control. Liquids were sured_into the reactor using calibrated

si ght gl asse¥® Hi"gﬁ“‘éug‘l?‘gﬁf puigfication. + Bropuleae \as P““&d {’Y 35578 &BroBgh passi ng
first throughsbas M3 [ oAk O ] i eegjm Or0% ;
nitrogen, fo Ilo%gcblggur%qr@cﬁladgé n\écﬁéec\%%rg%?‘{%a?g%iﬁgtgﬁhﬁgwt rrpg::at u?emi n

ni trogen. toluene) witegaiwed fram Albemadel Encetit ylamieas viasl cylipddrs,elivided st |y in a
nitrogllen-jact ted |ine and usgd,vm'th]out further purification.
Propyfene wakijir SRS LOBipinsss spney stereBudh @ laboratory cgipvesbt) Hadmbiett uni na
and nol ecul ag, ﬁa\ﬁ% Met hyl al unoxane (MAO, 10% i n t ol uene) was
received from emarle Inc. in stainless steel cylinders, divided into 15

1-liter glass conFed nes olyaed sintiresid, ipropyldrebonatmeasugdointe bthe sactnbi ent
t enper at ur e. For the polynmer synthesjs, propylene was

measur ed i nt$reURD & ealibaged container. Tq ghsyig, Hhedreadtiongpetiun st di-meed o
ensure the reacliiaR sHRE! HRME% 8b o WiE sed

20 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 mtrogen for a
period of ~30 minutes. Before reaction, the reactor was further purged using 3
25 nitrogen pressurize/vent cycles (to 100 psi). The cycling served two purposes: (1)
to thoroughly penetrate all dead ends such as pressure gauges to purge fugitive
contaminants and (2) to pressure test the reactor.
Catalysts
All catalyst preparations were performed in an inert atmosphere with <1.5
30 ppm H,O content. The catalyst system used in the synthesis of macromer was

Cp2ZrCl, activated with MAO. The catalyst systems used in the synthesis of



flat-paddle stirrer rotating at 750 rpm was used. 20 React or

Pr epar at womos/34971 The reactor was first cleaned lpgThsasnavgst o
150[err]Cin toluene to dissolve any pol yner residues, then cool ed
and drai ned. Next, the reactor was heated using j acket water at

110[err] C and the reactor was purged wBth flow ng nitrogen for a

period of ~30 mnutes. Before reaction, the reactor was further purged
using 3 25 ' | & : : ' They cycling
erved t notnched Bl LHEOIAEE Satle! GG CUElion bl Bibhyt 8,00
such as pr disstiiydsiyhugs@-methpluigdenl)gizircordum  dichloride. coThandinettyisilghd (2) to
pressure test the reactor. Cat al ysts Al'l catal yst
pr epar at i obis(indengl)efnitor dimkethyl was iantivatedatvwits PRMAIIN {(BsEs)s B130 The ppm
H err] O content. The catalyst systemused in the synthesis of macroner was

Cp[ er r] zr Cimsthylsibyt bis(Gamethyhindrnylharconin diphiarigsiwasyagtivaisd WduMAD1 he
synt geSI S Egégaximize solubility\gfgt% 3:&321?’0%%, toluene was used as a solvent. T%

PCT/ US98/ 0
branched otghiys waPdedes a $Riresd isteel tié by bipettb asid traskiaydd toaherdadtadi met hyl
and di met hyl silyl bis(2-nethyl indenyl) zirconium dichloride.

The di et h)agrpyer synthesis - Generalndenyl ) haf ni um di met hyl was activated with

[DVAH] [err] [( re]lF[err] hLerr [err]. The . dimethyl si |yl
bi s(2-met hyl i n&&! 1%’)" S0 UL ot Pisi e MBetedol palh Rt R s
To maxi m zgres&ire kit [thé YeptrtddNiBvelR {(dntidaeihCopdrtidi N EEWRRent FRAV dstedwsP| vent .
The catal yst was added to a stainless steel tube by pipette and

t r aniéf er r ethoniforedeusing 8 tatheson mass flowkmetemémodsi mumehsr $2726424). alTo
Et hyl ene was added to.the reactor as needed to pntain t?t al sy;# em
§é%f e’

pressure afVFe MelFariaymediia) ¥ap migetch BhReddls sHyer iaHnge ow rate
was 10 rpm WRRus&f ed using a Matheson mass flow neter (nodel nunber
8272-0424).  To ensure the reaction nmediumwas wel |l -m xed, a
fl at - paddl Example &r rotating at 750 rpmwas used. Exanpl e

1 Th t L, mul t I dof nit d
pressur et est ed TH8 Fesctor s mytereg Y Ryieslof rtiorh BHHTesEs 55t 0 300

psi gs. Theﬁsi_n% P00 eBRfene FIPuPSSEYcRs WS300 psig). Thehaths @shcid? prékQureSbast O
mai ntain positive reactor pressure during setup operations.
Jacket wat esisedgapdOqisutoomeintairspositive re@0peprelsGraduiingxgoipraferations.er s of
toluene We&a(.acket water temperature was set to 120°C and 1200 milliliters of toluene were
added to the reactor. The stirrer was set to 750 rpm. Additional ethylene was
added to maintain a positive reactor gauge pressure as gas phase ethylene was
20 absorbed into solution. The system was allowed to reach a steady temperature.
The ethylene pressure regulator was next set to 40 psig and ethylene was added to
the system until a steady state was achieved as measured by zero ethylene uptake.
The reactor was isolated and a pulse of toluene pressurized to 300 psig was used
to force the catalyst solution from the addition tube into the reactor. The ethylene
25 supply manifold was immediately opened to the reactor in order to maintain a
constant reactor pressure as ethylene was consumed by reaction.

After 60 minutes of reaction, the reactor was isolated, cooled to room
temperature and methanol was added to precipitate the macromer product. The
yield was 48 g. The polymer product had an Mn of 7,500 and a vinyl end group

30 percentage of 73,

Examgle 2



added to the reactor. The stirrer was set to 750 rpm Additional ethylene
was _ WO 9 d to maintain a positive reactor gauge pre 954%275%5
phase et hyl ene was 20 absorbed into solution. The system was al | owed
to reach a steady tenperature. The et hyl ene pressure regul ator
was next set to 40 psig and ethyl ene was added to the systemuntil
a steady state was achieved as neasured by zero et hyl ene upt ake.

The reactor was iThereactat wasdimulpntauslyofurged ofomtrogencand présseng tessed300 psi g was

used . to force t cat al yst . sql yti o omthe addition tube into
t he reactor ‘.‘S‘%g"%{:ﬁyﬁ@ﬁgﬁ/ﬁrgecyxes 9838?59’5 'nitrg‘f)’?’d}t’?/\fﬁggf’ﬁﬂ@a?“é? ¥y opened
to the reactffeditd Q0961 o' RaifBin YRitie Feact &g sah opEARLRY. Pressure
as et hyl ene vvz;s consgﬁneg bay1 ren Ctil Ol’e]. actor pressure 2 gfo?er %ym nut es of
reaction, tRekeewateotempsatuzob@tsetto 1200Cadd (1000 adililiters of toluene Wwergper at ur e
and net hanol was added to Ereci_ pitate the macroner product. The

yi el d5was 48ddgd tprihe prartpre Lhe ptirsriovastsaitoald ONprof AdqdiGoml athleae wanyl end

gg?.f Bsgg / 029%%&:{1&8 rrﬁzﬁ&ta%gaepo%itivz%éactor gauge press%('g gP'ga?s &mse ethylene was V\¢2)498/ 34971

The react or aigsbed it JORRRAU SN sPstéd phsQllowbd EOERL 28Lady REpefturkest ed
using two ethylene fill/purge cycles (to 300 psig). Then, the reactor
pressure wadhe ethylene preshure degulatori@agpngxt ses tadDrpsigi andsthylaneweas addest tor

pressure dugin t up.. oper.ati.ons. . Jacket.,wat er erat.ure was set
Do’ 120] or 1] EiabaiolEn RRFRAY pRlues genieysd s rndiplfe v %efd eigREUAME 12
reactr. Th §Fhe rédctdwakdSol #ed ahda E@l@e bPtHuend gkés'sxﬁﬁéh t&8 0y bﬁ@ va¥dsed

added to maintain a positive reactor gauge pressure as gas_phase ethylene

was to fyeetheedtalyst soletidnfroronhe Fditiantabe mtovths raadtonethetaeshylenech a
st eady tenper at]ur e. he etq%legne ressur.e r@e?ul at or .was next set

to 40 psig SHRPIEIROFYAevardumedigtely ¢ to the reactefdn AT SN 25 st eady

state was aghhuRdetorTRasH Biche WasbRMInRRG URLAIR: 10 The
reactor was isolated and a pul se”of toluene pressurized to 300 psig was

used t o After 29 nmutesabhilrgastios othat rieactof mam isdlated,ddodledno trobm i nt o
the reactor, The eth ifol]d was i medi at ekl;r/}}sopened

| ene pply man
to the react®PPITHUE: tRd methanal Y_‘{F%F‘i‘fﬁ’g to'i}lrec‘p“ateé th SREIAMEr U ‘{ff ssure as
et hyl ene wagiefPRayi%9 PYTREHMh& broduct had an Mn of 4,3002h4 @lvird® ehd BHJupS Of

reaction, the reactor was i'solated, cooled to room 15 t'enperature and
met hanol wagperedutagde vd 73preci pitate the macromer product. The
Example 3

A 2-liter reactor was charged with toluene (1 L), propylene (150 mL), 10 g

20 of the polyethylene macromer from Example 1 and Triisobutylaluminum (2.0 mL
of 1M solution in toluene). The reactor was heated to 90°C and equilibrated for S

min. Then 2 mg of dimethylsilyl bis(indenyl)hafhium dimethyl and 6 mg of
[DMAH]" [(C¢Fs)s BT in 5 mL of toluene were injected using a catalyst tube.

After 15 min, the reactor was cooled to 25°C and vented. The polymer was

25 collected by filtration and dried in air for 12 hours. Yield: 40 g. .



yield was 23.3 g. The pol yner product had an Mh of 4,300 and a vinyl end

group . woos/34PR centage of 73. Exanpl e 3 PCT/US98/02736
2-liter. reactor was charged with toluene (1 L), propylene (150 nL), 10 g 20

of the polyethylene macroner from Exanple | and Triisobutylal um num (2.0 nL
of 1M solution in toluene). The react®5 was heated to 90[err] C and
equilibrated for 5 mn. Then 2 ng of dinethylsilyl

bi s(i nde'nyg Qaf Bé i!m di ret hyl and 6 ng of , [ DVAH] [ err]

[((err] F[ ][err] in 5 nL of toluene were injected using a catalyst

t ube. A liidr albodive reddiet wRAcHafiedWaith fedRdneq1 LY, ptopylene18ent ed. The
pol ymer was 25 collected by filtration and dried in air for 12 hours.
Yi el d: 40 @gL), 10 g of the polygtbyleae sxormer from Example 1 and Triisobutylaluminum

PCT/ US98/ 0 6 .. 25
Exanpl e 4 U5 of 1M solutionin solpened,. The reactoqastheated 4p Qe 2%har ged wit h

tolugne (1_L):: ( : : _ ne
macr gmer f F ﬁllgégé%tg?ﬁghgﬁ 9”? Fimsgo%fl.f%l%emy&#y ]ﬁsr%g rHéth}rl] hﬁdeﬁ%.!g&%{ﬁ@f 1M
sol uti on i didhidridersedivatddim 5 mbosfaoluensantehind dof MAID({ 1@mtYGnaolderte) was

equilibrated for 5 mn. Then 2 ggpof di met hyl silyl bis(2-nmethyl indenyl)
zi rconi um injected using aicetlysttube Afer Lamie theTacier Wes codledemdsénand. nl of MAO

% i I i ni ing.a, . be. Af
. the r S8uER ThabSBasr ams palesitd bk SRpEnd & UG PART . Dol Vs

was col | ectygeldbyogiltration and dried in air for 12 hours. Yi el d:
40 g. 10 Exanple 5 A 2-liter autoclave reactor was
char$ed wi tixamplesne (1 L), propyl ene (150 10 g of the

m),
pol yet hyl ene mac r from Exanple 2 and Triisqbutyl alum nu (2.0
ML of 1M sol ut i dh 2T BIRERG et E SarS Wil tRbes 1 PEIIPE (5 ng
equi | i brat el Y oro ofiine polleaiylede MhcRiméH frath Exbmpleyd arddl Brisoti®fiMmissleny! )
zi rconium 15 di chloride activated in 5 nL of toluene and 1 nL of MAO (I
OM % i n tol(2é&nsil. wlsIM solution in itelpens)ed Thei regctar omasahsated tab®¥°CARbér 15

wes col | ecEauMBgRed Jor SaionTHen 06 BRI Piske-petih gD zirconim

15 dichioride activated in 5 mL of toluene and 1 mL of MAO (10wt% in toluene) was
injected using a catalyst tube. After 15 min, the reactor was cooled to 25°C and
vented. The polymer was collected by filtration and dried in air for 12 hours.
Yield: 53 g.
Example 6

20 A 2-liter autoclave reactor was charged with toluene (1 L), propylene (150
mL), S g of the polyethylene macromer from Example 2 and Triisobutylaluminum
(2.0 mL of 1M solution in toluene). The reactor was heated to 50°C and
equilibrated for 5 min. Then 2 mg of dimethylsilyl bis(2-methyl indenyl) zirconium
dichloride activated in 5 mL of toluene and 1 mL of MAO (10wt% in toluene) was

25 injected using a catalyst tube. After 15 min, the reactor was cooled to 25°C and
vented. The polymer was collected by filtration and dried in air for 12 hours.
Yield: 51 g.



Yi el d: 53% Example 6 20 A 2-liter autocl ave reactor
was char g0 #3497t ol uene (1 L), propyl ene (150 M BCT/GS9P/3736t he
pol yet hyl ene macroner from Exanple 2 and Trii sobutyl al um num (2.0

m. of 1M solution in toluene). The rea%or was heated to 50[err]C and
equilibrated for 5 mn. Then 2 ng of difnethylsilyl bis(2-nmethyl indenyl)

zirconi um dichloride activated in 5 nL of toluene and 1 nL of MAO
(10wt % i n t GougraeativeExdinple 7 1 nj ect ed using a cat aI yst tube. After 15 mn,
the reactor was cooled to 25[err]C a ed. The pol yner was

col l ected by fil frZlitesaeaster Was diarged vam tofegne ( Laopmylene (150 mL), age| d: 51
I%CT / US98/ Oz’gggm&éfu%ﬁ%% (2.0 mL of 1M solution in toluene). The reactor was hfgted

Conpar at i Vetﬁ&@"‘@'aﬂqumhbrated for 5 min. 'Afh%nlz 0§ of %%ﬁétﬁﬁlsxm%lé{ﬁ-@ﬁaﬁﬂ Wi th
toluene (1 L), propylene (150 nlL), and Triisob uty al um num (2.0 nL

of 1Mssol utmdnnyl)qznrmnnanejlchldﬁtte ac&mfatedrmv@smlh@ﬁtteldene and 1 mLtof MA@rr] C and
equilibrate Then, 2 of, dime I sily

i ndenyl ) zi b m &?}h@ﬁ%wﬁ@wg i Yiteed TR oo AR LEmEn RUTRRE of NAO
(10m % in t d usf , the

r eact or %y%&\%\dfa‘g@gsoo %JESS H}gﬁ % a%tj@%/%n 11e%t'é5’$x Htfg rf%n?l &v;\?aeg

col | ect ed bin 4ir fornathoars. mdldd{si gd inair for 12 hours Yield: 63 g.
Product Characterization 10, Sonme general characterization data
for the pol ¥reductGhasactgrigatioreyanpl es 3-6 and Conparative Exanple 7

are |y PSt ed in Tagl, egggﬂ%_%g%@g%#ﬁﬁn&{ Sgﬂ(}‘%rthg rpglyféeéscﬁ‘ggp kneﬁlé\ﬁ{agwmal yzed

by gel permeation c usin

t enper at ur e3sy ahe ToparpbedExdnigle I b3 lidded a6 tTuble PhoTRK polynfhEpdduct
colum and operating at a systemtenperature of 145[err]C. _The sol vent used

was 15 samples were prdlyzed dyeged @ﬂéneaﬂpamhrrvmat@grapby yag asBimpere 198Cut i ons
of 1.5 ngy/ copce ntration far ect, e total
ol vent T1 oniehaicamesgels NsRM 'SR AR £ ERHGR gl ShR RO RO e S00
mcroliter scoxﬁ&ﬁeernde&;s&atmg Afa §jikenP @dny) amre of 145°C. SAPEFentl R4 WUl i ng
chromat ograns were anal yzed usi'ng the Waters Expert Ease program

to cadScul at &24rtrichidrebenizene, wipmhwhitihs ppolyimeri sampiedsobrioner ofrdr e wE/MN[ err ]

concentration were prepared for injection. The total solvent flow rate was 1
ml/minute and the injection size was 300 microliters. After elution of the polymer
samples, the resulting chromatograms were analyzed using the Waters Expert Ease

program to calculate the molecular weight distribution and one or more of My
20 M,y and M,, averages.

The melting point of the polymer product samples was determined on a

DSC 2910 Differential Scanning Calorimeter (TA Instruments). The reported

melting points were recorded at second melt with a temperature ramp of 10°C/min.

“Wt. % C,” indicates the percentage of polyethylene macromer (C;) incorporated

25 into the polymer samples which was determined by Analytical Composition

Distribution analysis.



20

Merr] and Merr] averages.
t he pol yreo ogysgdiict sanpl es was determ ned on a
D fferential

Scanning Calorimeter (TA Instrunents). The reported

The melting point of
DBCrafs98)02736

melting points were recorded at second nelt with a tenperature ranp of

10C/ m n. "W. % C2" indicated’the percentage of polyethylene
macronmer (Cferr]) incorporated 25 into the pol yner sanples which was
determ ned by Anal ytical Conposition Di stribution anal ysis.

WD 98/ 34971

PCT/ US98/ 02736 Table 1 27

Table 1 . Physi cal Data Summary

Exanpl e Mw Fhysical Dafa§ummpry W . % [err]

2 gg g}%ample g; w Tm (°(f§9 Wt. % C;

> 1641394 3 4. 96278 1207 129 4

138, 267 3.78 149 3 Conp. 7

154, 267 1.68 32844 230 5 148 9 Addi f i onal

anal ysi s was cpnducted on L.l_.n..ExaKIpLe 4 to
determ ne the hrmoun® of b d bA&ach ¢i s147 buti onl0Sinck the

et hyI ene content-srat y rot-ecti-at—wetrghtt cg; P1TS- n be

readi |y deternjned By FTIR 138, ? poOS$i i t d quartify }{he

i ncorporation pf @@,g.ép-yrer angssopdcuriat €11ggB 149 adistrigputrop. Shown in
Figure 1 is the GPC-FTIR janalysis far the polyner made in 10 Exanpl e 4.

The dots indicate the ethylene content neasured by FTIR at different

nol ecul ar wei ght al on

the 3

| t he GPC curve. )
Additional analysis was conducted on the polymer produced in Example

Since the nol ecul ar, wei ght

&I\/h) of

10

15

20

25

to determine the amount of branching and branch distribution. Since the ethylene
contents at various molecular weight regions can be readily determined by FTIR, it
is possible to quantify the incorporation of macromer and calculate LCB
distribution. Shown in Figure 1 is the GPC-FTIR analysis for the polymer made in
Example 4. The dots indicate the ethylene content measured by FTIR at different
molecular weight along the GPC curve. Since the molecular weight (Mn) of the
PE macromer is 7,500, the ethylene content detected at high molecular region
More

importantly, it is possible to calculate the statistical LCB-distribution (also shown

clearly indicates the incorporation of macromer in the PP backbones.
in Figure 1). Assuming that all macromers have the equal probability of
incorporation (all macromers are equally spaced along the PP backbones), then, the
number of long chain branches at certain molecular weight may be calculated

according to the following equation:

(MW of Polymer, DRI) (wt. fraction of PE)
(Mn of Macromer) (1 - wt. fraction of PE)

# of LCB/Chain =

Figure 2 shows a complex viscosity vs. shear rate curve for the polymers
produced in Example 5 and Comparative Example 7. Example 5 demonstrates a

steeper curve than Comparative Example 7. A steeper curve correlates to



PE macronmer is 7,500, the ethylene content detected at hi gh nmol ecul ar .
regi on wogs’%‘,‘f"é‘arl y indicates the incorporation of macroRIGT/YS98/02E6 PP

backbones. Nbre inmportantly, it is possible to calculate the
statistical LCB-distribution (also shom& 15 in Figure 1). Assum ng
that all macronmers have the equal probability of i ncorporation (all

macroners are equally spaced along the PP backbones), then, the

nunber of | dmpravedishedirthinaingpefformisrice ak thaWikasity a6dused slbke ARINPS: Kigh cul at ed
according to the foll ow ng equati on: 20 # of LCB/Chain = (MNV
of Pol yner, Seanrates; Therefere, 19a pelymeEproduct which was produced using macromers

(M of Macrofi®f s tion.of PE . Fi qur.e 2 shows a
conpl ex Vi scomatnf/&%tg s ré)gl%({ F%“@UE%’VF%? Ppiymep ihihayas produced wi Gluced in
Exanpl e 5 an#le GeaprhadrbmersExanpl e 7. Exanpl e 5 denonstrates a 25

steeper curve than Conparative Exanple 7. A steeper curve correlates to

WO 98/ 84971 While certain representative embodiments and details have been shown for
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i mproved s - 4B pprposts ot linsratipg theiogention, it vil)ibe apepiept tothaseskillgsia theypi di y
at high art that $4185s chad&Rs in tHeGIr8ERE Gnd F%U@Q!ﬂ%ﬁ@h%h‘x%@)"ﬂé g;gfié!"as
produced using macroners denonsttates inproved processability over
a pol ymer whwighouhadeppriogu fred: whd soafie of the invertioa, wedctofis Mefifcd it She 5

Wil e certain representative enbodi nents and details have been shown for

t he purpose§“@?mf ﬁ%%??aiing the invention, it will be apparent to those
skilled in the art that various changes in the process and products
di scl osed herein may be made wi t hout departing fromthe scope of
the invention, which is defined in the appended cl ai ns.



Clains W claim ol efin conprising a branched olefin

A pol

copol yrerydagiaig; a EW,&&H&E " m, pol ypropyl ene backbpogwspsdss hyl ene
branches and, optio a ' nore conononers present in said
backbone, said branches, or both said backbone and said branches,
wherein the total cononomer content of9%said branched ol efin
copolyner is fromO to 20 nole percent, and further. . wherein the
mass rati o Qf .d isotactic polyropyl ene t &l gy -ane
ranges fro%ﬁ%‘.ig.so, 1 to 50:50. 2. The o(T)?g’or‘ ?rgd?h}cqggam 1 wherein
t he cryst alyd éiginPol ypropyl ene is isotactic pal’ypt opyl @ne. 3.
The polyolefin of claim1 wherein no conononers are present in either

sai d backbone or said branches. 4, The pol yolefin of claim1 wherein
one or norg co n?cg?l s h Iad QP Eavi The
pol yol efi n?of g% a %éﬁv{ﬁéﬁgﬁﬁ%?%%gg bc!)'zfmcrrgcri Efygor‘r:gﬁglﬁ'@r g‘ﬁ‘ag?r‘xg &h

sel est ed f isomctib polyprupylene badkbbne) pobyktiyidnyg beanehesGingdr optionally, eme Jor
[err]-olefin s, gem nal |y di substituted nmononmers, (Cler - (err] -
cyclic ol efMORgcompramers pregent i paid gaﬁ(%on%tsy&dém@hs*,@r Al SB&MC{‘ car bon
nunmber (C : ] ' I cyclic and
atyroni o oft i3 bianeick! Wndithe e ohiddofiy copem orATHPHERA! ol PVT 7
CONDNDNET S capalyRerEs &dim O to 20 mole peeént, dnddughes wherein the mass ratio of said

isotactic polypropylene to said polyethylene ranges from 99.9:0.1 to 50:50.

10
2. The product of claim 1 wherein said branched olefin copolymer has dual
melting points characteristic of crystalline polypropylene and crystalline

polyethylene.

15 3. The product of claim 1 wherein no comonomers are present in either said

backbone or said branches.

4. The product of claim 1 wherein one or more comonomers are present in
said backbone.

20
5. The product of claim 4 wherein said one or more comonomers are selected
from the group consisting of ethylene, C4-Cyo a-olefins, geminally disubstituted
monomers, Cs-Cys cyclic olefins, Cs-Cps styrenic olefins, and lower carbon number
(C3-Cp) alkyl substituted analogs of the cyclic and styrenic olefins.

25
6. The product of claim 1 wherein one or more comonomers are present in

said branches.
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30 7. The pol ydl ol wherein said one or nore conononers
are WO 9%/ %eg lm“ﬂummulmm onsisting of Clerr] - REEPBIS02736
[err]-olefins, geminally - * Sdi'substituted rmnoners Jerr] - (err]

cyclic olefins, Cerr] - (err] styren%%aﬁ@g-@pﬁa g %EN “and | ower carbon

nunber (Cerr] - (err]) alkyl substit ana%@qz cyclic
and styrenic ol efins. 8. The pol yolLe _Ig Jn.l. wherein said one
or nore condnomeThe paduci Sfclaim 6 wherkinGidSorer2florgbiopenhesate ffectad d

branched ol efin copol yner. 9. The polyolefin of claim8 wherein said
one or rmreﬁ@mfbﬁéfmpsco@&im @&rCzo a-olefing igesiinally disubstisedpmosemerspf sai d

branched ol gfi The_.pol efin f cla erein the
mass ratio f'cg%l ’ng%gﬁtqs C25 styremc gﬁﬁ%’)r’%‘g “éﬁﬁéa gn gymge rpf&%;gghyl ene
ranges fromyRer apbiduiE anflogs of%e cychmﬁdee)ryxﬂéa ehifk of claim1 prepared by

t he process conpri sing: opol'yneri'zing ethylene, optionally with one

or nose copol ynerizable nnnoners I n a polynerization reaction under

condi.tions gsufficjent rm copol yner havin reater t.han 40%
chain end-g oup {he Btagiogt plotpim 1 wgsrewosa@# We%f&?fﬁ@om%e BFSFIEPIER a) with

propyl ene aggdm 33{?32(9%&:';)’erce@?@fﬁ'fdbranched d??fgﬁe cdp3 gf?ri yITEI’I zabl e monorers, in

a polynerization react pr opyl ene

pol ymeri zation conditions wusing a chiral, stereorigid transition

netal cat al yst capabl e, of praoducing i sotactic propyl ene; and
recoveri fig sali eBF%!@h@fgc@me%wher@@pwwormorfztomonfmérsl&ewaé?. n of

clal i1 wheeg 245 L Bolod St SFAUEL BN JeMOLfbiA: process [n whi ch

sai d et hyl ene an nononers are contacted
with a transition metal olefin polymerization catal yst activated by

an al unoxane cocatal yst, the nole ratio of alum nium to transition
metal is | ed@ t hdke poasiugt of claim 1 wherein the mass ratio of said isotactic

polypropylene to said polyethylene ranges from 95:5 to 50:50.

15 11.  The polyolefin product of claim 1 prepared by the process comprising:
a) copolymerizing ethylene, optionally with one or more copolymerizabie
monomers, in a polymerization reaction under conditions sufficient to
form copolymer having greater than 40% chain end-group unsaturation;
b) copolymerizing the product of a) with propylene and, optionally,
20 one or more copolymerizable monomers, in a polymerization
reactor under suitable polypropylene polymerization conditions
usmg a chiral, stereorigid transition metal catalyst capable of
producing isotactic polypropylene; and

c) recovering said branched olefin copolymer.

25
12.  The polyolefin product of claim 11 wherein step a) is conducted by a
solution process in which said ethylene and one or more copolymerizable
monomers are contacted with a transition metal olefin polymerization catalyst
activated by an alumoxane cocatalyst, the mole ratio of aluminum to transition
30 metal is less than 220 : 1.
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13. The pol yol ef i H'Hl‘”ﬂl,ﬁﬂ'ﬂ)ﬂﬂuu‘nrel n step b) is conducted in a separate
reaction t i oni phase pol yneri zati on. he
og7 oWl ! _ PCT/B898/0273

%*

pol yol efin of claim1l Wwherei’n Sai 8 chiral, stereorigid transition netal

catal yst conmpound in step b) is activate ﬂ’%g X Xgg Focat alyst or
non- coor di nati ng ani on precursor. ib. ngor pteparing a
branched ol efin copol yner conpri sing: a) cBx rilzing et hyl ene,
optionally _w th_one or re,cop ner.i.zabl e . nononers, in a

pol yneri zat’ on ]Ea%qlY‘?Jﬁg’EWd’gPthcgjﬁé“Pildn‘gﬁgﬁlf‘ﬂe@ibéhi cqngumd Mma form
copol ymer gyl ottt j é}%ﬁh LSRR EI ARz AHRAT ur at i on; b)
copol yneri z?%r?a. t ﬁe tprobglrjsgglmgg’ a) W tgésg? opyf’e e aznd, optionally, one or
nore copol yneri zabl e nononmers, in a polynerization reactor under

sui t abl e pol ypr | en ol ymerization _conditions using a chjral,
stereori gi ¢t raﬁ@?‘ﬁbﬁe '?TE’}I/QQPC‘C%ﬁciﬂ‘?sItl ‘E’é"ﬁﬁ’ﬂl%‘gcﬁ‘“ﬁ‘r Efg[?@ﬂﬁ i sotactic

ol ypr 00y eirioRibeal capdhlst EEEANFI il repH) & RiRACHSY aflflrhcaipol yrrer . 16

The process o? claim1l ereln step egfd)u s conduc y a solution process
i N whi ch saicatabtshyrt morecaordinairgy aniomprieeursopol yneri zabl e nononers are
contacted with a transition netal olefin polynerization catalyst activated
by an al unoxane cocatal yst, the nole ratio of alumnumto transition netal
is less t 22Q: i . ' in step b) is
conduct edhﬁ a g@%%?egf éozrpée é% Fgﬁ%&%ggégféhrs‘%%’%lg%%,ﬁcoﬁbursﬁf'or gas phase
pol ymeri zat iadn. copolfnerizing@hyléms 8ptorlly St dhelo? vdre cepslymarizhbehi r al ,
stereorigid transition netal ~_ catalyst conmpound in step b) is

act l%at ed by anmahemersaifie RAbIBETIHalian regetion under gpndivens-syffirant #8) ani on
precur sor.

form copolymer having greater than 40% chain end-group unsaturation;
© b) copolymerizing the product of a) with propylene and, optionally,

one or more copolymerizable monomers, in a polymenization

reactor under suitable polypropylene polymerization conditions
15 using a chiral, stereorigid transition metal catalyst capable of
producing isotactic polypropylene; and

c) recovering said branched olefin copolymer.

16.  The process of claim 15 wherein step a) is conducted by a solution process
20 in which said ethylene and one or more copolymerizable monomers are contacted
with a transition metal olefin polymerization catalyst activated by an alumoxane

cocatalyst, the mole ratio of aluminum to transition metal is less than 220 : 1.

17.  The process of claim 15 wherein step b) is conducted in a separate reaction

25 by solution, slurry or gas phase polymerization.

18.  The process of claim 15 wherein said chiral, stereorigid transition metal
catalyst compound in step b) is activated by an alumoxane cocatalyst or non-

coordinating anion precursor.
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